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Abstract

The aim of this thesis is to evaluate the pradtiealof constructing a vulnerability
assessment in a developing country context to shas&ociated with natural
hazards. The sustainable livelihoods frameworlsexduas the basis for assessing
vulnerability focused on a particular set of hasaadsociated with a specific event -
the El Nifio phenomenon in the country of EcuadpecHically the study applies an
asset-vulnerability framework to assess househwddcammunity susceptibility and

capacity to cope, and develops spatially expli@tels of exposure to hazards.

Relationships between assets and well-being algsmunat the household level and
the results indicate that human and financial ehpisets are significant correlates
with well-being outcomes. Spatial differences inedsvelfare relationships are dealt
with using multilevel modelling; an approach suitechousehold surveys where the
sample design hinders the use of more rigorous ath as geographically
weighted regression. The results of the multilemetels of assets and well-being
are used to create a household susceptibility tgpothus incorporating assets into

more general profiles of livelihoods.

The thesis analyses census data from 1990 and&2@Ddemonstrates a significant
association between changes in well-being andntipacts of the 1997-98 EI Nifio
event, but highlights deficiencies in existing asseents of exposure. As a
consequence spatially explicit flood and landstittdels are developed for Ecuador,
are overlaid on population datasets to provideiditummaries, and the sensitivity
of these models analysed. Summaries of exposummarbined with the household
susceptibility typology and coping capacity to proe a nationwide assessment of

vulnerability to El Nifio.

Finally the results are validated using a caseysitudoastal Ecuador which shows
that exposure models underestimate local impactshat livelihood strategies are

better determinants than assets of the impact$ Nift® at the household level.
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Chapter 1 : Ecuador, Vulnerability, and the EIl Nifio

phenomenon

1.1 Background: Ecuador

Ecuador is a tropical South American country loddtetween the latitudes of 1.5°
north and 5° south and with a longitude betweenw#st and 81° webtlt is

bordered by Colombia to the north and to Peru eretist and south. The country is
characterised by three distinct geographical regjithe western coastal lowlands,
the highlands of the Andes range including highuale inter-Andean valleys, and
the Amazon lowlands in the east of the countryFégl)%

The land area of continental Ecuador is 276,841 (antral Intelligence Agency,
2009) and the population in 2001 was 12 millionpé&ixditure or consumption
poverty? incidence in 2001 was estimated at 40% (InstiNaocional de Estadistica y
Censos, 2008), and the GDP per capita in 2008 &1 704. The GINI coefficient
of consumption, which measures inequality in tregrdiution of expenditure among
all household’ has varied between 0.57 in 1990 (Larrea and Khiya605) to a

low of 0.42 in 1995 and rising again to 0.46 in @@stituto Nacional de
Estadistica y Censos, 2008). Despite the decradSéNl since 1990 the values
highlight the inequality in the distribution of wdain Ecuador. There are also
regional differences in consumption inequality vl Andean region consistently
less equal than the coastal region while the Amdasnbigger fluctuations (Instituto

Nacional de Estadistica y Censos, 2008).

1 If the insular region of the Galapagos Islands is considered then the most westerly point is
approximately 92° west

2 In this study I concentrate on the continental portion of Ecuador and do not consider the Galapagos
region

3 Consumption poverty measutes the proportion of the population who ate unable to purchase a full
complement of essential items

4In 2000 US$; purchasing power parity in 2008 US$ is estimated at US$7500

5> A value of 0 implies perfect equality while a GINI coefficient of 1 represents perfect inequality.
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Biophysical Regions of Continental Ecuador
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Figure 1. Topography and biophysical regions otioemtal Ecuador

Local government in Ecuador is organised by thagers of administration, the
largest — provinces — are each divided into coantied subsequently districts. As of
2007 there were 21 provinces (Figure 2), 213 counties@87 districtsin

continental Ecuador (EcoCiencia, 2001).

¢ The most recent date for which digital data of administrative units are publicly available is 2001.

7 In addition there were 4 counties split into 5 districts which are disputed or semi-autonomous, these
have since been incorporated into provinces. The number of provinces in Ecuador has also since risen to
24.
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01 = Azuay;

02 = Bolivar;

03 = Caiiar;

04 = Carchi;

05 = Cotopaxi;

06 = Chimborazo;
07 = El Oro;

08 = Esmeraldas;
09 = Guayas;

10 = Imbabura;
11 = Loja;

12 = Los Rios;

13 = Manabi;

14 = Morona Santiago;
15 = Napo;

16 = Pastaza;

17 = Pichincha;
18 = Tungurahua;
19 = Zamora Chinchipe;
21 = Sucumbios;
22 = Orellana

Figure 2. Provinces of Ecuador

In Ecuador between the years 1975 and 2000 ndtaralrds in the form of floods,
earthquakes, droughts, volcanoes, landslides addras have caused the deaths of
2,626 people, injured 1210, made 155,739 homeledsaiffected a total of 1,746,306
people (Centre for Research on the Epidemiologyisésters, 2002). The EIl Nifio
event has been reported to be a direct cause ofof bf#zardous incidents in

Ecuador and heavy rains (in non El Nifio years) edasfurther 17% of incidents
which caused multiple deaths, injuries or lossgwoperty (Deslnventar, 2004).
These were only the cases that have been repareetbanajor events which

affected many people at the same time. During dingesperiod in the Netherlands (a
country with a similar population to Ecuador) naturazards were responsible for
the deaths of 20 people, injured 60, and made honeeless (Centre for Research on
the Epidemiology of Disasters, 2002). Whilst takintp account the population who
have died, been injured or made homeless due & o#tluses, it is clear that natural
hazards have significant deleterious effects orivieéhoods of many Ecuadorians,

and reducing the number of affected people is ¢éisgen

The purported aim of policymakers in Ecuador (Orgaion of American States
1991; ODEPLAN-FAOQ, 2001) is to ensure that commiasiare functional and that

individuals in those communities have sustainaktdihoods (Chambers and
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Conway, 1992). Assessments of vulnerability allowd more efficient targeting of
disaster mitigation (Anderson, 1995 (cited in Haijm, 2001)) and relief efforts
(Jaspars and Shoham, 1999), productive projectsd@tana, 2002), dissemination
of information (Golnaraghi and Kaul, 1995), and stoaction of policies (Chaudhuri
et al., 2002) whose objective is to reduce vulnétgland improve social welfare
(Corporacién Andina de Fomento, 2000). Policymakees however, often
confronted with uncertain (Hewitt, 1983) or inapprate information on livelihoods

in a particular area (Vos et al., 1999).

The purpose of this thesis is to explore the pratand theoretical issues involved
with producing an assessment of vulnerability aigeholds and communities to
damages to their livelihoods as a result of natua@alrds. | achieve this by
constructing an assessment at the national scal@mérability to hazards associated
with the El Nifio phenomenon in Ecuador. The assessm intended to be of
immediate use for decision-makers to facilitatenmentions that increase the
resilience (Holling, 1973) of Ecuadorian househ@dd sustain their livelihoods.
Specifically the thesis contributes to researchheyinternational Center for Tropical
Agriculture (CIAT®) on poverty and food security assessments in Ecutdevious
assessments of vulnerability by CIAT to hurricame€entral America (Winograd,
2007; Winograd et al., 2000) were considered byatitbor to lack rigour in the
methodology and the choice of indicators. In additihe research is a learning
process that will provide recommendations for fatassessments in other contexts,

for other hazards, and for other disciplinary damsai

| will base this assessment on data which are glyldivailable such as population
and housing censuses, living standards surveysteda models, and digital atlases.
This implies that the assessment could be reprablimcether geographical settings
or easily modified. Such an approach enhancesdhsparency of the process of
assessing vulnerability (Eriksen and Kelly, 2007) alevates the influence of such

assessments on perceptions of risk and risk maregg®mith, 2001).

8 Centro Internacional de Agricultura Tropical
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The remainder of this chapter is divided into twotsns. The first of these is
theoretical framework which reviews the compon@efteulnerability within the
theory of sustainable livelihoods. This is followleglthe conceptual framework
which describes the choice of a strategy for agsgssiinerability, and the broad

research design of the thesis.

1.2 Theoretical framework

1.2.1 Livelihoods and vulnerability

The sustainable livelihoods framework is a generadlel (Soussan et al., 2001) of
the process of how households and commufitigsn a living’ (Chambers and
Conway, 1992) to ensure that their welfare objestiare maintained over time
without prejudicing the livelihoods of others. Tokginal framework was the
synthesis of various approaches of investigatingifag and other livelihood
systems and was concerned principally with imprgwdevelopment planning and
interventions. The framework considered five maimponents: (i) a context which
describes the external influences (policy, climatgture, etc.); (ii) the resources on
which a livelihood can be based; (iii) the insibats and organisations that shape the
way that resources can be utilised; (iv) the stjiatethat are employed to sustain a
livelihood; and, (v) the outcomes of the livelihostdategy (Scoones, 1998). The
original framework did not consider vulnerabilityparately; instead it was implicit
in the social sustainability of livelihoods in tfeee of constant stresses or acute
shocks (Chambers and Conway, 1992). Subsequenttidap to the model (e.qg.
Department for International Development, 2001; 1agland Carney, 1999)
replaced the simple ‘context’ component of the eamrk with the ‘vulnerability

context’; this includes shocks, seasonality anddse

Vulnerability is addressed by numerous disciplireegying from disaster
management to anthropology (Alwang et al., 200t many studies overlap with
research in livelihoods. Despite differences inhmndblogies a common goal in

vulnerability studies and interventions is the opsiation of some well-being

9 The model allows for higher scales — such as nations (Scoones, 1998), although it has been more
common to analyse smaller units of analysis like individuals or households
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function or elements thereof (Alwang et al., 200T)e well-being function
represents the needs and satisfiers of individhdds-Neef, 1991) and may consist
of outcome indicators (such as basic needs indgaamthropometrics or household
perceptions) or process indicators (such as assetsne or expenditure). It follows
that households are to varying degrees ‘vulnerdblehanges in the well-being
function due to exposure to hazards, which mayltr@sveductions in well-being to

levels below a socially acceptable benchmark.

Households sense and perceive their own vulnetabliow levels of well-being
and these perceptions affect decision-making psssetSmith, 2001), which
determine future household well-being, even whemibusehold is not subsequently

exposed to hazards.

1.2.2 Defining vulnerability

Within the literature of vulnerability studies matgyms are specific to a discipline,
used indiscriminately and imprecisely, or are readeedundant - for instance
“vulnerability to insecurity” (e.g. Rakodi, 1999yEen, 1998). A glossary of terms,
with definitions selected by the author can helghimframing of a vulnerability
assessment (Box 1). The difference between soms t@re small but important, for
instance compare ‘risk’ and ‘*hazard’, terms whioh aften used synonymously but
where the former takes into account the probalolitgn event and the latter the

nature of the event itself.

Box 1. Glossary of termgOED Online, 2010; Collins English Dictionary Qmdi, 2010)

Vulnerable — adjective — Susceptible of receiving woundshrriy

Insecure— adjective — Unsafe; exposed to danger; not filabje to give way, fail, or be
overcome

Susceptible— adjective — Capable of taking, receiving, beaiffgcted by, or undergoing
something

Resistant— adjective — Tending to resist someone or somgthinyielding; not susceptible

Danger — noun — Liability or exposure to harm or injutlige condition of being exposed to
the chance of evil; risk, peril

Risk — noun — The possibility of loss, injury, or otlalverse or unwelcome circumstance]; a
chance or situation involving such a possibility

Threat — noun - An indication of impending evil; a stropgssibility of something
dangerous or unpleasant happening

Hazard — noun — A thing likely to cause injury, loss

Shock— noun — A sudden and violent effect tending tpamthe stability or permanence ¢

=
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something; a damaging blow

Exposure— noun — The action of uncovering or leaving withshelter or defence;
unsheltered or undefended condition. Also, theoaalif subjecting, the state or fact of bei
subjectedto any external influence.

Stress— noun — An adverse circumstance that disturbis, ldeely to disturb, the normal
physiological or psychological functioning of amividual

Damage— noun — Injury, harmesp.physical injury to a thing, such as impairs itiuesor
usefulness

Loss— noun — Diminution of one's possessions or adwm®, detriment or disadvantage
involved in being deprived of something, or resigtfrom a change of conditions; an
instance of this

Injury — noun — Hurt or loss caused to or sustainedsrson or thing; harm, detriment,
damage

Adapt — verb — To modify, to conform to new situation/eanment
Cope- verb — To manage, deal (competently) with, aasibm or problem
Mitigate — verb — To lessen the trouble caused by (aroewifficulty)
Adjust — verb — To adapt onesétf, to get used to

Stable— adjective — Able to maintain its place or pasitipresenting resistance to
displacement; not easily shaken or dislodged

Resilient— adjective — Tending to resume the original shapmosition after the applicatior
of force or pressure

9

Il

From the glossary a general definition of vulneligbcan be formed:

An object of analysis is vulnerable when it is dalpadf receiving damage or loss
due to exposure to a hazard. The degree of vulildyatbepends on the
combination of the probability of exposure to adraz the susceptibility of the
object to suffer damage or loss, and the conseaqgeoicany damage to the long-

term function of the object.

Four components of vulnerability (¢fisk-chain’ in Alwang et al., 2001) can be
constructed: (i) the object of analysis and theetghbdamage that the object can
sustain; (ii) hazards that could cause damagectobiect; (iii) condition of the
object that affects its likelihood of being damagaad, (iv) the long-term ability of
the object to recover from damage. These compoeatsonsidered in the

following sections.
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1.2.3 Object of analysis

Vulnerability is studied by many disciplines and éowide range of objects. The
overlaps between these objects of analysis ara gftat, for instance the society is
composed of individuals and the collective vulndiigtof the society is likely to be
related to the vulnerability of the individual. Netheless the type of injury that these
objects can sustain requires the measurementfefelit outcomes. All of these
outcomes depend on the condition of the objectighaying to be maintained or
improved. This study will concentrate on individaald groups of human beings,

more specifically the Ecuadorian household.

The household is a unit where residence and mealkshared (Chambers and
Conway, 1992) and where family labour is availdblkeproduction and consumption
activities. The household has been describedh&sost disaggregated social
systerh(Janelid, 1980, p91) where decision-making rarfgas joint to

authoritarian with respect to division of labouxpenditure, problem solving and
allocation of resources. Households also exchaadgmuk with neighbours, pursue

common recreational activities and participateammunity affairs (Janelid, 1980).

Damage to an individual human being is anything timalermines their physical or
emotional health. The household however does nat hdimited lifespan nor are its
well-being objectives stated explicitly. Neverttesld make the assumptiSrhat
households pursue a goal of improving well-beinglints aspects (sustaining
livelihoods) for the current and future membershaf household utilising the
household’s “capabilities, assets... ... , and actigitequired for a means of living”
(Carney, 1998, p4). This model of family consen@easmuelson, 1956, cited in
Lundberg, 1993) and altruistic household head biebawhas been shown to be
invalid in a number of regions around the world venatra-household competition
has been identified (Hart, 1992, and Udry, 199% letted in Elad, 1998; Sen, 1987).
However, it is impractical to track consumptionimeome for each individual. This
is especially so in farm households where inconudten generated that cannot be

attributed to specific individuals (Deaton, 1997).

10 An assumption common in farm household modelling, e.g. Kruseman et al, 1997
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This study will draw strongly from the sustainatielihoods approach to
development aid. Chambers and Conway (1992) suggastnber of levels where
the sustainable livelihoods approach could be ag@ithough they use the
household (hearth sharing) as the focus of therkwe&plaining how to
operationalise the concept of sustainable liveligho The damages or losses that
can be suffered by a household relate directlh¢andividuals who constitute the

household and indirectly to the resources manageldebhousehold (Table 1).

Table 1. Damage or losses at the household level

Damage Effect on household livelihood

Death of household member Permanent loss of human capital

(e.g. Yamano and Jayne, 2004) Potential emotional damage to other
members

Funerary costs
Changes in household composition

Incapacitation of member Temporary loss of human capital
(e.g. Baeza and Packard, 2006) Potential medical costs
Potential emotional damage to other
members
Loss of employment of member Temporary loss of financial capital
(e.g. Humphrey, 1994) Temporary loss of working

experience/human capital

Damage or loss of physical structure, goodfkeconstruction costs
and services of household living space Costs of re-purchase
(e.g. del Ninno et al., 2001) Potential emotional damage to members

Damage or loss of physical structure, goodfkeconstruction costs
and services of household productive spaceéosts of re-purchase
(e.g. Charvériat, 2000) Opportunity costs of lost production

1.2.4 Hazards: potential sources of damage to Ecuadan households

There exist many man-made and natural hazardsdéhatause damage to the
livelihoods and thus the welfare of Ecuadorian letwadds (Table 2). The potential of
hazards to cause damage has two components, al sipatitemporal component
which is the actual exposure to hazards, and aspatial component - the

susceptibility of households or household memhbedamage. Some authors (e.g.

11 See also Twigg (2007) for an example of operationalising the SL framework for disaster risk reduction
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Burton et al., 1993) consider hazard to be theafskxposure, but in this study | use
the definition in Box1, and also | consider onlyural hazards.

Table 2. Natural hazards with the potential to eadsmages to Ecuadorian households

Hazards to members of the « Extreme cold or extreme heat

hogsehold'thgt could lead to death « Lack of water or excessive loss of water

or Incapacitation » Accidental avoidable events such as drowning or
falls

< Natural events such as volcanic eruptions,
hurricanes & earthquakes

« Physical attack by animals or other human beings

« Poisoning by animals or plants

* Acute short-term diseases

¢ Chronic long-term diseases

« Emotional or mental stress leading to physical
deterioration

Hazards to members of the » Natural events such as volcanic eruptions,
household that could lead to loss of hurricanes, earthquakes, drought and flood, which
employment reduce the viability of employment

Hazards with the potential to » Pests and diseases

damage household assets « Natural events such as volcanic eruptions,

hurricanes, earthquakes, drought and flood

(Calero, 2009; Burton el at, 1993)

The social risk protection literature classifiezdnals (risks or shocks) as
idiosyncratic or covariate according to the projorof households affected in a
particular area. When few households are expo$edard is said to be idiosyncratic
(for example a snakebite causes the death of a ereshithe household), whereas
when many households are affected the hazardddsaie covariate (e.g. a volcanic

eruption forces a whole community to be displaced).

1.2.5 Susceptibility of Ecuadorian households to aaage

The likelihood of Ecuadorian households being deedagill depend to a great
extent on the exposure to hazards and the alwlitgdist these hazards. Table 3
outlines the hazards that threaten Ecuadorian holds the factors that determine
whether households are exposed to hazards antdnacteristics of households that

make them more or less susceptible to damageesili of exposure to a hazard.
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Table 3. Exposure and susceptibility to naturabindg

Death or incapacitation of member

Hazard Exposure Susceptibility
« Extreme cold or extreme Location / occupation Protective clothing / physica
heat condition

* Lack of water or excessive Location / occupation
loss of water

« Accidental avoidable events Location / occupation
such as drowning or falls

Water provisions / physical

condition
Physical condition /
availability of medical

assistance

« Natural events such as Location / occupation Physical condition
volcanic eruptions, hurricanes

& earthquakes

« Physical attack by animals orLocation / occupation

other human beings

Physical condition /
availability of medical
assistance

Physical condition /
availability of medical
assistance
Location / occupation/  Physical condition /
density of disease vectors availability of medical
levels of contamination  assistance
Family history / location / Physical and emotional
occupation / levels of condition / availability of
contamination / diet / medical assistance
physical condition
Decision making control /
perceptions of security

» Poisoning by animals or Location / occupation

plants

* Acute short-term diseases

 Chronic long-term diseases

Physical condition /
availability of support

+ Emotional or mental stress
leading to physical
deterioration

Loss of employment of member

Hazard Exposure Susceptibility

* Natural events such as Location / occupation /
volcanic eruptions, hurricanes,dependence on
earthquakes, drought and floodransportation of goods
which reduce the viability of ~and services
employment

« Incapacitation of member
(see above)

Quality of infrastructure /
position within the
employment unit

As above As above

Damage to household assets

Hazard Exposure Susceptibility

Location / dependence on Quality of infrastructure /

agricultural production level of physical and

assets biological protection /
availability of veterinary
assistance / physical
condition of livestock

» Natural events such as Location / dependence on Quality of infrastructure /

volcanic eruptions, hurricanes,transportation of goods  level of physical and

earthquakes, drought and floodind services / dependencebiological protection

on agricultural production

assets

* Pests and diseases
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1.2.6 The long term impacts of damage to households

A household that has suffered extreme damage maplbeo recover quickly
without the ‘livelihood’ being particularly affeadefor instance if the household has
insured against the loss of assets or if the rem@imssets are sufficient to rebuild
the livelihood. Conversely for another householdirall loss, for instance the loss
of a cow or sewing machine, may result in the detation of the household’'s
livelihood. Blaikie et al. (1994) cite an exampterh Winchester (1986, 1992) in
which the fortunes of two households 100 metrestdplowed different paths
during and after a tropical storm and where actesssources — both material and

information — was the key to the impact on theielihoods.

The challenge for researchers is to be able tsasgleat damages or losses a
household can sustain without compromising theaguesbility of its livelihood. This
will require an understanding of the magnitude afhdge suffered and the costs of
recovery with respect to the available resourcab®household including social
capital and the importance of emergency relief symal safety nets.

1.3 Conceptual framework

1.3.1 Strategies for measuring vulnerability in Ecador

Measuring vulnerability to low levels of well-beimgydifficult, primarily because
one is trying to measure something thamnot there” i.e. alack of security that the
household will not suffer damage, and consequeterideation in well-being (Webb
and Harinayaran, 1999, pg. 298). Measuring vulnktals also difficult given the
stochastic nature of exposure to hazards and okiofaunderstanding exactly what
household characteristics determine both suscéfytiand a successful recovery
from exposure to hazards. To gain insight we regloingitudinal studies (e.g.
McPeak, 2004; Dercon et al., 2005) that plot vaomabf household well-being (or
proxies thereof) and assets (which | assume cangrito household well-being in the
long-term) with respect to exposure to hazardsh(mbhosyncratic and covariate).
However longitudinal studies and panel data arg xemely available in developing

countries, so most vulnerability assessments nelgross-sectional surveys and
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inference (Kamanou and Morduch, 2002). Alternasipproaches have been used to
assess vulnerability of communities to natural hdgasuch as Capacities and
Vulnerability Analysis (Anderson and Woodrow, 198@jhile these participatory
approaches are often able to accurately descrilbenabilities they require much

primary data and are difficult to apply at the onél scale (Cannon et al., 2003).

Households perceivex antetheir vulnerability to low levels of well-beingh€se
perceptions are based on experience of past hamaedents and an instinct to
protect those assets that are vital for continuedéhold survival (Smith, 2001).
Households are generally aware of which hazardsahemost susceptible to,
although perceptions vary within household (Mesxspnal communication, 2001).
Household perceptions are a very powerful sourgefofmation regarding
household vulnerability but they also need to delaged against development
outcomes in order to assess their predictive powas requires the inclusion of
perceptions in longitudinal household studies, Whas mentioned above, are rarely

carried out in developing countries.

In the absence of panel data three broad strategrebe defined for assessing the
vulnerability of households in Ecuador (Box. 2)€eTirst strategy implies a focus on
particular hazards i.e., for each hazard idenkigydreas or households vulnerable to
a reduction in welfare, and follows from the tramhtof focussing research on
hazards as triggers of disasters (Blaikie et 8041 Burton et al., 1993). The hazard-
focussed strategy is the most commonly appliedrales ona priori determination

of hazards according to survey data (ChristiaeasenSubbarao, 2001; Tesliuc and
Lindert, 2000), expert opinion, or nationally codld hazard data. Outcome
indicators such as expenditure can be used in ca@tibn with information on the
impact of hazards in order to produce probabilitiesouseholds moving below a
benchmark of future consumption.

The second strategy would focus on household pso&ihd would attempt to
determine the types of hazard that would negatiaéfisct the livelihood of each
household. The household-focussed strategy raaudis assessment that is
applicable for hazards that are unexpected or 8wt (1989) builds on the work of
Sen to construct a conceptual framework to exglanvulnerability of rural

populations to famine (which implies very low levelf well-being). This framework
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envisages flows between production, consumptisetasaand exchange. Blaikie et
al. (1994) expand on this and other frameworks¢olppce a model of access to
resources at the household level. The Blaikie moaelrporates household profiles
and structures of dominance which are used to m@teropportunities and
constraints to income; choices of income generautiyities; livelihoods;
household budgets; household decisions; the outsofithese decisions, and,;
feedback into the household profile. This framewak been devised to be
independent of hazards, but as the authors ackdge/l® be used effectively it
requires access to a huge amount of data (Twidgfl)2M order to be able to target
interventions it is necessary that all the poténéeipients be ranked according to
the same criteria. The ranking procedure should @itise the same type and quality
of data. The Blaikie model produces many diffemesults according to the different
scenarios; these may be difficult to assemble arge areas or where the ‘rules of

the game’ vary greatly between areas.

A third strategy would ignore both hazards andnieehanisms of vulnerability and
instead monitor indicators of well-being over tinkhanges in the well-being
indicators are related to observable householdacheristics and these relationships
(which are assumed to be temporally stationarypppied to predict future levels
of the well-being indicator — i.e. vulnerability socially unacceptable levels of well-
being (Chaudhuri et al., 2002). This strategy sfulsvhere panel data or
longitudinal studies are unavailable but theresaneeral drawbacks, notably where
vulnerability is affected bunobservabldiousehold characteristics, and the inability
to account for unpredictable hazards that affegelaumbers of people in specific

locations (covariate hazards).

Box 2.Examples of vulnerability assessment stratezg

Hazard focussed strategy - Famine Early Warning Syem (FEWS) Central
America (FEWS, 2002)

The current system is in its early stages and pgesvinformation for drought hazards in
Central America. The vulnerability assessment &iapand is for crops rather than
households. The purpose of this assessment ismtifiglhotspots, areas where drought wi
occur and to aid in national level estimationsrafpcyields. In order to show famine
vulnerability further interpretation is necessdaking into account the crops actually grown,
the levels of national food availability and foadtdbution infrastructure.
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FEWS Central America presents measurements of:

* Rainfall estimates

e Start of growing season

« Water requirements satisfaction index
* Normalized difference vegetation index

The FEWS vulnerability assessment consists of mapwing the predicted situation (for
instance which areas might suffer crop failure ttukack of water) as well as the differenc
between current situation and historical averages.

Household profiles strategy — Access to resourcesNepal (Blaikie et al., 1977)

This study simulated 667 rural Nepali householdseas to resources over time for up to
years. Hazards were introduced to the simulatiodehas components of scenarios. The
households were then tracked to see how their inagpportunities and well-being
outcomes were affected by their baseline accediéepfe.g. access to land and
employment), and by the introduction of differemajéctories of environmental hazards an
changes in the rules of social transactions.

The simulation model produced a number of vulnditglzissessments. Each assessment
varied according to the nature of the hazard,ithimgj of the hazard(s), changes in the

transforming power structures and the coping freseemployed by exposed households|

By changing the rules of the game and developirgtibscenarios the household profile
approach can generate assessments for many eviedgyalven those considered extreme
improbable, which can be used for disaster mitogasind relief efforts.

Empirical strategy — Vulnerability of low consumption in Indonesia (Chaudhuri et
al., 2002)

This study aims to predict vulnerability to consuiop levels below a socially acceptable
poverty line. Those vulnerable to poverty will inde some of the currently poor as well a

those who currently do not suffer consumption degion. Future levels of consumption are

estimated taking into account the inter-temporal enoss sectional determinants of
consumption patterns at the household level.

The authors contend that volatility of consumpfiepresented by a mean-zero error terr

varies according to some parametric relation tcsebald characteristics. The result is that

both mean estimated consumption and variance &furoption are determined according
observable household characteristics. The endtlissaulprobability of a household sufferin
future consumption below a socially acceptablelleve

The authors acknowledge that shocks exist butdheynore interested in outcomes (in th
case consumption poverty) than causes. Idiosyecshticks will be well modelled by this
approach but the authors concur that lack of lmagial data mean that covariate shocks
such as widespread natural events, and other nemormmic effects, are not dealt with.
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The purpose of the study, the data available, badype of interventions that are

envisaged will determine the choice of measurersgategy. Given my objective
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and the data available the strategy for measunhgevability to the El Nifio
phenomenon in Ecuador will be a combination oftegi@s 1 and 2. The result being
the creation of indices at the household/commueitgl based on current theory of
household vulnerability. The hazard will be detered beforehand and the
households will be classified as vulnerable aceaydo the exposure to hazard, the
susceptibility of the household, and the impagbtatential damages on longer term
household well-being. The study will use spatiatkplicit models of exposure to
hazards as well as the sustainable livelihoodsdveonk to assess household and

community susceptibility and capacity to cope.

1.3.2 El Nifio and the consequences for Ecuador

The EIl Niflo phenomenon is a term used to descgiblecal changes in the Pacific
Ocean (Cane, 1983), specifically increases in sdace temperature (SST) and the
depth of the thermocline between approximately W@td the coast of South
America (approximately 80° west). These changeslasely coupled with the
atmospheric Southern Oscillation which is manifeshterannual changes in air
pressure differentials between locations at th&asarof the Pacific Ocean (Bjerknes,
1969). Together the phenomena are named the EISbidthern Oscillation (ENSO)
and the strength and phase of ENSO have conseguimadobal weather systems,
with direct effects felt as far as eastern Afridayamba et al., 2002). The two
extremes of SST anomalies in the eastern Pacifea@are the El Nifio phase in
which temperatures are higher than normal, and.éhdifia phase in which
temperatures are lower than normal. Due to thelogupf the atmospheric and
oceanic systems these alterations in SST resattanges in the air pressure and
consequently changes in atmospheric circulationpaadipitation patterns (Horel
and Wallace, 1981; Rasmusson and Wallace, 1983).

The warm, El Nifio, period of ENSO is associatedhwithickening of the inter-
tropical convergence zone in the eastern Pacifea@¢Vuille et al., 2000) and with
greater than normal precipitation in coastal EcugBendix and Bendix, 2006). The
size of the positive rainfall anomaly varies acoogdo location but is generally

greater in the central and southern coastal pregin¢ Ecuador with anomalies in
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Machald? up to 2000%. These increases in precipitatiomatexperienced in the
Andean region; in contrast the eastern and noriteme Ecuadorian Andes receive
less than normal rainfall amounts during the pdaksp of El Nifio (Vuille et al.,
2000).

El Nifio phases of ENSO occur roughly every 4 ya#ttoough within the last
century this has varied from a minimum of 2 yeara maximum of 10 years (Cane,
1983), with the average frequency also changinguin time (Moy et al., 2002).
The most severe El Nifio event of thé"2@ntury occurred in 1997-98 (Bell and
Halpert, 1998; Direccién Nacional de Defensa CR@02) and was responsible for
approximately 300 deaths, 5,000 homes destroyaegkhsas many others damaged,
destruction of the transport infrastructure, crdpstroyed in the field or in storage,
livestock drowned or injured, as well as outbreatkgector-borne diseases such as
malaria and dengue fever as well as water-borreades like cholera and
leptospirosi§® (Ministerio de Salud Publica, 1998; Direccién Nawil de Defensa
Civil, 2002).

It is this, the 1997/98 EIl Nifio event, and the gipal natural hazards associated with
it that is the case study for which an assessnfeniloerability is developed and

more general methodological insights derived.

1.3.3 Asset-vulnerability framework

The asset vulnerability framework is an approaet thcuses on assets to
operationalise the sustainable livelihoods framéwor assessing vulnerability
(Moser, 1998; Barrett, 1999; Vatsa, 2004). Thetagskerability framework is the
interface (Figure 3) between social-scientific egsh on sustainable livelihoods on
the one hand, and equations of risk and vulnetgbilcommon in the disaster risk
literature (Alwang et al., 2001) — on the otherdha®uch equations often result from
research on the development of usable assessnientmerability to single or
multiple hazards, shocks or stressors. The equategularly contend that

vulnerability is equivalent to a function of expostio hazards minus some other

12 During the 1997-98 El Niflo event in the southern coastal province of El Oro
13 Leptospitosis is transmitted via contact with fluids from infected mammals
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function of coping (Equation 1) (e.g. Yusuf andriiaco, 2009; Metzger and
Schréter, 2006; Boardman et al., 2003; van der \aeehLogtmeijer, 2005).

Vulnerability = exposure to hazard — capacity tpeo (2)

Assets are the resources which a households anchgorties utilise for gaining

their living. Assets enable access to resourctraiirectly or indirectly and are an
important requirement in maintaining socially adedpe levels of well-being (Swift,
1989; Sen, 1981). Assets are also what enable holgseto bounce-back from the
impacts of shocks on livelihoods, with Moser (1988) suggesting that the quantity
of assets owned is directly linked to their vulrelity to negative changes in their
well-being. In this sense Moser and others tadidesecond component of the

vulnerability equation i.e. capacity to cope.
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Exposure to natural susceptibility Natural
hazards resource base
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Figure 3. Interface between sustainable livelihdoaimework (Soussan, 2001) and common

components of vulnerability assessments
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Moser identifies five categories of assets thairaportant for urban households:
labour, human capital, productive assets, houseletdtions and social capital. The
sustainable livelihoods approach broadens housetssiets to include natural capital
and would include labour as a livelihood activityls widening the scope of the

asset-vulnerability framework to rural households.

Human capital is represented by skills, capabdjtienowledge, ability to work, and
good health (Department for International Developtn2000). Human capital is
necessary though not sufficient to ensure livelthsostainability and increase
productivity (Bratti, 2001) and investments in humzapital result in significant
household economic returns (Kurosaki and Khan, 20drld Bank, 1996).

Social capital is represented by networks and octedeess, civil engagement, and
relationships of trust, reciprocity and exchandgagifam, 1995). Social capital by
nature exists at a level beyond the household adh@roxies that reflect the amount
of social capital, such as membership of groupsifidd and Maluccio, 2000) may
be measured for individuals within households. tpe of information that can be
used to gauge social capital include membershgouimunity groups, how
important these groups are for the household (Bunckl1999), how diverse the
members of these groups are (Grootaert, 1999) awddemocratic the decision-
making process is in these groups (Grootaert, 1&8)jilarly social capital is
evident when members of the household trust otidividuals in society
(Fukuyama, 1995) and when households have recipegchange arrangements
with kin. A lack of social capital is associatediwhigh levels of crime (Kawachi,
2000 cited in Restrepo, 2001).

Natural capital takes into account the direct,necti and non-use values of natural
resources. These resources include land quanttyaality, water quantity and
quality, air quality, marine resources, forest teses etc. Cavendish (2000) shows
that for some households ‘income’ from natural uegses in Zimbabwe superseded

all other forms of income.

Physical capital is the infrastructure and the pongint that allows for well-being

levels and production to be maintained. Househbigigal capital will include
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private goods such as shelter, tools, etc. asasghublic goods such as the provision

of transport, roads, electricity, gas, telephond @mmunications.

Financial capital is comprised of stocks of assat$ as cash, bank deposits,

jewellery or flows of non-earned money such as [E&s$sor remittances.

It can be seen that many assets are ‘owned’ blgagheehold and are private goods.
However a number of capitals are public goods ermacessed and managed
collectively (Cavendish, 2000) or enable houselaskkts to be utilised. This implies
that livelihood domain or community characteristiese to be taken into account

when attempting to describe or measure asset @sdbk households.

1.3.4 Assessing vulnerability to the El Nifio phenoenon in Ecuador

The research presented here will explore theref@éssues involved in applying the
asset-vulnerability framework at a national leval dll households in Ecuador using
the 1997-98 EI Nifio event as a case study. Theipahsources of data used in the
assessment will be publicly available datasetd) siscpopulation censuses and
national level household surveys. This is advardagéen the sense that it can be
repeated, does not require a substantial effatata collection, and can be
conducted relatively quickly. But there is a temsi®tween data availability and the

degree to which the assessment is driven by théalger and Vincent, 2005).

The research is organised in five major compong@htgire 4). The first, Chapter 2 is
the creation of asset profiles for households base@ih econometric analysis of the
contribution of particular assets to household abelhg. The assets will be
categorised by the five capital groups of the snatde livelihoods framework and
will include attributes of the community or livebbd domain entailing the

consideration of scale issues.

Chapter 3 investigates the links between the 18EINifio event and changes in
household well-being. This analysis will highlighe complexity of attributing
changes in well-being (at the district level) ty garticular event. The next

component (Chapter 4) seeks to improve on existingels of potential exposure to
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hazards using spatial analysis. Extensive use terofrecently created datasets on
topography and hydrological datasets in combinatith high resolution models of
population distribution that enable more precisesoees of the number of people

potentially exposed to hazards in Ecuador.

Chapter 5 presents the production of a vulnerglaksessment based on an
investigation of equations of vulnerability thatamporate exposure to hazards and
the assets that enable households to both resisiaitards associated the El Nifio

phenomenon and to bounce back from damages tditredinood (Pelling, 2003).

Chapter 6 consists of the final component, which validation of the results of the
previous four components of the vulnerability asegent. A case study approach is

used with a geographical focus on the central Bt province of Manabi.

ousehold Asset e
Profile 1997-98 EIl Nino
event

Chapter 3.
h 2.
{I Chapter Impacts of

Chapter 4. Chapter 5.
District-level Vulnerability,
Exposure to Susceptibility

hazards and Coping
Chapter 6.
Case-study

validation in
coastal Ecuador

Figure 4. Research design showing main componeuit$iriks between components including

potential feedback loops
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Chapter 7 discusses the conclusions from each coempoanalyses the implications
of the findings in Chapter 6 on the other composieamtid makes recommendations

for further research.
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Chapter 2 : Household Asset profile

2.1 Introduction

This chapter seeks to identify which assets coutgilnost to household well-being
in Ecuador. The purpose of understanding thisibrik examine which of these
assets are vulnerable to the flooding and landskdsociated with the El Nifio
phenomenon. It will also enable the mapping of arelfoefore and after the 1997-98
El Nifio event.

The chapter commences with a brief review of swithat investigate the links
between household assets and well-being. The foipaection considers
appropriate variables for both well-being (sect?.1) and assets (section 2.2.3),
and the data sources available in Ecuador forithe period immediately before the
1997-98 El Nifio event (section 2.2.2). The chapbatinues with a section
describing the modelling methodology used to ingasé the link between particular
assets and well-being (section 2.3). The resulteeMmodels of household well-
being are shown in section 2.4 and the interpetadf the results in the context of

vulnerability to natural events in Ecuador is dssed in section 2.5.

2.1.1 Links between assets and well-being

The sustainable livelihoods literature includestsas an integral component of the
livelihoods framework and there have been numeediasts to empirically link
assets to well-being. A few examples will be gitieme. Grootaert and Narayan
(2004) investigated the relationships between sasseparticular social capital, and
welfare in Bolivia. The authors hypothesise thatélssociation of community
members within groups improves information sharia@ barrier to opportunistic
behaviour, and leads to better decision-makingy Et&o consider natural, human
and physical capital explicitly in the model buthksde financial capital. The study
found associations between social capital and weeta well as significant
associations between welfare and land ownershgrsy& education (of household
head), household size, age of household head,lhasnecational factors such as an
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urban area and the locality itself. The authorsttes-way causality of group
membership and welfare using “instrumental variagsiémation”, choosing
variables that had no effect on welfare and exadhgaeial capital in the light of

these variables.

A recent study in Kenya (Kristjanson et al., 2086alysed poverty levels at the
community level and related these to assets groupediuman, physical, social,
natural and financial capitals. Kristjanson etested the general hypothesis that
communities with higher levels of assets experidro@er levels of poverty. The
authors relied on local expert opinion on asseistbntribute to welfare in the

region due to a lack of support from literatureeonpirical links between assets and
poverty, and the study includes an assessmeneahtst important correlates of
poverty amongst variables within the same assetpyfe.g. natural capital assets).
An important lesson from this study was that theieical linkages between welfare
and assets were often confounded by missing vasaplg. in the social capital asset

group) or by combinations of variables such as sstewater and access to pasture.

Also in Kenya, Amudavi (2005) studied the effecgobup participation on two
indices of well-being: income, and asset ownerdhiphis study assets were
assumed to be tangible physical assets owned bysehold and the author
observed positive associations between resouraasendnts and both income and
asset ownership. Group participation was also pes$jtlinked to well-being, but

only when these groups had been formed by extagaicies.

2.2 Data

In order to examine the links between assets attidbemg, data on both are needed.
Because of the national level of investigation #tigdy relies exclusively on
secondary data sources for the analysis of housetsskt profiles. Bezemer and
Lerman (2003) in Armenia, and Escobal and Toref®%2, in Peru, also use
secondary data to investigate the role of asseptmmentarities in welfare. These
studies use an Ordinary Least Squares regresspoagh (as opposed to logistic
regressions in other studies). This section expldega sources in Ecuador in terms
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of the options for household well-being variabled ¢he assets which are potential
explanatory factors.

2.2.1 Household well-being variable

There are many potential indicators of welfare eflaweing. Alkire (2002) and Lok-
Dessalien (2000) present thorough reviews on théptaudimensions of
development and poverty respectively. Common iridrsaof well-being include:
longevity (Ferriss, 2000), health status (Bourgmgr2001), infant or maternal
mortality rates (Ferriss, 2000), nutritional intgBsurgingnon, 2001), access to
services (Martins, 2005), possessions (Lanjouw&tedn, 1991), as well as more
difficult to measure perceptions of freedom (S99 Nussbaum, 2001 cited in
Anand et al., 2005) or happiness (Diener et aB9)9The concept of indices of
unsatisfied basic needs (Boltvinik, 1990) has bmmnmonly used to measure
poverty in Latin America (Feres and Mancero, 200hese basic needs indices
group together three or more basic needs, comnamugss to safe water, access to
housing and access to education (Feres and Mark@0t). The concept is similar
to the Human Development Index (HDI) (United Natidbevelopment Program,
1990) but is more applicable at the sub-nationadlléNithin the field of household
level econometrics there is a tendency to choossdiwld level consumption (Datt
and Joliffe, 1999) or income (Chaudhuri and Rawallil994; Anand and Harris,
1989; Atkinson, 1989; Streeton, 1981.: cited in Behel and Lanjouw, 1996;

Amudavi, 2005) as an indicator of well-being.

Consumption is a means to an end, and often entiddesatisfaction of certain basic
requirements, but it may also be perceived as dnrettself. Consumption offers
advantages over other well-being indicators. Condiom is more stable over time
than income (Deaton, 1997); households may redeomme only at certain times in
the year or from a bewildering variety of sourddsiftschel and Lanjouw, 1996)
which may not be well recorded by household survéligre may also be a tendency
to under-report incomes, either for tax reasonstiflto Nacional de Estadistica y
Censos and Servicio Ecuatoriano de Capacitacidie$tomal, 1995) or if households

perceive that the survey will be used to targetueses.
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For this study consumption is preferable to basieds indices since the satisfaction
of basic needs might include some of the physidahstructure that form the
household asset set. Basic needs may also be milpeof household livelihood
and may be provided by local authorities. In maoations basic services will be
provided to all households that have different lewxd well-being when measured

with other indicators.

Household consumption is typically comprised offitlowing components:
e Food consumption
* Non-food consumption (such as detergents, andinlgth
» Consumer Durables (a rent value is imputed forsteoch as refrigerators)
* Housing (and utilities such as water, electricitygarbage collection) (a rent

value is imputed)

Health and Education are often excluded from comdiom aggregates because they
are ‘lumpy’ purchases, happen at particular pamtse life of the household
members or may be too complex to represent. Busitests and investments in
production are never included in consumption agapegy(Hentschel and Lanjouw,
1996; Deaton and Zaidi, 2001).

In order to avoid endogeneity care will need tadien that the items used to

calculate consumption are not the same assetarthaised as explanatory variables.

2.2.2 Consumption datain Ecuador: 1995 Encuesta de Condiciones de
Vida

2.2.2.1 Household consumption in the 1995 Encuist@ondiciones de Vida

The only suitable data source for such an analysle 199%ncuesta de
Condiciones de VidéECV)'. This is based on the World Bank Living Standards
Measurement Study (LSMS) surveys (Instituto NadioleaEstadistica y Censos and

3n the 5 year period preceding the 1997-98 E| Nifient two major household level socio-
economic data collection exercises were undertaken1994 and the 1995 ECV. The 1994 ECV
need not be considered since it was superseddetyo05 survey which had a larger sample size
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World Bank, 1995) and employs a stratified sampfragnework across 3 different
regions and 4 areas with different urban-rural abi@ristics. The sampling strategy
is presented in Table 4. The objective of the dealyd sample size of the 1995 ECV
was to allow users to analyse the distinct fadtaas explain the different levels of
living standards in society and provide informatiorconstruct household social
indicators and the construction of poverty profildswever, the sample size is
insufficient to measure variables that cover spafulation groups or to analyse and

describe socio-economic groups located in very lsgeaigraphic units.

Table 4. Sample of households in the 1995 ECV

Region Urban Ared* Periphery Rural Clustered Rural Dispersed Total

Coastal 1542 37 374 611 2564

Andean 1410 82 263 883 2638
Amazon 326 36 83 163 608
3278 155 720 1657 5810

The 1995 ECV has been designed to measure consumbptit does not measure
subjective indicators of well-being, such as “wegoed clothes” (Ravnborg, 1999,
p32), or anthropometric indicators like height-&gye that would allow an
assessment of nutritional outcomes. Income is cegtiout for the reasons cited

above it is generally more reliable to use consion@s an indicator of well-being.

Total consumption for the household includes: fand non-food items, cooking
fuel, education, imputed water prices, imputed,rant imputed consumer durable
contributions (Hentschel and Lanjouw, 1996). Edwcetvas not included in the
survey. These were all elicited through individnalusehold interviews. The
Ecuadorian survey adjusts the recording time peambrding to the type of
expenditure. Therefore food items are calculatest atwo-week period prior to the
interview. Costs of transport and meals consumedide the home were recorded
for a one-week period. Health and hygiene prodwet® noted for the month
previous to the interview, while clothing was resed for three months. Bigger
purchases, such as consumer durables and travel y@eorded for one year prior to

the interview. All these values were convertedrieguivalent expenditure over two

4 For the purposes and objectives of the ECV urbeasaare considered those populated places that
had at least 5000 inhabitants in their built-upt@ec
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weeks. All datasets were acquired from Carlos laapersonal communication” 5
December 2002) who worked with the World Bank ia &éimalysis of the data and
produced the first poverty maps of Ecuador (Laeteal., 1996). The datasets
included calculations for total household expenditas well as the components of

this expenditure, such as consumer durables oriteots.

Total consumption is then divided by the numbenaisehold members, and further
adjustments are made by the author to take intowextdousehold composition since
some members of the household may be children anseholds may benefit from
economies of scale. Household consumption is @eflasing Equation 2:

EA = (A +0K)® 2)

Where EA is the number of adult equivalents initbhasehold;

A is the number of adults in the household;

K is the number of children in the household;

a is the parameter that determines the cost ofld olative to that of an adult; and,
0 is the parameter that determines the extent of@uces of scale.

Deaton and Zaidi (2001) suggest values of 0.3 addado and6 respectively’. For
the purposes of this study, and following the staddised by the ECV 1995, all
household members above 15 years old are classadu#nThe resulting variable

has a skewness value of 4 and kurtosis value of 31.

The natural logarithm of total consumption modiftedadult equivalence and
economies of scale has virtually no skewness dokis (0.22 and 0.21 respectively,
which change to 0.25 and 0.14 when weighted byatt®r of expansiofi), and
represents well the normal distribution (Figure®)is will be the dependent

variable in subsequent modelling (Table 5).

!> Hentschel and Lanjouw (1996, p32) show that pgvembfiles in Ecuador using data from the 1994
ECV are robust in the face of changing values ahdo.

'® The factor of expansion is used to account forthester effect” which results from the 2-stage
random sampling procedure. Applying the factorxgfansion in analyses ensures estimates are
unbiased (Grosh and Mufioz, 1996).
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Figure 5. Distribution of household consumption geéult equivalent member, modified by

economies of scale

Consumption varies between sub-groups in the E®518 comparison of means
shows differences between sub-groups accordinggiom, rural/urban area and
district. The distribution of household consumptismoughly normal in all sub-
groups. Only for the peri-urban households (whgch small sample) is there some
negative kurtosis, and a large positive kurtosigtioal dispersed households.

Analysis of means shows that the differences betwgeb-groups are statistically
significant when comparing between rural and urdd@as but are less strong
(although still significarit) between regions. They show that rural houseHudde
lower consumption values than urban householdtlzaichouseholds in the coastal

region have lower values than households in theZamaegion.

7 Using One-Way ANOVA in SPSS
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These results are not surprising given the vastigrént biophysical and
socioeconomic environments that typify each regiod the different livelihood

opportunities in rural and urban areas.

2.2.2.2 District level summaries of household comgion in the 1995 Encuesta de
Condiciones de Vida

Household consumption and assets will be analystalistrict as well as the
household level. The analysis of household welkeit different scales is necessary
due to the different contexts in which seeminglntical households are
encountered. The environmental contexts as wefitagaction effects between
households are better captured when householdgygregated at the district level.
A number of statistics can be calculated to sumseaztonsumption when aggregated
at the district level. These include the mean &ednedian consumption, as well as
poverty indices, i.e. the relation of the consumpf each household with a
predetermined poverty line. Since this study séelkplore the contribution of
different assets to well-being (consumption) levels appropriate to use an average
(mean) value of consumption for the district leweldel. Individual household
consumption is weighted by a factor of expansioadwount for sampling biases
before aggregating in each of the 55 districts dadhip the 1995 ECV.

While the choice of these districts may not captheefull range of consumption
values a bigger problem of aggregation is thatib&ibution of mean values (Figure
6a) is far smaller than for the consumption valiesll households (Figure 5).
Differences in the mean valueslofconsumption between urban and rural
households are also apparent (Figure 6b & c). Measumption for rural
households (interviewed in 31 of the 55 distrist)w lower values than for urban
households (interviewed in 32 of the 55 districts).

41



Frequency
|
1

1 X

/|

11.20 11.40 11.60 11.80 12.00 12.20 12.40
Mean Ln Consumption (weighted) per district

a)

Frequency
IS
1
~
Frequency

AT DPL TR

11.20 11.40 11.60 11.80 12.00
Rural mean In consumption (weighted)

b) c)

11.60 11.80 12.00 12.20 12.40
Mean In consumption for urban households

Figure 6. Distribution of aggregated household oamgion per adult equivalent member
modified by economies of scale and weighted fohdamsehold by an expansion factor.
Histograms are shown for: a) mdarconsumption per household; b) méamronsumption of

rural households; and, c) melanconsumption of urban households.

2.2.3 Explanatory variables

Explanatory variables in this analysis are assetproxies of assets, that contribute
to household well-being. Each variable ought toehavheoretical basis for its
contribution to well-being and should not be a lestiwell-being. Some variables,
such as the education levels of the household halaot be a result of current

consumption and have a strong theoretical link éd-tveing. Those variables
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relating to the educational level of children, ontrast, will be determined in part by
recent levels of household well-being.

The number of variables that are collected in ®@51L.SMS is larg® and is
compounded by the use of many dummy variables eglyawhen these are
categorical and up to seven variables are needeaptare the variation in one
household characteristic (such as floor type). &laee also conceptual problems of
endogeneity since the household consumption aggrégadudes many variables that

could be considered assets.

The following sections discuss the five groupssseds considered in the sustainable
livelihoods framework, namely human, social, natyshysical and financial capitals
at the individual and household levels. Variabllessen for modelling at the
household level are summarised in Table 5 and thode district level are

described in (Table 6).

2.2.3.1 Human capital

Human capital is the skills and experience of ahmbers of the household that
contribute to the well-being of the household.f#®|{1997) shows that the average
educational level is a better determinant of hoakkimcome than the educational
level of the household head alone. It can be assuh@® members of the household
still in full-time education are not contributingekctly to household income and their
educational status is likely to be correlated witirent levels of well-being. Another
problem with calculating an average level of edwceis how best to combine the
different levels of education that appear in th8SLECV. A postgraduate education
Is coded as 8 but the economic returns are likeehetat least eight times greater than
‘no education’, which is coded as 1. A less sulbjeaneasure, and the one used in
this study, is the average number of years of gducéor all members of the

household not currently in education (H1_EDULtf) Davis and Stampini, 2003).

'8 There are 406 questions in the 1995 ECV many dflware subdivided into different sections. The
data are split between 10 files, which vary betw&2® and 360 ‘variables’ per file.
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Literacy is a key requisite to understand legalutioents, such as land ownership or
employment contracts or agricultural extensionnmfation. It is also important to
consider which languages household members aratétan. Three commonly
spoken languages in Ecuador are recorded in the E@Y: Spanish, Quichua and
Shuar. Literacy in Quichua or Shuar is likely todfdess value than literacy in
Spanish given that Spanish is the functional lagguaf Ecuaddr. So household
members literate only in Quichua (0.17% of litenagpondents), or other languages
(0.23% of literate respondents) can be discountad the literate.

A number of authors (Green et al., 1985; DrezeSauen, 1995, both cited in Basu
et al., 2001) have shown that literacy levels ofirhers of the household other than
the household head are likely to contribute posiyito household well-being. There
may be problems of endogeneity in subsequent mdfdeéks literacy levels of
younger household members are included, sincadiyenf minors may be directly
related to current or recent past levels of welkheHowever, literacy can have an
immediate positive impact on a household so theblr used in this study is the

average value of literacy in Spanish for all hoawdgimembers (H2_LITS).

Employment status will directly determine incomeels in the household and thus
consumption and well-being. Despite this theréisly to be a strong correlation
with other human capital variables such as educatievels, and employment status
may not be strictly considered an asset (Sous€4xi,) 2ather an activity (Barrett,
2001) the outcome of human capital and other agsegsre 3). Employment can
offer opportunities for an individual to increaseir stock of human capital by direct
training in new skills, or in the experience gaitien working. Training courses are
explicitly captured in the 1995 ECV, but experiefrean employment is more
difficult to assess and there is little researcihoman capital acquisition in
developing countries. The questions in the 1995 B34 give little indication;
respondents are not asked for how long they hage Werking, rather the type of
work, the conditions of work, and the means of paginThe positive effect of
employment on human capital accumulation will bgtesed, therefore, by the
participation in formal training (H3_FTRN). An awage will be calculated for each

19 Bebbington and Perreault (1999) allude to the thzat indigenous leaders need to be literate in
Spanish to successfully deal with institutionsighbr political levels
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household with a maximum of 1 (where all membersehaceived training) and a

minimum of 0.

Chakraborty and Das (2005) show that there aredhieal links in both directions
between well-being (utility) and investments in ramcapital (health). The health of
members directly affects their ability to transfolnemman capital into other forms of
capital through activities such as paid work or €amm agriculture. Poor health also
has an adverse effect on stocks of financial clghita to the costs of diagnosis and
treatment but this will be treated in the sectiarfinancial capital below. Lifetime
health status is not captured in the 1995 ECV, whidy takes into account the
health of members over the month preceding thevie®. The severity of the

illness or accident can be judged by whether tepaedent was able to perform their
normal activities. This is captured by one of thestions in the 1995 ECV. The
guestion is directed at all members of the housktegardless of age and includes
studying as well as productive activities. Memharthe household currently in
education are assumed not to be contributing teentihousehold well-being.
Therefore the health status of all members notlircation will be used to calculate
the average number of days that members couldnuwrtake their normal activities
(H4_HLTH).

Human capital assets at the district level incluaigables such as the existence of
educational and health facilities and employmemioofunities. Primary and
secondary schools have the potential of improviegftiture well-being of
households by increasing the returns on investniertsman capital. There are
benefits to having children attending school — saglmaving a literate household
member — but in general the presence of thesati@eill not influence current
levels of well-being. Other educational facilit®sch as technical colleges and
training centres are likely to have a potentialifpges effect on the employment
opportunities and on income. The data in the imllial level questionnaire, however,

makes redundant the need for these variables dittrect level.

Functioning and accessible health services arenablyi important in maintaining
human capital assets. Where they exist they acemfially important asset to the

district. In the context of this study, however thdividual level data on health
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outcomes (time lost due to illnesses) negatesebd to include variables on health
at the district level.

Employment opportunities can be measured diregtlithb number of employers
advertising for candidates for vacancies, or masaly by measuring the inverse —
the unemployment rate — to gauge the tightnedseoliabour market. Once again, in
this study there is access to individual level diattuding employment status and the

search for employment.

In conclusion it appears that characteristics efdbmmunity that interact, enhance
or maintain the human capital of the individualrda need to be included in a model

of well-being since the individual level outcomes already captured.

2.2.3.2 Social capital

Adger defines social capital as describing “relagiof trust, reciprocity and
exchange; the evolution of common rules; and thkeagbnetworks” (2003, pg 389.)
Social capital can exist between household membetg/een households in a
community, between communities in a district anal icgorporate institutions and
decisions at all levels. Variables of social cdatae therefore dependent on the scale
of analysis. At the individual level social capitels been shown to be
heterogeneous, especially when measuring trusegéfeet al., 1999). But social
capital also “resides in relationships” (Woolco2R01, pg69). As a result individual
households within a community contribute to anddbéfrom community social
capital to different degrees, shown empiricallyNgrayan and Pritchett (1999) in

rural Tanzania.

Durlauf (2002) suggests that empirical studiesoofa capital should ensure that the
definition of social capital (and thus the variabilesed) is causal and not functional.
In this study, therefore, social capital as a hbakkasset must support household
efforts to maintain or improve levels of well-bei(expenditure/income).

Typical social capital variables are poorly captubgy the 1995 ECV and are at best
weak proxies for social capital. Examples inclute amount of time that household

members have lived in their current community, ricial transfers from kin and
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friends, the language spoken (a proxy for ethnisitych is in itself a proxy for
particular systems of reciprocity), participationgroups (workplace organisations
such as trade unions, this question limited torgalavorkers only) and one question
on any costs in the previous year on clubs or @ssoes. Apart from transfers from

friends or family there are also questions on ¢netieived from individuals.

The premise for including time spent in the commuis the assumption that social
capital increases with time (Furstenberg and Hugh@35 based on Coleman, 1988).
It is also assumed that all members of the housedmdumulate social capital and as
such the household value will be an average dhallmembers. The amount of time
that an individual has spent in a community is gegat by two questions, the first
asks how long the respondent has been living irctineent residence, a household
average for this question could be biased whemumeraber has been living in the
house for many years. The alternative question aksembers over 10 years old if
they were living in the same community ten yeaes/jmusly, and if not how long
they have been living in the current location. T$e@sond question will be used in the
creation of a household variable for time spertheaxcommunity. The exact number
of years is not known for each individual, inste@adaverage is calculated from the
dummy variable for all members over 10 years oldi ot in formal education
(S1_TIME) (Table 5). If all members have been i@ same location for over 10
years then the average value is 1, whereas iflualfythe members have been in the
community for 10 years the resulting value wouldtde

A transfer of financial capital from family or fniels is an imperfect variable of

social capital; it captures to some extent the bdyetween individuals and levels of
reciprocity between individuals. It is debateablewever, whether inter-family
transfers represent social capital in the communiyhousehold might be isolated in
the community and still receive transfers from figrmembers residing in other
locations. Credit transfers also imply certain leva trust between lender and
receiver but transfers exist even where trust &ae low and other household assets
are used as collateral against the loan. Giverattkeof robustness of these transfer

variables it is sound to exclude these from theehad part of social capital.
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Ethnicity has an effect on a component of socipltehthat Berman (1997, cited in
Krishna 2000) calls relational capftalThere are a number of issues, the differences
between ethnic groups, does a homogeneous comninavigygreater social capital,
and does minority status lead to social exclusimhraduce social capital. Miguel

and Gugerty (2005) show in western Kenya that sioihieators of social capital are
lower in areas where communities are mixed betvadéerent tribes, but are higher

in more homogenous locations. This study refertamunity level social capital

but does not study the effects on minority membéthe community.

Two types of social capital have been identifiethwespect to groups in general and
which are applicable to ethnic groups. These argling and bridging social capital,
the former stresses linkages within groups, wiilatter represents so called ‘weak
ties’ among members of different groups. Bondingaacapital is high amongst
members of Ecuador’s indigenous communities (Ugslidnd van Nieuwkoop, 2003)
but historically members of these communities rawféered from a political and
agricultural system that favoured Spanish setdedmestizccitizens (Bebbington,
1999). Ethnicity is captured in the 1995 ECV by ldneguage spoken. Two
indigenous languages — Quichua and Shuar — aredext,cand it is safe to assume
that speakers of these languages are from thogeatese ethnic groups.

Membership of a group does not necessarily comfgiakcapital on households; this
will depend on the minority/majority status of im@up within the community. This
information is potentially available from the 1988V although samples taken from
districts parroquiag are representative of the domain rather thamtheh smaller
district. Analyses of the data show that Spanighesmajority language in 54 of the
55 districts sampled. Quichua is the majority laaggiin only one district, and even
then almost 75% of respondents spoke both Span&Qaichua. Shuar is not a
majority language in any of the districts samplat ®huar speakers account for
about 10% of the respondents in one district. éndbastal region these figures are
even lower and given the lack of a stronger thézakor empirical base | will not

include ethnicity as a proxy of social capital e tmodel.

%0 As opposed to institutional capital
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At the community level social capital is often chaerised by presence of groups
(Buckland, 1999), collective action (Adger, 200BE existence and enforcement of
byelaws (Sanginga, 2004), adherence to taboosée#tto restrain behaviour
(Stephenson, 2001), and the existence and strehgtinds between members of the
community (Gittell and Vidal, 1998).

These variables are notoriously difficult to obtamess a specific survey is
conducted. Even the community level questionnditee 1995 ECV does not
capture these variables — the most relevant variablld be the presence of a

meeting room.

2.2.3.3 Natural capital

Natural capital is the soil, vegetation, animal arader resources that can be
accessed by a household to sustain their livelis@od well-being. Households may
have sole access to natural capital, or these re=®may be shared among members

of the community or users in other more distanalmns.

Access to land implies the use of natural capdatlie benefit of the household. This
form of natural capital is captured explicitly imet 1995 ECV. Respondents are asked
if they own land, if they rent land or share laadd to what use they put this land.
Landowners are also asked to give a monetary valtlee land and the rent they
would charge on the same land. These values ingigriencompass the quality and
quantity of land. Those who rent land are requetiggive a monetary value for the
rent even if they have other payment arrangemergs & share of the crop or
labour). An analysis of these values in the 199% EBows great differences in the
average value per hectare. However the mean vateeskewed by outliers, which
are probably due to miscoding of the land itk order to remain consistent
between land owned and land rented an annualigemefcan be used to capture the
natural capital of the farm (N1_LOWN & N1_LRNT) (bl 5).

Livestock are natural capital and different aninfase different values for

livelihoods. Kristjanson et al. (2005) used livestalensity as an indicator of natural

%L One record gives a farm with an area of 1%with a value of 60,000,000 sucres (or US$24,000)
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capital along with NDVI (normalised difference véateon index) values of pasture
green-ness. This study was at the meso-scale ahdusehold data were available.

It was also carried out in a pastoral zone of Kerayher than Ecuador where milk
production and other rural enterprises are morencom Large animals such as cows
represent greater amount of capital then smallenaas such as fowl, poultry, sheep
or goats. As such four classes of animals will &ducows (N2_LCOW), medium
sized animals (sheep goats, pigs) (N3_LMED), sanathals (N4_LSML), and draft

and transport animals (horses, asses, mules Bte. DFT).

The majority of respondents in the 1995 ECV neithen nor rent land but rely on
some components of natural capital to sustain tiveilihoods. Access to water is a
basic need for all households. Practically all letwadds have access to water and
nearly all practice some form of treatment. Whé#feds between households is the
time required to access water. An imputed valuevater takes the opportunity cost
of access to water into account and forms pati@itbnsumption total for

households. It is not, therefore, considered aetasghis study.

Both urban and rural households can have membetsngan agriculture. These
households rely in part on the natural capitaltassieothers for their livelihoods.
Since we do not know the employers of agricultwatkers we would have to use
community levels of natural capital as an indicatd general levels of natural
capital. Agricultural workers enters the househuladel and will form an interaction
variable at a later stage. The ratio of agricultumarkers to all workers in the
household will be the variable used (N6_AGWK). tlexie in this category workers
who are also owners of their own farms as well amivers of the household who

are not paid for their labours.

District and community level variables for natucapital will include characteristics
that interact with household assets, such as theaittion between climate and land.
There will also be assets that are communally ovaueth as forest resources or
access to coastal fishing areas. There are otharahaapital attributes which are
utilised at the household level but for which data not collected at that level — for

instance some soil quality indicators.
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In Ecuador natural capital data are available fém@dint scales, and values are
recorded for different units. Annual means of cliengariables are available at a
resolution of 1km. These include monthly minimungan and maximum
temperatures as well as precipitation (Hijmand.e2805). Altitude is a good proxy
of temperature and is available at a higher remoluf 100m (Jarvis et al., 2004).
These variables are important determinants of gihe-acology of a district but there
are others that can be derived — such as the |lefgtie growing season and its
corollary the length of the dry season (NC1_DRYhjchk are better indicators of the
natural assets availabfe

Soil quality is not easy to assess at the dideiatl. Soil maps may show the soil
type or association, but these can only give a general idea of the constraints to
agriculture, forestry or livestock activities. Teeale of these maps is also generally
unsuitable to assess soil quality and cannot shegwediation.

Soll fertility status is also not collected for theusehold or farms surveyed in the
1995 ECV. An alternative is to use potential lasd maps (BID-CONADE in
Alianza Jatun Sacha — CDC Ecuador, 2003) and cantpase with actual land use
maps (compiled from various sources from the 1990dianza Jatun Sacha — CDC
Ecuador, 2003). Both actual and potential landmaps have been produced for
Ecuador — albeit by different agencies and witlfedént classes. A common set of
categorical land use types can be defined andubentaps compared. The
comparison between actual and potential land us# beuguided by rules on the
impact of differences on soil quality. For instamdeere a land use unit has the
potential for agriculture but is actually afforasiemay be assumed to be under-
utilised, or where land is suitable for forestry lruunder pasture then the land is
assumed to be over-utilised and may suffer fromrabagion. For each class of
actual land use | determine if it has been culéglah an appropriate location given
the potential of the soil. Summary statistics afdurctive land use suitability for each
district are then produced. The result is an assessof land use suitability
(NC2_LAND) and shows areas that are not beingsetiliappropriately — leading to
land degradation and poor soil quality.

22 For the length of the dry-season, it is assumatiahimonth is dry if precipitation is less thanné
(Jones, personal communication). The length ofitigeseason is the number of consecutive months
with less than 60mm.

51



Slope is another factor which moderates the utdftiand for productive purposes.
Steep slopes hinder the ability to manage the damtlincrease the potential for soil
erosion (Pimental and Kounang, 1998). Slopes area integral component of the
Universal Soil Loss Equation (Wischmeier and Snii$/8). Maximum slope
steepness can be derived from digital elevationatsoslich as the Shuttle Radar
Topographic Mission (SRTM) data source (Jarvid.e2804). These slope values
can be aggregated for the whole district to givéndication of the terrain in the
district (NC3_SLP).

Forest resources may or may not be accessible todighbouring communities. In
the Amazon region of Ecuador forest resources deseem to play a major role in
the welfare of colonists from other regions (Murgtyal., 1997), but are
complementary to swidden agriculture or form aegnal part of the livelihoods of
the indigenous population (Perrault, 2005; Nelsoth @homitz, 2006). In the coastal
region of Ecuador forest resources are still exgtbfor timber in the province of
Esmeraldas (Rudel, 2000). Use of naturally vegedtateas in other parts of the coast
(which tend to be open forest and scrubby grasylaasi not been documented but is
likely to be locally important for firewood and ahresources. Non-protected natural
vegetation will therefore be considered as a p@krdgsource for communities
(NC4_NVEG) (Table 6).

2.2.3.4 Physical capital

Physical capital is tangible; assets in this catgdave been produced and at the
household level include tools, shelter and mackirend at the community level
roads, and street lighting. Physical capital cbutes to livelihoods directly or, more

commonly, is used to help transform natural anddmucapital into financial capital.

Buildings owned and managed by the household gteie in the 1995 ECV.
Housing is an asset that can be sold or renteddioversion into financial capital.
Alternatively housing is an asset that helps sndtaman capital (shelter), but poor

quality housing can also degrade human capitain&iance overcrowding is linked
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to the spread of communicable diseases and cétiding materials host vectors of
other diseases (Abad-Franch and Aguilar, 2003).

Questions in the 1995 ECV regarding the dwellirgude the type of house, as well
as the material of the floors and walls. The typkause gives some indication of the
value of the house, but this value will depend dwst of other factors such as the
location of the dwelling, and local preferencesni&rly a hierarchy of building
materials can be identified for walls and floorimgt these will show variations in
space and would require the use of many dummyhlasasince they are categorical.
The number of bedrooms per person (or per adutnsidered a good indicator of
overcrowding which is conducive to the spread ohownicable diseases (Cardoso
et al., 2004; Hodgson et al., 2001; Esteban, £1888) as well as the psychological
effects of having no personal space (P1_NBED) @&kl There may be correlation
between this variable and the general health stdtbsusehold members
(H4_HLTH).

The value of the house is captured by a questikingshe value of the dwelling if
rented. Both renters and homeowners are askedubgion although only owners
can reap the benefits of selling the property aadsforming physical capital into
financial capital. This variable does not take iat@ount other properties which are
owned by the household but which are in differenations, these are assumed to be
available to the household as part of financidieathan physical capital. The
imputed value of rent is included in the consumptraicator for the household.
Introducing the household asset as an explanatoighie will therefore introduce

endogeneity into the model. This variable will beladed.

The provision of utilities such as electricity enbas the productive potential of the
household. For instance human capital can be deeélid light is available to enable
studying in the evening. The availability of elécity is unlikely to be a result of
current levels of well-being. Actual usage level lae dependent on well-being
(indeed the quantity is included as part of thaltobnsumption) but the variable to

be measured is access to electricity (P2_ELEC).
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Other forms of physical capital include tools analcimnery used for agricultural
production or businesses in the home. In the seatithe 1995 ECV on businesses
there is a question that asks what buildings, nmeekior other produced goods are
used in the business. A value is also given fosdlmpital assets (P3_CPBS).
However some of these businesses are not locathohwhe household, of the 2863
households that managed some kind of enterprisel@36 of these were located in
the home. These assets are useful for the housghsigtaining their livelihood and
maintaining their levels of well-being and may beeptible to damage due to a
natural event. If the business is in the sameidigtren for all intents and purposes
they might as well be in the house. Unfortunatelg not possible to determine
whether the businesses are in the same distridtdagume that they are.
Agricultural equipment (P4_CPAG) is recorded inthieo section of the 1995 ECV.

Physical capital at the district level relateshe infrastructure that is used to
transform different capitals at the household leSelme variables are captured
adequately at the household level in the 1995 EGVch as provision of electricity.
Other variables are examples of public or semidpunods like transport

infrastructure.

Jacoby (2000) has shown in a rural, developing tgsetting, that access to
markets and services benefits the whole commuanitgt,in coastal Ecuador access
depends on the road network. There are various wfaygeasuring the transport
infrastructure at the district level. Examples ut# the density of the road network
(Jalan and Ravallion, 2002), the quality of thedroaatwork (i.e. presence of tarmac
roads) (Bryceson, 2006), and the mean accessitmligjther the road network itself

or a location that provides important services 68iband Rozelle, 2063.

Data are available on both the location and thditgua the road network in
Ecuador. A problem with choosing the density of ibwd network is that highly
sinuous roads (for instance those that follow corgan mountainous landscapes)
may give high density values, despite the factttmatime to move from one

location to another is actually longer. Anotherlgenn is that the density measure

3 Gibson and Rozelle used individual level respomatreer than aggregates for an areal unit
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will be determined by the size and extent of thetriit. If the density is calculated
for the whole district the resulting measure magyrefiect the location of the
population. A large district with the populatioustered in a particular quadrant or
with a high urban population, for instance, maydfgerirom very good transport
infrastructure. Jalan and Ravallion (2002) measoad density per person for an
area (a Chinese county) which is an improvementakek into account the semi-
public nature of transport infrastructure. An aiegtive way of calculating the density
would be to weight the area according to the pdmriaThis is easier to
conceptualise with the mean accessibility varialoleéhis case the mean is calculated
not on an areal basis but instead according ta¢bessibility of each household.
This method assumes no decrease in utility evem latige numbers of people. This
requires information on the location of the popolatvhich is not known exactly.
Indeed some population maps (Oak Ridge Nationabtatbry, 2002) are modified
by models of accessibility to roads or towns.

Accessibility can be calculated to the road netwnorterms of distance. A preferable
measure is time or cost to reach a destinationb{igmg and selling goods as well as
for essential services). There is a great diffezdmetween the importance of service
centres in the Andes where traditional markets lzanwetable social and cultural
value (Martinez, Personal Communication) and theestad region where the point of
sale of agricultural produce is often the neareatlr For all services the best national
measure is to use the provincial capital as thardgsn. Access to these locations
has been calculated using CIAT’s Accessibility ArsaFarrow and Nelson, 2001),

and the average value chosen for each district (RCC) (Table 6).

Other district level variables of physical infrastture would include telephone
networks — either conventional copper wire or mebiétworks. Data on these are

not available for these variables however.

2.2.3.5 Financial capital

Financial capital is the tangible or intangibleedsghat can be used as trading

instruments in order to obtain other assets sudtirgmgy labour (human capital),
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buying agricultural inputs (natural capital), onstructing housing (physical

capital).

Current financial assets, such as savings, areapatired in the 1995 household
survey, but three types of financial capital flof@part from income) that contribute
to savings or expenditure are recorded in the E398. These are: (i) ‘one-off’

flows of capital (e.g. lottery winnings), (i) irgellar flows of capital without
guarantees (e.g. remittances from kin, and dividdram share options), and (iii)
regular flows of capital with some guarantees (gayernment pensions). Incomes
are generally thought to be a result of the livabith activity (Figure 3) rather than an
asset that contributes to the livelihood (Carn®@2 Soussan, 2001; Ashley and
Carney, 1999; Chambers and Conway, 1991). As swshwill not be considered as
financial capital.

Health insurance might be considered a form ofnfone asset since it can be used to
sustain human capital. Investment in health insteahowever, can also be a result
of current well-being levels rather than a deteanininsurance schemes generally
mature and provide a lump sum payment; these afiewbfinancial assets which
may have assisted a household. Other lump-sum pagrmelude lotteries, and

gifts. Dividends from stock options are includedhes 1995 ECV as lump-sum
payments although they are better classified agegular flow. These are combined
in one dummy variable (F1_LPDM) (Table 5) and theant from all sources

summed to give a value gucre$* (F2_LPSC).

Transfers from kin (or less commonly from friendsg generally considered
financial capital since these transfers are indégenof the livelihoods pursued by
the household. Remittances are not constant andankyhe guarantees associated
with pensions. There is also the possibility tinat lievel of well-being, and poor
access to livelihood choices, has caused membengytate, who subsequently send
remittances back to the household. Despite thisethypes of transfers will be
included in the model (F3_TRDM, F4_TRSC). Rent gedron property or land is
also an irregular flow without guarantees (F5_RTd, RTSC).

4 The Sucre was the currency of Ecuador until 208ten it was replaced by the dollar. In 1995
1US$ was equivalent to approximately 2,500sucres
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Pensions from the government or private compangs aegular transfer of

financial capital that is often vital to sustairusehold livelihoods, a dummy variable
indicating the receipt of a pension is includedassset (F7_PNDM). The monthly
value of the pension(s) is also included in thesetwld model (F8_PNSC).

Credit is another source of financial asset thataféen be drawn upon to pursue or
sustain a particular livelihood option. Credit diff from remittances and pensions in
that it has to be paid back. The 1995 ECV asksoredgnts if they have received
credit from institutions or individuals and if thégve paid back credit during the
previous 12 months. They are also asked if the lgaven credit, and if they have
received reimbursement. In this study | will nobsmler payments given as credit
nor given back, just whether credit has been reckixom individuals or institutions
(F9_CRDM) and the amount (F10_CRSC).

Financial capital at the district level will incladhose assets that can be transformed
by a local government or other agency into theasthucture that benefits

households.

Since these financial assets only benefit the Hmldevhen they are transformed to

other assets or transferred to the household tlilegat be considered in the model.
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Table 5. Summary of variables to be used in theséloold model

Dependent Variable Weighted
Appliedto/ | ValidN | Min Max Mean SD ValidN | Mean SD
Type
Y1. Natural log of total household All 5641 8.76 14.91 11.91 0.73 2268553| 11.91 0.73
expenditure modified by economies of scaleHouseholds | (out of
factor Absolute 5729)
Weighted
Explanatory Alsoin Expected Applied to/ ValidN | Min Max Mean SD ValidN | Mean SD
variables: 1990 relationship | Type
Assets Census? | with
household
well-being
Human Capital
H1 EDUL Yes Positive All household 15307 4.3466 1.3633| 2226551 4.3316 1.364
Education level members > 10 (out of
(average # years years notin | 26941)
in formal formal 5562
education) education (out of
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Analytical 5758
(out of
5810))
H2_LITS Yes Positive All household 22962 1 0.8718 0.2362| 2323459 0.8761 0.2351
Literacy in members > 6 | (out of
Spanish (dummy years 26941)
average) Analytical 5809
(out of
5810)
H3 FTRN No Positive All household 1750 1 0.1106 0.2442| 2303488 0.1082 0.2399
Formal training members > 6 | (out of
for employment years notin | 26941)
(ratio) formal 5758
education (out of
Analytical 5810)
H4 HLTH No Negative All household 15302 98 1.6027 4.1706| 2303101 1.5617 4.1785
Health status members > 6 | (out of
(average number years notin | 26941)
of days lost) formal 5757
education (out of
Analytical 5758)

59




Social Capital

S1 _TIME Inthe | Yes Positive All household 15084 0 1 0.8194 0.3455| 2303488| 0.8247 0.3393
community 10 members > 10 (out of
years ago years and not| 26941)
(dummy in formal 5758
average) education (out of
Analytical 5810)
Natural Capital
Agricultural No All 1904
producer — land households | (out of
owned Absolute 5809)
Agricultural No All 464
producer — land households | (out of
rented Absolute 5809)
Agricultural No All 248
producer — land households | (out of
owned and Absolute 1891)
rented (2)
N1. Agricultural | No Positive All 1568 20,000 5.00E+08| 20207390 40295639 545342| 20175690, 44868894
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producer— value households | (out of
of land owned Absolute 1904
(sucres) (out of
5809))
N1_LOWN No Positive All 1315 50 1.5E+08| 1705929| 6205900 462303| 1780656 6742314
Agricultural households | (out of
producer — — Absolute 1904
value of land (out of
owned if rented 5809))
for one year
(sucres)
N1_LRNT No Positive All 410 0 12000000, 548638 1239495 162990 596909| 1348974
Agricultural households | (out of
producer — land Absolute 464
available (value (out of
if rented) 5809))
N2_LCOW No Positive All 5809 0 400 1.7 10.4| 2323315 1.37 10.3
Livestock — households
cows owned (#) Absolute
N3_LMED No Positive All 5810 0 95 15 5.0 | 2323850 1.41 5.2
Livestock — households

61




medium animals Absolute
owned (#)
N4_LSML No Positive All 5809 807 9.9 23.8| 2323524 8.9 25
Livestock — households
small animals Absolute
owned (#)
N5_LDFT No Positive All 5810 40 0.37 1.3 | 2323850 0.31 1.28
Livestock — households
draft animals Absolute
owned (#)
N6_AGWK Yes Neutral All household 11038 1 0.0862 0.2491| 2172334 0.0801 0.2435
Agricultural members not | (out of
worker/all in formal 26941)
workers (ratio) education 5443

Structural (out of

5810)

Physical Capital
P1 NBED Yes Positive All 5728 9 1.81 1.17| 2302271 1.82 1.17
Number of households | (out of
bedrooms (#) Absolute 5729)
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per adult

equivalent

P2_ELEC Yes Positive All 5728 0 1 0.88 0.321| 2302271 0.9 0.3
Provision of households | (out of

electricity to the Absolute 5729)

household

(dummy)

P3_CPBS No Positive All 2387 400 | 1210400000 13632254f 50498083 966786| 14525258 54885433
Capital assets of households | (out of

businesses Absolute 5809)

(sucres)

P4_CPAG No Positive All 1687 0| 265200000 1787134| 9628838| 662267 1934416 10973783
Capital assets of households | (out of

agri-businesses Absolute 5809)

(sucres)

Financial Capital

F1_LPDM No Positive All 5809 0 1 0.23 0.419| 2323001 0.23 0.418
Lump-sum households | (out of

payments in pas Absolute 5809)

year (dummy)
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F2_LPSC No Positive All 1073 274| 90000000 1880251 7293775 415461 1720823| 6522040
Lump-sum households | (out of

payments in pas Absolute 1316)

year (sucres)

F3_TRDM No Neutral All 5810 0 1 0.27 0.444| 2323856 0.28 0.449
Transfers households | (out of

(dummy) Absolute 5810)

F4_TRSC No Positive All 1543 400| 52800000 1612898| 3496640 638710| 1623226/ 3337281
Transfers households | (out of

(sucres) Absolute 1567)

F5_RTDM No Positive All 5809 0 1 0.07 0.262| 2323001 0.07 0.254
Irregular households | (out of

receipts from Absolute 5809)

rent (dummy)

F6_RTSC No Positive All 431 2000 15000000; 550483| 1287758 161253| 609884 1333235
Irregular households | (out of

receipts from Absolute 432)

rent (sucres)

F7_PNDM No Positive All household 5810 0 1 0.07 0.258| 2323856 0.07 0.257
Monthly pension members > 10 (out of

(dummy) years 5810)
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Analytical

F8 PNSC No Positive All household 412 0 1703000| 262393| 200779| 163182 260472 196237
Monthly pension members > 10 (out of
(sucres) years 418)
Analytical
F9_CRDM No Neutral All 5809 0 1 0.31 0.464| 2323001 0.31 0.461
Credit received households | (out of
during the last Absolute 5809)
year (dummy)
F10_CRSC No Positive All 1816 5000| 100000000 4096652 9325193| 705210 4071845/ 9839178
Credit received households | (out of
during the last Absolute 1826)

year (sucres)

65




Table 6. Summary of variables to be used in

theeictisevel model

Y2. Mean value of household natural log of total$ehold expenditure 55

N ] _ _ 11.12 12.37 11.780 295
modified by economies of scale factor and weiglmgdactor of expansion
Y3. Median value of household natural log of tétalisehold expenditure 55

» ) _ _ 11.17 12.31 11.768 291
modified by economies of scale factor and weigheéactor of expansion

] Expected relationship with | Valid N Min Max Mean
Independent variables: Assets and context ]
household well-being
NC1_DRY length of the dry season (months Negative 55 0 11.16 5.08 3.23
NC2_LAND land use suitability (%*10) Positive 55 0 608.91 184.08 140.59
NC3_SLP mean slope (degrees) Negative 55 D.79 23.86 9.80 6.57
NC4_NVEG non-protected natural vegetationPositive 55 0 9.96 3.49 2.71
(%)
PC1_ACC time to provincial capital (minutes)  Neuati 55 9.04 544.45 136.52 125.26
I ndependent variables: Aggregated from households™
HC1_EDUL Education level (average # yearsPositive 55
3.59 4.93 4.348 0.276

in formal education)

% Mean values of household variables summarisecdbiels. Each household was weighted by the fadtexmansion weighting value.
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HC2_LITS Literacy in Spanish (dummy Positive 55
0.59 0.96 0.860 0.085
average)
HC3_TRN Formal training for employment | Positive 55
_ 0.01 0.28 0.101 0.071
(ratio)
NC1_LOWN Agricultural producer — — value| Positive 55
_ 0 2067280 524201 506845
of land owned if rented for one year (sucres)
NC1_LRNT Agricultural producer — land Positive 55
_ _ 0 360675 56968 91941
available (value if rented)
NC2_LCOW Livestock — cows owned (#) Positive 55 0 15.47 2.118 2.825
NC3_LMED Livestock — medium animals Positive 55
0 20.73 1.831 2.991
owned (#)
NC4_LSML Livestock — small animals ownegd Positive 55
0.66 32.84 12.526 8.739
(#)
NC5_LDFT Livestock — draft animals owned| Positive 55
0 2.01 0.449 0.518
(#)
NC6_AGWHK Agricultural worker/all workers | Neutral 55
0 0.47 0.099 0.116

(ratio)
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2.3 Methods

2.3.1 Global Multivariate Linear Regression Models

| start by using linear regression methods to estna well-being function at the
household level. | will analyse the coefficientoimler to identify which types of
household assets (Table 5) are significant detemtsnof well-being and whether
they confirm the expected relationship betweentassel well-being.

| use the reduced function in Equation (3):

In consumption=BX; + g; 3)

Where Xis the vector of characteristics for householdhich represents the
household asset set.

Whereg;jis a random disturbanterm

Xi=human capital + social capital + natural captt@hysical capital + financial

capital

I have used ordinary least squares regressionitoata models of household well-
being and aggregate household welfare for thpasBoquiassampled in the 1995
LSMS. The cities of Quito and Guayaquil were ovampled in the 1995 ECV and a
factor of expansion variable is included which, wiagplied to the cases, remedies
the over sampling in the cities. Models were ruthwaind without weighting in order

to assess the impact of weighting on the model fit.
Of the 5810 households that are surveyed in thé E€V only 3872 have data for

all of the variables. The implications of such @&anumber of missing values are

manifold. Firstly the smaller sample size increakesprobability that relationships
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between the dependent and independent variablesiar® chance alone. Secondly
the exclusion of certain households from the amslysy introduce bias into the
analysis — for instance if the missing househoklispened to be located principally
in rural areas, or in one region, or if certaingdymf households were excluded. An
analysis of the missing households shows thatdheyrom all areas and regions and
include both rich and poor households. Howeveretlage more households from the
coastal region excluded than would be expected zoandom selectiéhand

missing households tend on average to have loweutoption totals than the
households included in the household model. Wheretplanatory variables are
analysed it can be seen that literacy levels ituebed households are significantly

lower than the households included in the mddel

Skinner and Coker (1996) suggest three methodsadird) with missing variables.
The first is to include only those cases with altigbles; the second method is to use
imputed values for variables which have many mgs@ues, while the third uses
regression models to account for complex sampliaigés. These second two
methods are suitable in situations where one Vigriglresponsible for large
numbers of missing cases. Of the 1938 cases wighing values approximately
three quarters (1462) had only one variable withigsing value. However there was
no single variable that contributed to all or eaemajority of these cases. The
variable with most missing values for these cas&s eapital invested in businesses
(P3_CPBS) which accounted for 412 cases, followeNb LOWN, the rental value
of land owned with 348 cases. Nine other variablses had missing values for these
cases, the majority of which were monetary valigsn analysis of the variable with
most overall missing values (N1_LOWN) shows thathef 590 who did not respond
298 households were able to give a sale valueeioldnd. This suggests that lack of
knowledge about the rental market was responsibladout half of the missing

values while the other half is due to either anillmgness to give any value or a

%6 Using ay? test of the three regions.
2" Using a one-way ANOVA comparison of means

28 Of the 1462 cases which had only one variable mitfsing values: P3_CPBS = 412 cases,

N1 _LOWN = 348 cases, N6_AGWK = 248 cases, F2_LBPS@Q3 cases, H1_EDUL = 90 cases,

P4 _AGCP =82, Y1 =56 cases, N1_LRNT =16 casesJR&C = 10 cases, F10_CRSC =4 cases, ,
F8 PNSC =2 cases, N4_LSML =1 case
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complete lack of knowledge about land prices. Inmguvalues for this variable
using sale values of land would be possible andaddhere is a significant
correlation between the two values. However imgutialues for other variables is

likely to be more difficult and will introduce bigSkinner and Coker, 1996).

Another alternative is to exclude those variablégtv contain a large number of
missing values such as P3_CPBS (total capitaldsmesses). The results of
exclusion are not dramatic, tHeimproves slightly to 0.294 but given that thisdstu
Is more interested in the relative contributionsliffierent capitals to household well-
being the model is best left unchanged. As a ré$idve decided to include only
those cases which have values for all variabled usthe model, irrespective of the
significance of each individual variable in expiamthe variance in household

consumption.

The global model is calibrated using the data atéal from 3782 households. The
model explains just over 28% of the variance indapendent variable, In_rexpcl.
The tolerance values do not suggest there areaus collinearity issues in this
model. Inspection of the eigenvectors shows sortimearity between the two
variables referring to pensions, as well as betwkervalue of land owned and the
number of cows, but the condition index valuesrarelarge. When the factor of
expansion is used to weight the observations thdehfa slightly improves (Table
7).

2.3.2 Managing spatial non-stationarity

It is likely that there will be spatial variation the distribution of assets.
Specifically, urban areas will have less land al#é for crop production or grazing

of livestock, but may be endowed with better pubBcvices.

It is also likely that the specific combinationagsets, which are the most important
for well-being, will vary spatially. Farrow et §R005) have shown in Ecuador that
district level poverty indices and averages of letvaéd food consumption in 2001
are associated with different socioeconomic anghysical factors according to

location.
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An investigation of spatial non-stationarity re@sira dataset with information on
both assets and well-being outcomes at a highapatolution, such as that used by
Benson et al. (2005). The sampling framework fer1895 ECV does not allow for
the investigation of spatial non-stationarity ie tielationship(s) between assets and
well-being. The 1990 population and housing censtide being the most
representative dataset of the 10 years previotlet@997-98 El Nifio event, does not
capture household consumption (Appendix 1). Tha eaailable in Ecuador,
therefore, do not allow a full exploration of thasial variability of the relationship
between household assets and well-being.

The sampling framework of the 1995 ECV allows fug treation of sub-models of
the relationship between assets and well-beingdoan and rural areas as well as for
three regions. This method will partly compensatepbtential spatial non-

stationarity.

2.3.2.1 Urban-rural models

| hypothesise that there will be different modelsdrban and rural areas.
Households in urban areas are likely to rely lessatural capital variables, with
more emphasis on human capital given the wideraafigmployment opportunities
in urban areas. Observations were selected fonuabd rural areas separately and
models calibrated on the selected households. disdholds in urban areas the
variation in the dependent variable explained leyrttodel decreases to
approximately 26% (Table 7). The tolerance valuesat suggest there are any
serious collinearity issues in this model. Insp@wiof the eigenvectors suggest
some collinearity between the number of animalé&aom units and the value of land
(which is also related to land area). The conditmatex values for these eigenvectors
are moderately large, and there is some justifiodior removing some of these
variables given that the sample is urban. The lighefvever, is not obvious when
the model is re-calibrated, thevalue does not increase and the coefficients @ang
very little. Applying weights to the urban modeabsitly reduces the explanatory

power of the model.
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When cases are selected for rural areas’traues for the models are again less
than the global models (Table 7). Collinearity dnesseem to be a problem
although the variance proportions of literacy iraigh and average number of years
of formal education are large in the same eigerwvethese two variables show
significant correlation offering some justificatiéor leaving one of the variables out
of the model, however the absolute values of Peasare only 0.293. | will
therefore not modify the model at this point du¢hi® strong theoretical basis for
including both literacy and years of formal edugatiAs with urban areas, applying

weights does not greatly alter the adjusfeaf the model.

Table 7. fvalues for global models

Unweighted Weighted

Global (n =3872) 0.28 0.29
Urban (n =2215) 0.26 0.25
Rural (n=1657) 0.20 0.20

It is noticeable that both the rural and urban nedgplain less variation than the
global model. This may be due to the smaller samsiglke in the models or may

suggest that the rural and urban sectors are mobgeneous in terms of livelihood
strategies; alternatively there may be many fadgthesyncratic to households that

are not captured in the model.

2.3.2.2 Regional Multivariate Linear Regression Misd

In the global models it has been noted that selgctiral and urban observations
does not improve the explanatory power of the hisoisemodel. A possible
explanation is the lack of homogeneity within thaseas. A further step to account

for spatial non-stationarity would be the use gfioaal models.
Ecuador has three distinct social and biophysmgilbns (excluding the Galapagos

Islands) that can be used to select observatioaalitarate the household model

(section 1.1).
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Separate models have been run to examine anyeatiffes between the three main
regions. These regional models are an improvemetheglobal urban and rural
models, in terms of the amount of variation in de@endent variable explained by
the models (Table 8).

The three regions of Ecuador can also be splitunt@an and rural areas; however
these models explain less variance than the relgmodels. Two interesting results
are the urban Andes — which is better explained tha global urban model, and the
rural Amazon, which is better explained than thabgl rural model. Multi
collinearity is more problematic in the coastalioegurban model than in the global

model and less serious in the Andean region.

Table 8. fvalues for models, observations weighted by fast@xpansion

All Areas Urban Rural
Global 0.29 h =3872) 0.25 o =2215) 0.20 f1 =1657)
Andes 0.32 h =1778) 0.29 0 =1038) 0.21 fr=740)
Coastal 0.30 h =1659) 0.25 6 =945) 0.19 =714)
Amazon 0.29 f =435) 0.24 =232) 0.27 fr=203)

2.3.3 Multiple-levels

It is possible that two households with seemingbnitical assets may have
drastically different well-being outcomes accordingheir location, i.e. their social,

economic and environmental context.

This idea is similar to that of social contextsyeoon in the public health literature
(Duncan et al., 1996). This study, however, tréd@scontext’ as access to
commonly managed resources or as factors thatasttenth assets controlled by,
owned by, or available to the household. Thesednitgvel community assets range
from purely private goods to purely public goodsirte assets are shared with
neighbouring households in the wider communityhsag the forest resources.
Others — transport infrastructure for instancecHifate the development of

livelihoods and the maintenance of well-being. Ehare also contextual factors such
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as climatic conditions that interact with househadgdets, such as agricultural land,
and alter the relationship with well-being outcomes

Goldstein (1998) also raises the question of spadpendency and spill over effects
such that an individual is a member of many higbeeel units. Thus a household is
influenced by the characteristics of the distmcwihich it is located as well as, but to

a lesser distance weighted degree, by neighbodrstigcts.

The existence of higher-level assets, contextubfa and spatial interaction effects
implies that the household model must take int@antvariables at levels above the

household.

One strategy available to researchers is to choeogsehold variables that already
incorporate higher-level variables. Land prices,ifgtance, implicitly take into
account the existence of markets, the quality efiéimd, and climatic constraints on
production, and transport infrastructure. Thistegg may be suitable for variables
measuring monetary value but will be more diffidolt other assets, such as human
capital that depends on the employment contexte@tommunity in order to be

transferred into production and income.

A second strategy is to model the potential deteamts of household well-being
separately in different models. While a third mdidgl strategy would include
higher-level assets and contextual factors in #mesmodel as the household
variables. Given the limitations of the first segy | have decide to concentrate on

the second and third strategies.

2.3.3.1 Multiple levels in multivariate regression

In ordinary least squares multivariate regresdienlével of analysis is fixed and all
explanatory variables are measured at the unimalyais. If the household is the unit
of analysis it is necessary to aggregate variankessured at the individual level, and
disaggregate variables measured at the commundigtrict levels (Ulimwengu and
Kraybill, 2004).
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Aggregation has statistical and practical implizasi for the model and subsequent
analysis of the results. Aggregation implies a lafseformation and the researcher
has to be aware of the dangers of drawing infeiefroen aggregated data,
specifically the atomistic fallacy, whereby infeces drawn regarding associations
between variables at the higher level are basetbsarvations at the individual

level. The severity of the atomistic fallacy wikplend on the variable in question. A
rare example in the livelihoods literature is tlagiation of ‘access to a balanced
diet’ according to income. At the individual le\agicess is broadly dependent on
income, while at the community level neighbourhoofigarying economic status
have equal access to a healthy food basket (Nathoa&hoveller, 2003). Another
example is the assumption that climate is not agtamtwith terrain at the farm

scale, an assumption which does not hold at ttegant scale (Cook, et al., 2002).
The corollary of the atomistic fallacy is the ma@mmon ecological fallacy
(Robinson, 1950), where inferences drawn at theseodevel are assumed to hold at
the individual level. This is a potential problerhem data at the community level are
disaggregated and the values applied to individizikaggregation often results in
many observations with the same values, which migically increase the sample
size (Hox, 1995) or introduce spatial autocorrelainto a model. This is likely to be
the case where data from surveys that use a ahassample are augmented with

geographical data.

2.3.3.2 District-level models

Two district level models have been calibratedtifer 55 districts which were
sampled as part of the 1995 ECV. The explanatornabies in the model are limited
to biophysical and socio-economic factors thatlmameasured at the district level
and which can be considered public goods or com#factors that will affect the
importance of household assets (Table 6). Variadigsegated from households in
the 1995 ECV survey can be introduced into the hddwes reduces the degrees of
freedom in the model - a concern given the smathlmer of cases being used to
calibrate the model — but can lead to a betteripeanodel.

The first model uses the mean values for all véemblrhe amount of variance

explained is low (0.05) due to the limited amouintases in the model (55). The
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model was re-calibrated using the median valuethimdependent variable, but this
model had an even lowervalue (0.034). A sub-model was run for the rural
locations which used the mebnconsumption for just the rural households. This
model is calibrated using only 31 cases and theetrmplained less than 4% of the
variation. In comparison a similar model for urmuseholds had af value of

0.13, this despite the fact that the number ofcases only 32 (Table 9).

Table 9. fvalues for district level models

All Areas
All Areas _ Urban Rural

(median)

(mean) n=55 (mean) n=32 (mean) n=31
n=55

District level 0.05 0.03 0.13 0.03

District and household
0.74 0.69 0.27 0.46

level variables

When household level data are entered into the htbeé® values increase
considerably, although the improvements for the ehtftat captures urban
households only is more modest. While more variamo®nsumption is explained
there are still some fundamental problems assatiai aggregating the household

data as well as loss of information.

2.3.3.3 Multilevel regression models

Multilevel modelling is a response to the many sadn the social sciences where
determinants of outcomes or behaviours are thawgta-exist at many scales and
where obvious nesting is apparent among the obpé@ralysis. These studies are
often based on a “multilevel problem” or a crosgelénypothesis (Hox, 1995, pg5).
As a result multilevel regression models have breest commonly used in the fields
of public health and epidemiology (Langford and t&m, 1996; Duncan et al.,
1996; Griffiths et al., 2004; Fotso and Kuate-D&f006) and in education
(Goldstein, 1987) where there are unambiguous owgscand clear theoretical links
between the outcome and possible determinantsotseltilevel models in the
empirical analysis of livelihoods, assets and Wweilhg has been limited to

psychological assessments (Kef et al., 2000). Taexrehowever, studies that
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incorporate higher level biophysical variables iadals of household attributes. Two
studies in north-eastern Ecuador model land ueedarm level using variables
from a range of scales, including the farm, comryuaind access to services in the
region (Pan and Bilsborrow, 2005; Gray et al., 3005

Multilevel regression models do not require theraggtion or disaggregation of
variables to fit the level of analysis and is gatigran improvement on ordinary
least squares regression (Gelman, 2004). In theplest forms multilevel

regression models are composed of separate madledadh higher-level unit. The
coefficients of all these variables display vareacross the models; this variance is

partly explained by higher-level variables.
Take the case of the household i in district j. Wae#l-being of this household

observed as consumptidhis a function of a matrix of some characteristitthe

householdX, while e is the residual error, assumed to have a mead Qaances?.
Yi = Boj + P1iXij + g (4)
From this simple model in Equation (4) it can bersthat the intercept and slope
vary for each district j. It is assumed that sonstridt level variables will be able to
explain the variance in the intercept and slopdfioients.
The slope and intercept coefficients of the modelexpressed as:
Boj = yoo + y01Zj + Uoj (5)

and

B1j = yi0+ y10Zj + U (6)

Whereyoo is the intercept angbz is the slope coefficienk, is a matrix of district

level variables, and is the residual error term.
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| will start with a simple model with an interceptm only:
Y'ij = yoo+ Uoj + € 7)
WhereY:j is theln consumptiorior household i in district j and n = 5641.

The ‘intercept only’ model allows for the calcutatiof the intra-class correlation.
The intra-class correlation provides a measuré@fptroportion of the variance at the
higher-level units (such as a community or counany)l the total variance. The intra-

class correlation is calculated as:

2
p —_ JuO

= 3 (8)
2 2
UuO + ae
The intra-class correlation coefficient for my wie#ling indicator is 0.15, where each
class is a district. This shows that most variaadeetween individuals in a particular
district rather then between districts, suggedtivag the multi-level model is not as

strong as | had supposed.

| have hypothesised that there are different mddelsural and urban households
(section 2.3.2.1) and separate models can be atdibusing these households.
Splitting these models further according to theaegnakes little sense since the

theoretical differences between regions are cagtuseng the district-level variables.

When the sample is split into rural and urban a(e@sghted according to the factor
of expansion) the values for the intra-class catrehs actually decrease. For the
households in urban areas the intra-class comelaalue is 0.07, while for rural
households the value is 0.1. The sample of houdstsnlrveyed in the 1995 ECV
shows that some districts only contain househaidsglan areas or rural areas.
Therefore instead of 55 districts in each modelveh32 urban districts and 31 rural

districts.
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Following Hox (1995) | can now add to the models ¢éxplanatory variables at the
household level and assess the contribution ofdéin@bles by analysing the change
in the deviance (denoted &loglikelihoodin the MIWin software [ Rasbash et al.,
2002)).

Yi =Yg +Ypoxpij T Uy T 9)

The difference in the deviance between the modaldiean areas and the intercept
only model is 6512.918 - 3623.491 = 2889.427, ¥hise can then be tested for
significance using g test with 26 degrees of freedom. This model thoeeef
represents a highly significant improvement overitttercept only model. When the
same variables are added to the model of ruraldtmids the change in deviance
again implies a highly significant improvement ottee intercept-only model.

Each household level variable could have beendestkvidually but the objective

is not to fit the best model but rather to asskessize, sign and significance of each
asset.

A cursory analysis of the model outputs shows tiainterpretation of the
regression coefficients is difficult due to the #ins&ze of some of the coefficients
and the fact that standardised coefficients afecdit to obtain in the MIWin
software. | have decided to standardise all obtiiginal variables used in the multi-
level regression model using SPSS (SPSS, 2003)¢alate the z-scores for each
variable. Files were split into urban and rurabarélthough the data were
standardised using all of the observations). Whrehagain weighted using the

factor of expansion from the original 1995 ECV hehusld level survey.

Hox (1995) suggests a next step in the exploratariiilevel analysis should be the
decision to let each explanatory variable havendaoe as well as fixed component.

Yi =Yoo T VpoXpj T Upj Xpj tUp; T € (10)

When the variables in the model for urban househwiere allowed to have variation
in the slope none of the variables caused a stgmfiimprovement in model fit
(Table 10). Each variable in turn was allowed teeheariation and the change in
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deviance was recorded. In the model for rural hbolsis, however, there was a
significant improvement when three variables (i@stelividually) were allowed
variation in their slopes. When all three variabhese selected the model did not
converge. The combination giving the greatest impneent of fit was P2_ELEC Z
and P3_CPBS_Z.

Table 10. Changes in deviance for multilevel madiéh one explanatory variable with
random and fixed components

Standardised Urban areas Rural areas

Variable Deviance & deviance Deviance d deviance
H1 EDUL Z 3623.491 0 2960.012 0.766
H2_LITS Z 3620.936 2.555 2960.304 0.474
H3 _FTRN_Z 3623.491 0 NC

H4 HLTH_ Z 3623.491 0 2956.166 4.612
S1 TIME_Z 3623.491 0 2961.115 -0.337
N1 _LOWN_Z 3623.491 0 2960.778 0
N1 _LRNT_Z 3623.491 0 2960.778 0
N2_LCOW_Z 3623.491 0 2960.778 0
N3_LMED_Z 3623.491 0 NC
N4_LSML_Z 3623.491 0 2960.778 0
N5 _LDFT_Z 3623.491 0 2960.778 0
N6_AGWK_Z 3621.518 1.973 2960.778 0
P1 NBED z 3623.491 0 2957.182 3.596
P2_ELEC Z 3623.491 0 2950.96 9.818**
P3_CPBS Z NC 2951.376  9.402**
P4 CPAG_Z NC 2953.971 6.807*
F1_LPDM_Z 3621.610 1.881 2960.778 0
F2_LPSC_z NC 2960.778 0
F3_TRDM_Z NC 2956.531 4.247
F4 TRSC zZ NC 2956.805 3.973
F5_RTDM_Z 3623.491 0 2960.778 0
F6_RTSC Z 3623.491 0 2960.778 0
F7_PNDM_Z NC 2960.778 0
F8_PNSC_Z NC 2960.778 0
F9_CRDM_Z 3623.491 0 2960.778 0
F10_CRSC_Z 3623.491 0 2960.778 0
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P2 & P3 2941915 18.863**

P2 & P4 2943.509 17.269**
P3 & P4 NC

P2 & H4 2945.797 14.981*
P3 & H4 2947.058 13.72*
P4 & H4 NC

P2 & F3 2947.37  13.408*
P4 & F3 2949.637 11.141*

NC = Model did not converge;* Significant at the?®%evel; ** significant at the 99% level

In addition to the changes in deviance the modguitallows an analysis of the
covariance matrix of the variables whose slopdiasvad to vary. In the case of rural
households this shows that the variation in slgpéife capital invested in business

variable is moderately significant.

The next step is to determine how much of the ramdariation in the coefficients is

due to explanatory factors at the district level.
Yi =Yoo T ¥peX pijp T Yoqij + Up; XPij TUy; +6 (11)

The incorporation of the higher level variableshia model for urban households
produced a highly significant change in devigioehile the change for the model
of rural households was more mod&snd only significant at the 90% level (Table
12).

A final step suggested by Hox (1995) is to investgcross-level interactions. These
are relationships whereby the effect of a loweelg@arameter is thought to depend
substantially on the value of a higher level par@mén my conceptual model these
could be the increases in returns to well-beingneastment in education, business
or in agriculture depending on access to markalssarvices (and employment) in
the first two cases, and in the numerous natuatadasariables and the agro-
ecological potential of the land, in the latterecas

29 A change of deviance of 21 with the addition afeédv variables
%0 A change of deviance of 10 with the addition afeédv variables
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In the conventional OLS regression the ratio ofadtural workers to other workers
was included but it was thought that this variatwald have cross-level interactions

with some of the district level variables on natwapital.

Hox suggests that the cross-level interactions lghaei limited to those variables
that showed considerable variation in their slopes, have decided to explore all of

the possible interactions.

In the urban model a number of interactions redutea significant change in
deviance (Table 11), many of which involved finah@ssets at the household level
and natural assets (or contextual factors) at ifteict level. Two interactions were
added, the first was the interaction between F5_RTPDand NC1_DRY_Z (which
gave the greatest improvement in fit [Table 12]) #re other was the interaction
between dry months and capital invested in busageShis second interaction was
chosen because the asset group of the househeld/enable was physical capital

rather financial.

Table 11. Interactions which significantly improvedel fit

Urban areasweighted Rural areasweighted

P3 CPBS_Zand NC1_DRY_Z* P1 NBED_Z and NC3_SLP_Z*
F1_ LPDM_Z and PC1_ACC_Z.* P4 CPAG_Z and NC3_SLP_Z
F2_LPSC_Z and NC2_LAND_Z* F2_LPSC_Zand NC3_SLP_Z
F4_TRSC_Z and NC2_LAND Z* F4_TRSC_Z and NC3_SLP _Z
F4 TRSC_Z and NC4_NVEG_Z* F10_CRSC_Z and NC3_SLP_Z **

F5_RTDM_Z and NC1_DRY_Z **
F7_PNDM_Z and PC1_ACC Z*
F8_PNSC_Z and PC1_ACC Z*

* Significant at the 95% level; ** significant dté 99% level

In the rural model there is a significant decreéagbe deviance when using the
interaction between the mean value for the slogheardistrict (NC3_SLP_Z) and
numerous other variables. Three interaction terei®whus added to the rural

model, these were the interactions between slogd¢henamount of credit, a second
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was slope and number of bedrooms, and a third easlope and the value of
transfers, resulting in a highly significant chamgeleviance (Table 12).These
interactions were chosen to improve the modehiit ansure that at least two asset

groups from the household level variables wereuithet!.

Table 12. Improvement in model fit due to multilestucture

Urban areasweighted

Model Deviance Change
Intercept only 6512.918 n/a
Explanatory variables fixed 3623.491 2889.427***
Explanatory variables randon3623.491 0
Higher level variables 3601.073 22.418***
Interaction terms 3589.044 12.029**
Rural areasweighted

Model Deviance Change
Intercept only 4910.320 n/a

Explanatory variables fixed 2960.778 1949.542***
Explanatory variables randon2941.914 18.864**
Higher level variables 2931.787 10.127
Interaction terms 2914.935 16.852***

** Significant at the 99% level***; significant ahe 99.9% level

2.4 Results

2.4.1 Ordinary Least Squaresregression models

This section describes the results of ordinarytlsqsares modelling of household
well-being using household level assets as theaegpbry variables. Urban and rural
households are modelled separately and model csffs can be seen in Table 13
and Table 14 respectivély Models are calibrated firstly using householdsafib

parts of Ecuador and subsequently for individugiaes.

%1 See Appendix 3 for full details of all models
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2.4.1.1 Coefficients - urban

Educational levels (H1_EDUL) are insignificant imetmodel for all groups and the
standardisef levels are also not high (Table 13). Literacy pafish (H2_LITS)
shows a significant association with consumptiothenglobal, Andean and to a
lesser extent in the Amazon region but is insigatiit in the Coastal region, despite
the fact that literacy rates are similar in alliogg. Households in all sub-groups
with members receiving some form of training (H3RN) seem to benefit from
higher levels of consumption. Recent levels of thestiatus (H4_HLTH) appear to

have little bearing on well-being levels.

The only social capital variable (S1_TIME ) - tinmethe community - is
insignificant in all but the Andean region and telationship with well-being is

negative except for the model using urban housshodan the Amazon region.

The value of agricultural land (N1_LOWN) is negativsignificant in the global
model and in the Andean region but is insignifidanthe other two regions. The
value of land rented (N1_LRNT) is slightly signdiat in the global model but
insignificant in the regional models. None of thieey natural capital variables are
significant apart from the number of cows (N2_LCOM/}he Amazon region. It can
also be seen that increases in many of the vasakassociated with lower well-
being levels, this is perhaps not surprising githeat only urban households are

included.

The number of bedrooms per person (P1_NBED) isdéniable that contributes
most to household well-being. Capital investedusibesses (P3_CPBS) is highly
significant in the global model and for the Andeagion, less significant in the
Coastal region and insignificant in the Amazorth# business is an agricultural
enterprise (P4_CPAG), however, there is no sigaifi@ssociation with household
well-being.
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Table 13. Standardisdyd significance levels and rankings of importancexglanatory

variables in OLS models for urban areas.

Urban Global Urban Andes Urban Coastal Urban Amazon

H1_EDUL + .010 25 .008 22 .039 16 .070 13
H2_LITS + .058*** 10 .097 *** 5 .051 12 .158 ** 5
H3_FTRN + .129** 3 150 *** 3 112w 4 229 *** 3
H4_HLTH - -.018 23 .000 26 -.027 20 -003 24
S1_TIME + -013 24 -.062 * 9 -008 24 055 16
N1_LOWN + -103** &5 -.086** 6 -.106 5 -.158 5
N1_LRNT + -025** 20 -003 23 -.066 8 .021 20
N2_LCOW + 094 6 .024 19 .030 18 314> 1
N3_LMED + -.028 19 -045 14 .007 25 -.002 25
N4_LSML  + -.050 13 .003 23 -048 14 -.041 19
N5 _LDFT  + -.009 26 .032 17 .056 10 -.202 4
N6_AGWK -.031 17 -047 12 -009 23 -056 15
P1_NBED + .299** 1 307 *** 1 .300*** 1 244 2
P2_ELEC + .025 20 .052 10 .004 26 26
P3_CPBS A07** 4 152 *** 2 .080 ** 7 .009 23
P4 _CPAG + .033 15 009 21 023 21 156 7
F1_LPDM + 157** 2 126 *** 4 170 *** 2 107 9
F2_LPSC + .031* 17 .021 20 .063 * 9 -014 22
F3_TRDM -.058 ** 10 -033 16 -.094 ** 6 -044 18
F4_TRSC + 041 14 .041 15 .028 19 099 10
F5_RTDM + -.022 22 .001 25 .032 17 -.099 10
F6_RTSC + .068** 9 051 11 .047 15 091 12
F7_PNDM  + -069* 8 -.069 8 -050 13 .068 14
F8_PNSC + .055 12 .032 17 .056 10 -.017 * 21
F9_CRDM 078 *** 7 046 13 145 % 3 132 8
F10_CRSC + .033 15 .075*** 7 020 22 .053 17

* Significant at the 95% level; ** significant dieé 99% level; *** significant at the 99.9%
level
Figures inbold type indicate parameters with a sign differertiat expected. Rankings

shaded green are the 5 largest standardised depffic
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Moving on to financial capital variables it candeen that households receiving a
lump sum payment (F1_LPDM) are positively assodiatéh higher consumption
levels, this is significant in the global, AndeardaCoastal models but not in the
Amazon. The size of the lump sum payment (F2_LHASGly slightly significant.
Households receiving transfers from other soure8s TRDM) have lower well-
being levels than other households. This relatignshmoderately significant in the
global model and the Coastal model. The amourgmifreceived (F6_RTSC) is
positively moderately significant in the global nebtbut insignificant in the regional
models. Pensions (F7_PNDM) are negatively assatiaitth consumption in the
national model but are insignificant in the regilomadels. Households receiving
credit (F9_CRDM) are positively associated withh@glevels of consumption in all
models; this association is highly significantlie tCoastal region. The amount of
credit (F10_CRSC) is also significant in the Andeagiion but not so in the other
models.

2.4.1.2 Coefficients - rural

As with urban areas the number of years in forrdakation (H1_EDUL) is a not a
significant factor in household well-being, indegdrural areas of the Coastal and
Andean regions the relationship is negative (Ta#dle Literacy in Spanish

(H2_LITS) is significant in the global and Andeawadel! but less significant in the
Coastal, and not significant in the Amazon regibraining (H3_FTRN) is highly
significant in the global model, less significantthe Andes and Coastal regions, and
insignificant in the Amazon region. Health statdg (HLTH) again shows no
association with household well-being, but in thoééhe four models as health
status deteriorates well-being increases.

Time spent in the community (S1_TIME) is negativelgnificant in the global and

Andean models but insignificant in the coastal Anthzon regions.
The value of land (N1_LOWN) is moderately signifitan the global model but

insignificant in the regional models. Owning anisdbes not contribute to

household welfare and in over half the models seeaated with lower well-being
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levels. In the Andean region the number of smalhais (N4 _LSML) is negatively
associated with consumption, in the Coastal rethemumber of cows (N2_LCOW)
is negatively associated with consumption; in timea&on model animals are
insignificant, while in the global model horses (N'DFT) are negatively associated
with consumption. The mean proportion of househaddkers as agricultural
labourers (N6_AGWK) is a highly significant variabh the global and Andean
models and moderately significant in the Amazonardut the association is

negative.

Once more the number of bedrooms per person (P1D)MBERhe variable that adds
most to household well-being. The provision of gieity (P2_ELEC) is not a
significant contributor to consumption and in thoéehe models the relationship is
not positive. Capital invested in businesses (PB&)Rs positively significant in the
global and coastal regions but insignificant in diieer regions. As in urban areas the
variable for investments in agro-enterprises (P4AAGPis neither significant nor a

major contributor to well-being levels.

In financial capital the dummy variable for lumpas@inancial gains (F1_LPDM) is
positively significant in all models except the Amoa region. The dummy variable
for more regular transfers (F3_TRDM) is negativabgociated with consumption in
all the models, but the amount of the transfer TRRISC) is positively associated
with consumption. This is significant in both thelgal and coastal models. Rent
received (F5_RTDM) is only significant in the Amaz@gional model where a
payment is associated with households with lowdl-leng levels. The cash value
of rent (F6_RTSC) is insignificant in all modelsediving credit (F9_CRDM) is
positively associated with consumption in the glabal coastal models and
insignificant in the other models.
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Table 14. Standardisgd significance levels and rankings of importance)xglanatory

variables in OLS models for rural areas.

Rural Global Rural Andes Rural Coastal Rural Amazon

H1_EDUL + -027 18 -004 24 -039 15 027 24
H2_LITS + 127 3 140 *** 3 107 ** 7 .059 14
H3_FTRN  + 103*** 5 102 ** 7 115 ** 6 032 22
H4_HLTH - 034 15 042 15 032 18 -.091 10
S1_TIME + -.088*** 6 -.151%*** 2 -023 22 -.100 7
N1_LOWN + 071 11 049 12 .063 10 107 6
N1_LRNT  + .005 25 .017 23 023 22 -035 20
N2_LCOW + 015 21 065 9 -052 11 -071 13
N3_LMED + -.002 26 -028 21 .044 13 .035 20
N4_LSML  + -.050* 13 -041 16 -052 11 -.094 8
N5_LDFT + -071** 11 -046 14 -.075 9 -.092 9
N6_AGWK -.088*** 6 -.129*** 4 -037 16 -.180 ** 3
P1_NBED + 239% 1 225 7 1 .210** 1 A23 > 1
P2_ELEC + -046 14 -036 18 -041 14 047 17
P3_CPBS .072** 10 031 20 .132*** 2 029 23
P4 _CPAG + .030 17 035 19 .001 25 .091 10
F1_LPDM + 267 2 119 ** 5 130 % 3 .043 19
F2_LPSC + .018 20 -004 24 .027 20 A1 5
F3_TRDM -110*** 4 -060 10 -124* 5 -075 12
F4_TRSC + .084** 8 021 22 130 *** 3 011 26
F5_RTDM + .012 22 .040 17 025 21 -283**

F6_RTSC + .021 19 004 24 017 24 .14¢ 4
F7_PNDM  + -032 16 -114* 6 034 17 .045 18
F8_PNSC + 011 24 054 11 -030 19 .020 25
F9_CRDM .081** 9 .048 13 .080 * 8 051 16
F10_CRSC + .012 22 .081* 8 .001 25 -054 15

* Significant at the 95% level; ** significant dieé 99% level; *** significant at the 99.9%
level
Figures inbold type indicate parameters with a sign differertit expected. Rankings

shaded green are the 5 largest standardised depffic
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2.4.2 Two way causality

There are a number of variables which have a thieateausative relationship with
household well-being. For instance the number dfd@ns has been shown to
improve household well-being by reducing overcrawgdand thus the incidence of
diseases. However the number of bedrooms per peesoalso be seen as part of the
consumption of the household, especially as an tegpfigure of the rental value of
the household is a component of consumption. Iseckéevels of well-being can

also affect the choices that households make wihnd to their investments of
capital, e.g. human capital invested in group & (Grooatert and Narayan,
2004). These two-way causative relationships hlaggossibility of underestimating
the standard errors associated with the parameténs regression models tested in

this study.

A common method is to use the same variable ban a&arlier date (McKay and Pal,
2004). Since the 1995 ECV is a cross-sectionalesutivere is no way of including
the past values for the number of bedrooms peopds the same households

surveyed in 1995.

To empirically test the direction of the causalitan make use of a set of variables
for the physical capital of the household but whacé not significantly related to
household consumption (Grootaert and Narayan, 2@x¥)structing a set of
instrumental variables from the same survey isdliff considering that almost all of
the variables that could be used for physical ehpitll suffer the same problem as
the number of bedrooms per person. House buildiaignal may show correlation
with the number of bedrooms per person but is lédety to have a direct impact on

consumption via the imputed value for rent.
A simpler option is to remove the variable from tegression models; this has the

effect of reducing the overall fit of all the moddiut does not radically nor

consistently change the coefficients of the otlarables.
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2.4.3 District-level models

Regression models using data at the district leveeé estimated, using first solely
variables representing the environmental contete, dand subsequently with
additional variables aggregated from the househaltise 1995 ECV.

The first model uses the mean values for all véemblhe coefficients of the
explanatory variables are only slightly significamthe case of the mean number of
dry-months and for the mean slope values (TableTls signs of the coefficients
are, however, as expected with mean consumptiomgras the number of dry

months and slope decrease. The model was re-dalibuging the median values for
the dependent variable. None of the variables wigraficant in this model and the
sign of the coefficient for land suitability wasalnot as expected. Sub-models were
run for the rural and urban locations and the c¢oiefits were generally insignificant

with only the mean slope values significant at36é6 level in the urban model.

Table 15. Standardisgd significance levels and rankings of importance)xglanatory

variables in district level models

All Areas (mean All Areas Urban (mear Rural (mean

n=55 (median) n=55 n=32 n=31

NC1_DRY - -334* 2 -321 1 -474 2 -292 2
NC2_LAND + .028 5 .000 5 179 4 .146 3
NC3_SLP - -370* 1 -310 2 -605* 1 -323 1
NC4_NVEG + 204 3 181 4 328 3 -.050 4
PC1_ACC - -.126 4 -184 3 -113 5 .028 5

* Significant at the 95% level; ** significant até 99% level; *** significant at the 99.9%
level

Figures inbold type indicate parameters with a sign differertht expected.

The inclusion of the aggregated household levahiséas in the models tends to
increase the values of the standardised beta® gfatameter for mean slope (Table
16). Also, in contrast to the model with distrietel variables only, the effect of
poor access to markets and services is negativerarhouseholds while positive

for urban households.
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Table 16. Standardisdid significance levels and rankings of importance)xglanatory

variables in district level models with aggregatedisehold level variables included

All Areas (mean All Areas  Urban (mear Rural (mean

n=55 (median) n=55 n=32 n=31

NC1_DRY - -248* 2 -254* 2 -539 2 -082 3

NC2_LAND + .102 3 .083 4 .042 5 .039 4

NC3_SLP - -.602 -.51C

e 1 - 1-783* 1-.647* 1

NC4_NVEG + .063 4  .033 5 112 3 -.039 4
PC1_ACC - .005 5 -.097 3 044 4 -184
HC1_EDUL + -.100 -.140 .081 -.008
HC2 LITS + .418 *** AL7 ** .489 443
HC3_FTRN + 319~ 361 ** .040 272
NC1_LOWN + -.118 -.075 .066 -.167
NC1_LRNT + .186 221 -.339 192
N2_LCOW + 218 228 -114 543
NC3_LMED -.146 -.006 .281 -.143
NC4_LSML + -.036 -.144 -.003 .021
NC5_LDFT + .007 -.010 -.024 -.106
NC6_AGWK -.344 ** -313* -.239 -.346

* Significant at the 95% level; ** significant at¢ 99% level; *** significant at the 99.9%
level

Figures inbold type indicate parameters with a sign differerthit expected.

2.4.4 Multilevel models

2.4.4.1 Urban households

In the household level model for urban areas hucagital variables were
consistently important and significant determinasfteousehold well-being (Table
13). This is not the case in the multilevel mod@&ksble 17) and is especially notable

for the variable of literacy. Levels of formal tneng are still highly significant but
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have less strength than in the household level mdte signs of the relationships

do not change.

The social capital variable coefficient is broaslimilar to that in the household level
model, and in the natural capital group the coffits for the value of land owned

and the number of cows owned are once again saod@re more significant.

As with the household level model the variablesesenting physical capital are
important. The signs of these variables do noedifetween the household and
multilevel models. This is also the case with tinaricial capital group of variables.
In the multilevel model for urban areas the mogtontant of these variables is the
dummy variable for a lump sum payment. The levésgnificance are in general
higher in the multilevel model and the signs aregame apart from one variable
(F5_RTDM_Z) but this is a very weak variable anérein the household models the

sign changes between the models for different regio

The higher-level variables are compared with theffaoents in the district level
model. The comparison shows that the values o$thredardised parameters are
weaker in the multilevel model but are more sigaifit, especially the proxy variable

for forest resources (NC4_NVEG_Z), while the signs as expected.

The model for urban households contains two intemawariables, of which one -
the interaction between the dummy variable for medrom rent and the contextual

variable of the number of consecutive dry montis kighly significant.

2.4.4.2 Rural households

The sign, strength and significance of the humanitalavariable coefficients in the
multilevel model for rural households (Table 17 ammilar to those in the
household level model (Table 14). The importancenoé spent in the community is

less strong in the multilevel model.

The size of the coefficients of the natural capraiables are smaller than in the

household level model and the coefficient for thkue of land owned is less
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significant. There are also some variables whiclreleanegative relationship with
well-being, in contrast to the household level mpsiech as the value of land which

is rented, however this variable is not a significdeterminant in either model.

The physical capital variables are very importartvoth the household and

multilevel models. The variable of capital investedbusinesses is stronger and more
significant in the multilevel model. One differenoetween the household level
models and the multilevel model is that the cogdfit for the provision of electricity

IS negative in the household models and positiveermultilevel model, the
importance of this variable, however, is small atbomodel types.

Financial assets show very strong associationshatisehold well-being in the
multilevel model for rural households. The most artpnt variables are the dummy
variable for a lump sum payment and the two vaealbbr transfers. As with the
household level model the relationship betweerdtiamy variable for transfers and
well-being is negative but when the transfers argd the relationship is positive.
This pattern is reversed for credit receipts whieeedummy variable is positively
associated with well-being.

The strength of the district level variables foralthouseholds is not as strong as for
the urban households, nor are the coefficientargelas in the district level variable
model (Table 15). The signs are, however, congistéh the district level model

and the variable which captures the effect of togplgy (NC3_SLP_Z) is the
strongest of the five variables. There is lesslanity in the relative differences in
the importance of the coefficients when comparetthéadistrict level model which
includes aggregated household level variables €Ta6) - notably the accessibility
variable (PC1_ACC_2). It should be pointed out heerehat this variable is not

significant in either model.

The model for rural households contains three aatéwn variables. The interaction
between the average slope per district and the auoftbedrooms per person is
highly significant, while the interaction betwedretslope and amount of money

received as credit is one of the largest coefficiatues.
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Table 17. Standardisad significance levels and rankings of importancexglanatory

variables in multilevel model with cross-level irdgetions

Urban Rural
H1 EDUL Z + 0.013 28 -0.021 22
H2_LITS_Z + 0.056* 12 0.087*** 6
H3_FTRN_Z + 0.073*** 7 0.085*** 7
H4 HLTH_Z - -0.004 33 0.009 26
S1 TIME_Z + -0.022* 21 -0.039 17
N1 _LOWN_Z + -0.068*** 10 0.045* 12
N1 _LRNT_Z + -0.042 15 -0.002 34
N2_LCOW_Z + 0.069* 9 -0.010 24
N3_LMED_Z + -0.038 18 0.007 29
N4 _LSML_Z + -0.010 30 -0.026* 20
N5 LDFT_Z + 0.006 31 -0.028** 19
N6_AGWK_Z -0.011 29  -0.044*** 13
P1 NBED Z + 0.205*** 1  0.205%** 2
P2 _ELEC Z + 0.073 7 0.022 21
P3_CPBS Z + 0.083*** 6 0.435*** 1
P4 CPAG_Z + 0.047 14 0.015 23
F1_LPDM_Z + 0.097*** 4  0.089*** 5
F2_LPSC_z + 0.020 24 0.003 33
F3_TRDM_Z -0.039*** 17  -0.073***
F4_TRSC Z + 0.020 24 0.133***
F5_RTDM_Z + 0.005 32 -0.008 27
F6_RTSC Z + 0.022%** 21 0.052 11
F7_PNDM_Z + -0.041* 16 0.008 27
F8_PNSC_Z + 0.026* 20 0.004 32
F9_CRDM_Z 0.060*** 11 0.044*** 13
F10_CRSC_Z + 0.017** 27 -0.043 15
NC1 DRY_Z - -0.091* 5 -0.031 18
NC2_LAND_Z + 0.018 26 0.007 29
NC3_SLP_Z - -0.135*** 2 -0.071* 10
NC4_NVEG_Z + 0.098*** 3 -0.010 24
PC1_ACC Z - -0.049 13 -0.007 29
P3_CPBS_Z*NC1 DRY_Z -0.022 21
F5_RTDM_Z*NC1 DRY_Z 0.028*** 19
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P1_NBED_Z *NC3_SLP_Z 0.043%** 15
F4 TRSC_Z *NC3_SLP_Z 0.072 9
F10_CRSC_Z*NC3_SLP Z 0.102* 4

* Significant at the 95% level; ** significant dteé 99% level; *** significant at the 99.9%
level
Figures inbold type indicate parameters with a sign differertit expected. Rankings

shaded green are the 5 largest standardised deeffic

2.5 Discussion of findings

In general the household level models seem faidl galibrated (Table 7 and Table
8), considering the fact that no community leveiafales are included. There do
appear, however, to be several variables that aawpposite effect to the one
expected (Table 13 and Table 14). Nearly all ofviluéables, except the number of
days lost due to illness (H4_HLTH), are thoughb#we a positive effect on well-
being. There are also a number of variables whelaiionship with well-being is not
easy to predict or which have been added as part ofteraction with other assets

(e.g. H6_AGWK — the number of agricultural workers)

The average number of years of education of thedtmald (H1_EDUL) has a
negative relationship with well-being in three bé teight household level models
(Table 13 and Table 14) but the strength of thatieship is not significant. It could
be argued, however, that an alternative definitibthis variable — for instance
concentrating on the maximum years of householdatehn or restricting the
measure to the household head might give diffeesnilts.

The only social capital variable included in thedals (time in the community —
greater than 10 years or less then 10 years [S1E])liMas negative in all seven of
the eight household level models and was significathree of these. A possible
explanation for this is that the bonding capitaltttime in the community represents
may be high even in poor households and is a capiexchanism, but this bonding
capital is not sufficient in itself to lift a housald out of poverty. An alternative
interpretation is that this is a poor proxy forisbcapital.
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The differences between the models in the coefftsiéor owning land are logical.
The relationship between owning land (N1_LOWN) arel-being is not significant
in the global, Andes or Coastal model, but is pesly significant in the Amazon

and all rural areas (Table 14), and negativelyiigant for urban households (Table
13). This suggests that many of the poorer urbaisélwolds have potentially diverse
livelihoods involving agricultural production. Ramg land (N1_LRNT) is only
significant in the urban model (Table 13) wherewdh land owned, the relationship

with well-being is negative.

Livestock, whether small (N4_LSML) or large (N2_L®0O& N5_LDFT), are

almost universally associated with lower levelsvefl-being. This is even the case

in the rural model where small and draft animaéssagnificant variables (Table 14).
This is perhaps understandable in the case of smafals which might be owned

by households that cannot afford cattle, but is dsvious for draft animals. A
possible explanation for the latter variable migatthat richer households are able to
buy and maintain motor-vehicles or farm machinehyolv would replace the draft
power of animals. Cattle are significantly assadawith higher well-being in the
Andean model but this relationship is less stranthe other regions and the

direction of the relationship also varies.

Households with large numbers of agricultural wosk@&N6_AGWAK) are associated
with low levels of consumption. This perhaps hights the poor rates of return on

labour invested in agriculture as opposed to oghgployment sectors. This is to be
expected in urban settings (Table 13) but theio#lahip is actually stronger in the

rural model (Table 14), perhaps underlying the intgpae of non-farm income in

rural areas.

Physical capital, especially when invested in darmss (P3_CPBS) or the household
(P1_NBED), is strongly associated with higher wadlng. Investment in agricultural
infrastructure and equipment (P4_CPAG), howevarmpissignificant.

When interpreting the financial capital variablesi@teresting discussion is the

difference in the five types of financial transtei$ a lump sum payment (F1_LPDM
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& F2_LPSC); (ii) a transfer from friends, family other source (F3_TRDM &

F4 TRSC); (iii) rent charged on a property (F5_RTBNF6_RTSC); (iv) a pension
(F7_PNDM & F8 PNSC); and, (v) credit (F9_CRDM & FITRSC). Both credit
and lump sum payments are highly significant inrtiegority of the models
regardless of the size of the transfer. Transfers family and pensions are
generally associated with lower well-being; howewahese are large quantities
there is a positive association with consumptiomil&rly rent can be either
positively or negatively associated with well-bentgpending on the model, but the
size of the rent payment is positively significanthree of the models, but is less
significant when urban and rural households aredes separate regional models
(Table 13 and Table 14).

What these results show is that a greater quamitéyhousehold asset is not always
associated with higher levels of consumptisia-vishouseholds with lower
quantities of the same asset. The results also #aivihe models of well-being are
different according to the biophysical and cultuesdions of Ecuador, and between
the urban and the rural sectors. This implies dnaassessment of vulnerability
which is based on household assets should takeatmunt different assets

according to the location of the household.

Models at the district level using the mean valuecbnsumption are in general
poorly calibrated (Table 9) although the relatiapdbetween the explanatory
variables is by and large as expected (Table 1%g.riodel of rural households,
where one would expect a larger contribution opbigsical variables, explains very

little of the variation of mean consumption.

Despite the small sample sizé was possible to include aggregated values of
selected household level variables without altetireggeneral significance of the
model, leading to greater explanation of the vaaof aggregated household
consumption at the district level. The effect wasslmarked for urban households
but underlines the benefit of taking into accoumtables at different levels (Table
16).

%2 Compared to Farrow et al., 2005, for example
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The interaction between district and householdlleagables is unclear, although
the effect of the proportion of household labowested in agriculture
(NC6_AGWK) is likely to be influenced by the agroedogical potential of the
district (NC1_DRY, NC2_LAND and NC3_SLP). It is osle that district level
variables will have effects on well-being indepemitieof the household level
variables so | conclude that the two levels ofafales ought to be combined using a

multi-level modelling framework.

In a multilevel framework significant improvemeimsmodel fit can be observed
when district level variables are included (Tal?¢. There are also improvements in
the model calibrated using rural households wherstbpe of some of the household
level variables is allowed to vary according to dngrict. An exploratory analysis
also shows that introducing interaction terms betwigousehold and district level
variables improves the fit of the model even thotighinteractions are not those
thought to have an effect on household well-beiig size of the intra-district
correlations suggest that the districts have arbgémeous composition of
households and that most of the variance is betleaseholds rather than between
districts. This was also the case when the inasctorrelations were calculated for
the sampling domains of the 1995 ECV or the conwaat Coastal, Andean and

Amazon regions of Ecuador.

In the multilevel model for urban households it t&nseen that three of the strongest
correlates of household consumption are districtllgariables (Table 17). Two of
these — water (NC1_DRY_Z) and forest resources (NMEG_Z) — could be
considered as assets in their own right while ayeeshope per district (NC3_SLP_2Z)
Is either a proxy for other factors that have redribconsidered such as the socio-
cultural characteristics which are not capturedh®ytraditional regions of Ecuador
(which is also suggested by Farrow et al., 2006¢|€e an interaction as
hypothesised. Interactions between the slope Maraix household level variables
do not improve the model fit however (Table 12)eHBgnificant interaction effect
between receiving a rent payment and the numberyainonths
(F5_RTDM_Z*NC1_DRY_Z) seems to have little explaoatespecially as the

interaction term with the amount of rent receivE8 (RTSC_Z) was not significant.
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For the rural households it was noticeable thawHreable for the proportion of
agricultural workers (N6_ AGWK _Z) had no impact &k imodel as an interaction
term and showed no significant variance in theelpen this component of
variance was analysed. As with the household lexelels the most important
correlates of consumption were human, physicalfievashcial capital variables
(Table 17).

In conclusion the analysis in this chapter has shthat the consumption levels are
poorly explained by the assets for which data aadl@ble. Regional and sectoral
differences in models are suggested by the houdetmal district level models and
have been confirmed by the important correlatiogtsvben district level variables
and household consumption in the multilevel modEfe multilevel modelling
framework allows for the treatment of spatial néatisnarity in the model of
household well-being although a thorough analykgpatial dependency and spill-
over effects is not possible given the small saropldistricts; a more thorough study
of spatial dependency is tackled by Farrow et24106). There is, nevertheless,
greater variance of consumption at the househsgldl than between districts, sectors
or regions, and this variance is not being captiurdde explanatory variables
chosen for this analysis. It has been shown thatitieely testing the direction of
causality is difficult, given the available datarRoving suspect variables has been
shown to have little effect on the coefficientslod other variables.

The variables that are seen to be important cée®laf consumption in the
multilevel regression models for urban and ruraldeholds will be analysed in the
context of their susceptibility to the hazards asged with the El Nifio phenomenon
in Chapter 5. The next chapter, however, will asalthe evidence for the impact of

the 1997-98 EI Nifio event on household well-being.
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Chapter 3 : Impacts of the 1997-98 EIl Nifio event on

household well-being in Ecuador

3.1 Introduction

Susceptibility of assets, exposure to floods anddédes, and pre-event well-being
levels are the key determinants of the vulnerahiifthouseholds to low levels of
well-being. Chapter 2 has highlighted the linksnmzn assets and well-being
(consumption) at the household level. In Chapteuse some of the models from
Chapter 2 to examine the impact of the 1997-98igbdhenomenon upon well-
being outcomes. The aim of this chapter is to eramihether in the districts
affected negatively by floods and landslides thvele of household well-being

reduced in comparison with the rest of the country.

Anecdotal evidence exists for the long and mediammtimpacts of the 1997-98 El
Nifio event and assessments have been carried that aétional, sectoral or
provincial level. A study of the health sector sleolwfor instance, that the cost of
rehabilitating health facilities would amount to $8million (Ministerio de Salud
Publica, 1999). However, to date there have beestuties on the impact of the
event on the welfare of all Ecuador’s householdss &t al. (1999), following a study
by the Economic Commission for Latin America anel @aribbean (Comision
Econdmica para América Latina y el Caribe, 1988gmpted to quantify the
economic and social cost of the impact in the reeator, but the authors recognised
that the effects were still being felt when thedstwas conducted, therefore no data

were available to test their estimations.
National statistics reported by the World Bank (20éhow that per capita GDP

dropped sharply in the year after the 1997-98 BloN#vent (Figure 7) suggesting a

potential association between EIl Nifio and houseWwelttbeing.
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Figure 7. GDP per capita in Ecuador 1989-2002 Ww@87-98 El Nifio event highlighted in
blue

However, there were other pressures on the natemmadomy at the same time (Vos
et al., 1999) that could have led to a reductionational GDP. The most notable
was that Ecuadorian revenues from oil were affebtethe global decline in prices
between 1997 and 1999 (Figure 8). Changes in imégiare significant since oil
revenues are an important component of total egporfEcuador, amounting to 10%
of GDP in the mid-1990’s (Fischer, 2000). Othetdas that contributed to the
Ecuadorian economic recession were the global ¢iaharisis and the loss of
confidence in the Ecuadorian financial sector t@sglin the collapse of institutions
and the default on interest payments on internatimans (Brady bonds) in
September 1999 (de la Torre, et al., 2001; ComiBidondmica para América Latina
y el Caribe, 1999).
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Figure 8. Oil prices (US$/Barrel) 1989-20d@ith 1997-98 El Nifio event highlighted in
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The study by Vos et al., concludes that the impatctee 1997-98 El Nifio event
upon welfare would be felt in two ways: firstlytime reduction in income of small
farmers due to crop losses as a result of flooding; secondly, increased levels of
infectious diseases due to destruction or inadegs&t the sanitary system and poor
access to safe water affecting both urban and pagalilations. Further costs would
also need to be absorbed by local or national gwwents, such as the rehabilitation
of infrastructure destroyed during the event, saghoads, schools and hospitals.
Given that these potential costs would be disprigaately borne by households in
the areas affected by the El Nino phenomenonhyjmthesised that negative

changes in welfare would be similarly greater ia #iffected areas.

This chapter starts by discussing the various ssun€ information that can be used

to estimate the spatial distribution of well-belmgfore and after the El Nifio event of

% http://upload.wikimedia.org/wikipedia/en/thumb/2@fl_Prices_Medium_Term.png/800px-

Oil_Prices_Medium_Term.png
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1997-98. It will then focus upon the various sasrof information that can be used
to identify the geographical locations where theaets of EI Nifio were most
severe. Associations between changes in well-bamdghe 1997-98 EIl Nifio event

will then be analysed and discussed.
3.2 Data

3.2.1 Changes in household well-being

In the previous chapter | discussed the most apatepndicator of household well-
being and concluded that | would use consumptigreediture. This is a good
indicator for models which use household level diatan a cross-sectional survey —
such as the ECV (Instituto Nacional de Estadisti€ensos, 1995; Instituto
Nacional de Estadistica y Censos and World Bang8)L9

Two issues need to be addressed when comparingp®iall outcomes over time,
the first is the unit of analysis and the secontiésvalue of the well-being variable.

Dealing with the first issue, | must ensure thabmpare the same units of analysis,
this implies that if the consumption of individdeduseholds is analysed (as in
Chapter 2) at timg, then those same households need to be obserigedlas is
only achieved when longitudinal or panel data amglable. Panel data are two-
dimensional datasets with the same householdglividmals observed at different
time periods for multiple variables. Examples of@ladata sets that capture
consumption or income include the British Houseltedahel Survey (Taylor et al.,
2007), the US Panel Study of Income Dynamics (HBI92), and the DNBHS from
the Netherlands. Panel data sets are rarer iléasdoped countries (Baulch and
Hoddinot, 2000), and where examples exist they#tean of limited geographical
scope (e.g. Huigen and Jens, 2006; Bhargava analli®ay 1993). In Ecuador the
households surveyed in the 1995 and 1998 ECV &ateces presented in the
previous chapter) are different (INEC 1995b; INE®E &Vorld Bank, 1998) so a
longitudinal study of individual households ovewiae geographical area is not
possible. Instead | will compare groups of housaalggregated at the district level.

% For a description of the dataset refer to NyhusRans, 2004
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The second challenge is to ensure that the valkieg lcompared are the same. If a
particular food item is being analysed over timentithis is not a problem (e.g. Maki,
2006). Where consumption has been monetized, hoyw&weh as in the 1995 survey
of living standards in Ecuador there will be diffites in comparing the absolute
values of consumption. This is because changéd®iprices of goods and services

will alter the monetary values necessary to satts#yneeds of the household.

An alternative to consumption and one measure aféed in less developed
countries is poverty. Poverty at the householdllemaplies the non-satisfaction of a
basic need or a low level of some well-being oute@uch as income or
consumption. The well-being threshold is often dedifor a particular context (such
as a specific country) and is commonly referredgdhe poverty line (Lanjouw,
1998). The incidence of poverty for groups of hdwdés is the proportion of
households below the poverty line. Thus the rateewerity of poverty for groups of
households is directly related to levels of constiompat the household level. Given
these inter-relations both consumption expendiumek poverty will be considered
below as indicators of well-being and the resutisipared.

Consumption expenditure and poverty data can loellkedéd for the whole of
Ecuador using the 1995 ECV as well as for the ssprtive domains. These
domains, however, are not at a spatial resoluhahdllows a test of the hypothesis
that changes in well-being are associated withrtipacts of the 1997-98 EI Nifio
phenomenon (section 2.3.2). The most suitableumstnt for providing district-level
summaries of consumption and the calculation okpigvndicators is the population
and housing census. This census is carried ouhlpegery 10 years and despite the
fact that consumption expenditure is not captuneithé census there have been
efforts to estimate consumption based on the oglshiips between consumption and
some key household characteristics derived frontED€ household surveys. The
procedure is based on the construction of mul@tenegression models using the
ECV, taking as the dependent variable consumptipemditure per person, and
selecting as explanatory variables those whicticaned in both the ECV and the
census — typically including housing conditionsyeation, employment and

ethnicity. This procedure, called small area edionaGhosh and Rao, 1994) has

104



been utilised in Ecuador taking both total consuampand poverty as the dependent
variables (Larrea et al., 1996: Elbers et al., 20@8rea, 2005)and has also been
used by the World Bank in numerous countries invtbdd to project household
surveys onto population and housing censusesAklgrman et al., 2002; Elbers et
al., 2002).

The data for total consumption and poverty usetisistudy are estimates derived
by Larrea et al. (1996), and Larrea (2005) from el®dalibrated using households
in the 1995 and 1998 ECVs, and applied to the E9@D2001 censuses respectively.
The number of districts in 2001 exceeded that @018ut in some cases it has been
possible to construct consumption aggregates &setimew districts using census
sectors (Larrea et al., 1996; Larrea, 2005; Lapeesonal communication).

Appendix 4 describes the problems of changing baues in more detail.

3.2.1.1 Z-scores of mean household consumptiorekatd©90 and 2001

The 1990 and 2001 household consumption estimates aggregated at the district
level and the z-scores calculated from these. Téation of Z-scores relative to the
mean value of household consumption for all ditradlows the comparison of
absolute consumption per district between 1990uffei®) and 2001 (Figure 10).
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Figure 9. Z-scores of average household totkigure 10. Z-scores of average household

consumption per district in 1990 total consumption per district in 2001
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The values of the z-scores are dependent on tthereatiic mean value and the
standard deviation. The histograms of these varsafar both datasets (Figure 11
and Figure 12) shows that there was perhaps grdiafersion of values in 1990
than in 200%° although in 2001 there were slightly more disgrisith mean
household consumption greater than 3 standard tiawsarom the arithmetic

mear®.

Z-scores of mean consumption per district 1990 Z-scores of mean consumption per district 2001

50% =

4% =

0% =

30% =

Percent
Percent

0% =
0% =

0% = 10% -

Z-scores Z-scores

Figure 11. Histogram of z-scores of averageFigure 12. Histogram of z-scores of average
household total consumption per district in household total consumption per district in
1990 2001

In order to examine changes in consumption betwleese two time periods the Z-
scores in 1990 were subtracted from the Z-scor@9@1. The results are presented
in Figure 13, negative values indicate a redudtioaverage consumption relative to
the rest of the nation. There does not appear sodiong spatial pattern associated
with the changes in the z-scores, although potetitiaters exist in the southern
Coastal and Andean regions as well as Esmeraldaspe in the northern Coastal
region.

% The change in kurtosis values is small, 4.778%@0land 4.396 in 2001
% There were 16 districts with z-score values grethi@n 3 in 1990 and 21 districts in 2001.
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Figure 13. Change in Z-scores of average housebt@tconsumption per district between
1990 and 2001. Districts in white have missing comgtion data for either or both 1990 and
2001.

An alternative way of presenting this data is ta@ify the districts depending upon
whether the Z-score has improved and deterioratddathen group these districts
by the region within which they are located (Tab®. This table shows that the
proportion of districts in the Coastal region tbateriorated was larger than for the
other two regions, and suggests that a more thbranglysis of the changes and the

link to the 1997-98 EIl Nifio phenomenon is justified
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Table 18 Sum of districts for each region accordinghange in z-score of average

household consumption

Change in consumption z scores Region Total
1990-2001 Coastal Andean Amazon

Worse 151 224 76 451
Better 123 265 98 486
Total 274 489 174 937

3.2.1.2 Poverty lines

An alternative response variable to consumptidhesuse of poverty lines to enable
comparison over time. The poverty line is an aldsolalue which has real meaning
at a particular point in time and is a monetary anahat has been calculated to
provide the household a basket of basic goods @mwites (Lanjouw, 1998). If the
household consumes less than this amount it is elé@mor. The proportion of
households in a district below this poverty linghie headcount ratio and is the most
common indicator of poverty. Others in the sameilfaof indicators are the poverty
gap and poverty severity (Foster et al., 1984). ddweerty data were calculated in the
same way as consumption although slightly differegtession models were
employed (Larrea et al., 1996; Larrea, 2005).

As with consumption the use of z-scores of povalityws an alternative comparison
over time. The distribution of the z-scores, argkid the change in z-scores over
time, is very similar to the poverty headcountagiigure 14), suggesting that the
use of the poverty z-scores in the analysis isgisbbunnecessary. The results of the
associations between the poverty z-scores and inepdaables will only be reported

if there are significant changes between this mdicand the change in the

headcount ratio.
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Figure 14. Histograms of poverty indicators: (apdeount ratio 1990; (b) Z-score 1990; (c)

Headcount ratio 2001; (d) Z-score 2001; (e) Chandeeadcount ratio 1990-2001; (f) Change
in z-score 1990-2001
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Figure 15 shows the percentage of poor househeiddigtrict in 1990, while Figure
16 shows the same variable in 2001. These arenfetidoy the change in the
percentage of households below the poverty linguiféi 17). More districts
experience deterioration in the poverty levels timatine z-scores of the mean levels
of consumption. It is quite possible for distrittsexperience a reduction in the z-
scores of the mean values of household consumptiboontain fewer households
below the poverty line. Similarly it is possible fall the districts to experience

higher poverty levels but maintain the same z-score

>
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Figure 15. Poverty headcount ratio of Figure 16. Poverty headcount ratio of
household total consumption per district in household total consumption per district in
1990 2001
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Figure 17. Change in poverty headcount ratio ofaye household total consumption per

district between 1990 and 2001

The distribution of these changes, however, is ewere skewed than in the case of

mean consumption with the Coastal and Amazon regianticularly affected (Table

19).
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Table 19. Sum of districts for each region accaydmchange in poverty headcount ratio
1990-2001

Change in poverty headcount Region

ratio Total
1990-2001 Coastal Andean Amazon

Worse 257 256 151 664
Better 17 233 23 273
Total 274 489 174 937

3.2.1.3 Differences between well-being indicators

Changes in the mean consumption in a particulanatisnay have no effect on the
poverty headcount ratio; this is because incresesnsumption of households
above the poverty line have no effect on povertgekd if only the already rich
households get richer then it is possible thantimaber of households below the
poverty line could actually grow despite increasethe mean consumption
(Lanjouw, 1998; Chaudhuri et al., 2002). As suck would not expect a perfect
correlation between improvements in districts’ pyéevels and mean household
consumption. Figure 18 shows the comparison of g&sim consumption and
poverty between 1990 and 2001.What is striking aibios figure is the regional
pattern of differences between poverty and consiompiiany districts in the
Amazon and Coastal regions show increases in poyettexperience an increase in
mean consumption levels, while in the Andes regnamy districts see an opposite
result. These imply that the benefits of economawgh experienced during the
1990’s were not equally shared in many distriats] i@ terms of this study highlight
the need to take poverty as well as consumptianantount when investigating the
outcome of the 1997-98 El Nifio phenomenon.
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Figure 18. Differences in the changes in Z-scoraverage household total consumption per
district and Z-score of the district poverty headoratio between 1990-2001

3.2.2 Impacts of El Nifio

The ideal data source of the impacts of the199FE{98ifo event would include
information on the location of an incident, thedyu impact, and the magnitude of
damages. Three major types of information are albllregarding the impacts of the
El Nifio event of 1997-1998, listed in order of likeod of satisfying the criteria
above:

1 — Geo-referenced databases or inventories afents

2 — Maps of exposure, especially large scale floods
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3 — Assessments of vulnerability or potential expego flooding and landslides

I will now consider the potential sources of eatthese to describe the 1997-98 El

Nifo event.

3.2.2.1 Geo-referenced databases or inventori@socidents

Data on actual impacts have been collated by#fensa CivilDireccion Nacional
de Defensa Civil, 2002) in textual format, the s@srare not reported but it is
assumed that these incidents were brought to teet@in and acted on by the civil
defence organisation. The data do not appear infarapbut have been collated by
according to county (Figure 19). More precise infation on the location of each
incident is often provided (see Table 20 for exapput without local knowledge or

a good gazetteer it is difficult to locate the demts.

Table 20. Extract frorefensa Civiinventory of impacts of the 1997-98 EI Nifio
phenomenon

Date County Description Impact
02/12/1997 Esmeraldas Tabiazo district flooded 2 families homeless
03/12/1997 Esmeraldas Rivers Teaone and Esmeitalusts 30 families affected

banks causing flooding in sectors Propicia
1 and 2 of the city of Esmeraldas

04/12/1997 Esmeraldas Esmeraldas river floodedarséctor of 30 families

the islands Piedad, Roberto Luis homeless, 13
Cervantes and Vargas Torres; Sector  evacuated to
Propicia Il also flooded shelters.

320 families

temporarily affected

05/12/1997 Esmeraldas Flooding in districts of €hiand 5 de 9 families homeless
Agosto
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Figure 19. Number of incidents per county repoligdheDefensa Civil

An alternative inventory of the impacts of the 1¥B/EIl Nifio has been compiled as

part of the Deslnventar project (DesInventar, 2084)ports of events have been
assembled from local and national media (partitpla@wspapers), as well as from
theDefensa Civiland are classed according to the type of eventrendamages
associated with it. Thus for the period October71@June 1998 there are 333

records whose cause is stated as “El Nifio” andugatal rainfall, in addition there

were 43 incidents whose cause was unknown or stetlli These data have been

aggregated by DeslInventar to a county level (Fi@e allowing for comparison

with theDefensa Civilsource.



Impacts of 1997-98 El Nifo
Number of incidents reported

Figure 20. Number of incidents per county repoiteDesinventar

There are some inconsistencies between incideptstesl by Deslnventar and the
Defensa Civil. The Deslnventar source tends to ungj@ort the causes of incidents
attributed to the El Nifio phenomenon and whileghgerns are similar (Figure 21)
the Deslnventar source attributes incidents inrabr of counties in the Andean
region to the El Nifio phenomenon which are not rgabby theDefensa Civil
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Figure 21. Number of incidents per county repoiteDesInventar compared with the
number of incidents reported by tbefensa Civil

Both sources are liable to reporting bias (sma&i@nts are unlikely to be reported in
the national media and many remote areas are rbseveed by thédefensa Civi),
but DeslInventar has the advantage of providing nmdoemation on damages in a

format that is easy to use and draws on more sstine® théefensa Civikeport.

For each incident the severity is noted accordingpé number of deaths, injuries,
the number of people affected (Figure 22) or evixljdnomes destroyed or affected,
hectares of crops destroyed, hospitals or schdéi@stad and, where known, the

monetary cost of the incident.
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The advantage of this source over the report floeDefensa Civiis that the data
are provided in tabular format. This dataset thestsithe criteria stated above of a

suitable source of information on impacts.

Impacts of 1997-98 El Nifio
People affected
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mm > 1000

Figure 22. Number of people affected per countpriggl in Deslnventar

However, within the DeslInventar data the choicedicator is critical. For example
only 14 counties have data on hectares of cropgsoyesl, while the number of
people and homes affected are reported for alnvesty&€ounty. Each indicator is
important for different reasons and an index isinexgl that captures all of the
separate indicators without losing the integrityhaf original data. Options include
an additive index (for instance the number of deattounded, affected) or a
multiplicative index (number of people affected tiplied by the number of deaths,

118



etc). | opt for an additive index with three indiwa (deaths, wounded, and affected)
each indicator having an equal weighting. Thisentrepresented as a proportion of

the total population in each county (Figure 23).

Impacts of 1997-98 El Niito
Population affected
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Figure 23. Number of people dead, injured and &dtkas a percentage of the total

population per county reported in Deslnventar

3.2.2.2 Maps of exposure

Exposure is an important component of vulnerabdityg refers to an event which
exerts a force on a given population which is eegdo#aps of the exposure to
hazardous events associated with previous El Nidats have been produced.
These maps do not convey the severity of the emgathtvould need to be analysed in
conjunction with maps of population or land usassess the impact. An analysis of
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the DeslInventar inventory of incident associateith whe 1997-98 El Nifio event
show that the there were two main hazards caugsintpge. River floods associated
with excessive rainfall caused 64% of incidentsileviandslides triggered by

saturation and run-off caused 23% of incidents.

Maps of flood events can be generated in a numbeaps but the most common
would be some form of ground survey or more usualiyremotely sensed data such
as aerial photographs.

Maps showing rivers which were breached during 19®EIl Nifio event and the
subsequent flooding are available for Ecuador iflrtst Nacional de Meteorologia e
Hidrologia, 1999 cited in Demoraes and D’Ercole)P20 Unfortunately the metadata
for this source does not contain enough detaiktalide to judge the accuracy
although a visual assessment of the source sugpesisoded areas were derived
from satellite imagery with some cartographic srhow (Figure 24). A
disadvantage of the source is that only large evamth as flood plain flooding are
captured with any precision. Smaller flash floaushie upper catchments are not
captured, neither are landslide events which aneemous but have only localised
effects.
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B Breached rivers 1997-98
I Areas flooded 1982-83
7| Localised Floods 1997-98

Figure 24. Areas flooded during El Nifio eventsiable to flood

Landslides and flooding in small catchments cambgped but these are usually
only done for small areas, for example in Figurea@8 Figure 26. These studies are
useful for validation purposes but there are too tie be able to assess the impacts of
the 1997-98 event at the national scale.

| considered that the information available on esype to floods and landslides
during the 1997-98 EI Nifio event was not of a heglough precision to provide a
suitable indicator to test against the changeseit-leing between 1990 and 2001.
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Figure 25. Areas flooded in the town of Figure 26. Landslides in the town of Bahia
Bahia de Caraquez in 1998 (Escuela de Caraquez in 1998 (Escuela Politécnica
Politécnica Nacional and Direccion Nacional and Direccion Nacional de
Nacional de Defensa Civil, 2000) Defensa Civil, 2000)

The 1997-98 EIl Nifio event, had a number of dinegdacts on Ecuador’s weather for
over a year between January 1997 and August 19@8cbon Nacional de Defensa
Civil, 2002; Corporacion Andina de Fomento, 2008n8ix et al., 2002; Bendix and
Bendix, 2006). These were heralded by higher sdacgitemperatures in the eastern
Pacific ocean and were followed in Ecuador by a imsair temperatures, more cloud
cover and an increase in precipitation. Measuresnainthese values can be
compared to non- Nifio years and maps of anomalauped. These anomalies are
an alternative way of assessing which areas wes seviously affected. Rainfall
anomalies are more relevant than either temperatuselar radiation given that
flooding and landslides were responsible for mdéshe losses associated with El
Nifio (Vos et al., 1999; Deslnventar, 2004).
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Figure 27. Rainfall anomaly surfaces.

Rainfall anomaly surface for (a) 1997 and (b) 198&rlaid with anomalies at meteorological
stations for period January 1997-July 1998. Linhitlicect influence of El Nifio (thick line)
and indirect influence (broken line) also showrstituto Nacional de Meteorologia e
Hidrologia, 1998 cited in Corporacion Andina de oo, 2000).

Rainfall anomalies have been calculated for alNHlo events between 1965 and
1997-98 (Instituto Nacional de Meteorologia e Hidgba, 1998 cited in Corporacién
Andina de Fomento, 2000; Rossel, 1997). These stightly differing patterns
according to the vagaries of a particular evene fiinfall anomalies for the 1997-
98 event are shown in Figure 27. Despite a comrmarcs the surfaces do not match
exactly the figures for individual stations. Thautd be explained by the slightly

different measuring periods or to the interpolatioethod used in the creation of the
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anomaly surface; these data have been used, howedsfine the approximate
limits of the direct and indirect influences of &ifio events (Rossel, 1997).

Rainfall anomalies show which areas were exposadai@ rainfall than normal but
the maps are unable to convey the impact on thengrof the increase in rainfall. In
addition these maps mask the shorter-term anomahéesh can be seen more clearly
in monthly data. Monthly data are unfortunatelyyosvailable for very few
meteorological stations such as Chone (Zevallasop@l communication) in the
central coastal province of Manabi (Table 21). Aabes calculated for shorter time
periods, for example weekly or daily are not so edul given the natural variability
in precipitation between different weeks or daya igiven year. Data at these
precisions allow the identification of extreme ppé@ation events but are difficult to
interpolate over large spatial areas. An altereatiivobserved data at meteorological
stations would be the use of Tropical Rainfall Measy Mission (TRMM) data such
as that used by Bendix et al. (2002).

Table 21. 1997-98 monthly rainfall anomalies (%)@hone compared to all years 1964-
2001 (Asociacion COPADE-ICA, n.d.)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1997 41 98 96 139 75 168 222 989 687 577 1716 609
1998 130 109 169 123 285 158 93 1 1 0 86 0

Numerous organisations, including the Ecuadoriaih defence organisation and the
Corporacion Andino de Fomen{€AF), have used maps of anomalies, such as those
presented in (Figure 27), to show the area, ansltthesdistricts, directly affected by

the 1997-98 EIl Nifio event.

Selecting the districts is subject to a numberoifrses of uncertainties, primarily the
interpolation of anomalies from point observatitm$arge areas lacking

meteorological observations, and also a choice ashich rainfall anomaly value to

use as the limit of influence for the 1997-98 event

| have chosen to use the 100% anomaly contourk9@r and 1998 (Figure 27) as
the limits of influence for the 1997-98 EI Nifio eneThe choice is based on the
proximity of these anomaly contours to the moreegahline delineating a direct

influence (as opposed to the 50% or 150% contotils).choice of districts changes
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according to whether the 1997 or 1998 contour esluktherefore have digitised
both contours and chosen districts that are fulthiw the most-easterly contour or
which intersect with the westerly contour to givéuanmy variable (Figure 28) for
districts that experienced large rainfall anomatiesng the 1997-98 El Nifio event.

Precipitation Anomalies
Districts

[ 1 <100% anomaly

I > 100% anomaly

Figure 28. Districts experiencing precipitation aradies over 100% during 1997 and 1998.
Anomaly contours shown for 1997 and 1998 (Institdéwional de Meteorologia e
Hidrologia, 1998 cited in Corporacion Andina de oo, 2000).

3.2.2.3 Assessments of vulnerability or potenti@lsure to flooding and landslides

Vulnerability assessments take into account theepitbility of the population
potentially affected by flooding or landslides, trawback in their use is that they
do not capture actual incidents of flooding or lsliates. Prior to the 1997-98 El Nifio
event the national civil defence organisatiDefensa Civil produced a list of
counties ¢antoney which were deemed vulnerable to flooding andamadges to the
drainage and sewerage systems, including coasttiéns which would be at risk
from high tides or storm surges (Direccion Nacia@Defensa Civil, 1997 cited in
Vos et al., 1999). This assessment, based on 8283 El Nifio event identified
practically all of the counties in the Coastal cegas being vulnerable to flooding, as

well as a further 38 counties in the Andean and Zonaegions.
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A study in 1998 (Vos et al., 1999) sought to imgraw this assessment by
concentrating on the risks to losses in the agucal sector, and on the risks to
health. An alternative list and map was producettividentified significantly fewer
counties — all except one of these in the Coastbri’. This study took poverty
levels, land use statistics and data on healthcgsnto account and is therefore a
useful guide to those communities most likely tcmbgatively affected by the El
Nifio phenomenon. The spatial distribution of thosenties that are deemed
vulnerable to the two impacts by Vos et al., amshin Figure 29. | shall test both
health risk and agricultural loss vulnerability icators.

Andean

Amazon
region

Vulnerable Counties

[T Health risks and Ag. Losses
7771 Health risks only

[] Agricultural losses only

Figure 29. Areas vulnerable to agricultural lossed increased health
risks

37t is not obvious if the counties from the othegions were included in the vulnerability assessmen

126



3.3 Methods

The hypothesis | wish to test is that there is sitp@ association between the effects
of the 1997-1998 EI Nifio phenomenon and worserengls of mean household
consumption and poverty at the district level. Thplied causal relationship is that
the effects of the 1997-98 El Nifio event led todovevels of welfare, all other
things being equal. Associations are easier taoh@te than causality and | rely on
the fact that reverse causality (that changesell-being between 1990 and 2001

contributed to the damaging effects of the 199EBRIifio event) is unlikely.

| test the hypothesis using four potential indicatof the effects of the 1997-98 El

Niflo event:

1) population affected, dead or injured;

2) 1997-98 rainfall anomalies;

3) counties with a population deemed vulnerable tedssn agricultural incomes;
and,

4) counties with a population deemed vulnerable tdthesks.

Associations are sought with two well-being indozat

a. Change in z-score of average total consumptiorcg@gita per district between
1990 and 2001, and,
b. Change in z-score of poverty headcount ratio p&ridi between 1990 and 2001

| reclassify the consumption, poverty and El Nifabadinto dichotomous variables in
order to construct a number of 2x2 contingencyesioh which | will run & test. |
also test the association with four classes of wmpdion and poverty z-score change
values to produce 4x2 contingency tables of theatdrs allowing a more thorough
analysis of the differences between the numbeaségin each cell of the
contingency table and the observed count.
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3.4 Results

A summary of the strength of the association betmatenges in well-being between
1990 and 2001 and four different indicators ofithpacts of the 1997-98 El Nifio
event is shown in Table 22. Contingency tablesfmh association tested can be

viewed in Appendix 5.

Table 22. Summary gf tests on the associations between changes in eieldyiand
impacts of 1997-98 El Nifio event

Population Rainfall Vulnerable to Vulnerable to
affected, anomalies losses in health risks
dead or 1997-98 agricultural
injured income

2 P 2 P 2 P 2 P
X value X value X value X value

Change in  Dummy
consumption variable
z scores

1990-2001 reclassified 4.694 0.196 22.251 <0.01 5.364 0.147 35 <0.01

0.339 0.561 0.156 0.693 0.481 0.488 8.73 <0.01

Changein ~ Dummy 26 <0.01 49 <0.01 96 <0.01 171 <0.01

poverty variable
headcount
ratio z .
reclassified 32 <0.01 56 <0.01 105 <0.01 177 <0.01
scores 1990-
2001

3.4.1 Association between impacts on well-being apdpulation affected

The first indicator of the impacts of the 1997-d8\ifio event is the population
affected, dead or injured as reported in the Desitar database. The differences
between the expected and actual counts in thergmricy table are not large for the
consumption indicator andya test of the association between these two dummy
variables is not significant (Table 22). When tharge in consumption z-scores is
decomposed into four classes the differences betteeobserved counts and the
expected counts have no obvious pattern and ihamytvould suggest an
association contrary to that hypothesised. Unssirgly they” test indicates no

significant association between the two variables.
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The test of the association between changes ineholg consumption and the
population affected by the impacts of El Nifio apeaated for the alternative
indicator of household well-being — the change-stares of the poverty headcount
ratio. The association between these two dummybkes is significant (Table 22);
there are more districts than expected with a @ affected that have higher z-
scores of the poverty headcount ratio. As withatvesumption indicator, the dummy
variable for poverty can be decomposed to shovdégeee of change in poverty z-
scores. This decomposition shows that the assogibBtween the 1997-98 El Nifio
event and poverty is as expected for all poversgare classes and tetest
suggests a highly significant association.

3.4.2 Association between impacts on well-being ai®97-98 rainfall

anomalies

Associations between the rainfall anomalies expegd in 1997-98 and the change
in district level z-scores of household consumptos contrary to those expected. |
find slightly more districts where consumption oi&s have decreased than
expected in the areas where rainfall anomalies wsmialer, although this
association is not significant (Table 22). The deposition of the dummy variable

for z-score of consumption confirms that the assam is not strong.

The association between the change in z-scordémqidverty headcount ratio and
rainfall anomalies experienced during the 1997-BRiBo phenomenon is clearer
than that seen between rainfall and consumptiacores. The contingency table
shows a strong and significant association betveeeas that had large rainfall
anomalies and those that experienced an incredbe poverty headcount ratio z-
score between 1990 and 2001 (Appendix 5, page 3B8)association between
poverty and the rainfall anomalies that accompaeyg&l Nifio phenomenon is just as
strong when the change in poverty is decomposedsastdl highly significant.

The third indicator of the impacts of the 1997-98\ifio event is the vulnerability of
districts to losses in agricultural income (Vosilet 1999). Areas were deemed either
susceptible or not susceptible to losses, and wbetbined with poverty indices the
districts were classed as either vulnerable ovobiterable.
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3.4.3 Association between impacts on well-being andlInerability to

agricultural losses

The contingency table of the association betweerchianges in consumption and
vulnerable areas (Appendix 5) shows that the diffees between expected and
actual counts of districts in each cell are vergbm@nd that any association is not
statistically significant (Table 22). In an efféotobtain more information about a
possible association the changes in z-scores @&ucoption have been reclassified,

the association, however, is even less clear.

The differences between expected and observed<outite contingency table of
changes in the poverty z-scores and vulnerabdiggricultural losses are greater
than those of the change in consumption z-scordshany?” test of the association is
highly significant (Table 22). When the poverty dugnvariable is split into classes
the visual interpretation of the contingency tadlggests a slightly weaker
association but thg® test of the association is highly significant (Ta2).

3.4.4 Association between impacts on well-being andlnerability to

health risks

The study by Vos et al. (1999) also looked at thiaerability of households to
health risks that accompanied the 1997-98 El Nifeme Districts were deemed
either vulnerable or not vulnerable based on #ediiood of epidemics such as
malaria or water-borne diseases, and the undersisgeptibility of the population
as well as the existence of health services imiclistto reduce, and mitigate the
effects of epidemics.

An association can be seen between districts wdetériorated between 1990 and
2001 and those districts vulnerable to health rigkss association is significant at

the 99% level when using thétest (Table 22). The changes in consumption can be
reclassified in terms of the strength of the changle z-scores. The pattern seen in
the contingency table of the dummy variable is adp@ consistently for all classes of

changes in consumption z-score. fheest of the strength of the association
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between changes in consumption and vulnerabilityetath risks is again highly
significant.

The association between changes in the povertycbeatiratio z-scores and the
vulnerability of households to health risks aggtedaat the district level is very
strong, and as with other indicators is strongepfuverty than for mean values of
consumption (Table 22). This association is alsdeau for the decomposed variable
of changes in poverty z-scores. Hiidest of the association between change in

poverty z-scores and vulnerability to health risksignificant at the 99.9% level.

3.5 Discussion of findings

The association between changes in well-being atdis between 1990 and 2001
and the impacts of the El Nifio event have been siowary between non-
significant and highly positively significant. Thesults suggest that the choice of
indicator is important for both well-being and tbe specific impacts caused by the
1997-98 El Nifio event. Changes in the z-scoreb@pbverty headcount ratio is a
better indicator of well-being at the district Iétigan mean consumption due to the
increasingly unequal distribution of consumptionoaigh households in Ecuador (Vos
and de Jong, 2000; Hall, 2005).

Changes in the z-scores for consumption presemsistently weaker associations
than the changes in the poverty headcount ratgzoees. This is due to the
differences in the patterns of change between ppaeid mean consumption (Figure
18). Highlyvulnerabledistricts tend to show a more significant assomnatvith

areas whose mean consumption deteriorated durengetiod 1990-2001 than

districts with high per capita recorded instandesnpacts.

The differences in the strength of association betwthe poverty and El Nifio
indicators are smaller than the differences betwierassociations between
consumption and EI Nifio indicators. The associasaignificant or highly
significant for every indicator and confirms theadthat poverty is a better choice of
well-being indicator.
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The analysis of association between poverty z-scane indicators of the El Nifio
event is complicated by the length of time betwenentwo well-being indicators.
The eleven years that separate the estimates e€hold consumption are a period
of relative stability in Ecuador but as the 199@sw to a close the political and
economic situation in Ecuador became more unstahténg to a crisis in the
financial sector and the eventual replacement@$ticreas the national currency
with the US dollar (World Bank, 2004; Jokisch antbisky, 2002). This may have
caused changes in the patterns of well-being duhageriod 1998-2001, which has
an impact on the comparisons of well-being oveeti@ther potential confounding
factors include reconstruction funds to the regiaffiscted by the 1997-98 EIl Nifio
event (Comisién Econémica para América Latina @alibe, 199%) which may
have improved the well-being in the areas affectdigérnatively autochthonous
reactions to the event such as migration of thestsoit populations away from the
areas affected during the period 1998-2001 cowe had an effect on those areas
although migration after 1998 was still a more camroption in the Andes rather
than the Coastal region (Hall, 2005; World Bank4£00

Similarly the well-being indicators for 1990 maytmeflect the pre-El Nifio situation
although the period between 1990 and 1997 wasswlatile as the period between
1998 and 2001.

Other factors that confound the analysis is th#h biwe poverty headcount ratios and
the mean consumption values are based on estinaéites than observed values of
household rather consumption (Larrea, 2005; Laf®86) and differences between

methods and models can have an impact on the ¢stiha

The analysis in this chapter has shown that tleeesidence to support the
hypothesis that the 1997-98 El Nifio event had ainegeffect on household
consumption which was manifested as increased pyolkeadcount ratios at the
district level. Areas affected by El Nifio experied@reater deterioration in
household well-being than other regions of Ecuallotr other macro-economic
factors and the long time period between the twa dats make it difficult to isolate
the impacts of the 1997-1998 EI Nifio.

3 CEPAL note that capital expenditure rose as agutam of GDP in 1998 due to reconstruction in
regions affected by El Nifio.

% The district level values of poverty headcouniordiffer between those calculated by Larrea (2005)
and World Bank econometricians (World Bank, 2004).

132



The analysis provides some insight into the gedgcapareas which might
experience negative effects in subsequent El Nvigéots (Figure 17). These insights
would need to be augmented with data from a lodgitl survey designed
specifically for the purpose of understanding thact causes of changes in poverty
during the period 1990-2001 and the medium-termaictgpof the 1997-98 El Nifio
event. Alternatively an investigation of the peroeps of the causes of changes in

well-being should be considered (Figure 4).

The analysis also raises issues about existingsssats of exposure to natural
events and the need for improved models of expdsuteod and landslide events
that are transparent, modifiable and replicables Tdpic is investigated in more

detail in the next chapter.

133



Chapter 4 : District-level exposure to flood and

landslide hazards

4.1 Introduction

Many of the negative impacts of the 1997-98 El Ne#fitent were caused by floods
and landslides, either directly through the lossrops and destruction of dwellings,
or indirectly through water-borne diseases andkddaoads. The objective of this
chapter is to produce and validate a model of exgo® flooding and landslides that
corresponds to an extremely strong El Nifilo evehé dhapter will review existing
assessments of flooding and mass movements in Bgueslwell as methods used in
other countries to model these. Subsequent sectitindescribe the construction of
models for Ecuador using the most appropriate alatbmethods for assessing floods
and landslides in Ecuador. These are followed tigeussion of the results of the
selected methods.

4.1.1 Floods and L andslides

Floods occur when water cannot be transported ¢ffiroun-off channels or via the
soil due to stream channels already at their capacito soil which is saturated with
water and cannot absorb more. Factors associatbdleods are precipitation
(duration and intensity), the ability of soils tosarb precipitation, the rate at which
run-off reaches channels, and the addition of dahat enters channels changing
their flow and capacity.

There are also interactions with mass movemendsitsf and rocks especially in
mountainous terrain where landslides can causdatmening of stream channels, the
subsequent rupture of these dams causes flastsfl@bidh can have severe effects
downstream (e.g. Basabe and Bonnard, 2002). Teenddence that the incidence of
flooding events, and not just their impact, is @ased by changes in land use, such
as urbanisation and deforestation (Bradshaw e2@0.7; Nelson and Chomitz,
2007).
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The areas affected by floods, especially sloweebigimg flood events associated
with the breach of larger rivers, are generallydgasdentify and assessments have
been directed towards the risk of particular fleveénts denoted by a return period,
e.g. 1in 20 year flood event (Gumbel, 1941). Thessssments have been used for
planning purposes and for the design of engineealaignces against flood waters
(e.g. Basset et al., 2007; Instituto Nacional deddmlogia e Hidrologia, 2005).
These very defences often only serve to move twalihg from one location to
another (Bankoff, 2003) and it becomes clear tloaids are not just a natural

phenomenon that can be managed using technologiealentions.

Landslides are the mass movements of soil and nebkse spatial extent varies
from the slump of a small piece of land to theajodle of half a mountain, and where
the rate of movement can be a slow creep over @scéala rock fall that is over in
seconds (Glade and Crozier, 2005).

Landslides are triggered by earthquakes (e.g. diledlal., 1995), volcanic eruptions
(Stillwell, 1992), human disturbances (such as @siphs and engineering work), by
stream erosion (Bell et al., 2007), by heavy rdirff&#ang, 2005) or a combination

of these events. The location, frequency and sgvefriandslides is more difficult to
predict than for floods but there are some fadioas will increase the probability of
an event, notably the topography, soil and undeglgeology and to some extent the
amount and type of vegetation cover (Lee and CZaf4).

4.1.2 Past assessmentsin Ecuador

4.1.2.1 Flooding

There have been numerous local assessments oirftpadd landslides in Ecuador.
The Defensa Civil, the body responsible for disaster planning asdaese, has
produced maps of geological and hydrological haz&yda number of urban areas
(e.g. Figure 30). These maps are generally noigiomis, and | observe that the
methodology used to create these is poorly destrdoed the source data are not

available. As such the accuracy of these assessnsatitficult to assess.
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Figure 30. Hazard map prepared for the Defensd foivihe town of Tosagua, Manabi.

Areas in blue are liable to flood; areas in dardwor are susceptible to landslides and mudflows;
areas in green are low danger areas; areas inyldjlotv are of low susceptibility in their current
state; areas in orange are of medium danger dsevire soil erosion (Direccion Nacional de
Defensa Civil, 2003)

There are national maps of areas that are sustemiiiooding and other hazards
which are published as part of the national sysiésocial indicator® (SIISE). The
maps for flooding are a compilation of (a) areasciinave been historically
affected by floods, and (b) areas deemed vulnetaldleods (Figure 31). The
principal flooding events considered in SIISE wire 1982-83 and the 1997-98 El
Nifio events. The spatial extent of the 1982-83ding is thought by Demoraes and
D’Ercole (2001) to be less accurate given a nurobeonflicting sources, while the
1997-98 event was investigated more systematibgliyne meteorological and
hydrological institute (Instituto Nacional de Metelmgia e Hidrologia, 1999 cited in

Demoraes and D’Ercole, 2001).

40 Sistema Integrado de Indicadores Sociales deldecu@nstituto Nacional de Estadistica y Censos,
2008)
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The areas that are potentially liable to floodppposed to flood occurrences, have
been modelled by Demoraes and D’Ercole (2001) @setlhreas below the 40metre
above sea level contour level regardless of theg@phy or presence of stream
channels. The authors themselves recognise theafians of the method (2001,
pgl5) although offer little support for the choafethe contour.

v
pU

B

B Breached rivers 1997-98
Localised Floods 1997-98
Areas flooded 1982-83
Areas below 40m

Figure 31. Areas flooded during El Nifio eventsiable to flood

Another assessment of areas vulnerable to floodegyproduced by the national
remote sensing cenffg CLIRSEN) in association with the council for roatal
security” (COSENA). These mafsshow areas affected in 2002 in the provinces of

“! Centro de Levantamientos Integrados de Recursas&les por Sensores Remotos
2 Consejo de Seguridad Nacional
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Manabi, Los Rios, Guayas and Esmeraldas, as watkas vulnerable or very
vulnerable to flooding. The methodology of thisesssnent is not given in the maps,
although there is some analysis of the impacteeflbods in terms of crops affected
as well as the crops in the areas vulnerable talftgy. These appear to have been
defined using topographical maps as a base, rtaAerany previous evaluations of
vulnerability. These maps are in digital format bte not publicly available.

There is a further source which shows three categof flood risk: (1) areas

flooded at all times (such as coastal mangrove ss8aand parts of the Amazon
region); (2) areas liable to flood in every raimason, and; (3) those areas vulnerable
to river breaches and heavy rainfallThe source of these maps is given by
DIPECHO as “INAMHI-SIG AGRO MAG” but the same map the INAMHI

website is credited to ODEPLAN, while in a repamdgiluced by CAF-SENPLADES
(2005) the source is given as “IG-EPN”. The CAF-$HENXDES report suggests that
the map has been produced using topographic, noédgaral and oceanographic
information but no information is provided on thecaracy of the map nor the
methods used to create it. This flood risk assessmaeot available for the whole
country but | have access to subsets of the data$election of counties, this source
is henceforth referred to as the CAF-SENPLADES sssent.

The assessments described above can be split icattwgories; (1) those maps that
show observations of areas flooded in particul@nés, and; (2) areas that are
susceptible to flooding under certain conditiond assumptions. The biggest
drawback in both cases is the lack of informatiarttee methodologies used to

create these maps and assessments of their accuracy

In addition to the spatial assessments of floodirggdatabases of events. A
comprehensive inventory of flood events has beempded in the DesInventar
database (Deslnventar, 2004) (see section 3.2h&)inventory is based on reports
of incidents, mainly extracted from national newsgra and dating back to 1960
(Figure 32 and Figure 34). Most incidents in thiealase include a description of the
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events as well as the number of people, houseloladrastructure directly affected.
Each incident is coded according to the countyalatation is recorded but more
precise geo-referencing for each incident wouldiregextensive local knowledge of
the populated places in each county which is redihg available in Ecuador. A

sample of these data is presented in Figure 32.

DesInventar 1960-2002
Flood incidents recorded
1-5
6-10
11 - 25
I 26 - 50
B 51 - 100

Figure 32. Number of flood incidents reported paurtty Canton) in the Deslnventar
database between 1960 and 2002

4.1.2.2 Landdlides

The only spatially explicit assessment of landsidethe national level in Ecuador
was carried out by Demoraes and D’Ercole (2001)modides a map of landslide
risk based on areas deemed susceptible in the INADRigital atlas and
augmented by a map of areas with slopes of ove(3@iris, 200Ly. These areas at
risk are based on general geological classificathort there is little metadata to

explain the methodology. The authors acknowledgettiis is a map of potential for

> Slopes derived from 30m resolution DEM createdviayc Souris using.:25,000, 1:50,000 and
1:100,000 Instituto Geogréfico Militar (IGM) Topaphic Maps, digitised by MS/IRD/MDMQ
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landslides and the result does not entirely com@itth actual occurrences due to the
influence of precipitation events such as thoseaated with the El Nifio
phenomenon. The authors also recognised that e pattern of rainfall can have
an influence on landslide occurrence and they tlieecase for the province of
Esmeraldas which suffered many landslides duriedl®97-98 El Nifio, but few in
the 1982-83 EI Nifio. They go on to mention othetdes which are likely to affect
the likelihood of experiencing landslides suchtesunderlying geology, the length
of slopes and the amount and type of vegetatiorrcdhe spatially explicit map of
landslide potential was subsequently summarisetidyuthors into an index for
each county taking into account the proportioraofd area in each county exposed

to steep slopes and susceptible geology (Figure 33)

) % Counties potentially affected
U'Jw | by landslides

[ | Not exposed

I [ 1<30% exposed

V4 ~ 1>30% exposed

- [ | >30% exposed & steep slopes

Figure 33. Potential landslide hazard per counsniDraes and D’Ercole, 2001)
A record of landslide events has also been comiteglire 34) in the Deslnventar
database (DeslInventar, 2004), but like the flooehévthese data are difficult to

pinpoint and instead are referenced for each county
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DesInventar 1960-2002

Landslide incidents recorded
1-5
6-10
11 -25

I 26 - 50

Figure 34. Number of landslide incidents reportedgounty ¢anton) in the Deslnventar
database between 1960 and 2002

Apart from these assessments and inventories atatienal level there have been
numerous studies for specific areas. As with flagdassessments of actual landslide
occurrence and landslide risk have been produaethéoCivil Defence institution

for localised, generally urban, areas (Figure 86luding 4 zones of the Ecuadorian
province of Manabi (Direccion Nacional de Defen$al(2003; Escuela Politécnica
Nacional and Direccién Nacional de Defensa CivilQ@), one of these studies
around the coastal town of Bahia de Caraquez (lzss@uwditécnica Nacional, and
Direccion Nacional de Defensa Civil, 2000) is inaara that appears to have a low
risk of landslide events (Demoraes and D’Ercolé@13®ut was severely affected
during the 1997-98 El Nifio event. These studidarmdslide risks concentrate more
on the geology than on the soils, and have basedatsessment of landslide risks
on geotechnical evaluations taking advantage afdiahe inventories, local
knowledge and primary data capture of sub-soil grigs. These assessments

produced landslide hazard maps at a scale of DQPy@ould be difficult to replicate
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at the national level, and show that the determig;ahthe different kinds of
landslides vary according to location. The only coon factor in these studies was
the trigger of intense rainfall during rainy seasand especially the 1982-83 and
1997-98 EI Nifio events.

In Northern Ecuador Tibaldi et al. (1995) concetatian a particular seismic event
and analyse the distribution of landslides to deawclusions on the factors
determining mass movements and found the most teapoiactor was the

interaction of the seismic triggers with fault lgnén the southern Andes of Ecuador
Brenning (2005) tests a number of classifiers efghesence or absence of landslides
including logistical regression and machine-leagrtechniques to predict the

location of landslide events in a small case sara of 12krh This study validates
the classifiers using landslide data from outsidetest area as well as the location of
‘future’ landslides. This study like others abowaslthe advantage of a spatially
precise inventory of landslide events from différeéme periods but provides no
detailed information on the co-variates used fad#ide prediction. Other studies
include the Paute watershed in the eastern caaitiethe Andean region of Ecuador
(Basabe and Bonnard, 2002), which focussed on atastcophic event and
implemented a vulnerability assessment in a sme#l But does not give full details

about the most important variables.

The most useful study undertaken in Ecuador foessssg the vulnerability of the
population and infrastructure to landslides is thaDemoraes and d’Ercole; this is
the only assessment that is national in its sddlere are improvements that could be
made however, and it is clear from a comparisah@DesInventar inventory of
actual landslide events with the Demoraes and dlEmmethodology, that the risk of
landslides (which considers the triggers of lart#sl) needs to be considered rather
than just the potenti&@l A problem with the method of Demoraes and D’Eedel

that steep slopes are only considered in areasatksusceptible to erosion due to
their geology. The area surrounding Bahia de Caaguhich has slopes greater
than 12°, was not considered susceptible. In amdttie authors seem not to have

used the highest resolution DEM available fromrteeurce data (Souris, 2001).

“® There is no significant correlation between thenher of landslides recorded per county in
DeslInventar and the potential exposure classdgibéemoraes and D’Ercole study
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Slopes derived by the author using a 30 m resolgimw large areas with slopes in
excess of 12° which do not appear in the maps ofidaes and D’Ercole. It is
therefore assumed that they decreased the resohftibeir elevation data in some
way. These observations highlight the deficienmese description of the
methodology used to create the landslide potemtzad and justify the creation of a
new national scale assessment of potential exposlaadslides.

4.1.3 Assessments elsewhere

Future analyses of vulnerability in Ecuador shdagdnformed by efforts in other
countries. The geographical extent at which flond &andslide assessments are
carried out has a significant bearing on the apgrased; in general the larger the
extent the simpler the model. The following two sdttions, therefore, explore the
methodologies of national level assessments otlftapand landslides in other
countries, as well as drawing on the findings atlsds in smaller areas. The
availability of data, however, will be a key detémant of the most appropriate
methods for landslide and flooding assessmentsuador.

4.1.3.1 Flooding

Islam and Sado (2000) use remotely sensed imagesded areas over a three-
week period during a major flood event to deterniioed hazards in Bangladesh.
The authors do not attempt to model the flow ofewarcross land or along rivers;
instead they combine flood frequency and flood kefiservations with thematic
data on geology, land cover and elevation to rdnsiographic units. These units
are then aggregated by administrative divisionztwide flood hazard rankings for
decision-makers. This method is appropriate foaadgkadeshi context where floods
are associated with overflows of large rivers itr@xely large catchments in several
countries over long durations.

Another national scale assessment, for the Czephlite (Rodda, 2005), uses a
river flow model to analyse the potential damages iasurance claims for different
rainfall events. The author uses a 100 m resolwgienation model within a GIS to

model areas at risk of flooding given certain ralhévents. Anything above a 1in 2
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year return period flood is counted as a flood éasial the author uses river rating

curves which allow the conversion of discharge &alto water levels.

Van der Bolt and Immerzeel (2002) also proposenteygrated model for regional
flood risk assessment. The model simulates extramé&ll events and provides a
spatial output showing areas which are flooded. bdel — SimGro — uses as input
rainfall intensity and location as well as grountkvdevels, indeed the model was
designed for agricultural water management purpimsa€European setting, but the
management of surface flow requires informatiorcloannel profile, plan and
discharge (van Walsum et al., 2005). As a residtrtray not be the most appropriate
model for flood assessments in Ecuador where {hegt@aphy is a decisive factor in

many areas.

Assessments at smaller scales are typically morplsx and require a great amount
of high resolution spatial and temporal data. Rstance vegetation can intercept
rainfall, absorb water (Braud et al., 2001) and d@decrease both the amount of run-
off and the velocity of overland flow (Abrahamsagt 1994; Siepel et al., 2002; Jain
et al., 2004), reducing the likelihood of floodidgwnstream. Changes in vegetation,
notably deforestation, have been shown to havgrafisiant effect on frequency and
severity of flooding’ (Bradshaw et al., 2007; Gentry and Lopez-Pard&B0};
conversely model results of reforestation scenaimsv a reduction in discharge and
an increase in the lag time between storm eventpaak stream discharge
(Bahremand et al., 2007).

An example of studies at these scales is provigednbl et al. (2005) who couple a
rainfall-runoff model with a hydraulic model of eam flow to simulate flood events.
Hall et al. (2005) recognise that availability bése data has been a constraint to
accurately assess flood risks at the national stakey show that with advances in
national datasets (on topography, land cover, gex@mreced socio-economic data,
and flood defences) it has become possible to wskelimg frameworks that
combine statistical, hydraulic and hydrological reliidg at large scales to explore

management and future climate scenarios. In andeciza context the data

4" However these changes in vegetation have beemsto have an effect on flooding in catchments
only up to a size of 50,000 Ha (Chomitz and Kumk®i98).
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available are likely to determine the method | imseassessing the impact of floods

associated with El Nifo.

4.1.3.2 Landdlides

There are few assessments of landslide hazardmislity or risk at the national
level, and assessments at this scale tend to erhplaystic and qualitative analyses
(Glade and Crozier, 2005) matching the complexitthe model with the availability
of data. Castellafios (2005) produces a landslideegtibility map for Cuba based
only on 2 topographic variables, maximum slope argld a measure of ‘internal
relief’. The second measure gives an indicatiothefgeneral topography of an area
and is measured in the change in elevation pér Rastellafios uses the Shuttle
Radar Topography Mission (SRTM) elevation dataséha basis of the topographic
indicators but recognises that no triggering meidmas are considered in the
analysis. Reichenbach et al. (2003) also use tld@vS#ata in their analysis of
landslide hazard and risk in Italy; this unpubldistudy uses climatic, soil and
topographic data to predict the absence or pres#fileadslide occurrences at the
municipal scale in any given year. A national lexgtessment of landslide
susceptibility for Germany uses spatial informatdrslope and lithology but applies
expert knowledge in different regions to derivealbcrelevant classes of
susceptibilities (Dikau and Glade, 2003). GuzZ21i00) attempts to assess the risks
(frequency of human deaths) associated with laneslin a national context and
shows marked differences in risks between ruraliaben as well as between gentle
and mountainous districts, however the author askerges that cross-national
comparisons are difficult given the different treggogng mechanisms and
susceptibilities. In one of the few assessmenlarafslide susceptibility at a global
scale Hong et al. (2007) include both soil type soititexture as primary
determinants of landslides. The authors make thgnagtion that coarser and looser
soils have a higher susceptibility to landsliddhaugh in the conclusion section
they note that areas with soils containing morg bave higher landslide

susceptibility.

Studies over smaller areas are almost always lasedvalidated against

inventories of past landslides which offer moreiap for analysis such as
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empirical, probabilistic or deterministic modeldd@e and Crozier, 2005). Despite
the difference in scale these studies offer insighto key variables for predicting
landslides as well as modelling frameworks and @ggites. Varnes (1984) provides
a comprehensive review of early efforts to prodasgessments of landslide hazards,
recognising the various spatial extents and tenhpoogression of mass movements
and the limitations of the zoning process. The @uthentions geology, rather than
soil, as a basic condition that contributes todingceptibility to landslides. However
the examples cited by the author show that theritoriton of geology is very site
specific. Because of the complex relationship betwgeology, soil and landslides
the factors have not been treated consistentlysoeptibility assessments. The scale
and scope of studies has determined how data asa geology have been
utilised. Lee and Choi (2004) consider soil texta@inage, material and thickness
in their weights of evidence method for a smaltigtarea of 68krh They found that
thick, coarse, well drained soils were most susbkepto suffer slides. Soil type
(related to lithology) is included as one of fivetural’ factors affecting the
likelihood of debris flows in a large study areacantral Taiwan (Lu et al., 2007).
The authors apply weights to different soils basedheir parent material from
alluvium (low) to shale (high). Gomez and Kavzof005) use soil types in their
neural net approach to landslide modelling. Thew gio prior weighting to the soil
types but refer to other authors who note thathlekness and cohesiveness of soils
is a factor in the likelihood and type of landsid&he authors were not able to
derive weights for the contribution of differentildgpes on landslide susceptibility,
a consequence of the neural network approach tislide susceptibility or

prediction (e.g. Wang and Sassa, 2006, or Lee aaddelista, 2006) used in the
study. Baeza and Corominas (2001) include soil tygkeir multivariate analysis of
shallow landslide susceptibility in the easternr8gia Pyrenees. They include five
soil types ranging from colluvium to bedrock in eraf their likelihood to fail based
on hydraulic conductivity and shear strength. Ttoeynd however no significant
relationship between soil type and landslide susdaiéify, which they attribute to the
homogeneity of soils within the study area. Laraed Torres-Sanchez (1998)
meanwhile, have difficulty in separating the cdmition of soils from other factors
such as topography and triggers such as rainfafitswvhich coincide on steep
slopes. In their study they do not include soila @®tential contributing factor to

landslide occurrence. In contrast Neuhauser ankofgr (2007) found that soil type
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and geology were the strongest factors linked Vaitialslide susceptibility in their
study of 500krh of the Swabian Alb of south-western Germany.

Zaitchik et al. (2003) take a different approacH aallect soil samples for their
deterministic slope stability model in a 46kstudy-area in Honduras. Mason and
Rosenbaum (2002, cited in Liu et al., 2004) useralznation of geotechnical
information derived from field observations and otety sensed data, and a high
resolution digital elevation model derived fromretepair aerial photographs. These
are combined within a GIS to produce an assessbased on slope instabilities.
These techniques follow from Mantovani et al. (19860 provide a summary of
previous studies on landslide hazard assessmdrgsatthors refer to Brabb et al.
(1972) who produced a regional scale analysis basguevious landslides,
maximum slope angles and the soil parent matdriaé model was subsequently
modified and numerous other factors included inudtinariate analysis which was
the precursor for studies that utilise neural nekwdo produce probabilistic maps of
future landslides (Wang and Sassa, 2005) or Baydsahniques (Lee and Choi,
2004).

Datillo and Spezzano (2003) offer cellular autonsan alternative modelling
framework for simulating debris-flows. The sizetloé cells in this study is 2.5m,
and the kind of processes would be difficult toe&for a country the size of
Ecuador. Besides which the purpose of my assessmeat to model flows but
rather to assess the propensity of a rather laege(aells of 100*100m) to
experience mass movements. In the model | propade eell would be independent
of spatially contiguous cells although in realitgte are linkages which could be

incorporated by the use of slope curvature vargble

Fabbri et al. (2003) seek to dispel some mythscatsnl with landslide prediction
using spatial databases. Most of these myths reddtes quality of the information
residing in the spatial database. They show thediption using multiple datasets in
areass 200 km? is not always more effective than a more limitet(for instance
just topographic variables). Other studies have sif®wn that maximum slope
angles (between 10° and 30°) are important predictblandslide occurrences along

with soil type/ geology (Neuh&user and Terhors@730
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Varnes (1984) discusses vegetation as a basictemnthat might inhibit the
formation of landslides. In particular the authives Prandini et al. (1977) and notes
six factors where forest cover either improves slsability or can contribute to
instability. Specifically vegetation is thoughthave a stabilising effect on soils
making land less susceptible to mass movementsifispdy by reducing pore
pressure and increasing cohesion and soil sheargstr (Gomez and Kavzoglu,
2005). Larsen and Torres-Sanchez (1998) groupdawer classes into three
categories based on the differing susceptibilitiatalslides. The categories range
from forest, which is considered as a landslidébimdr, to developed land or roads
which are thought to actively contribute to landslincidences. In their study in
Puerto Rico the authors find a strong relationgl@pveen the levels of human
disturbance and the incidence of shallow landsli@iésy attribute this relationship
to the impact on soil structure due to compact®wall as increases in shear stress
due to undercutting (for instance for road consiom¢ and the dumping of cut
materials. Gomez and Kavzoglu (2005) also categ@nisas based on the proportion
of forest, grassland and bare soils. However theat@et methodology used in the
study does not permit an analysis of the contrdvutf vegetation to landslide
susceptibility. Instead there is an assumptionetas previous work by Coppin and
Richards (1990) that forests will inhibit shalloantslides while bare soils will aid
their formation, an assumption which was confirrbgd_ee and Evangelista (2005)
in the Philippines.

Other studies and landslide modelling efforts hawebeen consistent in their
treatment of vegetation nor have their results shawtrong relationship between

landcover and landslide susceptibility.

Given the scale of my assessment and the likelyadoiigty of data in Ecuador a
heuristic approach based on a limited set of vesafsuch as slopes and soils) is the
most appropriate to produce maps of within-dissictceptibility. Validating this
assessment at the national level can only be asthiswperficially using the

Deslinventar database of landslide events (2004 ptieareferenced for each county.
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4.2 Data availability in Ecuador

The availability of suitable input data will be cral to the production of flood and
landslide vulnerability models for Ecuador. In fbowing sections | describe and

provide a critique of the datasets available.

4.2.1 Elevation and topogr aphic data

There are a number of potential sources of elenatada and derivatives in Ecuador.
These vary in precision, accuracy, and resolufitve most accurate sources of
elevation are those derived from the triangulatietwork in Ecuador. There are
primary and secondary networks of horizontal amticad control points maintained
by Ecuador’s national mapping agency the Militago@raphical Institufé. These
data are the basis for all cartography in Ecuaddrveould form the basis of the
most accurate representation of the topographyo&é&or. Unfortunately these
control points are not freely available and theo$ digitising contour lines from
large-scale cartographic sources made this opti@asible for this study.

Alternative sources of relief are derived from réensensing. The best resolution
dataset currently available is elevation data ftbenNational Aeronautics and Space
Administration (NASA) Shuttle Radar Topography Mass(SRTM). This is a grid
based dataset and each grid cell has a resolut®mam@ seconds (approximately 92
m at the equator), the vertical error in the ordjigataset is reported at £ 16 m at the
90% confidence level (USGS, 2006). Jarvis et &0 have shown that the SRTM
data are a significant improvement on earlier refyatensed sources (such as
GTOPO30) and elevation models derived from medicate® cartography but that
they are inferior to large-scale cartography wheingidifferential GPS as a
validation dataset. The SRTM source also has a runfbvoids (where no data were
collected) which have been filled using a numbealgbrithms and complementary
data sources, the vertical root mean square erithiei voids varies between 5 m and
20 nT° (Reuter et al., 2007) when compared with the nabSRTM elevation

model.

“8 |nstituto Geografico Militar
%91:50,000
*Y Depending on the method used and the topography
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Jarvis et al. (2004) show that there are some ena@bout using the SRTM for
hydrological models due to the large grid cellsivbweer the authors concede that the

dataset can be used for basic hydrological modgllin

4.2.2 Hydrological networks

The SRTM elevation grid (with voids filled) is usad the base for the
HydroSHEDS® suite of data products (Lehner et al., 2006). Haisset has been
designed for hydrological modelling at a regioradls and is potentially suitable for
analysis at the national scale.

The primary dataset is a hydrologically conditioméelation model. Depressions
and peaks which are thought to be artefacts cSREM elevation model are
removed, and stream channels are ‘burned’ intalthaset to a depth of up to 12 m
to ensure that flows are maintained along knowmoblbk. These burned stream
channels are based on ArcWorld (ESRI, 1992) anth&lbakes and Wetlands
Database (Lehner and Doll, 2004) and are smootsiad & buffer which is
approximately 2.5 kilometres either side of theatn centre-line where burning is
12 min the centre and 2 m at the edge. These roatiltins are clear when the
hydrologically conditioned elevation model is comgzhwith the original ‘void

filled’ elevation model (Figure 35).

One concern with the use of the HydroSHEDS sowrtleat the data are not
projected and as such are unable to be loadechbynder of modelling frameworks
(e.g. GeoHEC-HMS). Projecting the hydrologicallynddgioned elevation model or
any of its derivatives requires some re-samplingjiarvitably causes the dataset to

lose its hydrological integrity.

51 (Hydrological data and maps based on SHuttle Eil@vderivatives at
multiple Scales)
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Difference in Elevation: Void-filled SRTM
and Hydrologically conditioned DEM
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Figure 35. Depth of the burning used to delineat@nn stream channels in lower Guayas basin

National scale hydrological networks, such as thoskeided in the INFOPLAN
digital atlas or the Almanac Atlas of Ecuador (Alza Jatun Sacha — CDC Ecuador,
2003), are not accompanied by hydrologically-candid elevation models. The
absence of these complementary datasets limibkcation in hydrological
modelling. These datasets are of great value hawe\assessing the location of
stream channels derived from or explicitly includiedhe HydroSHEDS suite of
data. Indeed, there are some noticeable differdmegeen the stream channels
derived from the hydrologically-conditioned elewatimodel and those currently in
use in Ecuador. These are most severe in areag Wieze is little variation in

elevation (Figure 36), but are reduced in areageviaglleys are better defined.

*2 The difference between the hydrologically-conditid and void filled elevation models is often
greater than the 12m burning depth in channelscéspein mountainous areas and in low lying areas
which are already close to sea level and whictbareed deeper than 12m in order to maintain
channel integrity and downstream flow.
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Figure 36. Comparison of stream channels.

Middle Guayas basin and upper reaches of a tripatiathe Esmeraldas river in northern
Manabi province showing differences between therbi§HHEDS and Almanac Atlas
(Alianza Jatun Sacha — CDC Ecuador, 2003) streamreis

These differences in river channel locations indglar are consistent with known
deficiencies in the original SRTM elevation dateg(section 4.2.1.) used to create

152



the hydrological network, such as the resolutiothefsensor, and the confounding
of vegetation with ground elevation (Lehner a806, pg 14).

Despite the modifications to the HydroSHEDS eleratnodel, the dataset is an
improvement on other global or regional scale higdyical datasets — such as
HYDRO1k (United States Geological Survey, 2000Y)tlrer improvements could be
made — and are recommended by the developers datheet — with the inclusion of
the stream channels from digital atlases of Ecuadtite conditioning of the

elevation model; these modifications are beyondstiope of this study however.

4.2.3 Soils and Geology

The best resolution soil data available for the lod Ecuador are found in a
compilation of sourcédwhose original scale varies between 1:500,008¢n t
Amazon to 1:50,000 in the Andean region (Alianzad&acha — CDC Ecuador,
2003). This source contains information on the grsl@b-order and great group of
the soils using the USDA system of soil classifmat The source also contains
categories of slope, texture, depth, rockinessndge, liability to flood, depth of the
water table, pH, amount of organic matter, saliriyicity, fertility and
susceptibility to erosion. The suitability of thailsdataset will depend on a number
of factors, many of which are applicable to othigitdl spatial datasets. Finke (2004)
has described seven issues which can be considé&jqubsitional quality; (2)
attribute quality; (3) completeness; (4) semantialiy; (5) currency (temporal

relevance); (6) logical consistency, and; (7) loea

>3 See Appendix 6 for details of this source
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Comparison of soil map category
unit boundaries in southern Ecuador
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Figure 37. Comparison of soil map boundaries.

Boundaries between the basic soil class unitslo?%,000 scale sheet (Ministerio de Agricultura
y Ganaderia, 1974) compared with polygon boundafiesil units digitised from 1:50,000 soil
maps available in the Almanac Atlas of EcuadorgAsia Jatun Sacha — CDC Ecuador, 2003).

There are often trade-offs between these issuesdtance for the sake of
completeness there has been a combination of niajesent ages (currency) and
scales (lineage and positional and attribute gg)alithe positional and attribute
quality of the source is not presented although iossible to compare the national
level soil map with larger scale maps for smallexasa. These show that there has
been significant generalisation from the largetesozaps to those that were digitised
and which form the basis of the soils dataset fardelor (Figure 37). The
importance of this generalisation on landslidel@od modelling depends to a large
degree on the variables of interest and the siityilaf the sub-units that have been

aggregated.
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To give an example, a soil unit classed as an lugéht (fluvent entisol) in the
combined soil dataset is comprised of at leastriit$ of which 5 predominate (Table
23).

Table 23. Soil units aggregated from 1:25,000saip to form one unit in 1:50,000 scale
soil map in Macara canton, Loja province in thetsetn Andes

Code Sub-group Texture

Epb Tropaquent Sandy over clay
TAa-b Tropaquent Loam over mixed loam
TAa Tropaquent Loam over mixed loam
Pad Aquic Ustorthent Sandy

MDd Haplustol Fine clay over fine silt

Even the most detailed vector map representatibsgilocharacteristics used to
compile the soils of Ecuador include the “infinjtalharp boundaries” (Lagacherie et
al., p 275) between classes and it might be negegsaonsider producing more
fuzzy boundaries between the soil classes sincbdhrdaries are artificial and the

attributes are combinations of smaller units.

4.2.4 Vegetation

A number of land cover or vegetation maps are akibglfor Ecuador. The
INFOPLAN digital atlas (Larrea et al., 1999) incksda map of actual land use
comprised of 72 classes, which have been grouged ththemes, but the source and
original scale are unknown and the atlas containsietadata. An alternative
vegetation map (Sierra,1999; Sierra et al., 198%Ian Sierra et al., 2002) with an
original scale of 1:1,000,000 provides a spatiaémtory of remaining natural
vegetation in 46 classes but defines all othersaasantervened and does not
distinguish between different types of agricultuwwaurban land cover. A more
recently published vegetation map features in timafvac of Ecuador (PROMSA).
This has a greater spatial resolution than the IREE&N or natural vegetation maps
and has been produced from remotely sensed imagestlaer sources from the
1990’s (Alianza Jatun Sacha — CDC Ecuador, 2003k map has 93 classes and
includes both natural, agricultural and urban leader, as well as combinations of

these major classes. The process of constructinglditaset is explained in the
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metadata; the data were prepared for display &010P0 which has determined the
minimum size of the vegetation unit. This map appéa be the best source to use in

any landslide or flood models given the high spatma thematic precision.

Land cover is a dynamic factor changing from seds@®ason and the capacity of
vegetation to absorb water will also change dutimeggseason (for annual crops).
Despite this a ranking of land cover could be dedjgjoing from forest, through

pasture, perennial crops (such as bananas) theoughal crops to urban aréas

4.2.5 River levels and discharge

A comprehensive assessment of river levels andhdige over a suitable length of
time is required to provide the ‘ratings curve’ &ach river. These curves allow the
researcher to assess the discharge that will bteadbanks of the river at a
particular location. River flow levels and dischapta are also required to validate
the storm hydrographs produced by rainfall-runofidels.

Data from stream gauges at the resolution requaredlidate flood models for
particular events are not available in Ecuadocdmmon with other less developed
countries such as Colombia — Poveda et al., 200a)thly mean values of level and
discharge are available for a limited number adatn gauge locations on some of

Ecuador’s larger rivers (Figure 38).

These show that the relationship between dischemdeiver level is not constant,
neither spatially and temporally, due to the déferes in the shape of the channel
and the longitudinal profile of the reach. Studésivers in Ecuador (Instituto
Nacional de Meteorologia e Hidrologia, 2005) haze &ccess to long-term
hydrological records and detailed flood plain cresstions. These studies are very
local in nature, however, and are available fog\few sites. What is clear is that the
likelihood of flooding and the level of the flood chot depend on the discharge, but
the impact on the flood plain will be related te timount of water which overflows

the stream banks and is thus related to the digehar

** These could be based on catchment ‘curve numtberised empirically in the USA (United States
Soil Conservation Service, 1986) for runoff preidics in small catchments.
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Figure 38. Ratings curves for two rivers in coa&ihador.
Monthly average flows: (a) Daule (4 m = 408si) and (b)
Esmeraldas (4 m = 1,000°s) (Instituto Nacional de
Meteorologia e Hidrologia, 2007)

4.2.6 Precipitation

Excessive rainfall, both in duration and intenssty direct cause of flooding via run-
off, and an important trigger of landslides throwgiil saturation and erosion induced
slope instability. This can be seen in the relaiops between these events in
Ecuador and the incidence of floods and landsl{Begire 39 and Figure 40). The
relationship is far from perfect and depends orrégfall patterns as well as the
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reporting of the events (see section 3.2.2.1)dbes highlight the contribution of
excessive rainfall during 1997-98 El Nifio event.

Precipitation data are more commonly used for satnh and early-warning of
flooding (e.g. Toth et al., 2000) or landslidedheatthan for assessments of exposure
or susceptibility. This is because precipitatiomigre dynamic and stochastic than

other factors that contribute to susceptibilitylsas slope, drainage patterns and

geology.

Landslide events recorded in Deslnventar Database - 1970-2002
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Number of recorded events per year

Figure 39. Landslide events recorded in DeslInvatdtabase 1970-2002.
Frequency of reported events with extremely stiehijifio events highlighted in blue
(DeslInventar, 2004)
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Flood events recorded in Deslnventar Database 1970-2002
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Figure 40. Flood events recorded in DesInventaatuege 1970-2002.
Frequency of reported events with extremely stiéhlyifio events highlighted in blue
(DeslInventar, 2004)

Monthly averages of precipitation are availablebglby (Hijmans et al., 2005) at a

resolution of 1 km (Figure 41) but these capturéhee the intense rainfall events in
a normal year, nor the extremely large inter-anulifidrences.
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Figure 41. Annual rainfall in Ecuador

Rainfall data from meteorological stations arertiest accurate source of
information and records are often maintained farades. The spatial distribution of
these stations however is often not sufficientnfimdelling frameworks (see section
3.2.2.2) so interpolation is required. An altervatio interpolation is to use satellite
based sensors to monitor cloud cover and estimatéall according to cloud
characteristics. An example is the Tropical Ralrif&asuring Mission (TRMM)
(NASA, 2008; Simpson et al., 1996) which was lawettihn November 1997. The
relationship between these data and ground obsangas variable but these data
have been used in hydrological modelling (e.g. Adgal., 2007).

Given the importance of the El Nifio event for blathdslide and flooding incidents
there is great value in understanding spatial tdiiy and the differences in
precipitation between El Nifio and non-El Nifio ye&sction 3.2.2.2 discusses in
detail temporal rainfall anomalies. Monthly data $pecific years are available for a
limited number of meteorological stations situatethe coastal province of Manabi

and previous studies have derived maps of raiafadimalies (Table 21).
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4.3 Methods

4.3.1 Flood model

Despite the various assessments of floods in Ecubdee has been an improvement
over the past five years in the data that are abigl As a result it should be possible
for this research to construct a model that bedtantifies areas liable to flooding,
according to different rainfall scenarios. In admhtit is necessary to determine the
costs of those flood events or at least estimatgtpulation affected by flooding

and produce a rank of districts according to défgrainfall events, so that resources

can be directed to reduce negative impacts.

4.3.1.1 Anideal flood model

The ideal model would be spatially and temporaplieit with prior information on
water in the system in streams, soil and as groatelwPrecipitation would need to
be simulated at regular intervals, and distribgeatially. The interception and
evapo-transpiration would be modelled accordinthéovegetation and the
remainder of the water modelled as overland, sébseitand groundwater flow
(Beven and Kirby, 1979).

The modelling of these flows would be based ondrdiggically correct elevation
model with artificial sinks removed and naturalksimevised. The stream channel
locations and their dimensions would be known lgp@ihts. In addition it would be
necessary to take into account any structures mleditp control floods, or barriers
such as bridges or culverts that could cause fladgdraulic models would be used
to estimate the depth and velocity of stream flawsrder to identify the locations of
the overflow of stream channels and subsequendifigo The floodplain topography
would determine the depth and area of floods whiobld be used in conjunction
with databases on buildings, infrastructure andcatjure to assess physical

damages. Aggregate values would then be calculatexhch district.
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4.3.1.2 Constraints to producing an ideal model

The constraints to realising this deterministic elbdg framework are threefold: (1)
availability of, and access to, data; (2) modelliogls (software), and; (3) processing
and storage capacity (hardware).

Section 4.2 above outlines the data availablefenthole of Ecuador for key data
sets and it is obvious that due to a lack of datheanecessary resolution the ideal
model cannot be achieved. Rainfall-runoff hydrotadjimodels require simulated
rainfall data at high temporal resolution. Dailynfall estimates at a resolution of
0.25° x 0.25° for the period post 1997 are avalaising TRMM estimates but the
computing processing power required for modellinghsa large area are unavailable
for this study. A simpler approach is needed wimetkes best use of the available
data. The most important dataset available is yar¢SHEDS data which provides
a hydrologically correct elevation model. Inforneettion the upstream area at any
particular location can be derived using these.ddis upstream area needs to be
converted into discharge and to flood elevation twetice to areas flooded. Power
laws (Gupta and Waymire, 2000, cited in Povedd. e2@07) are commonly used for
relating basin area to mean and maximum flows gtihelsitionships are often
specific to a particular catchment. This can bex$smm the monthly mean and
monthly maximum discharge values for selected siverEcuador (Table 24). The
rivers with the greatest average discharge pértend to be located in the upper
reaches of the catchments but there are notaliéxahices between the relationships
of mean and maximum discharge values to upstreae @hese relationships will
depend on the precipitation regime in the upstraeea as well as interception of
precipitation by vegetation, and evaporation.
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Table 24. Comparison of discharge and catchmentdog gauges on selected rivers in Ecuador

Upstream Area (Catchment)

Average monthly disché@yer’s™

Gauge n (months) Area knf Rainfall mm/yr Slope °© Qmean QOmax  Qmean/km Qmax/knt

Carrizal 343 521 1460 14 12.648 105.026 0.024 0.201
Daule 246 9037 1767 6 208.402 1268.473 0.023 0.140
Esmeraldas 213 19470 1992 12 638.320 2135.829 0.033 0.110
Zapotal 380 2621 1665 14 137.844 665.216 0.053 0.254
Mira 357 4983 1183 17 146.129 389.933 0.029 0.078
Toachi 411 2135 1444 19 44,764 267.792 0.021 0.125
Pindo 463 507 1177 20 23.860 103.972 0.047 0.205
Puyango 474 2687 1330 19 84.626 462.002 0.031 0.172
Uchima 369 135 1052 24 3.036 49.299 0.023 0.366
Cebadas 277 1302 684 15 20.643 99.169 0.016 0.076
Tomebamba 445 1266 901 14 17.057 79.681 0.013 0.063

163



An ordinary least squares linear regression moasl ealibrated to explore the
relationships between flow accumulation, mean skpkmean annual rainfall on
the mean discharge at these 11 river gauge losaftidre model fit was very high
with an adjusted’rof 0.968 but the only significant explanatory aafe was the

upstream area (Table 25).

Table 25. Summary of model calibration of mean rhiyndischarge for gauges on selected
rivers in Ecuador

Unstandardised Standardisec

Explanatory variable Coefficients Coefficients t Sig.
Upstream area

(catchment) B Std. Error Beta

(Constant) -121.722 70.772 -1.720 0.129
Slope © 4.111 2.634 0.106 1.561 0.163
Rainfall mm/yr 0.037 0.039 0.077 0.951 0.373
Upstream area <0.01 <0.01 0.987 11.699 <0.01

(gridcells)
n=11; y = mean monthly discharge

The interaction between rainfall, slope and cataftraeea is complicated, although
when a new variable — rainfall * catchment areminiroduced there is a very slight

improvement in the model fit with the adjustédising to 0.970.

Catchments can be summarised using standardisee*cwumbers which are
empirical relationships based on observations efage runoff in a large number of
small catchments (United States Soil Conservatemi€e, 1986). The curve
numbers are used to modify the relationship betwleertharacteristics of
catchments and the discharge of rivers. Standardisere numbers for different
vegetation types and soil hydrological propertiesdt exist for Ecuador but they
can be created using a combination of the vegetatnal soil maps available for
Ecuador. While curve numbers are a useful guidbhedceeffect of soil and vegetation
on runoff and ultimately discharge they are onlggpical for use in small
homogeneous catchments and for specific precipitavents (United States Soil
Conservation Service, 1986). Nevertheless the tamecnumbers are included in the

simple model to predict mean monthly dischargdeatavailable river gauges. The
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inclusion of the raw curve numbers does not imprixeemodel calibratioti and the
variable is not significant.

Table 26. Summary of model calibration of mean rhiyndischarge for gauges on selected
rivers in Ecuador

Explanatory variable Unstandardised Standardise( t s
P y Coefficients Coefficients 9-
Upstream area B Std. Error Beta

(catchment)

(Constant) -7.196 12.951 -0.556 0.592
Upstream area 0.00027 0.000 0.984 16.642 <0.01

(gridcells)
n=11; y = mean monthly discharge

Given these findings and due to the theoreticdicdities of applying US curve
numbers to Ecuadorian land cover classes | willerthke assumption that discharge
is proportional to area using the coefficients frafmear regression model with
upstream area as the only explanatory variablel¢T2®). This decision is also based
on the fact that the El Nifio event was of a longatian and | will not be modelling
individual rainfall events (which might arise frastorm cells smaller in size than
large catchments [S6lyom and Tucker, 2007]).

4.3.1.3 Flood model for Ecuador

Since very few stream sections have publishedgsiturves relating discharge with
flood levels | will have to make assumptions alibese relationships. However an
analysis of the channel level and discharge foligiied gauges (e.g. Figure 38)
using curve fitting algorithms can give some inssghto the relationship. Curves
were fitted to the data selecting power functiohthe form

Level = a * Dischardge
Where a and b are constants

The results (Table 27) display a range of coeffitsdut the average value for the b

coefficient is close to 0.5 which suggests an isg&uadratic relationship between

52 of 0.968
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mean monthly discharge and mean monthly level.fltioel levels, however, are
difficult to discern from these curves without datam the flood events rather than

the mean monthly flows.

Table 27. Relationship between mean monthly rieeelland discharge at selected river
gauges between 1962 and 2005

Gauge n R a b

Carrizal 32¢ 0.711 0.271
Daule 23¢ 0.92¢ 0.201 0.50¢
Esmeralde 211 0.947 0.06¢ 0.59:
Zapota 354 0.687 0.04¢ 0.67(
Mira 35¢€ 0.95: 0.10¢ 0.54:
Toach 411 0.91¢ 0.21¢ 0.58(
Pindc 40z 0.85¢ 0.05¢ 0.75¢
Puyang: 43¢ 0.95¢ 0.03¢ 0.751
Uchime 221 0.94( 0.55¢ 0.34:
Cebada 27¢€ 0.961 0.64¢ 0.25(C
Tomebamb 414 0.86° 0.16¢ 0.51¢

The flood level and the discharge will also deterrtihe area of the floodplain
adjacent to the stream which is flooded. In thigiedd will assume that the area
liable to flood is determined by the differenceslavation between upstream cells
and the stream flood elevation. Both upstream &edus cells are based on the
HydroSHEDS hydrologically conditioned elevation rebarhich has a resolution of
approximately 92 metres. The upstream cells foh sieam section are identified
and given the same elevation value as the stread@ 2005) the flood level is
added to the new elevation grid and if the new gricigher than the original
elevation the cell is deemed to have flooded. éasiof gentle terrain it will be
necessary to place limits on the distance the flatkrs can travel and buffers can
be included in the model at distances relativénéodischarge or upstream area. This
is repeated for each flood level and the flood sisra merged. Any areas below sea
level (due to burning during HydroSHEDS developmeant given a value of 0
metres above sea level. Different flood levelsgaven based on the assumption that
discharge is relative to upstream area based orelgonships observed between
flow accumulation and discharge (Table 26) andherélationships between

discharge and flood level (Table 27).
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This gives the formuf&:
Flood Level = a * Discharde

Wherea=0.2;b=0.5
and Discharge =-7.196135279937 + 0.00026842809B8Upstream area

This results in a maximum flood level of 11.9 metwehich is a reasonable value for
the largest rivers but the formula does not giieesfor streams with an upstream
area less than 26,808 grid cells (or approxima2&Mknr).

Given this | have decided to simplify the modeatsimple relationship between
flood level and flow accumulation where the maximilmod level encountered is 10
metres. Rather than apply the formula to every geitlin the flow accumulation

grid (which is potentially computationally intensiM have decided to split the
streams into different sizes based on their upstra@a. A maximum flood level of
10 metres is applied to all streams that have atregm area above 1,312,478rid
cells (approximately 11,100 K A square root curve was fitted between this poin
and the intersection of the x and y axes at a le8Ilmetres and O cells of flow

accumulatior®. The resulting curve is defined by the function:
Flood Level = (0.0000762 * upstream afea)

This gives the values for the upstream area fockhifferent flood levels will be
applied (Table 28).

Even in the biggest rivers the level is unlikelyetacceed 10 m (above the mean flow)
so smaller values should be also be consideredc@ount for this | will run a
sensitivity analysis on the flood levels and onftbed buffers, and assess the

differences in the flooded area per district.

*® The values for a and b are based on the averdgesvaf a and b in Table 27

>’ The maximum flow accumulation in the dataseti{@305w080) is 13,124,790

%8 For large values of flow accumulation the curvitted for river gauges give negative values for the
level so a square root function was used insteaddtiotain positive values.
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Table 28. Flood levels and buffers applied to siiehased on upstream area

Upstream area (grid Maximum Flood Flood Buffers

cells) Level around streams
1,312,479 — 13,124,790 10m 20km
328,120 - 1,312,479 5m 10km
209,997 — 328,120 4m 8km
118,123 — 209,997 3m 6km
52,499 - 118,123 2m 4km
13,124 — 52,499 1m 2km
1,000 - 13,124 Om 500m

I will run three different simulations (see Appexdi that alter the flood levels and

buffers:

1. No limit on distance that flood water can flow,dtblevel determined by
upstream area (Table 28). Maximum flood levels {fierlargest rivers) are
simulated for 2 m, 5 m and 10 m. There is verielittata on observed maximum
flood levels in Ecuador, so these levels are egpioy and based on reports of
the impacts of the 1997-98 El Nifio event (e.g.ilasi Nacional de
Meteorologia e Hidrologia, 2005, pgl6 and Direcdiational de Defensa Civil,
2002).

2. Distance that flood water can flow limited by buffBuffer distance is
determined for each stream segment according toe#ps area. Maximum
buffers (for the largest rivers) are simulatedZ6rkm, 10 km and 5 km. Flood
levels are the same for all streams. Flood lev&senulated for 2 m, 5 m and 10
m.

3. Both buffer and flood level determined by flow aocauation. Maximum buffers
(for the largest rivers) are simulated for 20 k@ kin and 5 km. Flood level is
determined by flow accumulation. Maximum flood |ev@or the largest rivers)

are simulated for 2 m, 5 m and 10 m.

168



4.3.2 Landdlide model

4.3.2.1 Anideal model and constraints to producing it

The ideal landslide model would be based on:

e adetailed inventory of past landslides

» for each landslide incident the relevant geotedinidormation including
topography, land-cover, soil and geology, and edifffistory

* potential triggers e.g. human-induced and seisveats (Basabe and Bonnard,
2002)

The model might be based on logistical regressiaroold use artificial neural
networks to seek relationships between landslidemences and the co-variates
mentioned above. A surface showing probabilitiegoéislide occurrence would

then be produced.

As with the flood model there are three main caists; data, software and
hardware. In the case of the landslide model tble ¢d precise georeferenced data
on landslide occurrence is the key constraint. Assalt a model of landslide hazard
risk for Ecuador will be limited to hypotheticahks between landslides and data

available at the national level.

Following Glade and Crozier (2005) | will therefgyeoduce a series of models
starting with a simple model similar to that propd®y Demoraes and D’Ercole
(2001) based just on maximum slope gradient. | théh incorporate two other

potential determinants of landslides: soil andgger factor corresponding to El

Nifio rainfall anomalies.

4.3.2.2 Landslide model for Ecuador based on slope only

Both Castellafios (2005) and Fabbri et al. (2008¢ pmoduced assessments of
landslide susceptibility using topographic charastes alone, among which
maximum slope angles are the most important vaidbémoraes and D’Ercole

(2001) use a slope angle of 12° to differentiatevben areas at risk to landslides.
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The actual gradient at which a slope fails will éiegp on many factors but if
assumptions are made about the depth and typetefiaiahen slope stability
models (e.g. Alcantara-Ayala, 2004) can providégims into the effect of slope on
the probability of failure.

The infinite slope model is used to provide a nghmber which is referred to as
the Safety Factor. A value of 1 is the thresholivieen slope failure for values less

than 1 and slope stability for values greater than

_ C+(y-my,)zcosfBcosfBtang (12)
yzsin S cospf

S

Where C = cohesion ( a property of the materialsuesd in kKN/m, values vary between 12
and 35 in the Alcantara-Ayala study.

v is the unit weight of slope material measuredNiini’, values vary between 12 and 22 in
the Alcantara-Ayala study.

vw is the unit weight of water measured in kR/m

z is the thickness of slope material above theegidne, values vary between 3 and 7 m in
the Alcantara-Ayala study

Z, is the thickness of saturated slope material ablealide plane

m is the vertical height of the water table abdweglide plane, expressed as a fraction of
total thickness

B is the slope of the ground surface which is assupagallel to the slope of the failure plane
¢ is the internal angle of friction , values varyween 21 and 40 in the Alcantara-Ayala
study.

(Alcantara-Ayala, 2004, pg37)

In the worse case where cohesion is absent, wherangle of internal friction is at
the lower end of the normal range and where thdevager above the slip plane is
saturated the safety factor of 1 is breached jelstvba slope angle of 10°. Whereas
for material with a cohesion value of 100kN/nand where the water table is only
halfway above the slip plane the safety factor valug isfnever breached. Using
average figures from Alcantara-Ayala (2004) thesafactor value of 1 is breached

at a 40° slope.
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This analysis suggests that landslides could ocagwlopes as low as 10°, but would
require saturation and the right type of matenadiile the conditions for landslides
on slopes above 40° are far more likely and thasdtareas are more susceptible.
For this slope-only model | assume that slopesvibdl@® are not susceptible, while
those above 30° are highly susceptibl#Veights are applied to slopes derived from
the SRTM digital elevation model (Reuter et al.02p0for the whole of Ecuador
(Table 29). Not enough information is known to deabmore probabilistic
derivation of weights but they are logical and m@e nuanced than those applied
by Demoraes and D’Ercole (2001).

Table 29. Weights applied to slope according taspisbility

Slope Susceptibility Weight
0-10 Not susceptible 0
10-20 Low susceptibility 0.25
20-30 Moderate susceptibility 0.6
Above 30 High susceptibility 1

4.3.2.3 Landslide model for Ecuador based on slope and soil

This model is a multiplicative index of soil propes. Following Hong et al. (2007)
and Lee and Choi (2004) | shall give greater weiglsoils that are relatively
thicker, coarser and well drained. The weightetirmap will then be combined with
slope (using the model in section 4.3.2.2). Thewitli have a moderating effect on
the slope such that a shallow, impervious soil mitluce the effect of the slope by
0.5, while a well drained, deep and loose soil /e no effect on the slope. | shall
use the soil map of Ecuador (Alianza Jatun SadiB€ Ecuador, 2003) to provide
weights (Table 30). The categories in Table 30caresistent with the soil map of
Ecuador but the values are exploratory since Homdy éo not publish the value of
the weights used in their global landslide model.

It can be seen that a shallow, poorly drained, stalywill have a weight of
0.8*0.8*0.8 = 0.51.

%930° rather than 40° was chosen so that slopes to$ut slightly lower than 40° would be
included in this class
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Table 30. Weights applied to texture, depth anthdge of the soils of Ecuador

Map code Description Weight

Texture group

1 Coarse sandy 1

2 Moderately coarse 0.95
3 Medium 0.9

4 Fine 0.85
5 Very fine 0.8
Depth

1 0-20cm 0.8
2 20-50cm 0.86
3 50 — 100 cm 0.94
4 >100 cm 1
Drainage

1 Excessive 1

2 Good 0.94
3 Moderate 0.86
4 Poor drainage 0.8

4.3.2.4 Landslide model for Ecuador based on slope, soil and precipitation

anomalies

This model is a simple extension of the model desdrin section 4.3.2.3. Those
districts which experienced large precipitationraates experienced during the
1997-98 El Nifilo phenomenon in excess of 100% haea Identified (section
3.2.2.2). Areas affected are given a value of lewiose less affected a value of
0.5.

The rainfall anomaly index is then multiplied bytbombined slope and soil index
described in section 4.3.2.3. The resulting modedggvalues between 0 and 1 where
the highest values are for slopes above 30° widip deell-drained, coarse soils in
districts that experienced large positive raind@bmalies during the 1997-98 El

Nifio event.

4.3.3 District-level assessment of landslide and flood exposur e potential

The flooding and landslide exposure models desdrat®ve will be used in
combination with socio-economic data to assessuherability of districts,
allowing for the better targeting of resourcesdimaster mitigation and

preparedness. The exposure value for each disamcbe expressed as a percentage
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of the area of the district affected. This is e@msgalculate and is especially suitable
for evaluating the potential impact of floods aaddslides on natural capital assets
such as agricultural land. Alternatively the expestould be calculated as a
percentage of the population affected. This appgrasmore suitable for assessing
the potential exposure of human and physical ciapiterelies on the availability of
accurate and spatially explicit population data.

Data on population density have been modelled émaBor based on the location
and size of settlements and interpolated in betWEeaCiencia, 2002). This method
assumes that areas between settlements are mbhe demsely populated closer to
known settlements than areas further away. Districiensus sector population
figures were not used to modify these surfaces.

Other global population density surfaces e.g. GattBopulation map of the World
(GPW) maintain district level total population vatubut do not distribute the
population according to the location of settlem&hisn important modification to
the GPW is the Global Rural Urban Mapping Proj&RUMP) which has sought to
better distribute population into rural and urbagaa (Balk et al., 2004). This dataset
benefits from the same fine-level population datadiin GPW and also uses night-
light imagery to define the extent of urban ar&aging processing a routine is
employed to distribute the population of each adistriative unit while maintaining
national thresholds of urban and rural populatiendities.

An alternative global source is the LandScan datloé population products
(ORNL, 1998). The LandScan products provide a @athst takes advantage of a
number of spatial data inputs to create a modtietistribution of population.
These inputs are roads, slopes, land cover, paulfdaces, coastlines, night light
imagery, as well as exclusion areas and urban tyeflastors (Dobson et al., 2000).
The disadvantage of the LandScan dataset is thgviedly coarse population data
used, which in Ecuador is at the provincial ratihan the district level (Balk et al.,
2004).

Using the GPW dataset adds no value to the assetsfrtée population potentially
exposed to floods and landslides so | will use boehGRUMP (for 1995) and the

80 apart from the pixels at the boundary of the iistvhich are modified depending on the density
value in the neighbouring district
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LandScan2006 datasets. GRUMP data are availabfeifoerous dates and the same
method is used to allocate the population, for shisly there are data for 1995 and
2000. | shall use the data for 1995 to weight ttypeure maps for the pre-EIl Nifio
situation. LandScan products are more difficuitéonpare due to changes in the
methodology used, | therefore use the most up-te+oablicly available product for
South America which is LandScan 2006.

These grids are used to calculate the total papulat each district that is in the
area liable to flood or experience landslides. €hedues are then compared to the
total population and the proportion exposed todheszards is calculated. Where
weights are created, for instance in the landshideels, then the population will be
multiplied by the weights and the proportion of thregulation affected per district is
then calculated. In Figure 42 the sum of the pdmras 14,425, the weighted
population sum is 772. The proportion of populatbiected is approximately 5%.
The area affected, however, is 36% when the sanghtigy is applied to the area,

without considering the population.
This will give a value that shows relative diffecels between districts, counties or

provinces. The mean value is complemented by theduhe weighted population

potentially affected and is a useful indicatorttoe distribution of resources.
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Weights

100 | 100 | 60 60

50 50 40 40

Weighted Population
40 | 40 | 0 0

0 25 120 | 120

10 25 16 400

Population
16 | 40 0 0

0 25 | 200 | 200

20 50 40 | 1000

40 100 | 250 | 4000

0 500 | 3000 | 5000

Figure 42. Weighting population using models of@syre

Due to the difference in resolutions between tbhedland landslide models and the
LandScan population data (in ESRIgrid format) the flood and landslide results
needed to be resampled to the coarser populatian Tae algorithms used in the
resample tool within ArcGIS software are unsuitdbleresampling from a 92 to 929
m cell size. The default resampling algorithm is tiearest neighbour method, but
this only takes into account the 4 values clogetiie centre of the larger cell. Even
the more complex bilinear and cubic functions dbaabculate the mean of all the
smaller cells within the larger cell. To overcorhestproblem | needed to convert the
model results to points, located at the centreacheaster cell. | then used a
statistical function to calculate the mean valugéhefpoints within the larger cell size
of the LandScan population grid. This has disacvges in the long processing time
but gives a more accurate result than the rastenmpling algorithms (see Appendix
8).

175



4.4 Results

The results presented here are organised in thiesections. The first two sub-
sections report on the area affected accordingadldod and landslide models
respectively. In each of these sub-sections tHerdiit flood and landslide
simulations are contrasted, and are compared h&most precise existing
assessments of floods or landslide hazards.

The third sub-section aggregates these resulteatistrict level according to the
area affected as well as the population, usingdistinct population data sources.
These results allow for the subsequent combinatitimsocio-economic data in
Chapter 5 to produce vulnerability assessmentsappcbach the kind of information

useful to policy analysts and national or regiguiahners.

4.4.1 Flood model

The simulations which capture the different assuongtof the effect of flow
accumulation on flood levels and potential floodaaproduce very different results
in terms of the flooded land area. The resultdidtlamodel runs can be summarised
in terms of the area flooded for each region amdhe whole country (Table 31).

The differences between model runs are more orclassistent across regions
although it could be argued that the effect oftib#fer is most apparent in the Coast
and Amazon regions where there are large aredatdéfrain situated next to large

rivers.

Choosing a specific model is therefore problemaid the impact on hazard
assessments and for the ranking of districts ismt@lly large. The results of each
model run can be partially validated by a comparisith existing flood assessments
(see section 4.1.2.1), although it has to be rasedrthat the model shows potential
flood areas, which may differ with observed floodas for any given rainfall event.
Nevertheless these comparisons are useful forsasgdbe differences between

simulations.
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Table 31. Area flooded by region for each flood eiagimulation

Areaflooded by region (km?)

Flood M odel Ecuador Amazon Andes Coastal
Flood level applied equally to all streams withingfer

10 m Flood no buffer 38,180 18,945 1,616 17,619
5 m Flood no buffer 21,346 9,040 674 11,633
2 m Flood no buffer 10,621 3,706 260 6,654
Flood level applied equally to all streams and éuffistance applied according to flow

10 m flood and 20 km maximum buffer 30,966 14,660 ,531 14,775
10 m flood and 10 km maximum buffer 24,116 11,265 ,401 11,449
10 m flood and 5 km maximum buffer 15,608 7,402 41,1 7,064

5 m flood and 20 km maximum buffer 18,324 7,684 650 9,989

5 m flood and 10 km maximum buffer 15,116 6,343 597 8,175

5 m flood and 5 km maximum buffer 10,370 4,505 486 5,380

2 m flood and 20 km maximum buffer 9,336 3,390 252 5,695

2 m flood and 10 km maximum buffer 8,063 2,984 232 4,848

2 m flood and 5 km maximum buffer 5,906 2,287 188 ,433

Flood level and buffer distance applied accordmfidw accumulation

10 m maximum flood and 20 km maximum

buffer 9,609 2,917 215 6,477
10 m maximum flood and 10 km maximum

buffer 8,055 2,681 200 5,174
10 m maximum flood and 5 km maximum

buffer 5,990 2,250 171 3,569
5 m maximum flood and 20 km maximum

buffer 6,393 1,414 94 4,886
5 m maximum flood and 10 km maximum

buffer 5,468 1,366 90 4,012
5 m maximum flood and 5 km maximum

buffer 4,229 1,299 86 2,844
2 m maximum flood and 20 km maximum

buffer 3,713 450 22 3,242
2 m maximum flood and 10 km maximum

buffer 3,220 446 22 2,753
2 m maximum flood and 5 km maximum

buffer 2,486 437 21 2,027

Selecting an existing assessment of flood expdsuise as a validation dataset for
Ecuador is difficult given that the accuracy of g#wirces is unknown. For a visual
comparison between models over a small area | éateeted the CAF-
SENPLADES (2005) assessment, given that this stodgiders areas potentially
susceptible to flooding. As mentioned in secticdh21 the CAF-SENPLADES data
are available for very few areas and here | haleztl a coastal upland atém the
county of Jipijapa in Manabi province to repressrdams that have a maximum

upstream area of approximately 20Gkm

®1 Elevation between 60 and 700m
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Kilometers

HydroSHEDS CAF-SENPLADES N
Il Stream channel | Jipijapa - Flood risk

Flood Model A
[ Area Flooded

Figure 43. Comparison of flooded areas in uplanidhraents.

CAF-SENPLADES (2005) areas susceptible to floodajg and flooded area according to model
for (b) 2 m maximum flood and 5km maximum buff@} 2 m flood applied to all streams with
no buffer, and; (d) 10 m flood applied to all stresawith no buffer.

Figure 43 shows the CAF-SENPLADES flood assessmetthe results of three
flood models. The two flood models with the mositrietive assumptions (b and c)
produce very few flooded areas in the selectedimtaHowever when a 10 m flood
level is applied to all stream channels with ndféuthe flooded area is considerably
larger. It is clear that despite a high flood letledre are some areas which are
deemed susceptible to flooding by CAF-SENPLADESchtare not flooded in the
model. At the same time there are stretches oftieam which are flooded in the
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model but not in the CAF-SENPLADES assessment. Neeless for this upland
coastal area it seems that the 10 m flood withufebis a better approximation of

past assessments or observations than lower feaadisl or when buffers are applied

to limit the area flooded.

Kilometers
Flood Model HydroSHEDS
[ | Area Flooded Il Stream channel N
SIISE-INAMHI A
- Breached rivers 1997-98
Localised Floods 1997-98

Figure 44. Comparison of flooded areas in lowlands.
Areas susceptible to flooding (a) and a range adehcesults for area flooded: (b) 2 m maximum

flood and 5 km maximum buffer; (c) 2 m flood apdli® all streams with no buffer, and; (d) 10

m flood applied to all streams with no buffer.

| now contrast these upland catchments with theefd@uayas basin in the south-
centre of Ecuador, which is characterised by mieltftream channels where
flooding has historically affected large areasof-lying flat land. In this case the
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flood simulations are compared to the rivers bredamd localised flooding during
the 1997-98 EI Nifio event (SIISE-INAMHI) because AF-SENPLADES source

is not available for this area.

The size of the maximum distance of horizontal flpwe buffer) around each stream
has a big impact on the flooded area (Figure 44@nkjiven the low precision and
dubious accuraé§ of the source it is clear that the simulation vétthi0 m flood with

no buffer (a) extends far outside the areas floatiedlto the breach of rivers during
the 1997-98 EI Nifio event, but is more or less withe same area affected by
localised flooding. The best comparison with thESEHNAMHI flood map is the 2

m flood with no buffer (c). This captures the bieas of main channels as well as the

localised flooding in the basin.

The differences between the flood simulation mobtalsed on HydroSHEDS and the
SIISE-INAMHI maps of breached rivers and localisledding combined can be
analysed using a simple assessment of the perescvaigespondence between the
sources. Alternative methods of assessing thd fiteomodel are based on
contingency tables that are constructed for eaddfsimulation model (e.g. Table
32). The tables show not only the degree of comedence but also of disagreement
which can be expressed quantitatively using stedistechniques more commonly
used for comparing categorical maps such as lamicewy. Fritz and See, 2008), or
ecological models (e.g. Couto, 2003). The Kappdfictent was used originally in
the rating of phenomena by two or more observeoh €@, 1960) and ranges from a
value of 1 which indicates perfect corresponderatevéen the two sources being

compared, to 0 which indicates a purely chanceemgeat between the two sources.

2\When compared with both HydroSHEDS and the digitedr network used in the Almanac Atlas of
Ecuador
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Table 32. Contingency table for a selected floodiehgimulation compared with SIISE-
INAMHI dataset

SIISE- INAMHI dataset of locally
flooded areas and breached rivers in
1997-98 El Nifio event

Number Number
of cells not Total
of cells flooded
flooded
Model based  Number of 1,136,889 3,378,689 4,515,578
on cells flooded
HydroSHEDS Number of
cells not 1,081,252 23,409,989 24,491,241
flooded
Total 2,218,141 26,788,678 29,006,319

kappa = 0.26 ; cellsize = 92m*92m

It can be seen that the highest correspondenegrnrstof the mutual agreement of
the sources is for models that have small floodsend low flood levels (Table 33),
while thex statistic is highest for a large flood maximumdkand large maximum
buffer. The absolute totals of both the percentagyeements and the values of the
statistic suggest however that the agreement battiecflood models and the maps
of flooded areas is not large. This is in part tiuthe lack of precision in the map of
observed flooding, especially those areas whictesed from local flooding but
which are not flooded in any of the flood model$i@eih assume a river breach). In
general one would also make a preference for thxkels which overestimate the
flooded areas since the flood model shows the itspzEfca hypothetical flood which

affects all areas equally, this was not the caskdrtl Nifio event of 1997-98.
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Table 33. Comparisons of area flooded for flood et@imulations with SISE- INAMHI

dataset

A B C D E G
Flood level applied equally to all streams withtndfer
10 m Flood no 38180 18,774 9,623 2 51 38 026
buffer
5 m Flood no buffer 21,346 18,774 7,026 33 37 35 0.29
2 m Flood no buffer 10,621 18,774 4277 40 23 32 0.25

Flood level applied equally to all streams and &uéfistance applied according to flow

accumulation

10 m flood and 20
km maximum 30,966 18,774 8,386 27 45
buffer

10 m flood and 10

km maximum 24,116 18,774 6,516 27 35
buffer

10 m flood and 5

km maximum 15,608 18,774 4,020 26 21
buffer

5 m flood and 20

km maximum 18,324 18,774 6,171 34 33
buffer

5 m flood and 10

km maximum 15,116 18,774 5,066 34 27
buffer

5 m flood and 5 km
maximum buffer

2 m flood and 20
km maximum 9,336 18,774 3,769 40 20
buffer

2 m flood and 10

km maximum 8,063 18,774 3,240 40 17
buffer

2 m flood and 5 km
maximum buffer

10,370 18,774 3,304 32 18

5906 18,774 2,302 39 12

36

31

24

33

30

25

30

29

26

0.27

0.24

0.18

0.28

0.25

0.18

0.23

0.21

0.16

Flood level and buffer distance applied accordmfidw accumulation

10 m maximum

flood and 20 km 9,609 18,774 4,877 51 26
maximum buffer

10 m maximum

flood and 10 km 8,055 18,774 3,855 48 21
maximum buffer

10 m maximum

flood and 5 km 5,990 18,774 2,618 44 14
maximum buffer

5 m maximum flood

and 20 km 6,393 18,774 3,798 62 20
maximum buffer

38

34

29

41

0.31

0.25

0.18

0.28
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5 m maximum flood

and 10 km 5,468 18,774 3,121 60 17 38 0.23
maximum buffer

5 m maximum flood

and 5 km maximum 4,229 18,774 2,171 54 12 33 0.17
buffer

2 m maximum flood

and 20 km 3,713 18,774 2,532 72 13 43 0.21

maximum buffer

2 m maximum flood

and 10 km 3,220 18,774 2,20, 73 12 42 0.18
maximum buffer

2 m maximum flood

and 5 km maximum 2,486 18,774 1,633 71 9 40 0.14
buffer

A Area flooded in model based on HydroSHEDS {km

B  Area flooded in SIISE- INAMHI dataset (Kin

C  ANB Area flooded in bottased on HydroSHEDS and SIISE- INAMHI dataset?km
D ANB as % of area flooded in model based on HydroSHEDS

E ANB as % of area flooded in SIISE- INAMHI dataset

F (D+E) /2

G  Agreement between Flood in Model and SIISE-INAMK)I

Cells shaded yellow indicate models with greatgst@ment

While no single simulation is able to exactly reguoe the areas flooded it is
possible to choose a preferred model based oruahasd/or quantitative analysis —
a 10 m maximum flood with a 20 km maximum buffenelmost restrictive models,
i.e. those with a 2 m flood level and small bufféesnot compare well with flood
assessments in either the upland or lowland am@ais the quantitative comparison.
Without a precise source of observed flooding, haxethe validation itself will not
be convincing. The comparisons made in this sectomsider the areal extent of the
flood models but do not take the population intocamt; this factor is considered in
section 4.4.3.1.

The models developed in this chapter are likellgg@n improvement on existing
assessments given that higher resolution elevatmatels are now available, and
users of such models would have access to the o@thigy used in their
development. Besides the models can be easilyfinedeand re-validated as and
when information is available on basin charactessiand stream channel

morphologies, and on the spatial extents of acvants.
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4.4.2 Landdide model

The result of the landslide model using solelywstghts of the maximum slope is
shown in Figure 45 (a). The darker areas signifyiregsteeper slopes are found
principally on the flanks of the two ranges of thedes mountain chain as well as a
number of volcanoes in the inter-Andean valley. Tbastal range of uplands is also

noticeable.

When the model is compared to the slope map thatusad in the assessment of
Demoraes and D’Ercole (2001) it is clear that memgstal areas are omitted (Figure
45 [a]). There is a good correspondence, howewén, the larger slope weights (60
and 100) in the landslide model. A visual compariebthe same data for a smaller
area on the western flank of the Andes in centcalafor reveals that there are still
large differences between the maps, with many stkgge areas not identified in the
Demoraes and D’Ercole map and vice versa (Figuye & reasons for these
differences in unclear, given that the originavaleon models produced by Souris
(2001), compare well with the SRTM elevation maddem which the slopes in the

landslide model are derived.
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Figure 45. National comparison of landslide moaeéth existing assessments.

(a) Landslide model using weighted slopes; (b) Dex@® and D’Ercole (2001) map of steep

areas (>12°) (c) Landslide model using weightededaand soils; (d) Soils susceptible to

Landslides and steep slopes (Demoraes and D’'Er2004,)
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Figure 46. Comparison of landslide models with xisassessments in Azuay and Guayas
provinces.

Landslide model using weighted slopes and Demanad<D’Ercole (2001) map of steep areas
(>12°)

Demoraes and D’Ercole combine slopes and soilai(Eig5[d]). This combination

is explored in the subsequent variation of the rhadhere susceptible soils are used
to modify the slopes. Figure 47 shows the effectails on a small area of the
coastal province of Manabi. The differences in Fégli7 between panels (a) and (c)
are due to the modifying effect of the soils showpanel (b), and in this particular
area the steepest slopes generally don’t coincittetiie coarsest, deepest soils,
consequently the weights of these slopes are rdd&agarding the same model at
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the national scale (Figure 45][c]) it can be sean tthe Andean region is still clearly
the most susceptible to landslides.

Slope weights

— o0
0.25

Soil weight

@ 0.5-0.6

. 0.6 -0.7

g 0.7-0.8

20 m 0.8-0.9
Kilometers A - 09-1

Figure 47. Combining slope and soil weights.
(a) Maximum slopes, weighted according to the il@bd of landslides; (b) soils weighted
according to their susceptibility, and; (c) maximalmpes modified according to the soail

weights and then re-weighted as in (a)

When the slopes are weighted according to thoseatissthat experienced large
positive rainfall anomalies the western fringelad Andes cordillera is the region
most affected (Figure 48) and the coastal uplaage Bimilar values to the eastern
flank of the Andes. There is no existing spatiabkplicit assessment with which to
compare this model, instead the model needs tomengrised for each district or
county and then compared to databases of actuatevéhis is explored in the

following section.
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Figure 48. Landslide model using weighted slopeits and areas experiencing large rainfall

amounts during EIl Nifio events

4.4.3 District level assessment

4.4.3.1 District level assessments of flood models

The 21 distinct flood models have been comparegpédially explicit maps of
previous flood events but these comparisons (TaBJe&lo not fully illustrate the
differences between the models or with the SIISBNNHI assessment at the district
level. District level summaries are important besgait is at this level that the results
can be linked with the household economic anablsdasfor informing the

distribution of resources.
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Table 34. Comparisons of ranks of districts floot@dlood model simulations with SIISE-
INAMHI dataset.

SIISE- INAMHI dataset of locally
flooded areas and breached rivers in
1997-98 El Nifio event
Total area  Percentage of
flooded district flooded

Flood model

Flood level applied equally to all streams withindfer

10 m Flood no buffer 0.476 (**) 0.503 (**)
5 m Flood no buffer 0.482 (**) 0.503 (**)
2 m Flood no buffer 0.473 (**) 0.488 (**)

Flood level applied equally to all streams and éuffistance applied according to flow
accumulation

10 m flood and 20 km maximum buffer
10 m flood and 10 km maximum buffer

0.476 () 0850%)
0.471 (**) 0750%)

10 m flood and 5 km maximum buffer 0.446 (**) 0.48%3
5 m flood and 20 km maximum buffer 0.483 (**) 0.507 (**)
5 m flood and 10 km maximum buffer 0.482 (* 0.510 (**)
5 m flood and 5 km maximum buffer 0.469 (**) 0.503)
2 m flood and 20 km maximum buffer 0.474 (**) 0.4@1)
2 m flood and 10 km maximum buffer 0.474 (**) 0.4@6)

2 m flood and 5 km maximum buffer 0.469 (**) 0.405)

Flood level and buffer distance applied accordmfidw accumulation

10 m maximum flood and 20 km maximum buffer 0.45% ( 0.464 (**)
10 m maximum flood and 10 km maximum buffer 0.454 ( 0.466 (**)
10 m maximum flood and 5 km maximum buffer 0.449 (* 0.458 (**)
5 m maximum flood and 20 km maximum buffer 0.428 (* 0.421 (**)
5 m maximum flood and 10 km maximum buffer 0.429 (* 0.422 (**)
5 m maximum flood and 5 km maximum buffer 0.418)(** 0.417 (**)
2 m maximum flood and 20 km maximum buffer 0.349 (* 0.337 (**)
2 m maximum flood and 10 km maximum buffer 0.349 (* 0.338 (**)
2 m maximum flood and 5 km maximum buffer 0.339)(** 0.336 (**)

n = 989; Cells shaded yellow indicate models wittagest correlation coefficients; **
Correlation is significant at the 0.01 level (2¢d). Spearman correlation coefficients of
ranks of area per district liable to flood and thek of districts flooded in the 1997-98 El
Nifio (INAMHI, 1999).

The flood models are summarised for each distdcbaling to two indicators: (i) the
area flooded per district, and; (ii) the proportafrthe district land area which is
flooded. The ranks of each district are then cakaal for each indicator and

compared to the SIISE-INAMHI assessment.

The differences between the ranks of the area édqer district from the preferred
flood model from section 4.4.1 (a 10 m maximum @awith a 20 km maximum
buffer), and the SIISE-INAMHI assessment are gigatethe Amazon region. This
region was not affected during the 1997-98 El Nefient but experiences large areas
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flooded in the flood model. The ranks of the petaga of the area per district
flooded show a more similar pattern, with floodinghe Lower Guayas basin more
evident but still many districts in the northern Anon have a high rank in the flood

model.

When the correlations between the flood modelstaa®&IISE-INAMHI maps are
analysed the differences in the coefficients ategneat but show similar patterns to
the spatially explicit comparisons. The weakestalations are between the SIISE-
INAMHI assessment and those models with little Ilodded (Table 34), while the
strongest correlations are with the 5 m flood v&thkm buffer (in the case of total
area flooded) and with the 5 m flood with 10 kmfbufin the case of % area
flooded).

Rank of number of
flood events
[ |No Events

Rank of area flooded
per county (model)

[1-10 pl-10
10 - 20 A [110-20
20 - 30 [ 120-30
30 - 40 []30-40

40 - 217 [ 40 -84

(@) (b)

Figure 49. Comparisons of ranks of counties flodidedest fit flood model simulation with
DesInventar dataset.

Ranks of counties according to (a) total area ftmbdith flood model of 10 maximum flood
with a 20 km maximum buffer, and (b) total numbgfil@od events reported (DesInventar,
2004)

This comparison is augmented by an analysis o$ithédarities and differences of
the areas flooded when summarised at the coungy ilewrder to compare with the
Deslnventar (2004) database of recorded flood sva@miws an example of the
comparison between the rank of counties accordirige number of recorded events

in DeslInventar and the preferred flood model fraction 4.4.1. Areas of both
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similarity and differences can be seen in thesespapd as with the comparison with
the SIISE-INAMHI assessment the Amazon region hasynhighly ranked counties
in the model, but has very few reported floodstdad the Deslnventar source gives

higher ranks to more urban counties such as Gudystanta and Quito.

Table 35. Comparisons of ranks of counties floddedlood model simulations with
DesInventar dataset.

Number of floods reported in
DeslInventar

Rank of
Flood model Number of flood number of
events
flood events
Flood level applied equally to all streams withtndfer
10 m Flood no buffer 0.320 (**) 0.383 (**)
5 m Flood no buffer 0.440 (**) 0.412 (**)
2 m Flood no buffer 0.542 (**) 0.418 (**)

Flood level applied equally to all streams and éuffistance applied according to flow

accumulation
10 m flood and 20 km maximum buffer 0.270 (**) 0338*)
0.230 (*) 0.469

10 m flood and 10 km maximum buffer

10 m flood and 5 km maximum buffer 0.177  0.401 (**)
5 m flood and 20 km maximum buffer 0.367 (**) 0.407)
5 m flood and 10 km maximum buffer 0.321 (**) 0.4¢5)
5 m flood and 5 km maximum buffer 0.258 | 0.426 (**)
2 m flood and 20 km maximum buffer 0.468 (**) 0.4¢%)
2 m flood and 10 km maximum buffer 0.411 (**) 0.4¢@%)
2 m flood and 5 km maximum buffer 0.343 (**) 0.4¢2)
Flood level and buffer distance applied accordmfidw accumulation

10 m maximum flood and 20 km maximum buffer 0.49% ( 0.375 (**)
10 m maximum flood and 10 km maximum buffer 0.373 ( 0.374 (**)
10 m maximum flood and 5 km maximum buffer 0.339 (* 0.387 (**)
5 m maximum flood and 20 km maximum buffer 0.439 (* 0.401 (**)
5 m maximum flood and 10 km maximum buffer 0.399 (* 0.399 (**)
5 m maximum flood and 5 km maximum buffer 0.367)(** 0.401 (**)
2 m maximum flood and 20 km maximum buffer 0.539 (* 0.380 (**)
2 m maximum flood and 10 km maximum buffer 0.473 (* 0.378 (**)
2 m maximum flood and 5 km maximum buffer 0.418)(** 0.370 (*)

n = 94; Cells shaded yellow indicate models withagest correlation coefficients;**

Correlation is significant at the 0.01 level (2¢d); * Correlation is significant at the 0.05
level (2-tailed)

Pearson correlation coefficients of area per coliabje to flood and the number of floods
reported in DesInventar, and Spearman correlatefficients of ranks of area per county
liable to flood and the number of floods reportedesinventar.

When the correlations are calculated with all & flood models (Table 35) the total
number of flood events in the DesInventar dataimeeost strongly correlated with
the flood model with a 2 m maximum flood level with buffer. However when the

counties are ranked in order of the greatest numibirods and the rank of the area
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per county flooded in the model the strongest ¢atian is with a flood model of a 5

m flood with a 5 km maximum buffer (Table 35).

The preceding comparison looks solely at the affeatad per county, and the
impact in counties in the Amazon with large areaissmall populations is perhaps
overestimated. A better comparison with the Degiteredatabase of reported flood
events can be made if the population potentialjyosed to flooding is summarised

for each county in Ecuador according to the diffieraodels developed.

Table 36. Comparisons of ranks of counties accgrtiirpopulation affected using the
LandScan2006 database for flood model simulatidtis BesInventar dataset.

Rank of number Rank of
number of
of deaths
people affected

Flood level applied equally to all streams withindfer

10 m Flood no buffer 0.437(**) 0.501(**)
5 m Flood no buffer 0.428(**) 0.503(**)
2 m Flood no buffer 0.409(**) 0.494(**)

Flood level applied equally to all streams and é@uffistance applied according to flow
accumulation

10 m flood and 20 km maximum buffer 0.439(**) 0.5219
10 m flood and 10 km maximum buffer 0.457(* 0.576(**)
10 m flood and 5 km maximum buffer 0.460(**) 0.558(**)
5 m flood and 20 km maximum buffer 0.436(**) 0.58%(
5 m flood and 10 km maximum buffer 0.437(**) 0.579(
5 m flood and 5 km maximum buffer 0.458(**) 0.578(*
2 m flood and 20 km maximum buffer 0.410(**) 0.529(
2 m flood and 10 km maximum buffer 0.419(**) 0.583(
2 m flood and 5 km maximum buffer 0.426(**) 0.55¢8(*
Flood level and buffer distance applied accordmfidw accumulation

10 m maximum flood and 20km maximum buffer 0.388(** 0.454(**)
10 m maximum flood and 10 km maximum buffer 0.392(* 0.470(**)
10 m maximum flood and 5 km maximum buffer 0.393(** 0.471(*)
5 m maximum flood and 20 km maximum buffer 0.386(** 0.430(**)
5 m maximum flood and 10 km maximum buffer 0.39Q(** 0.446(**)
5 m maximum flood and 5 km maximum buffer 0.394(**) 0.451(**)
2 m maximum flood and 20 km maximum buffer 0.255(%) 0.312(**)
2 m maximum flood and 10 km maximum buffer 0.253(%) 0.322(**)
2 m maximum flood and 5 km maximum buffer 0.253(%) 0.334(**)

n = 94; Cells shaded yellow indicate models withagest agreement; ** Correlation is
significant at the 0.01 level (2-tailed); * Comtbn is significant at the 0.05 level (2-tailed)
Correlation coefficients (Spearman) of ranks ofydafion per county affected by flood
models using the LandScan2006 database, and theenwihdeaths and number of people
affected by all floods in the DesInventar database
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The sum of the population is calculated for eaobdlmodel for each county and the
counties are ranked in order of the highest pouah the flood areas. The counties
are also ranked according to the number of floddsnumber of deaths and the
number of people affected as reported in the Desltar database. Correlations
between these ranks are then calculated and ceeelpein , which uses the
LandScan 2006 population database, and Table 3¢hwbkes the GRUMP

population database.

Table 37. Comparisons of ranks of counties accgrtirpopulation affected using the
GRUMP database for flood model simulations with IDesntar dataset.

Rank of number of Rank of
deaths number of
people affected

Flood level applied equally to all streams withtndfer

10 m Flood no buffer 0.358(**) 0.372(**)
5 m Flood no buffer 0.357(**) 0.357(**)
2 m Flood no buffer 0.359(**) 0.343(**)

Flood level applied equally to all streams and é@uffistance applied according to flow
accumulation

10 m flood and 20 km maximum buffer 0.365(**) 0.39%
10 m flood and 10 km maximum buffer 0.360(* 0.410(**)
10 m flood and 5 km maximum buffer 0.370(**) 0.499(
5 m flood and 20 km maximum buffer 0.356(**) 0.38%(
5 m flood and 10 km maximum buffer 0.353(**) 0.409(
5 m flood and 5 km maximum buffer 0.359(**) 0.40¢\*
2 m flood and 20 km maximum buffer 0.354(**) 0.3589(
2 m flood and 10 km maximum buffer 0.353(**) 0.37(
2 m flood and 5 km maximum buffer 0.353(**) 0.38%)(*
Flood level and buffer distance applied accordmfidw accumulation

10 m maximum flood and 20 km maximum buffer 0.32p(* 0.327(*)
10 m maximum flood and 10 km maximum buffer 0.329(* 0.333(**)
10 m maximum flood and 5 km maximum buffer 0.328(** 0.348(**)
5 m maximum flood and 20 km maximum buffer 0.333(** 0.317(*)
5 m maximum flood and 10 km maximum buffer 0.33¢(** 0.327(*)
5 m maximum flood and 5 km maximum buffer 0.336(**) 0.339(**)
2 m maximum flood and 20 km maximum buffer 0.224(*) 0.272(**)
2 m maximum flood and 10 km maximum buffer 0.226(*) 0.276(**)
2 m maximum flood and 5 km maximum buffer 0.230(*) 0.280(**)

n = 94; Cells shaded yellow indicate models withagest agreement; ** Correlation is
significant at the 0.01 level (2-tailed); * Com#bn is significant at the 0.05 level (2-tailed)
Correlation coefficients (Pearson) of ranks of gapan per county affected by flood

models using the GRUMP database, and the numhraths and number of people affected
by all floods in the DeslInventar database

The tables show that all the coefficients are $icgmt at the 95% level, with the

majority significant at the 99% level. Another obsion is that the correlation
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coefficients are universally higher when the Lama006 population database is
used to assess the population in the areas floamagavhen the ranks of the number
of people affected are used rather than the nuoiftdgaths. These are probably due
in the first case to the better spatial resolutibthe population in the Landscan2006
product, and in the second case because of thevedyasmall number of deaths due

to flooding.

Differences between the coefficients are not langeept for the flood models that
have the smallest areas (i.e. 2 m maximum floodl¢ewith buffers). These models
only affect a relatively small proportion of cowgtiin the Lower Guayas basin,
where apart from in the city of Guayaquil the numiiedeaths or affected people

was smaller than in other counties that are natifsogintly flooded in these models.

The flood model with the highest correlation to thanber of people affected is a 10
m flood with a 10 km maximum buffer (highlightedyellow in the table). For this
model two maps are displayed, firstly the absotutmber of people in the areas
potentially flooded, and secondly the percentagi@®fpopulation potentially
exposed (Figure 50). The results were calculateddoh district but are displayed at
the county level so that visual comparisons cambéde more easily. Districts and
counties with the greatest population potentialgased to flooding are generally
those found in the Guayas basin north of the ditguwayaquil, (Figure 50 [a]) but
also include the major cities of Quito, and Cueinche Andean region and
Esmeraldas in the northern coastal region. Theah#ipe percentage of the
population affected (Figure 50 [b]), shows a sligkiifferent pattern and the cities in

the Andean region decrease in importance.
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Figure 50. (a) Total population per county, and;Rbrcentage of population per county

potentially exposed to flooding with a 10 m floatdal0 km maximum buffer

The differences between the proportion of the patan affected and the total
amount per district or county suggest that botlcetdrs could be used in an
assessment of potential exposure to flooding. AB miaps of poverty incidence vs.
density (e.g. Minot and Baulch, 2005) the choiceesels on the kind of intervention
required and the relationship between the costdbandfits.

4.4.3.2 District level assessments of landslide models

As with the flood models the areas susceptiblanal$lides were calculated for each
district but are displayed at the county levellsat 7isual comparisons can be made
with summaries of previous assessments (Figurad®)importantly, with the actual

numbers of reported landslides (Figure 34).

The first model which considers just slopes is lyiglorrelated with existing
landslide assessments that use similar methoddaadHowever the same model
bears little relationship with the location of |atides recorded in the DesInventar
(2004) database. Similarly the Spearman coefficieedsuring the correlation of the
ranks of counties for the ‘slope only’ landslidedarbagainst the number of

landslides is very close to zero (Table 38).
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Table 38. Comparisons of ranks of counties suddeyt landslides

Correlation coefficients (Spearman) of ranks ohgser county susceptible to landslides, the
rank of counties with large areas of ‘steep slofleemoraes and D’Ercole, 2001), and the
rank of the number of landslides reported per gpimthe DesInventar database

Rank of area of steep slope Rank of number of

(Demoraes) landslides
Slopes 0.881 (**) 0.213 (¥
Slopes and Soils 0.891 (**) 0.149
Slopes and Soils and Rainfall 0.735 (**) 0.287 (*¥)

* Correlation is significant at the 0.05 levelt@led); ** Correlation is significant at the
0.01 level (2-tailed).

Possible reasons for this lack of correlation hed the soils in the Andean region
which have the largest areas of steep slopes sseiesceptible to landslides, or that
there are insufficient triggers in the Andean redio cause many landslides. The
correlation between the models that incorporatis §bigure 51(a)) and precipitation

anomalies (Figure 51(b)) are also very low, howégVable 38).

Slope, Soil and Rainfall
County Averages
Slope and Soil weights ‘ 0-0.1
County Averages 0.1-0.25
0-0.1 0.25 - 0.6
0.1-0.25 Em0.6-1
0.25 - 0.6 El Nifio rainfall
Em0.6-1 [] Affected Districts

@) (b)

Figure 51. (a) Counties weighted by slopes and saild (b) Counties weighted by slopes, soils

and districts affected by large positive rainfaibenalies during the 1997-98 EI Nifio event

Those counties in the coastal region that had lexgjdents of landslides are not
apparent in the maps of any of these models oslatelhazards, nor in previous
assessments. One possible reason is that theingpokiandslides is only likely if
there are impacts on the population, which wouldlynthat landslides occurring in

more densely populated areas would show a highrezlation with those reported in
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the DeslInventar database than landslides in spgrepulated zones. This prospect

is now considered.

The first landslide model uses only slopes to weilgla population potentially
exposed to landslides. The higher the slope the masceptible the location and the
greater the weight applied to the spatially disaggted population surface. The
percentage of the population affected in each goigrghown in (Figure 52 [a]).
Differences can be seen when compared to the aseaible using the same model
(Figure 45[a]), most notably in the northern Andesl Coastal regions. These are
areas where steep slopes are often encounterethote forest areas with little
human habitation. In contrast the slopes of theeeagordillera of the Andes,
especially in the south of the country, are whbheehtighest proportions of

populations potentially exposed are estimated.

An alternative means of displaying the susceptiolgulation is to map the total
population within each county (Figure 52 [b]). Tmsp highlights those counties
which have a large population but this kind of fesbhows where most people will
be affected. The map is also a better comparistintive database of reported
landslide incidents although the pattern still shalifferences especially in the

central Andean and coastal regions.

LandScan2006 population LandScan2006 population
weighted by slopes ‘ \ weighted by slopes
' ' 2
&
‘ % Population susceptible Population susceptible
to landslides l to landslides
Below 10 % below 2500
10-25 2500 - 5000
25-50 ‘ 5000 - 10000
I above 50 % I above 10000

(a) (b)
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Figure 52. Comparisons of population per countgepsble to landslides using LandScan2006

database.

(a) Percentage of population per county, and (IpuRion per county susceptible to landslides

weighted by slopes. (c) Percentage of populatiorcpenty and (d) Population per county

susceptible to landslides weighted by slopes aitgl $0) Percentage of population per county,

and (d) total population per county weighted byel soils and districts affected by large

positive rainfall anomalies during the 1997-98 EidNevent using LandScan2006 data

When soils are incorporated into the landslide mtdepattern of counties most

affected does not alter considerably ( Figure $2upcl [d]) and as with the model
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using just slopes the maps showing the total pojulgotentially exposed better

reflects the reports of landslide incidents.

In the third landslide susceptibility model slopes modified by soils and a variable

for rainfall anomalies as observed during the 199°FI Nifo event. Neither the

percentage nor the total population susceptiblartdslides are radically different to
the areas deemed susceptible within each countygace Figure 52 [e] and [f] with

Figure 51 [b]).
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Figure 53. Comparisons of population per countgeptible to landslides using GRUMP
database.

(a) Percentage of population per county, and (puRdion per county susceptible to landslides
weighted by slopes. (c) Percentage of populatisrcpenty and (d) Population per county
susceptible to landslides weighted by slopes aisl $0) Percentage of population per county,
and (d) total population per county weighted bysk soils and districts affected by large
positive rainfall anomalies during the 1997-98 HidNevent using GRUMP population data

When the GRUMP population data are used to asBegsotential impact of these
events (Figure 53) there are some slight changg®eioounties that appear worst
affected, notably in the southern Andes and coastabn. In addition the total
number and percentages of the population potena#iected by landslides are
higher than when the LandScan2006 data sourced us

These differences can be further explored by exiagithe correlation between the
ranks of the population per county deemed expaséghtislides, and the ranks of
the reported number of people affected (Table BBis shows that in contrast to the
flood models the use of the GRUMP population detatalows for a stronger
correlation than using the LandScan2006 sourcepiilation data. This may be due
to the fact that the population in GRUMP is higimerural areas away from the
urban centres; these also tend to be areas affegteshdslides. Additionally it can
be seen that the correlations are more signifitteart when the population is not

considered (Table 38). The correlation betweendhks of the number of deaths is
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stronger than for the number of people affectepeeslly for the model that
considers slopes and soils.

Table 39. Comparisons of ranks of counties accgrttirpopulation affected for landslide
models with DesInventar dataset.

Rank of number of  Rank of number of

deaths people affected

Landslide models (with LandScan2006 population)

Slopes 0.488(**) 0.220(*)
Slopes and Soils 0.452(**) 0.170
Slopes and Soils and Rainfall 0.390(* 0.231(%)
Landslide models (with GRUMP population)

Slopes 0.550(**) 0.283(**)
Slopes and Soils 0.500(**) 0.219(%)
Slopes and Soils and Rainfall 0.435(" 0.296(**)

n = 97; ** Correlation is significant at the 0.C8vEl (2-tailed); * Correlation is significant at
the 0.05 level (2-tailed)

Correlation coefficients (Spearman) of ranks ofydapon per county affected by landslide
models using the LandScan2006 and GRUMP datalkeas#she number of deaths and
number of people affected by all landslides inBesinventar database

The most significant correlation is found for thepes only model, regardless of the
population source used which to some extent sup@ede and Crozier's (2005)
and Fabbri et al.’s (2003) view that simple modeigh in this case fewer
assumptions) are often more powerful predictorthefimpacts of landslides.

4.5 Discussion of findings

This chapter has reviewed assessments of floodkaddlides in Ecuador. Ideal
flood and landslide models have been proposedtenddnstraints have been
identified. Models for both floods and landslides/é been developed according to
the data, software and hardware available. Thesapegulations and districts
potentially exposed to these hazards have beefidhggd. Each model incorporates
assumptions and the sensitivity of the resulthésé¢ assumptions and the data has
been tested. There are a number of issues whiglthlapter highlights and which
warrant further discussion. These issues includemenendations about minimum
data requirements, the need for flexibility in chimg models for a given purpose,
and the need for improved methods for validatirgftbod and landslide models.

This section will conclude with recommendationsftather research.
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The models developed in this chapter seek to amahesfeasibility of increasing the
complexity of national level modelling based on #vailability of higher resolution
elevation and hydrological datasets, in accordavittethe conceptual framework
proposed by Glade and Crozier (2005). They havevshmt only that it is feasible

to produce models but that these models are mghdyhtorrelated than previous
assessments to actual incidents of floods and lideds Summaries of the hazard
models at the district level move the results efitiodels along the technical-
political continuum and allow the incorporationather socio-economic data and an
analysis of the sensitivity of the models in telwhthe recommendations for
resource allocation. The analysis shows that thedfimodels are generally robust to
all but the greatest changes in the assumptioreddition the comparison with
existing records of impacts allows for the selectitod a preferred model even though

the comparisons with the DesInventar source aridar perfect.

Ideal models have been described for areas suBkefilandslides and potentially
exposed to flood hazards. It has been shown, hawhat there are serious
constraints in developing these ideal models. Aoaswith all of the models
developed in this chapter is that they are baseatioer models. The principal dataset
used in the flood models for Ecuador is HydroSHED8as been shown that there
are differences between the stream channels ugkd treation of the dataset and
those that appear in national atlases and whiglisaimagery confirm are in the
correct location. The results of these errors ameentered not just in the location of
streams (which flood) but also in the flow accuntiola These errors will affect not
just the location of modelled flood events but als® magnitude of those events. A
concerted effort is required therefore to imprdve HydroSHEDS dataset, based on
data which might not have been available to thentteat developed the data. In
addition the ‘burning’ of the stream channels itite HydroSHEDS data has created
artificial buffers around streams which could hawdirect impact on the kind of

flood modelling developed in this chapter.

The differences in the landslide models are dwessumptions about the
susceptibility of soils to mass movements. Thesearaptions are based on global
studies rather than on recommendations for Ecu@donange in the assumptions —

for instance, that soils with greater clay contmet more prone to landslides — or to
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the weights given, or even to the quality of theadaill have a potentially significant
Impact on the areas that are susceptible. The ad@velnt of landslide models based
on an empirical relationship between incidents poskible determinants is
hampered in Ecuador by potential bias and lack@éipion in the reporting of
incidents. A national scale inventory of landsleents is therefore required to
improve the determination of the weights.

The incorporation of population estimates for aasceptible to landslides or
potentially exposed to flooding are also an innmrafor national scale assessments
in Ecuador. The population data used to assesmbect of the flood and landslide
models are themselves models which are based omber of other sources. When
the best-fit flood model was selected the combamatif a 10 m flood and 10 km
maximum buffer and the LandScan2006 population slataved a slightly stronger
correlation to the DesInventar database. In contha@salternative population source,
GRUMP, gave higher correlations in the case oldhdslide models. The
differences between these two global models oflisigibution of the population are
not great but the results underline the importasfdarther improvements in the
spatial resolution of population datasets.

Much of the economic loss associated with the 19®E Nifio event was due to
impacts on agricultural production and damage tlings and infrastructure. The
latter is well captured using population densityneates but it is clear that an
assessment of potential losses in the agriculsaetor would need to be considered
separately and would concentrate on the produgtdriprofitability of agricultural

land. Unfortunately this is beyond the scope df thesis.

It is clear from the review of potential exposurdlooding and landslides that
existing geotechnical or hydraulic assessmentcuaéor are limited in their
geographic extent. At the same time national [8eeld and landslide assessments
remain simple or are compilations of maps of presievents. An additional shortfall
with these assessments is the lack of completedaztahat would allow for their
replication in other contexts or with new dataset€=cuador. The advantage of the
models developed here, by contrast, is that th@adelogy is clear and the data

sources available which allows for subsequent neadibn. There are also problems
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of precision and accuracy with national level assests such as the areas affected
by flooding during the 1997-98 EI Nifio event (Itstd Nacional de Meteorologia e
Hidrologia, 1999). Using these national assessnientscomplete validation of the
models developed in this chapter is thereforediffiand potentially unwise
especially as a perfect fit between currently usealuations of floods or landslides
and the models developed in this chapter would esigtyat the models were no
improvement on those existing assessments. The lowakspatial assessments of
exposure or vulnerability to floods and landslidiena good validation but for a
limited spatial area, and the digital datasetsateavailable for all assessments.
Validation of the flood and landslide models isfprable using observations of the
areas affected as well as the impacts of the ewem¢sms of people, or
infrastructure affected. These observations araleys free of error or there is the
possibility that the recorded events are biase@tds/urban or more accessible
areas. There are also dangers in validating mat#sligined for existing situation
with observations from up to 40 years previous, ughanges in the location of the
population. A more precise, georeferenced, pubbeigilable inventory of both
landslide and hazard events would be of great kdonefuture activities in

modelling these hazards.

The models developed in this chapter illustraté miadional assessments of flooding
and landslides are possible, and the primary datece allows for these models to be
replicated in other countries. In order to be mgeful and usable they would need
to be modified using more precise data in theirettgsment as well as a better
validation dataset. Nevertheless they are thedtegt towards an index of
vulnerability that considers the capacity of thedand populace to cope with the

damage associated with landslides and floods.
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Chapter 5: Creating an assets based vulnerability

assessment

5.1 Introduction

This chapter considers vulnerability of distriatsat reduction in household well-
being as a result of floods and landslides caugexhlEl Nifio event in Ecuador. The
assessment of vulnerability developed here is basdte results and insights of the
previous chapters. These investigated the impagtahassets for household well-
being in Chapter 2, the association of a previdusiio event with changes in well-
being at the district level in Chapter 3, and irafier 4 the development of models
of potential exposure to floods and landslides. Réyedevelopment in this chapter
will be the investigation of the susceptibilitytbiese assets, the spatial relationship
between the location of assets and their exposutedds and landslides, and the

capacity of households and districts to cope wéimdges to assets.

A practical assessment of vulnerability of dissitd the El Nifio event implies a
transparent (Kelly and Adger, 2000; Glantz, 200%) mtuitive (Metzger and
Schréter, 2006) combination of the various comptsehthe vulnerability equation
(introduced in section 1.3.3). A good model fortsaa assessment is that for health,
income and consumption indicators which are expess proportions of the
population that are malnourished, or below a pieddfpoverty line, etc. These are
widely used in Ecuador (Larrea et al., 1999; lnstitNacional de Estadistica y
Censos, 2008) and a vulnerability assessment esqaies this way would be easy to
understand. The assessment will therefore folloonemetric assessments of
vulnerability to poverty and will be expressed las population vulnerable in each
district.

The vulnerability assessment is based on a gefugriwla, which | have modified to
consider the vulnerability of the smallest admiaitve area in Ecuador, the district.
For each district vulnerability is a function of the exposure of ladluseholds within

the district to floods and landslides, the sustdfi of the assets on which the
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livelihood of each households dependent, and modified by the capacity of the
households and district to cope with exposure #atth The term susceptibility is
often used interchangeably with vulnerability onsévity in the literature, in this

case | refer to the characteristics of an assénthie it more or less prone to

damage as the result of exposure to a hazard.
Vulnerability = f % L-Texposure susceptibility coping] (13)

The challenge is to produce a single figure fohedistrict that incorporates the
different levels of vulnerability of the constitudmouseholds. This challenge is
further complicated by the fact that while moddiexposure developed in Chapter 4
are at a relatively high resolution (every 90 n® kbcation of individual households
is not known beyond an aggregation at the disiatl. | have therefore estimated
the total population and the proportion of the dapan potentially exposed. This
implies that the susceptibility and coping compdsexi the vulnerability equation

will also have to be treated at the district leusing summary indicators of the

households to provide values for each district.
Vulnerability = f % L-Isusceptibility] * f [exposureg, coping] (24)

The econometric models developed in Chapter 2 stioah assets are significant
determinants, or correlates, of household consumplihese models are only
representative at the regional or sectoral (urb@ally level, which makes it very
difficult to incorporate spatial differences of saptibility in the vulnerability
equation. To assess the importance of these aggéis district level it is necessary
to select those assets which can be mapped fondidil districts based on
household level census data.

While there are similarities between the root caudesusceptible’ assets and the
capacity to cope | will treat these two componesggsarately in the following
sections. These are followed by a combination pbeure, susceptibility and coping

indicators and | conclude with a discussion ofrémults and the issues that arise.
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5.2 Susceptibility of assets

The asset-vulnerability framework supposes thatesassets are more important
than others for sustaining a livelihood and conitiiig to household well-being.
These significant assets are differentially susbkpand it follows that if a particular
household is dependent on one kind of asset whiafore susceptible than another
then that household will be more vulnerable (dileotthings being equal).

This section explores the susceptibility of ast®ds contribute to household well-
being outcomes, and proposes the spatial distobuti households based on a

typology of their access to assets.

5.2.1 Spatially variable household asset profiles

The global, rural/urban and regional models devadiap Chapter 2 demonstrate that
the relationship between assets and well-beingsatcording to location. These
models are representative at the regional or ssdirels however, and do not allow
the full variation in household asset profiles éorbapped and subsequently
combined with spatially variable assessments oattszassociated with El Nifio. A
trade-off is therefore necessary between the dapudithe spatial resolution of the
profile. This implies that only those variables alhiare also available at high
resolution can be included in a spatial assessofenitsceptibility of assets; such a
high resolution data source is the 1990 populaiimeh housing census.

Those variables which are found in both the ceaswlssurvey are noted in the
summary of the data used in the construction ohthesehold and district models
(Table 5). The number of variables is limited he biggest drawback is that
financial capital is not represented, and houseledel natural capital is only
represented by agricultural workers. The signifazaaf these assets in determining
household well-being (Table 40) further limits tinenber of assets in the household

asset profiles considered in subsequent sections.
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Table 40. Standardisgdand significance levels of selected explanatairyables in

multilevel model with cross-level interactions.

Urban Rural
H1_EDUL_Z + 0.013 -0.021
H2_LITS Z + 0.056*  0.087**
S1_TIME_Z + -0.022* -0.039
N6_AGWK_Z -0.011 -0.044%**
P1_NBED Z + 0.205%**  0.205%**
P2_ELEC Z + 0.073 0.022
NC1_DRY_Z - -0.091* -0.031
NC2_LAND Z + 0.018 0.007
NC3_SLP_Z - -0.135%**  .0.071*
NC4 NVEG_Z + 0.098*** -0.010
PC1_ACC_Z - -0.049  -0.007
P1_NBED Z
*NC3_SLP_Z 00437

***gignificant at the 99.9% level; ** significanttahe 99% level; * significant at the 95%
level.

Figures inbold type indicate parameters with a sign differerthett expected

5.2.2 Hazards associated with the El Nifo event lBcuador

Susceptibility of household and community assepedds to a great extent on the
nature of the hazard to which they are exposed Jtidy concentrates on the events
that accompany an El Nifio phenomenon, and | mdkeergce to the hazards that
were associated with the El Niflo phenomenon of 13®gince this was a large well

documented event.

The direct effects of the El Nifio event of 1997v@&e higher air temperatures,
reduced solar radiation, higher sea surface teriypesaand lowering of thermocline.
In addition higher annual, seasonal, monthly anly gaecipitation totals as well as
the intensity of rainfall events (Direccion Nacibda Defensa Civil, 1998) were

experienced in Ecuador.
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These phenomena led to secondary effects, pantigtie@ saturation of soils leading
to landslides, and the flooding of land where rsveere breached (Direccion
Nacional de Defensa Civil, 1998). It is these seeoy effects that damaged
buildings, and caused the loss of human life angsrFlooding and landslides were
also responsible for the damming of water sourcescantamination from
agricultural, industrial and residential sourcexdiag to increased turbidity, creating
spawning grounds for vectors of diseases, as wdihateria and diseases
(Corporacién Andina de Fomento, 2000; MinistericSa@dud Publica, 1998).

5.2.3 Susceptibility of assets significant to houlseld well-being

Here | assess the innate susceptibility of diffeemsets to damage due to natural
hazards, specifically to flooding and landslidesoasated with the El Nifio event.
Only those assets that are susceptible to flooddaanaslides will be considered in

the susceptibility component of the vulnerabiliguation.

Six household level assets included in the mukillevell-being models are also
captured in the 1990 household and population suivable 40) but | will
concentrate on the assets that were significaotisetated with the dependent well-
being variable: literacy, time in the communitypportion of agricultural workers,
and the number of bedrooms. Similarly, for the fik&trict level contextual variables
included in the multilevel models | concentratetibose that were significant: the
number of consecutive dry months, the percentagieeodlistrict covered by natural

vegetation, and the maximum slope.

Literacy is a human capital asset which in itselfimlikely to suffer as a result of the
impact of El Nifio, unlike other characteristicsmdividual humans such as physical
strength that can be affected by illness. Nevesgea household is susceptible to
loss of literacy whenever a literate household memibkilled due to exposure or if
the individual has to move away and is no longée &dcontribute to the household
well-being by virtue of his/her literacy. Suscepiip of individuals to direct
exposure to flooding and landslides or to disedsp&nd on the existing health
status of the individual household members, as agethe differential likelihood of
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exposure, for instance the prevalent locationvailnood activities may differ
between offices, fields or the home. This exposoitgazards is also likely to be
related to the choice of livelihood activities dahble to a household, where poorer

households have less choice of avoiding exposunart®ers, 1989).

Time in the community was shown to be negativegoamted with household well-
being and may be more a consequence of poor lefalsll-being, rather than a
contributor. For example a family with few optiomst to stay in the area they know
and continue with their traditional activities. $hind of asset may be susceptible to
change as a result of exposure to natural hazadisas flooding or landslides, if
families are forced from their communities to otloerations. It is not clear,

however, whether this would improve household wellrg.

The proportion of workers in a household who amgageed in agriculture is
negatively associated with well-being, i.e. if thenber of agricultural workers goes
up then well-being reduces. A household is theestmiinerable to reduced well-
being if workers in non-agricultural sectors arecéml to move into agriculture as a
result of a natural hazard like El Niflo. The cordli$ for this occurrence could
include the disruption of transport infrastructieducing access to urban areas, or if
there is a loss of employment opportunities outsidegriculture. Meanwhile if
agricultural employment is affected then it doesimply that workers will be able

to find employment in other sectors (I assume keaeagricultural work is the least

attractive).

The number of bedrooms per person per househaldiiicult asset to consider and
as discussed in Chapter 2 the causality is undl@asume in the models, however,
that the number of bedrooms per household is anatat of overcrowding, and that
fewer people per bedroom improves the well-beinthefhousehold members. The
corollary is that if the number of bedrooms decesas say due to damage to the
structure of the dwelling — then the well-beinglué household will be negatively
affected.

Dwellings are differentially susceptible to theetit effects of floods and landslides

according to their design and the quality of théamals used in their construction.
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In industrialised countries a mature insuranceisesvindustry means that
susceptibility has been monitored over time andadgr as a result of increasing
damages (Johnson et al., 2007) has been exphaitigidered in household insurance
policies (Thieken et al., 2006), and incorporatetuilding codes. Details of these
codes include materials resistant to damage, thigref buildings (e.g. the location
of doors and windows or the inclusion of flood sbrd), as well as the location
within buildings of susceptible assets (Simonog2{@)2; Kreibich et al., 2005).
Indigenous adaptation to hazards are also a cleaistat of coastal Ecuador where
buildings are often constructed using large bandasees and where the living
guarters are elevated and the space below usestbfage (Parsons, 1991).

Turning my attention to the district level variabléghe number of consecutive dry
months is directly susceptible to climatic eveike the 1997-98 EI Niio
phenomenon. The amount of rain which fell in thetigd would have altered the
availability of water, but since the variable iggagvely correlated with well-being
then an increase in availability could improve wading. Alternatively if the
inhabitants are unused to the amount of precipitatien it could have caused

problems especially for areas dependent on agueult

The variable for the maximum slope is not suscéptilo changes at the district scale
to exposure to events such as flooding and lareslidocal changes may occur due
to landslides, but these are unlikely to changeadpegraphy of a whole district.

The percentage of the land area in a district whach unprotected natural vegetation
is a significant determinant of well-being for unbiaouseholds. However this
variable is unlikely to be susceptible to changes w floods or landslides associated
with the EI Nifio event. Another asset, the accd#gibo provincial capitals, relies

on physical infrastructure and is likely to be ssble, however this asset is not a

significant correlate of well-being for househoidsither the rural or urban sectors.
| have shown that human and physical capital assetboth important for household

well-being and susceptible to exposure to hazasssaated with EI Nifio events

such as flooding and landslides. This implies thsifricts which have many
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households that have high levels of these assetalsa be susceptible to reductions
in well-being as a result of flooding and landsside

5.2.4 Household typology of susceptible assets

Applying the coefficients of the variables to trealin the 1990 population census
will give a nationwide map of consumption estimagisilar to those produced by
Larrea et al. (1996). Given the context of thigigtthe household data from the
population census can instead be used to map #neas with households that rely

more on particular types of assets.

| construct a typology of households based on apesison of their assets to the
values for other households in similar contextsniysiousehold assets to create
types of households or farms is a common appraaehdcating households into
domains that can be used for further analysis iopéticy recommendations (e.g., de
Janvry and Sadoulet, 1996; Davis and Stampini, 20@#®soglou and Taniguchi,
2004).

Households in the rural and urban sectors are easegl according to a comparison

to the sectoral and regional average values ditdracy rate of household members
and the number of bedrooms per adult equivalenséloald member. These are then
combined to give a typology of 4 household typesb{& 41).

Table 41. Combination of significant assets to ter@shousehold typology

Bedrooms below averageBedrooms above average

Literacy below average 1 2

Literacy above average 3 4

Of particular interest are household types 2 andhi@h show a greater contribution
of one asset than the other. Districts are subsgigudassed according to the most
common household type. It is clear that there arenfore districts with a majority of

households that have levels of literacy above teamior their respective region and
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sector” (Table 42). Similarly most households do not disproportionately on
literacy or their bedrooms to sustain their livebials.

Table 42. Most common household types per district

Most common household type Frequendyercent

1 75 8.2
2 43 4.7
3 229 25.3
4 564 61.8
Total 911 100

The spatial patterns show that districts compriddibuseholds with greater than
average literacy and fewer than average bedrooenfoand in all regions but are
particularly concentrated in the southern and et¢itvastal region, as well as
clusters in the extreme south and north of the Andegion (Figure 54). The few
districts with a majority of households with a tyggy of low literacy and large

dwellings are scattered in the central Andes aadtrthern coastal region.

>3 Due to the binomial and skewed distribution of literacy variable
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o

Most common HH typologies
[ Bedrooms < Avg; Literacy > Avg
I Literacy < Avg; Bedrooms > Avg

Figure 54. District summaries of household typolbgged on combination of household

values for literacy, access to electricity and nandf bedrooms per household member
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5.3 Capacity to Cope

The final component of the vulnerability equatisrthe capacity of the household
and the district to cope with a natural event saglkl Nifio. Coping strategies have
been most commonly studied in famine situationg. fecankenburger and Goldstein,
1991; Maxwell et al., 1999), but also for eventst thffect infrastructure and which
imply an institutional as well as a household resgo(e.g. Adger, 1999; Sales Jr,
2009). Coping strategies are not limited to thelmecsms or activities which follow
a shock but can also comprise the measures takeretzeshock to reduce exposure
or mitigate damage. Baez and Mason (2008) consglemanagement and coping to
be ex ante andex post measures of short duration, which implies th& ris
management should be considered as part of copitigeigeneral vulnerability
equation. Examples of risk management are: savinggtance, precautionary
actions, migration, income diversification, andleciive risk sharing. Ex post coping
include: borrowing, reducing consumption, tradisgets, labour supply adjustments,
income diversification, migration, transfers andiabnetworks (Baez and Mason,
2008; CARE/WEFP cited in Devereux et al., 2004; ¥a)04; Eakin, 2005; Tesliuc
and Lindert, 2003; Barrett et al., 2001; Alwanglet 2001; Moser, 1998; Maxwell
and Frankenburger, 1992).

5.3.1 Indicators of capacity to cope with natural eents

Measures of coping strategies should allow fordifferentiation between districts of
their capacity to plan for and respond to the fkbadd landslides (and secondary
effects) of a future El Nifio event in Ecuador. Theasure ought to include a
household component and should also take into atccbstrict level capacities
(Adger, 1999).

The ability of a household to invest in risk managet strategies is linked to its
access to resources, for which the district povestgl is a proxy (Baez and Mason,
2008; Adger, 1999). At the same time Moser (198%sl resilience in the face of
threats to the amount and quality of assets antleenénts that a household

possesses or can mobilise. This and other stueligsTesliuc and Lindert, 2003)
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suggest that an indicator based on ‘direct’ measof@ccess to basic needs that help
households cope — such as access to housingj@tgcand water — is preferable to
poverty. These basic needs are often collecteahgltine population and housing

census and so allow for the creation of districelesummaries.

Household relations and general social capitaljmmp®rtant components of coping
and have been recognised in many contexts ancest(#ldger, 2003). Moser (1998)
contrasts the highly commoditised livelihoods opplations in fragmented urban
settings, with those in rural areas where theoften a moral economy enabling
households to draw on assistance from neighboasz Bnd Mason (2008) note,
however, that some community risk management mésmarare less effective
when the shocks are covariate (such as a naturatdhéike floods). Adger shows
that social capital, and in particular the instdos active at different levels, can have
a significant role in the effectiveness of stragsgior coping with natural hazards.
The relative difference in performances of insiitns is one of the few non-
household variables that can be considered inrthbysis of district-level

vulnerability.

5.3.2 Indicators of coping with EI Nifio in Ecuador

The state has a limited and historically confused in Ecuadorian disaster
management (Solberg et al., 2003), and local lshders recognised as being of
some importance (Andrade, personal communicatiéramow, et al., 2002).
Disaster contingency plans have been preparedstaon areas likely to be exposed
to flooding and landslides, but as seen in Chaptbese plans are restricted to urban
areas, are not accompanied by mitigation effortsq®et al., 2000), and differ
according to each institution (Vasquez, 2005). Gikié defence organization is
responsible for dissemination of forecasts, anddleue of people affected by
exposure as well as disaster preparedness exertisemstitutions responsible for
responding to future crises are unlikely to hawtear mandate and since the 1998
constitution the state is devolving many power®tal government (Andolina,
2003), albeit slowly and in some cases inefficie(faust et al., 2007; Cameron,
2005). All of these factors contribute to the sitiawhereby data on institutional
effectiveness is either not collected or not adda
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Similarly, section 2.2.3.2 showed that communityelesocial capital indicators are

not available from the ECV, a situation repeatadtber potential sources of data.

While information on social capital and institutadreffectiveness or investment is
lacking for Ecuador, data on household basic nemssumption and poverty are
available (Instituto Nacional de Estadistica y @asn2008). The unsatisfied basic
needs (UBN) index is calculated for all househatdghe 2001 population and
housing census and summarised for each diétritte index incorporates 5
indicators: (i) poor housing materials; (ii) inadete water or sewage services; (iii)
highly economically-dependent househdtd§v) households where children
between the ages of 6 and 12 do not attend scaid];(v) households that share a

bedroom between three or more people.

A similar index has been created by the World Feomgramme (WFP) in Ecuador
to help focus their food aid distribution effortsareas with high proportions of
households ‘at risk’ (Moreano, personal communagtP004). The WFP index has
five categories from ‘no risk’ to ‘highest risk’'nd is composed of the UBN index as
well as health assistance indicators such as timdeauof doctors, nurses, and clinics
in the district. This additional information serveg purposes, firstly the provision
of health services might be vital for protectingrtan capital assets, and secondly
there is some evidence, albeit at the nationaéscdla link between corruption and

expenditure on health (Mauro, 1998).

The major spatial differences between the UBN inalect the WFP risk index can be
seen in the central coastal region where therawaresrous districts with high levels
of unsatisfied basic needs but with low food saguisk levels (Figure 55). The
eastern Amazon region, in contrast, has highereisls despite lower levels of
unsatisfied basic needs — these differences aréodhe lack of health personnel and

infrastructure in the Amazon region.

** The household level data are not publicly avadabl
%5 Any household with 3 or more persons per occupiechber, where the household head has 2 years
or less of primary education
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Basic Needs Index WFP Risk Categories
10 - 60% unsatisfied 1 Minor risk
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Figure 55. Distribution of percentage of househelidh unsatisfied basic needs (UBN) per

district, and risk categories of districts basedJBN and health services.

The exact methodology used by WFP to create tkangex has not been published
and it is unclear how the health infrastructuresed to adjust the UBN figures, this
can be seen in (Table 43) where the summarieféohnealth indicators are shown

for each risk category.

Table 43. Summary of Medical personnel per '00(pfge@.andscan 2006) for WFP risk
categories

WEP risk category n Mean Std. Deviation ~ Minimum Maximum
Minor risk 97 3.45 3.14 .00 14.21
Some risk 215 3.43 18.20 .00 260.87
Risk 273 2.40 5.64 .00 57.14
High risk 274 5.16 23.90 .00 333.33
Highest risk 121  11.01 45.06 .00 454.55
Total 980 4.58 22.38 .00 454.55
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The average values for UBN for each risk categhowmsthat the WFP and the
unsatisfied basic needs indices are aligned (Té&bleHowever it is apparent that
there are some districts with a UBN value of @bat are not in the highest risk
class due to better health services availablenédsame time there are districts with
a relatively low UBN’ that are in the highest risk class due to the peaith

services.

Table 44. Summary of Unsatisfied Basic Needs Irfdexlistricts within each WFP risk
category

WEFP risk category n Mean Std. Deviation ~ Minimum Maximum
Minor risk 97 50.1 10.8 25.9 73.5
Some risk 218 74.3 9.3 47.5 98.1
Risk 280 87.4 7.3 61.4 100
High risk 275 92.5 6.6 49.0 100
Highest risk 124 95.4 7.7 53.5 100
Total 994 83.3 154

Due to the fact that the WFP risk categories atlibgict level are not clearly
explained | will use the simpler unsatisfied baseds index as the proxy for coping

and risk management in the vulnerability equation.

5.4 Combining exposure, susceptibility and coping

| express vulnerability as the percentage and patpllation vulnerable in each
district to reductions in well-being. The assessntcembines exposure,
susceptibility, and coping, and can be consideseal @ntinuum between two

extremes of vulnerability (Table 45).

*% Signifying that the basic needs of 100% of houkishim the district are unsatisfied
*"e.g. Paflacocha district in the Amazonian Sucunmiogince with 53.5% of households with
unsatisfied basic needs.
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Table 45. Extremes of the district-level vulneripilo floods and landslides associated with
the EI Nifio event

Exposure Susceptibility Coping

Worst case

100% of the population Households particularly 100% of households lacking
potentially exposed to floods dependent on assets basic needs

and/or landslide$ susceptible to damages from

floods or landslides

Best case

Low proportion of Not particularly dependent Low percentage of
population potentially on assets susceptible to households lacking basic
exposed to floods and/or ~ damages from floods or needs

landslides landslides

Combining these components at the district levgliires a specification of the

functions used in the vulnerability equation (Edumatl4).
Vulnerability = f % L-Isusceptibility] * f [exposure, coping]

Some authors (such as Alwang, 2001 or Connor, 28@3gest that the components
are additive or subtractive, whereby vulnerabiktyhe exposure multiplied by the
susceptibility and then subtracting the coping. ldeer | have shown that the coping
strategies used by households and districts aremytreactive, adaptive or
recuperative measures but also include risk managewhich serves to reduce
either the exposure or the susceptibility of aseexposure to floods and landslides
(and secondary effects). This implies that the doation of the components in the

vulnerability equation is multiplicative.

Exposure is expressed in the percentage of thelgtogpuexposed to different flood
and landslide scenarios (Section 4.4.3). Capagitppe is expressed as a summary
of households’ access to basic services. These atgsitan be applied easily to the

levels of exposure such that the percentage gbdpelation exposed (to both floods

%8 Landslide and flood populations are added, thexevary few areas where the population is
potentially exposed to both hazards
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and landslides) is modified by the percentage ofkbolds with unsatisfied basic

needs.

The contribution of the susceptibility componenthi the vulnerability equation is
the least certain and does not easily lend iteei¢ calculation of a final value of
the population vulnerable. The susceptibility vl assessed qualitatively and will
be used as a narrative modifier to the other corapizof the equation (Metzger and

Schréter, 2006). The vulnerability equation thasé for mapping is:

Vulnerability = (% population exposed * % populatiith (15)
unsatisfied basic needs) * f (susceptibility)

The results of the application of the vulnerabiktyuation (Equation 15) to the
districts of Ecuador are best viewed on a map whledws the population
vulnerablé® overlaid with the household typolof\(Figure 56).

9 Which is the % population exposed * % populatidgthwnsatisfied basic needs
9 Which represents districts with many households #@ne particularly dependent on susceptible
assets.
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Most common HH typologies
., Bedrooms < Avg; Literacy > Avg
\ Literacy < Avg; Bedrooms > Avg

Population vulnerable
—0-10%

=10 - 20%

mm 20 - 35%

mm 35 - 50%

mm 50 - 100%

Figure 56. Percentage population vulnerable périctis
Combination of exposure and coping (to give theutatipn vulnerable) and susceptibility to
produce a flood and landslide vulnerability assesgrfor Ecuador expressed as percentage

population vulnerable.

The vulnerability assessment shows that the distwith the greatest percentage of
the population vulnerable to floods and landsligesociated with the El Nifio event
are concentrated in western Ecuador in the ceB@traktal region in the lower
Guayas basin. Further clusters are observed imatéviinabi province and in
Esmeraldas province. There are also a number wiatlsin the northern Amazon
region that are potentially vulnerable. Many d&t#iin the lower Guayas basin are
characterised by households that have high leVdieemcy but lower than average
number of bedrooms — suggesting a dependence oarhcapital assets. In contrast

in Esmeraldas there are a number of districtsitha¢ few people per bedroom but

222



experience low literacy levels. These are disttictéd might be vulnerable to damage

to the physical infrastructure of households.

=
2

R
.

i Most common HH typologies
% , ,4 /N : .., Bedrooms < Avg; Literacy > Avg
IS ; / \ Literacy < Avg; Bedrooms > Avg
GO :
/}@;{;., Z Total Population vulnerable
Z — Below - 5000
=2 5000 - 10000
== 10000 - 25000
mm 25000 - 50000
mm Above 50000

Figure 57. Total population vulnerable per district
Combination of exposure, and coping (to give theypation vulnerable) and susceptibility
to produce a flood and landslide vulnerability asseent for Ecuador expressed as total

population vulnerable.

When expressed as the total population within eltinict vulnerable to floods and
landslides the districts in Esmeraldas provinceakoappear as priority areas. Instead
the major cities and towns of Ecuador are mostals/{Figure 57). The map shows
that districts which have many households susdeqptitbphysical or infrastructure
damages have relatively few people vulnerabledod$ and landslides associated

with the El Nifio event.
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The combination methodology presented here is Bem$d the assumption that the
unsatisfied basic needs index is spatially randathinvthe district. Given a district
where 50% of households are exposed to floodsaratlides and 50% of the
households have unsatisfied basic needs it islpedsiat all of the exposed
households have unsatisfied basic needs or equagdlsible that none have
unsatisfied basic needs. To explore this sensitlytroduce two scenarios — one
which represents the maximum percentage of vultetatuseholdd, and the other

for the minimum number of vulnerable househ®dBigure 58).

Minimum
vulnerability

Maximum
vulnerability

Population vulnerable Most common HH typologies

[ 10 -10% 7, Bedrooms < Avg; Literacy > Avg
[ 110 - 20% N\\\Literacy < Avg; Bedrooms > Avg
120 - 35%
35 - 50%

El50 - 100%

Figure 58. Maximum and minimum vulnerability valdfes Ecuador expressed as

percentage population vulnerable

These maps of the range of percentage of vulnehathiseholds show that the
clusters of districts in the lower Guayas basin iangbrthern Esmeraldas are highly

®L This is calculated as the lesser of the dist@tties for % UBN and % exposure
%2 This is calculated as % UBN + % exposure — 10@&re/megative numbers are given a value of 0%
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vulnerable for both scenarios. These are distwtts very high values for exposure,
UBN, or both. In contrast some parts of the certoalstal province of Manabi
display a large range of possible percentageslokvable households; districts such
as Portoviejo and Chone are characterised by valuesposure and UBN close to
50%. While neither the maximum nor minimum scergace likely, they provide a
useful addition to the vulnerability assessmentlaelg in the interpretation of the

maps (Figure 56).

5.5 Discussion of findings

This chapter brings together the three major coraptsnof the vulnerability equation
that | use as a guide to assessing vulnerabilitijgd=l Nifio event in Ecuador;
namely exposure, susceptibility and coping. Thei$oan household level well-being
and assets enables a logical approach to definiagciion for combining the three
components. More specifically the expression diridislevels of vulnerability in
terms of the total number of people, and the priogoof the population that are
vulnerable is a conceptual improvement on prevedftats to assess vulnerability in
Ecuador (e.g. Vos et al., 1999; Demoraes and Der20i01). In addition the
assessment presented here benefits from more @weémbhore accurate maps of
potential exposure, and incorporates an elemet@nhg that has been missing from
previous assessments. Most importantly the assessae be used in decision

making arenas and is transparent.

Three important issues are raised in this chafi)eéhe importance of assets within
the Sustainable Livelihoods framework; (ii) scasues due to the mixing of data
from multiple scales and ecological fallacy, anil ¢vercoming the problems of

availability of data.

Given the data available | show that a reasongipgeoach is to consider the
susceptibility of assets at the household levelagdte typologies of households
based on their asset profiles. The diversity ofsetwld types within the typology is
somewhat limited. This is unavoidable given the lsmanber of variables that are
clearly susceptible to landslides and flooding Hrad were collected in both the
1995 ECV and the 1990 population and housing ceitiscan also be contested that
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the asset values in themselves do not accuratelsagaependence on a particular
asset, especially since threshold reference p(sath as those used by de Janvry
and Sadoulet, 1996) are not obvious for eithertagstirther difficulty is the
incorporation of the susceptibility of these assetsiseholds and finally districts

within the vulnerability equation.

Assets are just one component of the sustainaldinoods framework (or the
household access framework [Blaikie, 1994]). Otdpgsroaches to mapping
vulnerability focus on the identification of vulradale groups based on their
livelihood activities and strategies (Vos et a@99%; Adger, 1999), or on their innate
susceptibilities (such as children, elderly or fearfeeaded households [Jaspers and
Shoham, 2002; Amin et al., 1999 cited in Kamanadi ldiorduch, 2002]). These
approaches look at the susceptibility of assegsnmore holistic manner than the
econometric approach undertaken in my researcmaydyield more relevant results
for inclusion in the vulnerability equation. Thenstruction of livelihood profiles
(e.g. Boudreau, 2007) might be possible using theséhold data available in the
ECV surveys. These profiles allow an assessmethieodiversity of income or
nutrition sources in representative householdschvhare differentially susceptible to
hazards. However, given the coarse representatVitye ECV domains, local
knowledge from almost every part of the country lddue needed to produce

livelihood zones — which is beyond the scope of thesis.

The combination at the district level of exposuréldods and landslides, unsatisfied
basic needs, and most common household typologiessmarious units of analysis
and spatial scales. This raises the possibilitpfeiring relationships which are in
fact spurious and purely artefacts of the aggregadf individual households — a
problem known as ecological fallacy. Ecologicaldey is the attribution of group
characteristics to individuals within that groupdanferences on the association
with other group characteristics (Robinson, 1950)ny study | make the
assumption that the rates of unsatisfied basicsaed the distribution of
households as typified by their asset profilesnatespatially dependent within each
district. Given that the census data from whichUWN and asset profiles are
derived are already referenced at the lowest adtnattive unit the only solution to

this problem would be through the geo-referencihigpdividual households, which
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is a highly unlikely scenario. Thus the approacbpaeld here — to test the sensitivity
of the results to the assumption of spatial noreddpncy — is the most appropriate,
and allows the identification of districts for whithe vulnerability values are more

sensitive than others.

Lack of access to data is a constraint for allela@mponents of the vulnerability
equation but is most evident in the creation ofraislevel values for coping
capacity. The indicator chosen to represent thengagapacity of households and
districts - percentage of households with unsatishiasic needs — is an acceptable
measure of household access to resources fmte andex post coping. However
there are no data available on the social andutisinal capacities. Rural and urban
households are considered in the household asséeprand typologies but the
importance of location for social capital is natan and further research in Ecuador
Is needed to assess the relative importance otithé‘moral economy’ (Pelling,
2003; Moser, 1998) vs. urban access to more fommsttutional responses (Dréze
and Sen, 1989).

All of these conclusions point to the need fordation of the components of the
vulnerability equation, i.e. the importance of asse households and the
susceptibility of those assets, the spatial digtrdm of hazards associated with the El
Niflo phenomenon, the importance of social capitdliastitutional effectiveness in
times of exposure to hazards, and the longer tenpacts of the El Nifio
phenomenon on household well-being in Ecuador. § hes explored in the

following chapter.
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Chapter 6 : Validation of an assessment of
vulnerability to El Nifio in Ecuador: a case study o f4

areas in the province of Manabi

6.1 I ntroduction

The first objective of this chapter is to valid#te calibration and construction of the
asset-well-being models focussing on householdsaminunities in four areas of
the coastal province of Manabi, a province affettgdost El Nifio events (Rossel,
1999). The second objective is to validate the @asons found between changes in
welfare during the 1990’s and the 1997-98 El Niiierg. In particular | seek to
clarify if the relative deterioration in househadnsumption and relative increase in
poverty in the coastal region were linked to theaets associated with El Nifio and
whether prior experience of events, household ssseexternal assistance
ameliorated the impacts.

The third objective is to compare the flooding #atislide events that occurred
during the 1997-98 EI Nifio event with the flood daddslide models that | have
developed, in effect ground-truthing the modelsigsi sample of households in 4

areas in Manabid.

6.1.1 Validation Objective 1

The asset-well-being models were developed in @n&pto help investigate the
links between assets and household consumptioncfidiee of assets follows the
sustainable livelihoods framework whereby assetggesuped according to five
capitals: human, social, physical, financial antlred. The analysis of the model
results show that it is difficult to say definitlyehat a particular group of capitals is
more important, or that there are large regionfédinces between the contributions
of a particular household asset to consumptiothigichapter | will therefore

capture and analyse primary data to help deterthm@nportance of different
capitals in coastal Ecuador in maintaining welldgeand as an asset that can be

drawn on for risk management and post-event fbeeeitoping or adaptation. This
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information can be used to inform the calibratiémodels such as those developed
in Chapter 2 on the relationships between asseltsvalt-being.

Specifically this survey will explore the hypotheshat different assets within the
sustainable livelihoods framework are more impdrthan others for their influence
on household well-being.

6.1.2 Validation Objective 2

The associations between the impacts of the 199880 event and changes in
well-being, while generally positive, displayedfdiences in strength, depending on
the indicator chosen for impact and well-being (Geepter 3). More information is
required on the experiences of households in dhaasvere affected by the 1997-98
event, and the effect of El Nifio on their well-lgein addition the information
collected should inform the assessment of vulnétalarried out in Chapter 5 with
the perceptions of respondents on why damagesin@rged and the susceptibility
of different assets, such as homes, or cropsptmfl and landslides. The information
collected will record the strategies used by hoakihto cope with the immediate
and longer terms impacts of the El Nifio phenomenspecially the damage to
household assets for which there is a purportedioglship with household well-
being. The survey will also ask respondents aldlmiptevention measures put in
place by external organizations and their respdasig and after the 1997-98 El
Nifio event. Due to a lack of data the role of exd&prganisations in helping
households cope with the effects of shocks sudlvads and landslides was not an
aspect that was considered in the vulnerabilitgss®ent. In a large province like
Manabi the institutional response to extreme clicneffects is likely to be patchy
with the state unable to respond in all areas éslibedor covariate events (see
Tesliuc and Lindert, 2001, Thomas, 2003 and Skeuf2803 for examples) that
affect many people at the same time, like El Nifio.

I have formulated three hypotheses based on thadusions of previous chapters
and on studies in Ecuador and elsewhere. Thehigsbthesis is that the well-being
of those households that suffered damages in tBé-28 El Nifio was more
negatively affected than those who suffered les¥kdd to this is the hypothesis that
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the long-term impact of the 1997-98 El Nifio everlt e worse for those
households or communities that have fewer asshtsfifial hypothesis is based on
the concept of the development of adaptive capacitystates that the impact of the
1997-98 EI Nifio event will be worse for those hdudds or communities that have

little experience of previous heavy rainfall events

6.1.3 Validation Objective 3

The third objective of this chapter is to valid#te flood and landslide models
developed in Chapter 4. The objective is not tdaepa particular hypothesis,
instead the different flood models will be compaweth the recollections of
exposure to, and damages caused by, actual flombsadslides which occurred
during the 1997-98 EI Nifio event.

6.2 Methods and materials

The validation of the vulnerability assessmentisfritts in Ecuador to the El Nifio
event will address the assumptions of the impodari@assets in well-being, the
exposure to natural hazards, the coping strategiesuseholds who are affected by
flooding and landslides, and the longer term impa€tEl Niflo events. Given the
complexity and inter-relationship between theseasshe methodology for data
collection and analysis is a mixture of quantitatand qualitative. The approach for
collecting data follows that of Hentschel and Wat@002) and employs a
household survey using a structured questionnagenanted with key informant

interviews, and followed by focus group discussions

Focus group discussions, with their roots in mar&eséarch, have a long history in
the qualitative investigation of phenomena. Inriatural hazards literature they have
been used to gauge respondents’ levels of prepaseda.g. Diekman et al., 2007),
to document descriptions and perceptions of thatse.g. Moore, 2004; Tapsell et
al., 2002), and to assess the longer term impacsexovery from hazard events
(e.g. Pfefferbaum, 2008; Sartore, 2008). Focusggdave also been employed to
appraise citizen involvement in the planning ofigaition efforts for natural hazards

(Mitchell, 2003). The focus group discussions aveaarried out simultaneously
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with the household survey; instead they were coesténmonths after the original
survey to allow for preliminary analysis. In thense the focus group discussions are
designed as a tool for recording the community gepees of the 1997-98 EIl Nifio
event and for discussing the results of the houdelesponses rather than for

providing material for the survey (cf. Barrett, 200

The location of the interviews and focus group asstons are recorded using
handheld GPS receiv&fallowing a comparison with the flood and landsidedels

developed in Chapter 4.

6.2.1 Study area

The coastal province of Manabi was chosen duegtdeitt that Manabi suffered
seriously in terms of the number and severity nfiidide and flooding incidents
during the 1997-98 EI Nifio event (see section 3,212d previous surveys which

had highlighted El Nifio as an issue (Mera, persoaaimunication, 2001).

The sampling frame for the primary data colleci®based on the validation
objectives and the associated hypotheses. The sanfiigime takes into account a
number of criteria for climatic history and impad&ur scenarios are envisaged
(Table 46): (a) this area has historically expeareghEl Nifio but did not suffer in the
1997-98 event; (b) this area has experience ofiiid lnd suffered badly; (c) this
area historically did not experience El Nifio and ot suffer in the 1997-98 event,
and; (d) this area has little experience of El Niitib suffered the effects in the 1997-
98 event.

Table 46. Proposed matrix for sample locations

Did not suffer Suffered badly

Historically experienced El Nifio a b

Little experience of El Nifio c d

%3 Giving a horizontal error of + 15m
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Indicators of the effects of the 1997-98 El Nin@etare discussed in detail in
Chapter 3. The indicators of vulnerability (Vosaét 1999) to agricultural losses and
health risks, do not show differences between diffeEl Nifio events while the
database of reported incidents (Deslnventar, 20dljcitly includes aspects of
susceptibility, given that flooding or landslideidents where no-one was affected is

unlikely to be reported in the sources used foDhsinventar database.

Maps of exposure to flooding have been createddtn the 1997-98 and the 1982-
83 El Nifio events and the deficiencies in thesesaap discussed in both Chapters 3
and 4. In the province of Manabi there are diffeesnin the areas flooded in 1997-
98 and the previous extremely strong event buktkiéferences are likely due to
differences in the methodologies used to createnidues. | therefore use precipitation
anomalies as my indicator of experience of an BloNtvent, using monthly data for
eight meteorological stations in Manabi (ZevalRR&02). Six of the stations have
data for both 1997-98 and 1982-83 and only onéostéiBoyaca) shows a significant
difference in the size of the anomalies betweesgheo El Nifio events (Figure 59).
The other stations display similar anomalies onexgreater anomaly in 1982-83 in

the case of Chone.
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Annual rainfall anomalies

600

ﬂ —o— Manta Portoviejo f

——Junin —o—Boyaca

500
/ \ —+— Camposano —0— Chone /\

N
[=]
o

% anomaly
w
o
o

N
o
o

100 A

1994 1
1995 |
1996
1997
1998 1
1999 1
2000
2001

1984 1
1985 1
1986
1987
1988
1989 1
1990 1
1991
1992
1993

1977
1978
1979
1980 |
1981 |
1982
1983

Figure 59. Precipitation anomalies for all avaiéableteorological stations in Manabi; 1951-2001
(Zevallos, 2002)

Based on these meteorological data it is possibéelect two areas that have had
differing experiences of the last two strong El dlgvents, Portoviejo, which
received similar amounts of rainfall in the twoipes and Boyac4, which received

significantly more rainfall in the 1997-98 eventfile 47).

Table 47. Manabi counties selected according tdathianomalies

Historically experienced El Portoviejo
Nifio
Less experience of El Nifio Chone

Selecting districts that suffered differentiallytire 1997-98 EI Nifio event is not
possible using the databases of incidents prodioigélde DesInventar (2004)
initiative or the less comprehensiefensa Civi(2002) source. Neither of these
sources is referenced at the district level. Chamg@overty (see Chapter 3) also
show little difference between districts within tt@unties of Chone or Portoviejo.

® The meteorological station is located in the disof Boyacé, which is within the county of Chone
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Given this inability to differentiate districts awding to degree of impact within the
county of Portoviejo, and with the help of locapexis | decided to make the
sampling frame better reflect potential exposuréaods and landslides within each
district. This entailed selecting areas on floodydas well as more dissected upper
catchments, in addition rural and urban areas we@nsidered in the county of

Portoviejo.

Four areas were chosen for the survey (Figure 60):

Chone county?

- Boyaca — the district of Boyaca and part of théridisof San Antonio, within
catchment of river Capricho and river Rancho Vigaributary of the river
Chone), rural area, 1997-98 El Nifio stronger th282183

- Tarugo, in Canuto and part of Chone district, caieht of rivers Tarugo and
Chone, this is a rural area, close to city of Chd®®7-98 EIl Nifio similar to
1982-83 event

Portoviejo count§f

- Rio Chico — the districts of Alhajuela and Abdonld&son, in the catchment
of the River Chico (major tributary of river Portejo) rural area, 1997-98 El
Nifio similar to 1982-83 event

- Rio Portoviejo — the city of Portoviejo and townRitoaza within the
catchment of the river Portoviejo, urban area, 198 El Nifio similar to
1982-83 event

% Chone is the name of a major river, and givesatse to the biggest city in northern Manabi, as
well as a district and county
% Portoviejo is the name of a major river, the calpif Manabi province, a district and a county
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Study areas within the province of Manabi
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Figure 60. Areas selected for case study in Mapahiince

6.2.2 Household survey

6.2.2.1 Sampling frame

The sampling frame is not intended to give a reprgive sample for each district
rather the responses are intended to provide irgtom that can be used to further
refine a model linking assets, well-being and vrabdity to floods and landslides.

Households were surveyed in eight different ditgneithin the two counties of

Portoviejo and Chone, with 106 households survayeach county (Table 48).
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Table 48. Number of households surveyed per distric

Study Area County District Number of
households

Boyaca -Less experience of El Chone Boyaca 41
Nifio San Antonio 8

Eloy Alfaro 1
Tarugo - Historically Chone Chone 11
experienced EIl Nifio

Canuto 45
Rio Portoviejo - Historically Portoviejo Picoaza 15
experienced El Nifio o

Portoviejo 23
Rio Chico -Historically Portoviejo Abdon Calderon 53
experienced El Nifio _

Alhajuela 15

The choice of households was made using systesetipling. In rural areas

households were selected every kilometre, whil&rliian areas or in the built-up

parts of villages households were selected systeafigt(every 18" household)

according to a randomly chosen direction. The ratli® for this system is based on
the need to capture the spatial variation in tifieces of the flooding and landslides

associated with the 1997-98 El Nino event. Micrd aracro catchments have been

distinguished and households at different locatisitisin the catchments were

selected in order to assess the impact of floodidylandslides at different points

within catchments (Figure 61).
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Study areas within the province of Manabi
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Figure 61. Location of focus group and househotgests within the areas selected in Manabi

6.2.2.2 Recall period of the last El Nifio event

In this study | rely on the respondents to remembtr some clarity the events of
six years previous and respondent recall may brelzalggm. Research on respondent
recall is scarce and has been limited to experisnghibehaviour and social events
where differences between observed and recalleddshces at events have shown
up to 60% divergence. Freeman et al. (1987) sughastwo types of respondents
can be discerned, those whose recall enablestigetdom patterns to be revealed,

and others who are able to recall with accuracgifpevents.
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In the case of Honduras and the 1998 HurricanehMiitany respondents
remembered clearly the event itself especially wihey suffered injuries or when a
family member had been killed (Rubiano, personah@uinication, 2004). In
general the sample of the population found it diffi to compare situations before
and after the hurricane, but were able to reca@tgic events.

One difference between Hurricane Mitch and El N&ithe length of the event itself.
Mitch was a relatively short event (1 week) of griegensity whilst the El Nifio of
1997/98 lasted almost a year. This may make thadlreicthe totality of the El Nifio
event difficult if there were no specific incidemtgthin that period, or it may be

more difficult to define when exactly the eventrsgd and finished.

This factor will also have to be resolved in theddi key informants might be those
who are able to recall specific events and plaesdlevents in an historical context —
a mix of Freeman et al.’s (1987) good and bad nedgot.

6.2.2.3 Migration of people most affected by trst E Nifio

Another issue associated with the 6 year periodiédeen the validation study and the
last El Niflo event is that a proportion of the plagion may have migrated. This
reduces the number of people within the study ate@aexperienced the 1997-98
event and migration may have been more prevalestnme well-being categories
than others. Additionally bias could be introduaethe responses if the

interviewees were living in another region at theetof the last El Nifio evetit

Ecuador has seen vast numbers of its populatiograteito Europe and the USA
although the majority of these migrants have beam the Andean region (Jokisch
and Pribilsky, 2002). Total migration from the pimee of Manabi numbered 16,174
in the period 1990-2001 out of a population of hiftions, where 3,712 migrants
were from rural areas (Instituto Nacional de Esttich y Censos, 2003). The biggest

increase in migrants was between 1998 and 199%wvduinicides with a

%" This second source of bias is less likely givet the region is generally a migrant provider rathe
than receiver.

238



strengthening in both push and pull factérinternal migration, both within the
province of Manabi and from Manabi to the citiesofayaquil or Quito is more
difficult to assess. The 2001 population censusrsfbnly limited insights but it is
possible to discern the households that have livéldeir current location for less
then five years. For most of the counties in trevjprce of Manabi between 94 and
98 % of the population are long-term residents. i@iggration is more difficult to
identify but it is possible to see how many ark istithe same county as 5 years
before. The counties with the greatest proportiooud-migrants were found in the
south of Manabi and which were relatively badlyeféd by El Nifio. The out-
migration rates of 14% and 9%, for Chone and P@jo\counties respectively, are
unlikely to affect the results of the survey givbat migration in Ecuador is most
commonly by single members of a household rathar thwhole household. Data at
the district level are not available, nor is it pibte to assess the well-being status of
the emigrants. In order to assess the impact ofatiagy a set of questions will be
included in the questionnaire instrument and inftleels groups that directly

addresses the issue.

6.2.2.4 Survey instrument

The instrument used in this study was a structumealview with a mix of closed and
open questions and the theme of the survey wasifiipacts of the 1997-98 El Nifio
phenomenon on food security”. The title of the syrveflects the International
Center for Tropical Agriculture (CIAT) project whigrovided the funding for the
data collection exercise. The questions in theesuwere grouped around the

following topics:

(1) Community and household characteristics

e Social capital resources

* Physical capital resources

(2) Assets and livelihoods

e Can the household identify their most importaneassmaintaining their well-being?

¢ Human capital resources (education and healths3tatu

® Such as the EI Nifio event, collapse of the finainsctor, and favourable immigration policies in
USA and Europe)
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(3) Migration

* Magnitude and both positive and negative impactsigfation of household members
(4) Natural hazards

e Perceptions of natural hazards

* Pastevents

(5) The 1997-98 EI Nifio event

« Exposure to flooding and landslides and direct ictpa
¢ Impacts on employment

« Impacts on food security

e Impacts on health

* Humanitarian assistance

« Long-term impact on household well-being

« Mitigation and preparedness

« Impacts on the quality of services

e Impacts on land tenure and land use

Questionnaires were pre-tested by a team of 4 exyped local enumerators and the
instrument modified to remove duplicate questiams improve the clarity of the
guestions (see Appendix 9 for the full questiongjailhe survey was administered
by the enumerators (with one enumerator replaced raeam supervisor, seconded
from theUniversidad Técnica de Manafld TM) in Portoviejo, one of the CIAT

project partners.

A total of 212 households were interviewed durir@yvaeek period between ¥2
January 2004 and"& ebruary 2004. Household heads were requestedeor
interview although it was found that many were afvayn the homestead, either at
work or due to seasonal migration in the bananataleons of southern Ecuador or
the cut-flower industry of the northern Andean ocggiAs a result many of the
respondents were women or the elderly. The autidon@t accompany the
enumerators so as not to induce response bias sutivey results.

The hypotheses which | am exploring with this syraee the following:
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Hypothesis 1Different assets within the sustainable livelihof@snework are more
important than others for their influence on housldhwell-being

This question will be asked directly to respondewith two asset variables from
each of the five asset grodpdescribed in the questionnaire. Respondents will b
asked to rank each of the ten asset variablessonla of 1 to 10 (where 1 is the most
important and 10 the least important variable).sEhscores will then be compared

between households based on rural/urban locatmhwaalth classes.

There are also two open questions that seek totascthe relative importance of
the different capitals available to a householthancontext of the location: What is

the best thing about the place where the resporidestand What is the least

agreeable thing about the pla€®r these questions | code the answers accotaling

whether the respondent refers to physical, hun@ials financial or natural capital.
| give each capital a value of 1 if it is mentionadd O otherwise. If an asset is not
mentioned as one of the best things about the piesenay indicate an absence of
the asset or a sufficient amount whereas for tigatnee aspects of the community a
response may also indicate a lack or deficiency pérticular asset. Each of the
questions are coded separately but have been suiomeshte a new variable to

show the overall importance of the asset group.

A third question deals with the damages to househstets due to the 1997-98 El
Nifio and other natural hazards. Respondents aesl aghich is the most memorable
natural event and to give the reasons why the ewastmemorable. These answers
are analysed according to which assets affectedglnatural events are mentioned.

A value of 1 is assigned when a particular assetastioned.

Analysing this variable is complex in those casbsm a respondent mentions the
same event and the same type of impact as diffeespbnses, for instance that
floods affected crops and that landslides affeat@thals — both are impacts to the
natural capital attributable to an EIl Nifio evertteht this as two events that happen

to be classed the same and have the same impact.

%9 Asset groups are: human capital, natural cagitafsical capital, financial capital and social ¢abpi
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Hypothesis 2 - The long-term impact of the 199°EBRIfio event will be worse for

those households or communities that have fewsasset

Different aspects of the impact will be exploredeusehold well-being, transport
infrastructure, access to utilities and healthises; and changes in land tenure and
land use. In addition the direct and indirect daesaip the household as a result of
the 1997-98 EI Nifio will be captured. To providiEanework for exploring this

hypothesis | refer to my original definition of wdrability:

An object of analysis is vulnerable when it is dalpaof receiving
damage or loss due to exposure to a hazard. Theedex
vulnerability depends on the combination of thebaitmlity of
exposure to a hazard, the susceptibility of theatijo suffer damage
or loss, and the consequences of any damage torigeerm

function of the object.

Three important factors in this definition are gosure to a hazard, the
susceptibility of the household to suffer damagesthe consequences of those
damages on the livelihood of the household in dimgér term. It follows therefore
that these factors need to be considered in mysisalf this hypothesis. Exposure
to hazards is captured at the community level buskholds are asked about the
damages, if any, which accompanied the floods anddlides. These damages affect
four of the five asset groups: physical capitalaficial capital, human capital and
natural capitdf. The questionnaire has been designed to measireatium-term
effects of damages or losses by examining somigeafiore extreme coping
mechanisms employed by households, in this casaidpation of household

members and the sale of land.

The consequences of both the actual damages aseblsgffered, as well as the
coping mechanisms employed requires informatiotheractual changes in well-

being before and after the 1997-98 El Nifio evehts Tongitudinal information will

0 Social capital is not considered to be affectehé@diately by the floods or landslides
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not be available from this survey; instead the jaesaire will capture the
perceptions of the respondents with regard tortipact that the event had on their

well-being.

The other important aspect of this hypothesisesdifferentiation between
households of their assets. Following the modelgldped in Chapter 2 the
information from the survey provides information assets for the different capital
groups which are used to create household weglthidgies based on cluster

analysis.

Hypothesis 3 - The impact of the 1997-98 EIl Nifenewill be worse for those
households or communities that have little expeeesf previous heavy rainfall

events.

Households will be asked about all types of envitental hazards that they have
experienced in the location, and which of thesg flexceive to have been most
important. These answers will then be cross-rete@nvith the responses about the
short and long term impacts of the 1997-98 El Nefient. Each location is classified
according to the study area, which have differingegiences of previous heavy

rainfall events (Figure 59).

Validation of flood and landslide models

The position of each household or interview loaaiiothe survey has been recorded
with a Global Positioning System (GPS) receivelisTheans that the responses of
interviewees can be mapped onto the flood and laledsiodels as developed in
Chapter 4. Questions on the exposure to flooddaraslides (as well as other

hazards) are included in the survey.

6.2.3 Key informant interviews

A number of key informants are interviewed at thme time as the household

surveys were being conducted. The purpose of ihes®iews is to assess the
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impact of the previous El Nifio event in certaindbans. Informants are only
guestioned in the Tarugo study areas. In the dtlvations there were fewer
opportunities for key informant interviews. No strcriteria are applied, but
respondents are sought who had credibility in timaraunity and who had
experienced the 1997-98 El Nifio event as well agipus events. The interviews
are less structured than the household survey iaedlte opportunity for
respondents to talk about the 1997-98 event iniatitomanner.

The method of analysis is based on the identificatif key phrases, and concepts
from the interviews to support the formulation gpics to be discussed in the focus

group discussions. Summaries of the interviewsbeaseen in Appendix 10.

6.2.4 Focus group discussions

It is important to ensure a good range of expegsnia the focus group discussions
but | also need to take into account the dynamit@fgroup and make sure that all
of the participants can take part without inhibigoIn the Manabi context, and
indeed throughout most of Ecuador, gender relatamasthe concept of machismo
are thought to be entrenched (Wagner, 2004; Her20fi ; Espinosa and Garrett,
1987) and previous experiences (Mera, personal eaonwation, 2001,) have shown
that single-sex groups often allow for more divaesponses. As a result the focus
groups will be split according to sex, with womeparated from men. In addition
guestions are modified according to the rural daarsetting of the focus group
(Table 49), with questions in rural areas focusseduestions of agriculture and

markets, while in urban areas there is an emploasmiman and physical capital.
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Table 49. Themes to discuss in the focus groupudsion

Location

Opening question

Urban / Rural

Various people have said that the strong rainsh@reame that have always
fallen, but that the impacts are now more serioa® you think the same

and why would that be?

Urban / Rural

Who suffered in your community as a result of t887-98 El Nifio event,

and how?

Rural

Who were the people most prejudiced during the 4B®EI Nifio event —
those who were far from other neighbours, those wie in a community
where they could buy and sell whatever produchefdommunity, or those

who always had access to the market?

Urban

Which is most important, the location of your hause the resistance of

your houses to tolerate the impacts of floodintaodslides?

Rural

We have seen that the households that depend ancthrae of agricultural
workers were those that suffered most a scarcifgad during the 1997-98
El Nifio event — do you think that the source ofoime is important in

determining the vulnerability of households?

Urban

The majority of households interviewed say that thest important
resource for the well-being of there is human @pitduring the 1997-98
El Niflo phenomenon did ilinesses affect all of plogulation or were some

households affected more than others?

Urban / Rural

If we knew that that the El Nifio phenomenon wouipen in the next
year is there anything that the people could dprtiect their houses or

crops?

Urban/ Rural

Various, but not all, people suffered scarcity @éd during the 1997-98 El

Nifio event, why do you think that some sufferedlgvbihers did not?
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Given the 6 years which separate the discussions fihe 1997-98 El Nifio event
each group should comprise at least 6 householisHeed at least 30 years old
who have lived in the district for at least 8 yedtarticipants were selected by local

leaders who were contacted some days before thengee

Nine focus group discussions were carried outénstiudy areas during October
2004 (Table 50). The team for running the discussmonsist of the author, a
rapporteur, and a facilitator from the region tinzate the discussions without
inhibiting the rest of the group.

Table 50. Chronogram of focus group discussions

Date Location Description

Wednesday Octobef"®004 Technical University of Pre-test

Manabi (Bahia de Caradquez

site)
Boyaca study area
Thursday Octobef72004 Boyaca town centre 2 focus group discussions
Friday October8 2004 Las Cafas (Boyacd) 1 focus group discussions

(women only)

Tarugo Study Area

Saturday 8 October 2004 San Pablo Tarugo (Canuto) 2 focuspgdiscussions

Sunday 10 October 2004 San Elias (Canuto) 2 focus groupudsions
Rio Chico study area

Wednesday 13th October  Cruz Alta de Miguelillo 1 focus group discussion
2004 (Calderon) (women only)

Thursday 1% October 2004  El Mate (Calderon) 2 focus groupudismns

Rio Portoviejo study area

Tuesday 12 October 2004 Portoviejo (urban) 2 focus groupuisons
Thursday 1% October 2004  Picoazé (Portoviejo, urban) 1 focosig discussion

(mixed group)

The settings for the focus groups varied accortbhngach location; in rural areas it
was generally possible to use community spacesaublalls, whereas in the urban

" Or spouse where the household head is male arfdahe group is for women (and vice versa)
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locations offices of community based organisatsese used. In two locations (El
Mate and San Elias) private houses of local lea@enech were often used as

meeting spaces) were made available.
The program for each focus group discussion wasotteving:

* Welcome and brief introduction from local facilivat

» Display of results of national analysis of change®od consumption and
household survey by investigator

» Discussion, using key questions led by investigatat moderated by facilitator

* Questions for investigators

The data collected were summaries of the discusswith exact transcripts where
possible (often more than one person was speakiagmme or there was noise from
the environment). The method of data analysis Wasategorisation of the
summaries (cf. Tapsell et al., 2002; Moore, 2064) themes based on the repetition
of perceptions, ideas or concepts (Ryan and Ber2a@@D; 2003), and a discussion
of the differences and similarities between grofapshe same location) and between
locations. There follows a triangulation of theulks of the three data sources:

household survey, key informant interviews, andugogroup discussions.
6.3 Results

6.3.1 Household survey

Three hypotheses are tested using the resultstfrerhousehold questionnaire, and
the flood and landslide models compared with tispeases of interviewees.
Following the analysis of assets and consumptiddhapter 2 sub-groups have been
created based on whether respondents considerémt#imn of their household to

be urban or ruréf. In addition the results are analysed accordirthecsex of the

respondent and where appropriate three wealthethist

2 Rather than the perception of the interviewerushar, although in most cases the choice of
urban/rural was as expected according to the mighe province and the sample design.
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| have created 3 wealth classes using househodd eesables (Table 51) as inputs
in a cluster analysis. 39 households were exclfided the analysis due to missing
or erroneous values for continuous variableS8ome of the assets captured in the
household survey are based on current househotlitmms, rather than the assets
available to the household during the 1997-98 Eo\ophenomenon. Other variables,
such as the educational level and literacy of theskhold head, are unlikely to have
changed since 1998. A reduced set of variabldseigfore used — eliminating those
most likely to have changed in the period after8,99 those which might represent

a temporary situation (Table 51).

Table 51. Variables captured in survey used intefuenalysis of household wealth

Household Asset Valid for 1997/98 (Y/N)
Human capital

Literacy of household head or other household mesnbe Y
Level of education of the household head or otleisehold

member Y
Health status of the household head or averagéhhstatué’ N
Natural capital

Current amount of land owned/rented now and in 1987

Access to waté? N
Financial capital

Dummy variable for transfers from family membersowtave N
migrated

Social capital

Time in the community Y
Physical capital

House constructidh Y
Access to electricity N

"3 Continuous variables were: (i) Time spent in thenmunity; and, (i) Amount of land. In some
cases responses were inconsistent for unit andr@mbland — an error on the part of the enumerator
" New variables were created for: (a) dummy varidteany literate person in the household; (b)
highest level of education in household, and;{e)average status of health for all members of the
household

> New variable developed because many respondepénded on water tankers - this is given the
same value as going to a well to get water

8 \Where more than one type of roof, wall or floor miatles mentioned the poorer quality based on
local judgements is the one recorded
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A two step clustering algorithm was used and tictasses specifiéd The first

class, containing 51 households is a mix of urbahraral households and is typified
by good quality housing. Household heads are tiesad while the majority only
completed primary school a number continued torsg&xy or even tertiary level.
The second class is exclusively rural, the 74 hoolsis are predominantly
landowners, where household heads are literathavel been educated to primary
level. Class 3 is almost exclusively rural with euixquality housing and an illiterate
household head with no formal education. Most e6&48 households have very
little or no land although the biggest landowneesaso in this class.

6.3.1.1 Hypothesis 1: the importance of assets

Different assets within the sustainable livelihofrdgnework are more important

than others for their influence on household welirg

Human capital and especially the health of famigmmbers, is valued very highly as
an asset. Comparing the means of the asset varibbteeen rural and urban areas
shows little difference (Table 52), with only natbiand social capital displaying
significant difference’§. Specifically the importance of animals, while lawboth
areas is significantly lower in urban areas, whilerime-free environment is more
appreciated in urban areas. It is surprising hoturahcapital variables are not
ranked highly in rural areas. This may be becafiseecoptions that were presented
to respondents which stressed the acquisitionrapdovement of additional land or
livestock rather than the quality or maintenancexs$ting land and livestock. The
differences between male and female respondentsaranot great, with the only
significant difference for social capital assethjaka women granted more
importance. When the wealth clusters are compére@ is a significant difference
in the means of the natural and social capitaltagseips. Households in Cluster 1
give more importance to education than the othedtwelasses but give less
importance to natural capital; households in Clu3tgave social capital assets lower

ranks. These differences essentially reflect tleel@minantly urban character of

" Using SPSS v.12
8 At the 95% level using ANOVA
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cluster 1 and the poor rural households in cludtemwith cluster 2 generally

somewhere in between.
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Table 52. Comparison of mean rank scores for assitbles, summarised by groups of householdscfdipgestion)

Asset variable Total Urban Rural Female Male Clustr 1 Cluster 2 Cluster 3
Mean (SD)| Mean (SD) Mean (SD Mean (SD) Mean (SDMean (SD) Mean (SD) Mean (SD)

Human capital

Family health 1.58 (1.43)| 1.76 (1.98) 1.55 (1.29)| 1.72 (1.64) 11.41.08) | 1.67 (1.76) 1.49 (1.02) 1.54 (1.49)

Family education 443 (2.69) 3.91 (2.35) 4.56 (2.76)| 4.62 (2.75) 84.X2.60) | 3.61 (2.25) 4.67 (2.74) 479 (2.81)*

Natural capital

More or better land 6.37 (2.72)| 6.74 (2.78) 6.28 (2.72)] 6.46 (2.70) 66.32.75) | 7.13 (2.52) 6.44 (2.76) 550 (2.78)*

More or better animals 6.88 (2.44)| 7.84 (2.25) 6.65 (2.43)7* 6.90 (2.55).8% (2.29) | 7.75 (2.33) 6.53 (2.31) 5.73 (2.53)***

Physical capital

Basic services 401 (2.20) 4.39 (2.59) 3.94 (2.11)] 4.26 (2.27) 73.62.07) | 3.91 (2.13) 3.99 (2.15) 4.50 (2.51)

Quality of housing 6.28 (2.51)| 6.49 (2.48) 6.24 (2.53)| 6.09 (2.68) 46.§2.27) | 6.50 (2.31) 6.57 (2.59) 6.21 (2.29)

Financial capital

Access to cash 6.95 (2.35) 6.99 (2.22) 6.92 (2.39)] 6.98 (2.55) 16.92.07) | 6.90 (2.38) 7.04 (2.50) 6.69 (2.62)

Income security 570 (2.10)| 553 (1.83) 575 (2.15)| 5.89 (2.12) 55.42.04) | 5.29 (2.01) 6.04 (2.21) 5.73 (1.91)

Social capital

Assistance from

triends/kin 6.18 (2.23)] 5.84 (2.20) 6.25 (2.25) 5.82 (2.14) 56.62.27)** | 6.26 (2.10) 5.72 (2.20) 6.63 (2.28)

Crime-free environment 6.58 (2.81)] 5.45 (2.64) 6.82 (2.79)™ 6.15 (2.80).1¢ (2.72)* | 591 (2.70) 6.35 (2.94) 7.69 (2.65)**

Where: 1 is the most important variable and 1Qehst important
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Total n=212; Urban n=37; Rural n = 173; missing, #&€male n=120; Male n = 92; cluster 1 n = 51;telu@ n = 72 ; cluster 3 n =48
Comparison of group means using ANOVA: * Signifitahthe 95% level; ** significant at the 99% lev&t* significant at the 99.9%
Cluster 1 = rural/urban, good housing, high edocelével

Cluster 2 = rural, moderate education, landowners

Cluster 3 = rural, mixed housing, little formal edtion, little land

Table 53. Comparison of asset group importancefioa characteristics)

Asset variable Total Urban Rural Female Male Clustr 1 Cluster 2 Cluster 3
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SDMean (SD) Mean (SD) Mean (SD)

Human capital 0.42 (0.57)] 0.54 (0.61) 0.40 (0.57) |0.42 (0.60) 0.42 (0.54)| 0.47 (0.58) 0.39 (0.62) 0.44 (0.54)

Natural capital  0.59 (2.72)| 0.30 (2.78) 0.66 (2.72)* | 0.54 (0.59) 0.66 (0.65)| 0.41 (0.00) 0.65 (0.00) 0.69 (0.00)*

Physical capital 0.93 (0.68)| 1.08 (0.55) 0.89 (0.70) | 0.88 (0.70) 1.00 (0.65)| 1.06 (0.61) 1.00 (0.69) 0.69 (0.59)**

Financial capital 0.25 (0.45)| 0.03 (0.16) 0.29 (0.47)* | 0.23 (0.42) 0.28 (0.48)| 0.10 (0.30) 0.28 (0.45) 0.35 (0.53)*

Social capital  0.55 (0.64)| 0.81 (0.70) 0.50 (0.62)** | 0.63 (0.69) 0.46 (0.56)| 0.67 (0.65) 0.50 (0.65) 0.48 (0.62)

The minimum value is 0 and implies that the assatgis not mentioned by any household as eittentbst agreeable or least agreeable aspect

of the community; in contrast a value of 2 implileat the asset group was mentioned by all housslasa response to both questions

Total n=212; Urban n=37; Rural n = 173; missing, #&€male n=120; Male n = 92; cluster 1 n = 51;telu@ n = 72 ; cluster 3 n =48
Comparison of group means using ANOVA: * Signifitahthe 95% level; ** significant at the 99% level

Cluster 1 = rural/urban, good housing, high edocelével

Cluster 2 = rural, moderate education, landowners

Cluster 3 = rural, mixed housing, little formal edtion, little land
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Table 54. Comparison of asset group importance @naite event)

Asset variable Total Urban Rural Female Male Clustr 1 Cluster 2 Cluster 3
Mean (SD) | Mean (SD) Mean (SD) Mean (SD) Mean (SDMean (SD) Mean (SD) Mean (SD)

Human capital 0.07 (0.25)] 0.11 (0.32) 0.06 (0.24) | 0.07 (0.25) 0.07 (0.25)| 0.08 (0.27) 0.07 (0.26) 0.04 (0.20)

Natural capital 0.47 (0.50)| 0.19 (0.40) 0.53 (0.50)*** | 0.45 (0.50) 0.50 (0.50)] 0.30 (0.46) 0.46 (0.50) 0.51 (0.51)

Physical capital 0.41 (0.49)] 0.67 (0.48) 0.36 (0.48)* | 0.44 (0.50) 0.38 (0.49)| 0.50 (0.51) 0.34 (0.48) 0.38 (0.49)

Financial capital 0.04 (0.19)| 0.11 (0.32) 0.02 (0.13)* |0.03 (0.18) 0.04 (0.21)| 0.02 (0.14) 0.03 (0.17) 0.02 (0.15)

Social capital  0.03 (0.17)] 0.03 (0.17) 0.03 (0.17) |0.03 (0.16) 0.03 (0.18)] 0.04 (0.20) 0.03 (0.17) 0.02 (0.15)

The minimum value is 0 and implies that the asemtgis not mentioned by any household as beiregtftl by the most memorable natural

event; in contrast a value of 1 implies that treeagroup was mentioned by all households as ladfagted by the most memorable natural event

Total n=209; Urban n=36; Rural n = 171; missing, #&male n=119; Male n = 90; cluster 1 n = 50;telu@ n = 71 ; cluster 3 n =47
Comparison of group means using ANOVA: * Signifitabthe 95% level; ** significant at the 99% leyvet* significant at the 99.9%
Cluster 1 = rural/urban, good housing, high edocalével

Cluster 2 = rural, moderate education, landowners

Cluster 3 = rural, mixed housing, little formal edtion, little land
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When asked about the best and worse aspects plate where respondents lived,
physical capital is mentioned more than the otksetgroups, with financial and human
capitals the least often mentioned (Table 53). @wegre no significant differences
between the responses by women or men; in cottlr@asesponses from people in urban
areas differed to those in rural areas. The madaiti the differences in means was
significant at the 99% level for natural, financild social capitals. When the wealth
clusters are considered the mean values for thadial and natural capital groups are
still significantly different but instead of socidle physical capital asset group show
significant differences. These suggest that thamednd more educated rural households
value financial and natural capital less than poarel households — due potentially to

the differences in livelihood strategies they persu

The final question used to explore hypothesis 1s askpondents which is the most
memorable natural event and why. For this eventrtbst common asset mentioned, and
thus the highest aggregate score, is physicalataitongst respondents in urban areas
and in wealth class 1, and natural capital footiker groups (Table 54). The differences
between urban and rural respondents for naturgsigél and financial capitals are all
significant at the 99% level. There were no sigaifit differences between female and

male respondents or between households in thealitfevealth clusters.

The results of the analysis of the three questhiasvs that while respondents
recognised the importance of human capital forrteil-being these kinds of assets are
not important characteristics of the community arelgenerally less affected by natural
events than natural and physical capitals. It sésems clear that different kinds of asset
are indeed considered more or less important faséloold well-being and that for
different livelihood strategies (for instance beéweairban and rural residents) the

importance of a particular asset group will be maréess important.
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6.3.1.2 Hypothesis 2: assets to mitigate effecE dfifio

The long-term impact of the 1997-98 EI Nifio evatithe worse for those households

or communities that have few assets.

Questions were asked about the immediate impadtedEl Nifio phenomenon on the
physical structure of the household or crops, enaks of employment, on the scarcity
of food and on the health of the household memlggusstions were also asked about
the long term impacts of the El Nifio phenomenohenwell-being of the household,
and the cultivation of the land as well as commuaitaracteristics such as the road
infrastructure, provision of drinking water, elecitty, sewerage, telephone and health

services.

There is no significant difference in the percepgiof respondents in the different
wealth classes, although more households in clasfgrban/rural) considered that their
current situation had improved while rural housdbdended to think that their well-
being had deteriorated slightly. The reason fos¢hehanges however, when mentioned,
was not normally related to the El Nifio event d®7-®8, instead economic woes, often
associated with dollarisation in 2000, were moterofjuoted as the cause of changes in

well-being.

When the change in land use was considered the wadae for wealth class 2 was
negative, showing that households had lost landgewine mean value for wealth classes
1 and 3 was positive. The difference in means wéshowever, significant. Similarly

for households where members had migrated there meedifferences between the
clusters. When community characteristics were aeayhere were no significant

differences between the groups in the change igulaéty of any of the services.

The reasons why different households suffered @dgends upon the extent to which
they were affected by the short—term impacts ofl®@7-98 El Nifio phenomenon. This

is addressed by questions which ask the respoifdaethousehold suffered from
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landslides or floods during the 1997-98 event, iisd what were the effects. When
these results are cross-tabulated with the long-tetpacts there was little consistent
association between households that suffered deswagang the 1997-98 El Nifio event
and the judgments of whether the household washsiter or worse-off (Table 55). For
flood events only the loss of animals has a sigaift positive association with the
deterioration of well-being, whereas for househdihdd experienced landslides there is a
positive association with the loss of crops infibkl or after harvest, the loss of animals
and damages in general. When landslides and fla@dsonsidered together then it can
be seen that the death of a family member or frigmaltotal loss of buildings, and the
loss of crops in the field are all significantlysasiated at the 90% confidence level with
perceptions of reductions in well-being.

Table 55. Summary gf tests on the associations between changes in eigliland impacts of
1997-98 EI Nifio event

Immediate impacts of 1997-98 El Nifio Due to floods Due to Total
event landslides

2 P 2 P 2 P

value t value t value

Death of a member of family or friend 4.79 0.09 X4 0.29 6.15 0.05
Damages to the house or other buildings 0.84 0.6654 3 0.17 4.03 0.13
Total loss of house or other building 1.46 0.48 035 0.17 5.32 0.07
Loss of crops due to damage in the field 2.76 0.28.03 0.01 8.82 0.01

Post-harvest damage due to lack of access
0.33 0.85 5.91 0.05 3.70 0.16

to markets

Loss of animals 6.16 0.05 1496 <0.01 1362 <0.01
Other damages 0.87 0.65 3.73 0.16 2.90 0.24
All/any damage® 3.23 0.20 15.38 <0.01 22.74 <0.01

Contingency tables shown in Appendix 11

" The response in the questionnaire is for “No dasaput the association between households that
suffered “no damages” and their perceptions of éorigrm deterioration in household well-being was
generally negative — thus the response is chamggwitable to “All/any damages”

256



If the analysis is restricted to those househdids suffered physical damage the
relationship between assets and medium term imgseligng land or migration) is still
not significant. So while there are significantasations between short-term impacts
with changes in well-being there is not a similak lwith the medium term or secondary

impacts that might have been responsible for craimgeell-being.

Another complicating factor in the analysis of ches in well-being is the influence of
external assistance and aid. Respondents were ddkeg received assistance from
friends and family as well as government or nonegnmnental organisations. Of the 212
households interviewed 91 received some kind astsse. Of these the majority
received aid from one source only, with assistdrara the family the most common
source, followed by friends, the national governmeon-governmental organisations
and, least frequently, local organisations.

There are two important themes concerning aid asstance — firstly the
circumstances that led to households receivingt@sgie, and secondly the effect that
this aid had on the well-being of the householdkeSenissues were not explored in depth
in the questionnaire, but it could be assumedfdmatlies most at need would be those
who received most aid. Obviously this is not alwthes case and there will have been
other households that received assistance baseioocation, i.e. the ease with

which assistance could be offered. An analysihiefresponses suggests that location is
indeed associated with the kind of assistance avail- significantly more households
in the county of Portoviejo (which includes thetdis of Abdon Calderon, Alajuela

and Portoviejo) received help from the state andDN@an households in Chone county
(in the districts of Canuto, Boyaca, San Antonid &hone). Households in the valley of
the Rio Chico (the districts of Abdon Calderon &tlohjuela) also received more help
from family members than the other areas, whileslebolds in the district of Portoviejo
received significantly more help from friends tHaouseholds in the other locations. The
corollary to this is that there were significanttpre households in Chone that received
no assistance from any source than in the counBodbviejo. Only some of these

differences (those relating to assistance frooméls} are due to the urban or rural
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locations of the households, although in genenall lwouseholds received less help than
urban households.

Apart from the location other potential reasonsassistance include the severity of the
damages which resulted from exposure to flooddamdslides. Perhaps not surprisingly
the assistance from the state displays no assmtiaith these very specific damages.
Help from relatives, however, is significantly grerafor those households that suffered
damages to the house from floods, and the totatud®n of buildings due to
landslides, but not for other damages (such asofpsy. Similarly the aid of friends is
significantly higher for those that suffered damég#heir houses due to floods than to
households which did not suffer in this way. Itresgherefore that apart from these

cases the help offered was not based upon the dsncagsed by landslides and floods.

The effects of the disruption and damage causedtéifloods and landslides were felt in
the medium term as jobs and food were scarce aalthheas impaired. These effects
might also have been a trigger for aid from outsidehousehold. An analysis of the
associations between these medium term effectsshigwificant associations between
aid from relatives and friends to those househsidfering mild shortages of food or
employment, but less help to households with mevere shortages. Aid from other
sources shows no significant association with thirgacts. lllnesses and health
problems associated with the floods and landsldesa moderately significant
association with aid from families, friends and N&O

The effects of the assistance might be seen irrdifices in the need to migrate, to sell
land, and ultimately in the respondent’s assesswighe changes in household well-
being.

No association was found between migration andtassie from any source, but
changes in land area were positively associated agsistance from governmental

agencies.
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There are strong associations between help giveelagves and by NGOs and
perceptions of well-being. In the former case #latronship between aid and well-
being was negative suggesting that help was giveelatives but that this was
insufficient to have a lasting effect on well-beimdhile in the latter case the households
that were assisted by NGOs have a more positivaepgon of the changes in their well-
being. Meanwhile those households that receiveldetp have in the whole experienced

little change in their well-being status.

6.3.1.3 Hypothesis 3: experience and preparedresseh effects of El Nifio

The impact of the 1997-98 EI Nifio event will besedior those households or
communities that have little experience of previoeavy rainfall events.

This hypothesis requires an analysis of the diffees in exposure between the
locations, and the actual damages that were cduystolods and landslides. This is
followed by an exploration of the differences imghmedium and longer term impacts.
In each case the sex of the respondent, the urimhrugal nature of the location and the

wealth cluster will be taken into account.

Four different locations were surveyed: Tarugo, 8@y Rio Chico (the districts of
Abdon Calderon and Alhajuela) and Rio Portoviejor{Bviejo city and Picoaza). The
choice of Boyaca as one of the survey locationshaased on the meteorological data
that showed the rainfall anomaly in 1997-98 todxehigher than for the 1982-82 El
Nifio phenomenon. Data on other events have beearedpndirectly by the
guestionnaire and previous El Nifio events or strangs were mentioned less

frequently in Boyaca than the other locations gsartant natural events.

The 1997-98 El Nifio was by far the most importaatural event in all locations, but
actual exposure to hazards were different in eegh. &loods were common in the Rio
Portoviejo floodplain, and landslides were experezhin the upper catchments of
Tarugo and Boyacd, whereas a mixture of landshaeisflooding occurred in the Rio

Chico valley which also includes the micro-catchisest tributary rivers (Table 56).
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Table 56. Contingency table of natural hazards eepeed by households during the 1997-9 El

Nifio event summarized by the group of communities

Group of communities

Natural hazard Rio Rio
Tarugo Boyaca Total
experienced Chico Portoviejo
Floods Experienced 8 9 14 29 60
Expected 16.0 14.3 18.9 10.9
Landslides Experienced 21 29 20 0 70
Expected 18.7 16.7 22.0 12.7
Floods and landslides Experienced 20 9 30 9 68
Expected 18.1 16.2 21.4 12.3
None  Experienced 7 3 2 0 12
Expected 3.2 2.9 3.8 2.2
Total 56 50 66 38 210

When the damages associated with flooding and ligledsare considered it can be seen
that the number of deaths was far higher in Tatbga in the other locations, and
damages to buildings were more prevalent in thieysilof the Portoviejo and Chico
rivers, with Portoviejo suffering from the greatasimber of houses completely
destroyed. The loss of crops in the fields was@aerly common in the Rio Chico
location while accessibility was a bigger problenTarugo than in other locations. The
loss of animals was more consistent among locations

The medium term impacts — sale of land, and mignadf household members — showed
no significant differences between the 4 locatidie differences between the
perceptions of longer term changes in well-beingllaw differences between the Rio
Chico location and the other three areas. Houssholthis location felt that their well-
being was worse than before the El Nifio event wdsetiee other areas were in general
more neutral in their assessment. It must be reraezdthowever that very few
households actually mentioned the 1997-98 El Nifemeas a direct cause of their

change in well-being.
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In conclusion there is little evidence to suggkat the experience of previous events
was a factor that would lessen the impacts of #oaxld landslides associated with the
1997-98 EI Nifio event.

6.3.1.4 Validation of flood and landslide models

Households were asked if their communities expeddrloods or landslides during the
1997-98 EIl Nifio event. Out of the 212 respondentg 2 considered that there had
been no landslides or floods in their communit@ger half of these were in the Tarugo
area but interviewees close-by recollected that teenmunities had indeed been
exposed to these hazards. This suggests problerasadf amongst respondents or the
possibility that they were influenced by the degiexy were personally affected by
those hazards. Of the 198 respondents who redadieards associated with the heavy
rains of El Nifio, 60 mentioned that there were d®o70 remembered landslides in their

communities and a further 68 said there were Hothds and landslides.

While the locations of the interviews were recordsthg a handheld GPS receiver the
guestion asks respondents about floods or landsind#eir communities. The location
of floods and landslides is therefore a little fjuzilevertheless it can be seen that floods
are more common in flat areas close to rivers badandslides are more common in
areas with steep slopes, while a mix can be foormkiween. The recollections of the
interviewees can therefore be used to comparethéhandslide and flood models
developed in Chapter 4, but are not suitable fdefanitive validation.

A buffer (of 1km radius) has been created aroumth @zterview location so as to reflect
the fuzzy nature of the flood or landslide occuce=sn These circular polygons can then

be compared to the flood (Figure 62) and landgkdgure 63) models.
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Distance of households to modelled flood

Flood model

@ Stream channel
@ 10m flood, no buffer

1km buffer around

households

C_ D Flood only
<D Flood and landslide

Distance to flood

model from HH

e > 1km
o < 1km

Figure 62. Households reporting occurrences oftffoand distance to 10m flood model with no
buffer

The flood models developed in Chapter 4 producadhdtically different results in
terms of their extent. When compared to maps o&#tents of previous flood events for
smaller channels in upper catchments a 10m flodkl mo buffering was the most
realistic scenario. Despite the fact that this nhpdeduced the largest area liable to
flood 13 of the 127 households that recalled treuence of floods in their

neighbourhood, are further than 1km from this miedeflood. These households tend to
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be close to watersheds between catchments indosatvhere the flow accumulation
was less than 1000 grid cells (approximately edaitao an upstream area of
8.5knf).The number of households outside the 1km buffereiases as the flood models

are made more restrictive (Table 57).

Interviewees were also asked if the floods in thiginity had caused damages to
members of their household, their crops or buildinthis question refers to the property
of the respondent rather than the community; &saltr| would expect that positive
responses would be in areas liable to flood (ratten within a 1km buffer). Of the 116
households that reported damages only a maximuf%fwere in areas liable to flood
and this number decreases markedly as the flo@d (amd to a lesser extent the buffer
size in the flood model) is reduced (Table 57).SEhlcations outside the areas liable to
flood are not restricted to the ridges at the vediteds but are often found in valleys
close to streams and many of the damages wereiassbwith the loss of crops which

might be in fields some distance from the locatibthe interview.

Another test of the validity of the models is te skthere are households that did not
recall floods in their vicinity but which are ineas liable to flood (errors of
commission), as well as households that reportemtifi but suffered no damages. The
number of households reporting no floods but witli@as liable to flooding decreases
from a maximum of 34% to 0% depending on the maoteken, while the number of
households reporting floods but with no damagegearirom 0-30% (although the

absolute number of cases is small).
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Table 57. Comparison of household survey respdosésod models

Households reporting no floods in their

o Households reporting floods in their vicinity n =138 Error
vicinity n = 82
within 1km of within the area within 1km of o _ _
) ) within the area liable to flooding *
flood model liable to flooding flood model
suffering suffering no
damages n=118 | damages n=10
# (%) # (%) # (%) # (%) # (%) | (%)
Flood level applied equally to all streams withtndgfer
10m Flood no buffer 60 72 28 34 114 90 82 71 3 30 31
5m Flood no buffer 58 70 17 20 111 87 59 51 20 36
2m Flood no buffer 55 66 11 13 110 87 39 34 0 0 42
Flood level applied equally to all streams and &uéfistance applied according to flow accumulation
10m flood and 20km
. 60 72 28 34 114 90 82 71 3 30 31
maximum buffer
10m flood and 10km
_ 60 72 28 34 111 87 81 70 3 30 32
maximum buffer
10m flood and 5km
. 58 70 21 25 109 86 65 56 2 20 35
maximum buffer
5m flood and 20kn 58 70 17 20 111 87 59 51 2 20 36

8 One respondent did not report damages but alsnatidxplicitly say there were no damages
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maximum buffer

5m flood and 10km

_ 58 70 17 20 110 87 59 51 20 36
maximum buffer
5m flood and 5km maximum
56 67 16 19 109 86 50 43 0 39
buffer
2m flood and 20km
_ 55 66 11 13 110 87 39 34 0 42
maximum buffer
2m flood and 10km
_ 55 66 11 13 110 87 39 34 0 42
maximum buffer
2m flood and 5km maximum
55 66 11 13 109 86 36 31 0 44
buffer
Flood level and buffer distance applied accordmfidw accumulation
10m maximum flood and
54 65 9 11 110 87 30 26 0 45
20km maximum buffer
10m maximum flood and
_ 54 65 9 11 110 87 30 26 0 45
10km maximum buffer
10m maximum flood and
_ 54 65 9 11 109 86 29 25 0 46
5km maximum buffer
5m maximum flood and
_ 5 6 1 1 52 41 16 14 0 48
20km maximum buffer
5m maximum flood and
5 6 1 1 52 41 16 14 0 48

10km maximum buffer
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5m maximum flood and 5knh
_ 5 1 1 51 40 16 14 0 0 48
maximum buffer
2m maximum flood and
0 0 0 0 3 2 1 1 0 0 55
20km maximum buffer
2m maximum flood and
0 0 0 0 3 2 1 1 0 0 55
10km maximum buffer
2m maximum flood and 5km
_ 0 0 0 0 2 2 1 1 0 0 55
maximum buffer

n=210 (2 missing values for whether landslides vesygerienced)
* error is sum of: (1): Households reporting nooflis in their vicinity within the area liable to éiding (commission); (2) Households reporting
floods in their vicinity within the area liable flmoding suffering no damages (commission), aniiHB8useholds reporting floods in their vicinity
not within the area liable to flooding but suffegidamages (omission) divided by total householdlédse classes and expressed as a percentage
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The ‘best’ model would reduce the magnitude of libeherrors of omission and
commission but for these flood models the errorsmoission are more important. This
is because the flood models show areas potenstibgted therefore it is possible that a
particular flood event (even a severe one) wouldaffect all the areas; however one
would expect that the location of all householdsidged by floods would coincide with
the most severe flood model. The errors of commmsand omission are summed and
the proportion is calculated with respect to thenbar of households (Table 57). The
flood model with the lowest percentage of errorthes10m flood with either a 20km
buffer or no buffer. In contrast the flood modetiwihe least flooded area — a 2m
maximum flood with a 5km maximum buffer — has thegest errors, does not result in
any flood in the four study areas and shows Iittlation to the actual exposure and
damages experienced during the 1997-98 EIl NifioteVée flood model that best
reflects the number of people affected (Chaptext4pe district level was a 10m flood
with a 10km maximum buffer, the error among thelgtnouseholds for this flood were
32% - 3 lowest among the flood models and a further viitideof the use of this

model.

Of the 136 households that recalled landslidebeir community, 35 of these are in
areas which have low weights according to the motlndslides based on slope and
soils (Figure 63). The majority of these are in Bug/acé area and in the Rio Portoviejo
study area the town of Picoaz4; households indtmadr group are in areas with
moderate slopes, but when the soils are consideeadeight of these slopes drops to
below 0.25, meanwhile those in Picoaza have soitslacive to landslides but are in a

relatively flat landscape.
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Figure 63. Households reporting occurrences ofdiehels and distance to higher modelled

weights of landslides

Only 7 of the 138 households which suffered damagesocated in areas with a higher
likelihood of landslides, according to the modeliethtakes into account slopes and
soils (Table 58). The total error for this landslishiodel which takes into account errors
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of commissiofi* and omission is very high at 46%. The size ofetter reduces to 41%
when the simpler landslide model is considered,iammbrtantly the number of
households that suffered damages due to landsiidless the area modelled as

susceptible to landslides increases.

Table 58. Comparison of household survey respdosisod models

Households reporting no ) ) ) )
_ _ o Households reporting landslides in their
landslides in their vicinity o Error
vicinity n=138
n=72
within 1km o within 1km
) within a _ o _ _
of a higher ) of higher within the higher weight
_ higher _ *
weight in ) weight in area
weight area
model model
suffering | suffering no
damages damages
n=138"* n=72
#| (%) #| (%) #| (%) #1 (%) #1(%) | (%)
Landslide model with slopes
70 97 4 6| 133 96 21 15 0 0 41
Landslide model with slopes and soils
56 78 0 0| 101 73 7 5 0 0 46

n=210 (2 missing values for whether landslides vesggerienced)
* error is sum of: (1): Households reporting nodslides in their vicinity within a higher weight
area (commission); (2) Households reporting ladéslin their vicinity within a higher weight
area suffering no damages (commission), and; (8jselaolds reporting landslides in their
vicinity not within a higher weight area but suffey damages (omission) divided by total

households in these classes and expressed asxatpge

8 There were no errors of commission for this model
8 Two respondents did not report damages but atsoati explicitly say there were no damages
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6.3.2 Key informant interviews

Key themes that can be extracted from the fiel@sof the 8 interviews were the

following:

» Differences in experiences of 1997-98 El Nifio basedctions

* Reduced accessibility to markets as a key impagpgtream rural areas
» Better accessibility opens up communities to (lmad3iders

» Key events (family entombed beneath landslidejereembered widely
» Local organisations exist but no mandate for envinental issues

» Deforestation

* Planning cultivation with floods in mind

* Protection of buildings possible in some situations

* Risk of looting in urban areas impedes evacuatitores

The interviews were in no way representative betttiemes mentioned were

incorporated into the focus group discussion qaastand used to extract themes.

6.3.3 Focus group discussions

The summaries of the focus group discussions wengogd into themes for each of the

guestions that were asked:

Urban/Rural: Various people have said that the strog rains are the same that have
always fallen, but that the impacts are now more smus — do you think the same

and why would that be?

* More landslides than before, perhaps due to drolgtivre 1997-98 El Nifio (EN)
* People cut the trees, to sell the wood, clear émel ifor cultivation or for fuel wood
* EN of 1982 considered worse by some people butrityagaid it was a year of two

rainy-seasons whereas 1997-98 was three.
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* The root cause of much of this is perhaps overjmul and need to survive.

* In urban areas the rivers have been canalised, iogugreater velocities.

Urban/Rural: Who suffered in your community as a result of the 1997-98 El Nifio

event, and how?

Common Responses

* Children suffered more due to many illnesses, thklsp had their education
disrupted

» Everyone suffered equally

* Those who didn’'t have their own land (and therefsoairce of food) suffered in
some places and had to migrate

» Landowners lost investments, some went into debhad to sell their farms

» It was thought that traders actually benefitedt(iey could reach the markets and

producers)

There was some consensus that children suffered than adults, mainly as a result of
illnesses but there was less agreement that plartiawealth classes suffered more than

others, or it was difficult to compare the outcomes

Rural: Who were the people most prejudiced during he 1997-98 El Nifio event —
those who were far from other neighbours, those whwere in a community where
they could buy and sell whatever product of the comunity, or those who always

had access to the market?

» People further from the market were worse-off beeathey had more difficulty
travelling to buy necessities but maybe had moteeif own food

* Those who lived further up in the hills were woosebecause they had difficulty
getting down to the village

» Urban citizens prefer the comfort of towns andesitbut need to buy everything
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All of the groups thought that people elsewhereewgorse-off during the 1997-98 El
Nifio event. Those participants from the upper vedteds felt that they had enough of
their own provisions to protect them from lack otass which was the main negative
impact of the event. In the urban areas it wasldlck of basic (common) services

(electricity, sewerage) which was a big impact.

Urban: Which is most important, the location of you houses or the resistance of

your houses to tolerate the impacts of flooding dandslides?

» The location of the house is by far more importhan the construction - sites close
to rivers or riverbeds were deemed the most hazardocations, both for flooding
and for diseases and snakes

* Inrural areas some hillsides were also thoughtginous locations

» Lower floors were more affected than upper floovhdre buildings are occupied by
multiple families) and houses made of bamboo wssaght more susceptible than

those made of concrete (when in the same location)

In most locations it was the mix of mud and wateattwas the major impact of the
1997-98 event. There were very few cases wherel@eaugre killed by landslides but
they contributed to more severe and unpredictableds. These mud-bearing floods
were very dangerous to property in the short-tésiited crops and trees in the medium

term and seemed to have affected soil fertilitthim longer term.

Rural: We have seen that the households that deperuh the income of agricultural
workers were those that suffered most a scarcity ofood during the 1997-98 El
Nifio event — do you think that the source of incomes important in determining the

vulnerability of households?

* Both agricultural workers and landowners sufferegi@ly during the 1997-98 EN

» Agricultural workers had no capital with which testart
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» Workers had more options to look for work elsewhehde the landowner had to

stay

Even though this question was directed at the rimalis groups the topic was
mentioned in the urban areas. In these discus#iovess mentioned that urban dwellers
were often occupied in agricultural labour whiclifested during the 97-98 EN and that

even non-agricultural jobs were affected, suchoastruction.

Urban: The majority of households interviewed say hat the most important

resource for their well-being is human capital — ddng the 1997-98 El Nifio

phenomenon did illnesses affect all of the populain or were some households
affected more than others?

» Typhoid, diarrhoea, dengue fever, malaria, cholerare the diseases mentioned as
a result of the flooding and contamination

* Long term health effects of having to carry heawads (due to a lack of
transportation and that pack animals could not fiom)

* Psychological problems caused by the rise andofalivers over a 9 month period

* Snakebites

These illnesses were mentioned in both urban amadl ateas. In some more remote rural
areas the illnesses were not as severe. Both ntemvamen mentioned these illnesses
with children universally acknowledged as those wguffered most. Psychological
problems were mentioned in the women only focusigsavhile the physical effects of

carrying loads were mentioned in a men only foaqusig.

Urban/Rural: If we knew that that the EI Nifio phenomenon would happen in the
next year is there anything that the people could @ to protect their houses or
crops?

* Buy more goods (food, fuel, etc) to stock up ibueses allowed
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» More education and technical assistance requireg. (@forestation)

» Growing rice is an option in EN also take advantaigjeearly rains sowing other
short-cycle crops

* Do nothing, just wait and see what happens andggtdhemselves

» People are poorer now (due to dollarisation) so cannothing

* Clean drainage channels and dredge the main chaohte river and improve the
walls

» Build walls around the houses

The options for engineering types of interventiorese most common in urban areas,
while stocking up was a more preferred option iralrareas. In all cases it was thought
that more wealthy households would be able to thkee measures. There were no real

differences between the responses from the menasywvomen-only groups.

Urban/Rural: Various, but not all, people sufferedscarcity of food during the 1997-

98 El Nifio event, why do you think that some suffed while others did not?

* Those that had money were able to buy food (whath thipled in price due to
transport)

 Some who had animals were able to eat these (lglitmather have sold them but
could not reach the market)

* Those in urban areas had less fresh produce bllisstne came from other parts of

Ecuador which were less affected by EN
The range of responses was similar for all grouppls httle discernible difference

between the women/men only groups. There were sliifieeences in the optimism of

the rural groups which possibly reflected theirengnces during the 1997-98 EN.
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Other issues discussed:

Topics which were not part of the questions inctuttee aid and assistance (or lack of)
provided by the state or other organizations duging after the 1997-98 EN, associated

with this was the perceived corruption in the plagrand construction of infrastructure.

Groups in both urban and rural areas mentionetbtigeterm impacts of lower soill
fertility which was attributed to the mud which w@esposited on agricultural land.
Participants noted that more chemical fertiliseesesnow needed which had negative

consequences on both their health and their budget.

Some groups compared the 1997-98 EN with previduefL982-83, but more often
the comparisons were made with droughts whicherrtinal areas were often considered

worse than floods and landslides.

There was also mention in various groups, espgaiadin-only, that there was a lack of

culture of doing things oneself and looking foreasy life.

6.4 Discussion of findings

In this chapter | have shown that there are diffees in the importance that households
place on different assets for maintaining theirlyeing. These differences are also
significant when households are grouped accordirigéir location —a finding which

corresponds to the models developed in Chapter 2.

Nevertheless, the importance of a particular ag®etp changes according to the
guestion asked. Respondents may have difficutiesyderstanding and responding to a
guestion which directly asks about the different@ahtribution of assets to well-being.
For this reason they are asked to rank the opgoen, the results of which resulted in a
tendency to value emotive aspects of health andgpeational qualities of education as

assets in the human capital groups. This questightrhave been improved with a
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change in the asset options, based on focus gisapssions. The indirect question in
contrast highlights the importance to respondehtseir physical and natural capital
assets which is reinforced by a question on nahaahrds. There are clear differences
to the responses to these questions accordin@l®e, sdth human capital for instance,
important at the household scale but not a charatiteassociated with the community.
The responses to these questions show that assetsrsidered differently according to

scale and support the multi-level modelling apphoased in Chapter 2.

The importance of different assets is discussedarfocus groups where it was felt that
households which owned land and which were abieviest in agricultural production
suffered differently to those households that ceirestead on the sale of labour. Both
households follow a particular livelihood stratdgyt it seemed that households
dependent on the income of agricultural labouradsfewer options to cope with the
disruption to production during the 1997-98 El N#aent. Households with more liquid
assets such as cash or small animals were ableid some of the difficulties that
accompanied the El Nifio event by stockpiling basiods, selling produce and actively
planning for landslides and floods. It was menttaaecdotally, however, that even
‘wealthy’ producers had been made bankrupt duectangbination of susceptible

enterprises (poultry) and exposure to flood damage.

Social capital was not recognised explicitly byp@sdents to the household survey
although it was clear that the aid of families &mehds and to a lesser extent the state
and NGOs was a factor in the short-term survivalwwherous households. The aid and
assistance appeared to be directed toward theasedthough a significant number of
households that received no help at all subsequesgbrted deterioration in their well-
being. Kinship ties appeared to be more importatiheé rural areas, while friendships
with neighbours were more prevalent in urban araad,despite the fact that nearly all
the focal groups mentioned the unity of their comities there was little evidence of

the contribution of community based organisatiomsrd) the 1997-98 El Nifio event.
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The framework that | use to analyse vulnerabilitghanges in well-being follows
Alwang et al. (2001) replacing ‘risk’ or a riskyeawt with ‘exposure’ to a particular
hazard, in this case to floods and landslidesvieaé caused by heavy rainfall events
during the 1997-98 EI Nifio event. This implies tblaanges in the outcome (well-being)
are dependent on households actually sufferingalfleods and landslides, and that the
well-being outcome will depend on how the evemhanaged or what response the
household is able to take. Numerous studies hawarsthat the asset base of
households is a key buffer against some of the vimgacts of natural events and |
have sought here to explore the hypothesis thatdtmids with fewer assets will have a
relatively poorer outcome than households will massets. This hypothesis was
strengthened during the focus group discussionseniheras generally felt that
wealthier households (i.e. those with more assets¢ able to prepare more adequately
for the damages and disruption that accompanied3B8&-98 El Nifio event. Assets
were mobilised to mitigate the damages by reduexkmpsure of key assets (building
walls for instance), or more commonly by stockmgliiood to avoid shortages. The
analysis of the structured interviews, howeveunable to provide much quantitative
evidence for this hypothesis. There are a numbegagons for this. Firstly | have
recognised that the changes in well-being over thieh are captured by the survey are
just perceptions. Secondly, it was clear that ftbenresponses to the questions that the
financial crisis, inflation and subsequent adoptidthe US dollar had played a
significant part in the deterioration of househwafell-being. Nevertheless the analysis of
the questionnaire shows that there was an assotiagitween changes in well-being and

exposure to damages from floods and landslide.

Another difficulty in addressing the hypothesighat the wealth classes were created
using a mix of household conditions from 2004 a@€7l with human capital assets
such as education and literacy limited to the hbakkhead (which | assume are the
same at the time of the survey as in 1997), whilgsizal assets such as the housing
conditions were observed directly at the time efititerview. The construction of the
wealth classes using clusters was a convenienbapipito reducing numerous variables

and the analysis of the variables within each elusflects a number of plausible
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livelihood strategies that can be chosen. Neithese wealth classes, nor alternative

indicators of wealth, were discussed in the foaasig discussions.

Evidence from both the focus group sessions andubstionnaire responses do not
support the hypothesis that households in the twiy sirea (Boyacd) that had not
suffered in the 1982-83 EIl Nifio event suffered ntbemn the other study areas. Many
participants in the focus group discussions fedt the climatic event of El Nifio was
similar to previous events but that the effectseafar worse. For many households the
landslides and floods were something that prevgarerations had not experienced.
The combination of all the responses suggest thateas the heavy rains of El Nifio
had a precedent there was indeed a lack of experigithe floods and landslides, and
that this unfamiliarity affected all of the studieas. This confirms the record of events
in the DeslInventar database (Figures 39 and 40jnaplies that a reliance on the
climatic data alone may not be particularly usébuldetermining differences in need or

exposure between districts within the general afescted by El Nifio.

Migration of family members was a very common eigrae in the households
interviewed but the most common reason was duetterbopportunities elsewhere
rather than because the situation in the studywaasgparticularly harsh. Wholesale
migration of families away from the region due lwofls or landslides was not
mentioned, and in urban areas was resisted. Inttead that suffered damages to their
homes received aid from family and friends wherssgae or simply stayed to rebuild.
It is unlikely that migration, therefore, introdwutbias by reducing the proportion of the
population who were affected by the 1997-98 El Naid were still resident in 2004.
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Chapter 7 : Overall conclusions and discussion

The assessment of household vulnerability develapéus thesis is guided by the
sustainable livelihoods framework which allows fioe identification of linkages
between well-being outcomes, livelihood stratedmesisehold and community assets
and the vulnerability context. Of the many straofiezsearch that examine
livelihoods | have chosen to apply and test thetagsinerability framework using
generally available datasets for households artdalssat a national scale. This
allows for the replication of the approach in otgeographical settings. The
construction of the vulnerability assessment adspires guidance from the
literature on hazards and disasters, and spetyfiequations of vulnerability. In this
thesis | have examined each component of the \albildy equation in detail as well
as the form of the equation itself. The contribatod assets to the well-being of
households, the effects at the national scaleeEtiNifio phenomenon, and the
issues surrounding the potential exposure of agséisods and landslides are the
major themes studied in Chapters 2 to 4. Thesedbhare combined in Chapter 5 to
construct an assessment based on a vulnerabiligtieq which is validated in a
case study in Chapter 6. Each of the chapterssrthibsis has concluded with a
discussion of the findings which are very brie#yiewed below. This is followed by
a more detailed examination of the feedback betwleenalidation case study and

the other themes, and the implications for furtiesearch.

7.1 Summary of findings

In Chapter 2 a cross-sectional econometric apprtaekialuating the importance of
different assets to well-being outcomes at the ébalsl level was implemented
using the responses from a nation-wide househwotd srvey. The results of
multilevel regression models show that human amahitial capital assets are
significant correlates with well-being outcomest that there are differences
between the urban and rural areas, and the biagaiyamid socio-cultural regions of

Ecuador, notably for the significance of land ovatgp and agricultural labour.
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I have shown in Chapter 3 that changes in househeldbeing, using summaries of
household consumption and poverty levels, are &gsodcwith various indicators of
the impacts of the 1997-98 EI Nifio event. In gehtiase districts which were worst
affected by the event were also more likely to hexjgerienced a greater
deterioration in well-being than those not affectaat the strength of the association
depended on the indicators chosen for the impactsell-being. Whilst attributing
changes to the El Nifio event is complicated byraotbatemporaneous
macroeconomic shocks, these other shocks wereaspad affected all regions
(Larrea, 2004).

Exposure to hazards is a key component of vulnirabguations and one which is
poorly documented in many countries. Therefor& lmapter 4 | have described ideal
models of exposure to floods and landslides, whigce to develop spatially explicit
models. The combination of these models with pdmriadatasets to derive district-
level simulations of the number of people potehtiakposed to these hazards is a
key innovation for Ecuador. Comparisons with highalution maps of actual events
as well as reported incidents of damages allovtterselection of best-fit exposure

models.

The results of Chapters 2 and 4 are used in fifpter to produce a vulnerability
assessment that incorporates the susceptibilig®eéts, the exposure to hazards, and
the capacity to manage risks and cope with loskorages to assets. The assessment
is based on a vulnerability equation and allowsntleasurement of vulnerability in
terms of the number and proportion of the poputadifiected in each district. The
assessment shows that for districts in the Coesgadn the basins of the Guayas,
Portoviejo, Chone and Esmeraldas rivers have lpogelations vulnerable to floods
and landslides. The Andean region is in generaldéfgcted but the capital city of
Quito has a large population vulnerable. Vulnergbih the Amazon region is

greater in the northern districts and to a lesstme those districts in the foothills of

eastern flanks of the Andes range of mountains.
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7.2 Implications for further development of vulnerability assessments

One of the objectives of this study has been tbllggt the practical considerations
of constructing a vulnerability assessment. Thisdmatailed research across a broad
range of disciplines that study susceptibility s§ets, exposure to hazards, and
capacity to cope. Arguably the greatest contrilsutiat this thesis makes to
vulnerability research is the integration of thdgéerent strands of research. The
construction of the vulnerability assessment cani®&ed from the perspective of
the “eight steps” protocol described by Schroteal €2005), which was formulated
to ensure consistency between vulnerability assestnin different contexts. All of
these steps have been followed including, duriegalous group sessions, the
communication of findings to those being studielde Experiences here also follow
those envisaged by Polsky et al. (2007) wherelgtiten between the eight steps is
likely. Indeed my research design introduced inf&al envisages that the findings
from the validation case study can be used to ingBubsequent assessments of
vulnerability in an iterative manner (Figure 64xmg quantitative data at the

national level with more qualitative local studies.
In the remainder of this section | comment firsttba implications of the findings

from my case-study in Manabi province on the redeandertaken in Chapters 3

and 4, and conclude with the repercussions forgkearch in Chapters 2 and 5.
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Figure 64. Research design showing main compomewtdinks between components including
potential feedback loops

The analysis of the structured interviews showsttiere was an association
between changes in well-being and exposure to desmagm floods and landslide
due to the El Nifio event of 1997-98. Neverthelbssd are two important caveats
that need to be made. Firstly | have recognisettitigachanges in well-being over
time which are captured by the survey are justggians and problems in
recollection were an issue in the questionnaiteoalgh less evident in the focus
group sessions — possibly due to the accuratel fcsdme participants as well as
the fact that many people were able to recountiBpewvents. Secondly, as noted in
Chapter 3, few respondents mentioned long termgg®aim well-being that could be
directly attributable to the 1997-98 El Nifio evdnstead the financial crisis (of
1999), inflation and subsequent adoption of theddiBar were thought to have
played a significant part in the deterioration otikehold well-being. These results
confirmed the findings in Chapter 3 and highligig heed for a longitudinal design
for household surveys to track well-being over tifilee analysis of such a survey

would allow for a better understanding of the intpaan household well-being of
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shocks and the relationships between assets, catismpoverty and hazards (such
as El Nifio). This has been done in the BASIS collative research project which
draws on longitudinal studies (Adato, Carter and/M®06 in Moser, 2008\
compromise would be to include questions on exmoBuhazards and impacts on
well-being in cross-sectional household surveyst{sas the LSMS used in this
thesis) which are combined with qualitative studeeg. Tesliuc, 2003; Duflo and
Udry (2001) in Foster, 2002, or to a lesser exitsritschel and Waters, 2002).

The comparison of the flood models with the reaitss of respondents suggests
that the threshold used in Chapter 4 for flow aagkation of 1000 cells (an upstream
area of approximately 8.5Knwas too large to account for all the floods
experienced. The comparison between the flood medehts and the responses
from the interviews are weakened because the ietgee was asked about the
absence or presence of flood events in the comguather than at the location of
the interview. Nevertheless the impact of thosedkcan be mapped and it was
shown that the flood model with the largest extevise those that best reflected the
damages caused by the floods of the 1997-98 EI B\Niént. These results verify the
findings of the comparisons between the populgtiaentially exposed to floods in

each county with those recorded in the DesInvetdtabase.

Validation of the landslide models developed in @tba4 was less impressive but it
has to be remembered that in contrast to the finodel the landslide model deals
with more stochastic events, makes more sense aiational scale, and is best used
to give relative weightings between districts. Egenit is clear that many landslides
occurred in Manabi in areas which are given littieght and this model may need to
be revisited, with more evidence needed for theeqisbility of soils to landslides
and more accurate and precise data sought. In menroce with the conclusions of
Chapter 4 the most simple landslide model — thdtides just slopes — had fewer

errors in general and importantly less errors oissiman.

The recollection of events from six years previowas a factor that was most evident
from the response to whether the community hadréexpeed floods or landslides,
and there were numerous examples of householti® isatme vicinity giving

conflicting replies. The vast majority of respont$etinat remembered landslides or
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floods in their vicinity also reported damages,gsgiing that these experiences
affected the recall of events (confirming the fimgs of Rubiano [personal
communication, 2004] in Honduras). The importanicihe recall in the case of
validating the landslide and flood models is maas limportant because the

households that suffered damages were more likelgrhember them.

The feedback between the validation case studylandevelopment of household
asset profiles in Chapter 2 is also linked to tile of assets within the susceptibility

and coping components of my vulnerability equatio@hapter 5.

The analysis of the importance of different capii@ups from the household survey
shows that households put a high value on humarsigdi, and natural capitals;
however in applying the asset-vulnerability framekvibhave only considered the
importance of assets in terms of their suscepiybilihis has resulted in the typology
of households according to the susceptibility eirtlassets, constructed in Chapter 5.
The implications of the results of the case stug\that assets are of more
importance for risk management and coping. For gtaimwas seen that some
households with access to more land were able t@ranimals out of flooded areas,
or had the resources to invest in walls to prdvedtings. While the hypothesis was
not tested statistically the information from tloedis groups provides clues as to how
assets are potentially useful to mitigate the ¢ffe€ some of the secondary impacts
of floods and landslides such as the loss of adubtgsto markets or the increase in
prices.

Instead of susceptible assets it is evident thata® importance is the susceptibility
of livelihood strategies and activities, such asghle of household labour locally or
in more distant locations. Likewise a common obagown was that the location of
buildings and crops was a more important facton tha quality of those buildings.
Pressures on land due to soil fertility decline amdr-population are causing more
marginal areas to be built upon or cultivated. ®beupiers of these lands are often
those families who have few other livelihood opsiomhese findings suggest that
livelihood strategies should be given a more pr@mirplace in the assessment of
vulnerability to El Nifio in Ecuador than the houskehassets in isolation. Individual
level data in the housing and population censudavailow for the diversity of

income sources, and the dependence on agricuéigeHahn et al., 2009), or
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‘precarious’ urban strategies in the informal se¢Wisner, 1998, p28), to be
determined at the household level, although diffepeoduction strategies and
reliance on remittances (e.g. Eakin and Bojérquagid, 2008) would be difficult to

capture.

The capacity to cope was an important componetiteofulnerability assessment in
Chapter 5, with an index of unsatisfied basic neesdsl as a proxy for household
capacity. It is mentioned in the interviews andugroups that wealth allows
households to avoid hazards, and to protect tissita, which validates the use of
the basic needs index in the vulnerability assessmi&e unsatisfied basic needs
index also has the advantage of being availabtaitiirout Latin America and allows
vulnerability to be assessed in a similar mannerutphout the continent. More
complex conceptions of the capacity to cope adyiko limit the potential for
comparison between assessments (Polsky et al.).Z& results of the focus group
sessions showed that the types of coping stratdusvere employed moved along
a classical sequence of reversibility (e.g. Maxwaeall Frankenburger, 1992). There
were, however, differences in these stages acaptdiwhether a household owned
land, with landowners resorting to selling land ¥lmon-landowners were forced to
migrate confirming Corbett’s suggestion (1988) thabrer households move more
rapidly along the sequence.

Due to a lack of available data community capattitgope was not considered in the
vulnerability equation; however the case study shthat assistance from outside of
the household is one of the coping strategieshibaseholds might be able to draw
on, especially when the aid is related to socipltahassets. The source of the aid
changes according to location with urban areasfltgrgemore from friends while
rural households depend on family. Assistance fooiside agencies is not received
equally with significantly more recipients in sotoeations than others. The biggest
factor precluding the incorporation of these kinfi$actors in the coping component
of the vulnerability equation will be the availatyilof datasets on social capital. A
more general consideration is the effect of redreflevelopment assistance on the
relationships between assets and well-being. Faimce relief aid could have
improved well-being (say by direct transfers, asdaid) in the short term while
diminishing assets, leaving households more vubieraut with higher current

levels of wellbeing. In addition these kinds ofiséers can make it more difficult to
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find associations between changes in well-being trree and the impact of shocks,
such as the analysis in Chapter 3.

7.3 Policy Implications

One of the main objectives of the research destiib¢his thesis has been to
provide information and analyses that can be usétiprove the design of policies
related to vulnerability to natural hazards. Canabal, (2003, pg 4) propose that
vulnerability analysis “should be capable of dinegtdevelopment aid interventions,
seeking ways to protect and enhance people’stivelis, assist vulnerable people in
their own self-protection, and support institutiamsheir role of disaster

prevention.” At the initiation of the investigatidmprimarily considered policy
makers at the national level but it is clear thatpolicy environment covers a
number of different and overlapping scales and wittnerous actors. Hence | deal
first with the implications of this thesis for poyi makers in Ecuador and then more

generally in developing world contexts.

Within Ecuador the principal target of the assesgmas for the civil defence
system which was comprised of a directorate ah#t®mnal level and semi-
autonomous provincial organisations. The systemekasnated in 2008 and
replaced with another organisation, the “natioearstary of risk management”
(SNGR) (Diario Hoy, 2008). The new organisation tesognised that risk
management is not a part of the daily activitiebaiseholds or institutions in
Ecuador and has proposed to implement a risk mamagiecommunication strategy
(SNGR, 2008). Despite the re-organisation the emphasis ofrtstitution is still
focussed on the physical management of hazardssheortiterm responses to
disasters. It is therefore likely that the indivadlcomponents of the vulnerability
assessment — specifically the models of potentiabsure to floods and landslides
developed in Chapter 4 — would have the greatdgy wtithin the institution. The
case study in Manabi has confirmed the poor digs&tion of this kind of
information that could be used at local levels @&aret al., 2009). At the same time

indigenous risk management mentioned by commuriitid&anabi in Chapter 6,

83 http://www.snriesgos.gov.ec/index.php/iquienes-ssiinformacion-institucional/politicas-y-lineas-
de-trabajo-para-el-sistema.html?view=item&id=24&itel
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does not appear to be incorporated in the methsed 1o build capacity in risk
management by the SNGR. The inclusion of theseusssons and local perceptions
of the root causes (such as deforestation or chatmagghtening) in analysis by
bodies such as the national secretary of risk m&nagt would likely enhance the
receptiveness of the communities to recommendatangducing risks

(International Federation of the Red Cross and ®edcent Societies, 2009).

Community and household level risk managementallsws for a broader
conception of managing both the physical hazamiedlsas the secondary effects,
more akin to self-protection (Cannon, 2008). Howdke case study showed a lack
of community or local organisations that had aniremwnental or risk management
remit, although there was some evidence for latstltutions with social protection
goals. This institutional deficiency makes partatgry risk management (Tran,
2008) and people-centred early warning (Internafiéiederation of the Red Cross
and Red Crescent Societies, 2009) more difficuitmplement. A concrete
recommendation of the study would be the formatibthese organisations within

Ecuador; this is a finding which is likely to belidafor other contexts.

Moving to a higher level, Patt et al. (2009, pg8htend that vulnerability to global
change should be investigated within the domaipodity analysis, with scientists
(from natural or social sciences) providing infotima on specific indicators within
a space for dialogue. Latin American regional dexasianagement organisations
have historically been concerned with the assessaielisasters during and shortly
after events. Some organisations, such as CEPREQENA&entral America, have
started to pay greater attention to disaster pteweand discussing longer term
vulnerability issues (Fagen, 2008). These agera@es collaboration with national
systems so instead of using vulnerability assestnuirectly it is likely that they
could play an advocacy role in shaping the usendfdemand for information
products. This has also been proposed for oth@mede.g. African Union, 2004).
The implications for those conducting vulnerabibigsessments are that they must
engage with regional organisations on the usesg#sssnents.

At the international level consistency between ¢oes is necessary for comparisons

that can be used as tools for targeting resourgéddteral or multilateral donors,
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but as with poverty there are problems when a comoomception of vulnerability is
used. Adger (2006) sets out the criteria for sugkreeralised measure of
vulnerability, which draws on both development &adards research and which
incorporates the dynamic nature and depth of vahikty, and the complexities of a
socio-ecological system. However, unlike povertyriage which can be captured
using just one instrument, an assessment of viiigyawill require information on
various components. The assessment presented ithésis goes partway to produce
such a generalised measure of vulnerability andiricéngs suggest that researchers
from specific disciplines should continue to pra/cbmponents of assessments. In
the case of Ecuador a mixture of multilateral orgations, the national statistical
agency, international NGOs (LaRed) and interestdividuals made this analysis
possible. The recommendation would be to publiskeldata but provide metadata
that allow users to judge the accuracy and usedaloéa particular source. It has
been shown that the unsatisfied basic needs inalebe used to represent capacity
to cope, this has the advantage of being collgatedrious Latin American
countries, due in part to policies on populationstes instruments (Santos et al.,
2010) by the Economic Commission for Latin Amereal the Caribbean (ECLAC).

A final policy arena relates to the strengthenihgssets at the household level.
Findings relevant for policy from this thesis arawin mainly from Chapter 2 and
Chapter 6 the case study in Manabi. In Chapteasaéssed the importance of assets
but the purpose of the analysis was not to showtioae assets contributed to
wealth, rather which assets were most importanteNkeless the models showed
that higher levels of physical capital were positjMinked to well-being but with
some doubt about the causality. In contrast it @&ser to show the positive
contribution of human capital assets to well-bedngcomes. There existed some
differences between urban and rural sectors imglhiat policies for strengthening
assets should take location and livelihoods intmant — these were confirmed in
the case study. Of interest were those assetsvdratnegatively associated with
well-being, such as land ownership for urban dweglénd the sale of agricultural
labour in rural settings, again these have impbeaton policies directed towards
households pursuing particular livelihood strategighese findings do not directly
relate assets to vulnerability, for this | relytbie case study, which suggests that

wealthier households are better able to withstaedrpacts of natural hazards. A
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further consideration for asset strengthening pedics the effect of hazards on the
exchange value of assets and the returns (Hoddiradt, 2005) that are possible
during an event such as the El Nifio phenomenors iftplies that efforts should be
made to ensure accessibility to markets and sowfoesmployment is maintained
through the strengthening, maintenance and apptepaliesign of common assets
such as roads and bridges.

7.4 Reflections on the process and lessons learned

7.4.1 Epistemological stance

The starting point of the research on vulnerabikigs to incorporate a dynamic
element to maps and analyses of food poverty ira&@u(Farrow et al., 2005).
These maps of food poverty estimates at the diséwel were based on econometric
analyses derived from household data. The underlgpmstemological stance of the
research is positivist, while the disciplinary bgadund of the researcher is
geographical information science with experiencaralysing quantitative data.
Previous assessments of vulnerability to naturaatas carried out by CIAT — the
institution where the author is employed - wereandzpecific with a strong
emphasis on the modelling of potential exposuféotding and landslides
(Winograd et al., 2000). This experience and stémaseinevitably been carried over

to the research reported in this thesis.

Positivist approaches to assessing vulnerabiliyehanded to concentrate on the
probability of exposure to a physical hazard ancketmmmend interventions that
reduce exposure. These approaches have had socessutcontributing to the
development of policies due to policy-makers’ concagion on aggregate
populations rather than on differences at the idd&l, household or community
scale (Mustafa, 2002; Mustafa 2004). The same estugliggest that policy-makers at
the national level tend to prefer quantitative asseents rather than an exploration of
the fundamental causes of differences in vulnatgbilhis recognition has also
contributed to the epistemological stance of thésis and the nature of the outputs

of the assessment.
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The fact that my assessment draws heavily on thtaisable livelihoods framework
ensures that the research incorporates most comsookesocial vulnerability.
Nevertheless there are theoretical perspectivesimerability, notably political
economy and constructivist approaches (McLaughioh@ietz, 2008), that are not
considered in my assessment. As a result thertlesdeliberation of culture, social
structure, and human agency which determine, anatigsr things, how the
households frame their well-being, and their cagaoi manage risk. In my
assessment | concentrate on commonly measuredogeveht outcomes to capture
well-being. These consumption-poverty outcomesarsistent with political
objectives such as the United Nations millenniuwvettgoment goals and take
advantage of data that are representative at tienahlevel. However, alternative
well-being indices can be captured (Ravnborg, 129@)these have been
successfully scaled-up to the national level (Lex;I2010); the use of such indicators

would allow for more participation from those whaagnerability is being assessed.

Political economic issues of class relations andhbty are mentioned only obliquely
in my assessment and | have assumed that the ebhssets as an endowment set
(in their contribution to livelihood outcomes amgl@art of the coping strategies) is
equal for all households. This overlooks a largaybaf evidence which has shown
that households are vulnerable not just to damigesdowments but also to the
entitlement exchange mapping of those endowmerdalthe direct or indirect
effect of natural hazards (Sen, 1981). The sudtériavelihoods framework does
not consider political capital, or rights as pdrthe asset groupings, instead they are
considered separately (Figure 3). This is simahte access model (Blaikie et al.,
1994) which also has the structures of dominat®a aeparate component, rather
than as part of the formal asset set for the haldelhese issues were more
prominent in the case study in Manabi province ilesd in Chapter 6, where
changes in the entittement exchange mapping cdabedr endowments in urban
settings among semi-skilled workers to lose vaBimilarly, production assets in
rural areas also lost value due to damages tohy®qal infrastructure not of the
household but of the community in the form of fledcdor impassable roads. There
was also some evidence for unequal access to didsmistance although this was

analysed spatially rather than from a class or thg@rspective, and an intriguing
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association between households whose landholdiegsased and assistance from

government agencies.

A number of authors have suggested the considaratimultiple units of analysis
which are differentially vulnerable, in particultye impact of responses to natural
hazards by households, communities and nationseondtural environment (e.g.
Dow, 1992; Adger, 2006; Polsky et al., 2007; McLaliigand Dietz, 2008). These
interactions in socio-ecological systems were evide a number of the households
and communities that were interviewed in the casays While multiple levels were
addressed in Chapter 2 a full consideration of iplelunits of analysis was beyond
the scope of this thesis due to my use of the sdike livelihoods framework which
has been recognised as lacking links between tbmrand macro scales (Moser,
2008). A further criticism of the sustainable Ine@ods framework is a lack of
analysis on the root causes of the impacts of daz&annon et al., 2003) which
implies a multi-temporal assessment of vulnerabdiich as the pressure-disaster-

release model (Blaikie et al., 1994).

7.4.2 Practical reflections

In addition to my consideration of the epistemaobtadjstance of the research there
are a number of reflections on the practical aspeichow the research was carried

out from which some lessons have been learned.

One of the most important reflections was the ugshree separate frameworks: the
sustainable livelihoods, the asset-vulnerabilibd &he risk-chain approaches. This is
consistent with what Polsky et al. describe asti#bling together of methods from
different traditions (2007, p 473). In this sensedde a decision to limit the depth of
the analysis (to one unit of analysis) in ordetake advantage of using well-known
and widely used approaches. These kind of tradean#f likely to be unavoidable
especially when availability of data are taken iat@ount. The terminology used in
this assessment was also a conscious choice,emtistsuch as exposure,
susceptibility (sensitivity), and coping capacityosen due to their dictionary
definition and widespread use within much of therature on vulnerability to

natural hazards.
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The principal constraint in the research processtiva time available for the capture
of primary data in the province of Manabi in Ecuaddnis was due to short duration
of the CIAT project that provided access to secondata for the research as well as
funding for primary data capture. This time constranplied that the fieldwork was
carried out before all the components of the vidh#ity assessment had been
completed. The result was a sampling strategyriongry data collection that was
not entirely consistent with the rest of the assesg. The sampling strategy was
based on differentiation of experience of past &jdrowever this aspect was not
subsequently incorporated into the coping stragegsed in the assessment.

Quite apart from the time constraints there midéb de doubts about the quality of
the data used as the basis for the ‘experiencé i, i.e. the meteorological
records from stations in the province of ManabieSéhdata were obtained from one
source but were not available from the nationahageesponsible for measuring
and managing meteorological data. The use of thesmalies as a basis for
sampling was sound but the analysis of the casly stuowed that the
meteorological event was not the only componeth®fhazard and that
environmental degradation had contributed to caus&t of the damages.

While am | able to make recommendations for vulbiitg assessments based on
the case study it could be argued that this shioal@ informed the national level
vulnerability assessment from the start rather tsa validation exercise. This kind
of data would have been difficult to incorporatecs it would require primary data
capture over a larger area and it was the purposs atudy to see what can be

achieved with the information already in the puldlamain.

The household sampling could also have been imgdrasth better stratification of
households (rather than the ex-post clusteringgeth@n locally defined wealth
classes and a list of households. The use of h&th@®RS in recording the locations
of interviewed households was essential for valggthe exposure models that were
developed in Chapter 4. This practice also allawsafsampling strategy that takes
account of spatial phenomena (e.g. Kumar, 2007)lé/tne systematic sampling of

households in my case study deliberately captuoeddholds in a wide variety of
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landscape positions, the sampling process would bawnefited from the maps of
potential exposure to floods and landslides.

Another reflection of the research process condirméme and resources spent on
the different components of the vulnerability assasnt. The analysis of the
contribution of different assets for household vieding took a great deal of time,
especially when the contribution of this componarthe final vulnerability
assessment was the least convincing and the nfbstldito incorporate in the
vulnerability assessment. The multi-level modelithd not yield large benefits over
conventional multivariate analysis perhaps dudé¢ofact that there were larger

differences between households than between dsstric

The creation of the models of potential exposurs mecessary in Ecuador where
previous models were shown to be deficient, the tieguired to produce these
models may not be available for all researchemecdmmendation would be to have
well validated models of exposure in the public domthat can be utilised in

vulnerability assessments.

In general this thesis has achieved the objecfiy@arlucing an assessment of
vulnerability to low levels of well-being as a rétsof natural hazards associated with
the El Nifio event in Ecuador. The thesis has diswa positive associations
between changes in poverty and the impacts of 389&-98 El Nifio event at the
national level but recognises the difficulty of ibéively attributing changes. This
finding was confirmed in the case study in Manabivmce and the thesis
recommends longitudinal studies at the househetl te clarify the impact of
specific shocks on household well-being. The amalysassets and well-being
outcomes shows that human and physical capitalsare important than other
asset groups but that there are differences acgptdirural or urban locations.
These assets may be susceptible to exposure t@hia&zards but the case study
showed that human capital was less affected thgsigdd or natural capital assets
and that location of livelihood activities was thest important factor contributing
to impacts at the household level. This finding lealsto the recommendation of
considering the importance of sustainable livelthstrategies in the susceptibility

component of a vulnerability assessment, rather #saets alone.
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The biggest constraint to producing the assesshanbeen the quality of the data
available, but improvements have been made whempawed to previous
assessments, due in a great degree to the aviylabisome key datasets. The
Deslnventar database has been shown to be an amaltesource for directing and
validating the components of the vulnerability etipraand efforts should be made
to continue the documentation of incidents relatedatural hazards like floods and
landslides. Similarly the creation of specialisegib global or national datasets —
like the SRTM elevation models, the derivative FHBIHEDS products, or
population estimates — allow GIS practitionersrodoice customised vulnerability
assessments. These datasets require conceptualvoaks that draw on theories of
both development — such as the sustainable liveif@pproach — and on disaster

management, in order to produce assessments éhaparopriate, actionable and
replicable.
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Appendices

Appendix 1:Variables in the 1990 population census

Individual level questionnaire

Relation of the respondent with household head
Sex of the respondent

Age of the respondent

Place of birth of the respondent (combination efriit, county and provincial codes)
Current residence of the respondent (combinatiatistfict, county and provincial codes)
Where the respondent lived 5 years ago (combinafialistrict, county and provincial
codes)

Is the mother of the respondent still alive

Literacy level of the respondent

Currently attending an educational establishment
Civil status of the respondent

Educational level of the respondent

Highest grade achieved

Years of formal education

What activities were carried out in the past week
Any activity in past week even without pay
Principal occupation of the respondent
Occupation group

Occupation sub-group

Branch of activity

Group of branch

Sub-group of branch

Sector of the economy

Number of hours worked during past week

Category of occupation

Number of live births (women respondents only)
Number of children currently alive

Total number of children

Year of birth of last born child
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Month of birth of last born child

Last born child still alive?

Number of homes in the population

Number of people (in home)
If the language is indigenous

Poverty level

Sociological definition of the area (city/country)

Admin. Area (urban / rural)

Household level questionnaire

Is the house used for any economic activity?

Economic activity code

Group of economic activity

Sub-group of economic activity

Is there a room used exclusively for cooking?

Type of fuel used in cooking
Condition of occupation
Number of bedrooms
Shower in the house
Electricity in the house
Sewerage system

Solid waste disposal system
Home inside the house
Language spoken

Source of water provision
Rooms in the house

Wall material

Floor material

Anybody present

Type of toilet

System of water provision
Number of people

Number of dormitories

Roof material

296



Telephone in the house

Tenancy of the house

Type of house

Number of households

Number of men in the household
Number of women in the household
Number of people in the household
Sociological definition of the area (city/country)
Consumption (estimated)

Poverty levels

Admin. Area (urban / rural)

If the language is indigenous

(Instituto Nacional de Estadistica y Censos, 1990)
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Appendix 2:Households Surveyed in the 1995 Encuesta de
Condiciones de Vida

Figure 65Parroquias included in the 1994/9Bncuesta de Condiciones de Vida
Green = Coast, Orange = Andes, Blue = Amazon

Table 59. Household type peerroquia included in the 1994/9Bncuesta de Condiciones
deVida

DomainRegion Parroquia Code UrbReriphery Rural Rural Total
Area Clustered Dispersed

1 1Quito 170150 756 21 37 161 975

1 1San Miguel De Los 170750 24 48 72
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Bancos

756 21 61 2091047

DomairRegior Parroquia Code UrbaReriphery Rural Rural Total
Area Clustered Dispersed

2 2Chongon/Guayaquil 90150 775 1 128 92 996

775 1 128 92 996

DomairRegior Parroquia Code UrbaReriphery Rural Rural Total
Area Clustered Dispersed

1Cuenca 10150 110 72 182

3 1Tulcan 40150 12 36 24 72

1Santa Isabel 10850 12 60 72

(Chaguarurco)

3 1Riobamba 60150 54 72 126

3 1Guamote 60650 12 60 72

3 2Machala 70150 55 55

3 2Esmeraldas 80150 54 24 48 126

3 llbarra 100150 54 54

3 1Loja 110150 54 54

3 1Saraguro 111150 12 60 72

3 2Portoviejo 130150 54 12 60 126

3 2Santo Domingo De Lc170650 55 55

Colorados

3 1Ambato 180150 55 55

1Quero 180650 1 11 60 72

545 13 119 5161193

DomairRegior Parroquia Code UrbaReriphery Rural Rural Total
Area Clustered Dispersed

4 1Gualaceo 10350 12 61 73

4 2Milagro 91050 56 56

4 2Santa Elena 91750 55 64 12 131

4 1Cotacachi 100350 24 48 72

4 1Catamayo 110350 55 55

4 2Quevedo 120550 54 54

4 2Jipijapa 130650 12 60 72

4 2Manta 130850 56 56
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4 2Montecristi 130950 57 57
4 1Cayambe 170250 55 55
4 1Sangolqui 170550 54 54
442 24 88 181 735

DomairRegior Parroquia Code UrbaReriphery Rural Rural Total

Area Clustered Dispersed
5 1San Jose De Chimbo 20350 36 36 72
5 1La Troncal 30450 54 54
5 1San Gabiriel 40550 24 36 12 72
5 2Pinas 71050 76 76
5 2Santa Rosa 71250 54 54
5 2Rosa Zarate (Quininde30450 36 36 72
5 2Velasco Ibga(Cab. Er 90850 24 48 72
El Empalme)
5 2Santa Lucia 91850 54 54
5 2El Salitre (Las Ramas) 91950 72 72
5 2General Villamil 92150 55 55
(Playas)

5 1Cariamanga 110250 24 48 72
5 1Zapotillo 111350 11 61 72
5 2Catarama/Urdaneta 120650 36 36 72
5 2Ventanas 120750 54 54
5 2Junin 130750 25 47 72
5 2Bahia De Caraquez 131450 49 24 73
5 2San Vicente 131458 54 54
5 1San Antonio 170180 54 54
5 1Bafios 180250 55 55
434 60 241 4961231

DomairRegior Parroquia Code UrbaReriphery Rural Rural Total

Area Clustered Dispersed

6 3Macas 140150 54 54
6 3Gualaquiza 140250 36 29 65
6 3Sucua 140650 54 54
6 3San Juan Bosco 140850 23 49 72
6 3Tena 150150 54 54
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3Puyo 160150 110 24 49 183
3Zamora 190150 54 54
3Nueva Loja 210150 36 36 72

326 36 83 163 608
Coastal 1542 37 374 6112564
Andean 1410 82 263 8832638
Amazon 326 36 83 163 608

3278 155 720 16575810
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Appendix 3:Household asset-well-being model calibration result

Model 1a — global

N = 3872 Adjusted R= 0.283  Std. Error of the Estimate = 0.597

Unstandardised Standardised Collinearity

Coefficients Coefficients Sj Expected Statistics

9 Relationship

B Std.Error B Tolerance VIF
(Constant) 11.341 .066 173.040 <.001
H1 EDUL -.007 .007 -012  -883 .377 + 950 1.053
H2_LITS .358 .056 .093 6.364 <.001 + .862 1.161
H3_FTRN .351 .040 128  8.837 <.001 + .889 1.125
H4 HLTH -.001 .003 -005 -374 .709 - 977 1.024
S1_TIME -.079 .028 -.039 -2.855 .004 + .983 1.018
N1 _LOWN <.001 <.001 <.001 .021 983 + 414 2417
N1 LRNT  <.001 <.001 -.023 -1.656 .098 + 975 1.026
N2_LCOW .002 .001 .030 1.362 .173 + .385 2.600
N3_LMED  -.004 .002 -029 -1.890 .059 + .810 1.234
N4_LSML -.002 <.001 -076 -5.044 <.001 + .824 1.214
N5 _LDFT -.034 .010 -.058 -3.300 .001 + 597 1.676
N6_AGWK -.268 .041 -094 -6.602 <.001 912 1.097
P1_NBED 483 .026 270 18.630 <.001 + .881 1.135
P2_ELEC .011 .036 .005 314 754 + 770 1.299
P3_CPBS <.001 <.001 .087 5.850 <.001 .833 1.200
P4_CPAG <.001 <.001 019 1.217 .224 + 752 1.329
F1_LPDM .249 .025 144 9.983 <.001 + .888 1.127
F2_LPSC <.001 <.001 .026 1.820 .069 + 935 1.069
F3_TRDM -132 .025 -.080 -5.310 <.001 .813 1.230
F4_TRSC <.001 <.001 .053 3.505 <.001 + .798 1.253
F5_RTDM -.016 .042 -006  -.382 .702 + 795 1.257
F6_RTSC <.001 <.001 .053 3.516 <.001 + .825 1.212
F7_PNDM -.083 .062 -028 -1.340 .180 + 414 2417
F8_PNSC <.001 <.001 .036 1.685 .092 + 412 2.430
F9_CRDM .098 .022 .066 4511 <.001 .856 1.168
F10 CRSC <.001 <.001 .036 2.284 .022 + 747 1.339

a Dependent Variable: Y1. Dependent variable tial ®xpenditure modified by economies

of scale per household
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Model 1b — global, weighted

N =3872 Adjusted B= 290 Std. Error of the Estimate.912

Unstandardised Standardised Collinearity

Coefficients Coefficients Sj Expected Statistics

9- Relationship

B Std.Error § Tolerance VIF
(Constant) 11.320 .066 170.658 <.001
H1 EDUL -.005 .007 -009 -652 515 + .951 1.051
H2_LITS .387 .055 102 7.020 <.001 + .867 1.154
H3_FTRN .360 .040 129  8.951 <.001 + .885 1.130
H4 HLTH <.001 .003 -002 -.138 .890 - 972 1.029
S1_TIME -.105 .028 -051 -3.745 <.001 + 978 1.022
N1_LOWN <.001 <.001 <.001 .016 .988 + 408 2.453
N1 LRNT  <.001 <.001 -020 -1.496 .135 + .985 1.015
N2_LCOW .002 .001 .032 1493 .135 + 408 2.448
N3 _LMED  -.003 .002 -021 -1.350 .177 + 792 1.262
N4_LSML -.003 .001 -076 -5.112 <.001 + .828 1.208
N5 _LDFT -.039 .011 -061 -3.442 .001 + 593 1.685
N6_AGWK -.306 .041 -106 -7.414 <.001 .903 1.108
P1_NBED 465 .026 .262 18.031 <.001 + .870 1.150
P2_ELEC .027 .039 .011 .696 .487 + 763 1.311
P3_CPBS <.001 <.001 100 6.701 <.001 .827 1.209
P4_CPAG <.001 <.001 .011 .692 .489 + .749 1.335
F1_LPDM .246 .025 140  9.719 <.001 + .878 1.139
F2_LPSC <.001 <.001 .032 2297 .022 + 929 1.077
F3_TRDM -111 .024 -.069 -4.581 <.001 .820 1.219
F4 _TRSC <.001 <.001 .046 3.074 .002 + .810 1.235
F5_RTDM .020 .045 .007 458 .647 + 772 1.295
F6_RTSC <.001 <.001 .047  3.093 .002 + .798 1.253
F7_PNDM -.135 .062 -046 -2.169 .030 + 412 2.427
F8_PNSC <001 <.001 .038 1807 .071 + 409 2.445
F9_CRDM 11 .022 .074 5.116 <.001 872 1.147
F10 CRSC <.001 <.001 .025 1594 .111 + 742 1.347

a Dependent Variable: Y1. Dependent variable In total expenditure modified by economies of scale per

household

b Weighted Least Squares Regression - Weighted by Factor of Expansion
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Model 1c — global urban

N = 2215 Adjusted R= .258 Std. Error of the Estimate =

Unstandardised Standardised Collinearity

Coefficients Coefficients Sig Expected Statistics

" Relationship

B Std.Error § Tolerance VIF
(Constant) 11.173 .207 53.950 <.001
H1 EDUL .005 .009 .010 .544 586 + 976 1.024
H2_LITS .269 .087 .058 3.080 .002 + 949 1.054
H3_FTRN 294 .044 129 6.703 <.001 + .906 1.103
H4 HLTH -.004 .004 -018 -.977 .329 - .983 1.017
S1_TIME -.025 .035 -013 -.704 .481 + .983 1.017
N1 LOWN <.001 <.001 -103 -2.749 .006 + .238 4.200
N1 LRNT  <.001 <.001 -025 -1.259 .208 + .864 1.157
N2_LCOW .007 .003 .094 2257 .024 + 192 5.207
N3 LMED  -.013 .009 -.028 -1.330 .184 + 770 1.299
N4_LSML -.003 .001 -050 -2.387 .017 + 763 1.311
N5 _LDFT -.009 .030 -009 -291 .771 + 375 2.669
N6_AGWK -.198 117 -031 -1.696 .090 978 1.022
P1_NBED 466 .031 299 15.123 <.001 + .858 1.165
P2_ELEC .259 194 .025 1.336 .182 + .982 1.019
P3_CPBS <.001 <.001 107 5.284 <.001 .823 1.215
P4_CPAG <.001 <.001 .033 1.358 .175 + .560 1.787
F1_LPDM 242 .030 157 8.080 <.001 + .883 1.133
F2_LPSC <.001 <.001 .031 1.603 .109 + .918 1.089
F3_TRDM -.090 .032 -.058 -2.817 .005 782 1.278
F4_TRSC <.001 <.001 .041 1.945 .052 + 755 1.324
F5_RTDM -.050 .047 -.022 -1.070 .285 + 794  1.259
F6_RTSC <.001 <.001 .068 3.369 .001 + .821 1.218
F7_PNDM -.160 .066 -.069 -2.418 .016 + 407  2.459
F8_PNSC <.001 <.001 .055 1.898 .058 + 400 2.503
F9_CRDM .108 .028 .078 3.893 <.001 .841 1.189
F10 CRSC <.001 <.001 .033 1526 .127 + 733 1.365
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Model 1d — global urban weighted

N = 2215 Adjusted R= .254 Std. Error of the Estimate = 12.160

Unstandardised Standardised Collinearity

Coefficients Coefficients Sig Expected Statistics

" Relationship

B Std.Error § Tolerance VIF
(Constant) 11.096 .202 54.873 <.001
H1 EDUL .005 .009 .010 .548 .584 + 973 1.028
H2_LITS 312 .083 .070 3.744 <.001 + .955 1.048
H3_FTRN .288 .046 122 6.293 <.001 + .895 1.117
H4 HLTH -.004 .004 -019 -1.039 .299 - .984 1.016
S1_TIME -.045 .035 -024 -1.277 .202 + 977 1.024
N1 LOWN <.001 <.001 -097 -2.373 .018 + .200 5.003
N1 LRNT  <.001 <.001 -.046 -2.193 .028 + 772 1.295
N2_LCOW .004 .004 .038 .889 .374 + 182 5.501
N3_LMED  -.007 .009 -016 -.767 .443 + 756 1.324
N4_LSML -.002 .001 -035 -1.674 .094 + 74 1.292
N5 _LDFT .053 .039 .043 1.354 .176 + 339 2.946
N6_AGWK -.179 116 -029 -1544 123 .981 1.019
P1_NBED 464 .031 297 14.930 <.001 + .850 1.176
P2_ELEC .320 .190 .031 1.684 .092 + .983 1.017
P3_CPBS <.001 <.001 112 5,523 <.001 .816 1.225
P4_CPAG <.001 <.001 .020 .800 .424 + 555 1.801
F1_LPDM 226 .031 145 7.384 <.001 + .873 1.145
F2_LPSC <.001 <.001 .042 2.202 .028 + 910 1.099
F3_TRDM -.088 .032 -.058 -2.786 .005 .788 1.268
F4_TRSC <.001 <.001 .033 1578 .115 + .766 1.306
F5_RTDM .001 .051 <001 .010 .992 + 776 1.289
F6_RTSC <.001 <.001 .057 2.753 .006 + 799 1.251
F7_PNDM -.170 .069 -071 -2.449 .014 + 400 2.503
F8_PNSC <.001 <.001 .045 1551 .121 + 393 2.545
F9_CRDM 114 .028 .081 4.093 <.001 .852 1.173
F10 CRSC <.001 <.001 .033 1522 .128 + 716 1.396

a Dependent Variable: Y1. Dependent variable tial expenditure modified by economies

of scale per household

b Weighted Least Squares Regression - Weightdehbtor of Expansion

c Selecting only cases for which Area = 1
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Model 1e — global rural

N = 1657 Adjusted R= .196 Std. Error of the Estimate = 0.608

Unstandardised Standardised Collinearity

Coefficients Coefficients Sig Expected Statistics

" Relationship

B Std.Error § Tolerance VIF
(Constant) 11.368 .085 134.025 <.001
H1 EDUL -.018 .012 -036 -1.547 .122 + .881 1.135
H2_LITS .329 .076 105  4.334 <.001 + .822 1.217
H3_FTRN 337 .088 .088 3.812 <.001 + 915 1.093
H4 HLTH .003 .004 .014 .643 .520 - .963 1.038
S1_TIME -137 .044 -070 -3.098 .002 + .958 1.043
N1 LOWN <.001 <.001 .078 2535 .011 + 519 1.927
N1 LRNT  <.001 <.001 -009 -418 .676 + .973 1.028
N2 LCOW <.001 .002 -010 -.296 .767 + 470 2.129
N3 _LMED  -.002 .002 -018  -.760 .447 + .845 1.184
N4_LSML -.001 .001 -053 -2.262 .024 + .883 1.132
N5 _LDFT -.028 .011 -.066 -2.483 .013 + .688 1.454
N6_AGWK -.165 .046 -.082 -3.598 <.001 .935 1.070
P1_NBED 518 .046 257 11.258 <.001 + .933 1.072
P2_ELEC -.067 .039 -042 -1.744 .081 + .822 1.217
P3_CPBS <.001 <.001 .056 2.387 .017 .879 1.137
P4_CPAG <.001 <.001 .026 1.058 .290 + .810 1.234
F1_LPDM 229 .043 123 5.324 <.001 + 912 1.096
F2_LPSC <.001 <.001 .020 .863 .388 + 946 1.057
F3_TRDM -.207 .040 -128 -5.147 <.001 787 1.270
F4_TRSC <.001 <.001 .086 3.511 <.001 + .801 1.249
F5_RTDM .005 .001 .0565 .956 + 744 1.344
F6_RTSC <.001 <.001 031 1.212 .226 + .765 1.308
F7_PNDM .040 .166 .008 .238 .812 + 401 2.494
F8_PNSC <.001 <.001 .012 341 733 + 402 2.485
F9_CRDM .097 .035 .066 2.780 .005 .860 1.163
F10 CRSC <.001 <.001 .039 1568 .117 + 774 1.293
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Model 1f — global rural weighted

N = 1657 Adjusted R=.198 Std. Error of the Estimate = 11.050

Unstandardised Standardised Collinearity

Coefficients Coefficients Sig Expected Statistics

" Relationship

B Std.Error § Tolerance VIF
(Constant) 11.336 .082 138.404 <.001
H1 EDUL -.013 .012 -027 -1.152 .249 + .873 1.146
H2_LITS 332 .072 112 4.601 <.001 + .811 1.233
H3_FTRN .408 .091 103  4.502 <.001 + 922 1.085
H4 HLTH .006 .004 .034 1519 .129 - .943 1.060
S1_TIME -.181 .046 -.088 -3.921 <.001 + .953 1.049
N1 LOWN <.001 <.001 071 2274 .023 + 491 2.037
N1 LRNT  <.001 <.001 .005 247  .805 + .989 1.011
N2_LCOW .001 .001 .015 476 634 + 470 2.126
N3 LMED <.001 .002 -002 -.079 .937 + .823 1.216
N4_LSML -.001 .001 -050 -2.159 .031 + .887 1.128
N5 _LDFT -.030 .011 -071 -2.649 .008 + .679 1.473
N6_AGWK -.167 .043 -.088 -3.851 <.001 922 1.084
P1_NBED 480 .046 239 10.444 <.001 + .924 1.082
P2_ELEC -.074 .039 -046 -1.898 .058 + .813 1.229
P3_CPBS <.001 <.001 .072 3.076 .002 .888 1.126
P4_CPAG <.001 <.001 .030 1.203 .229 + .794 1.260
F1_LPDM 242 .044 126  5.460 <.001 + .907 1.103
F2_LPSC <.001 <.001 .018 .802 .423 + .962 1.039
F3_TRDM -.168 .038 -110 -4.433 <.001 .793 1.261
F4_TRSC <.001 <.001 .084 3477 .001 + .823 1.215
F5_RTDM .044 .097 .012 450 .652 + .650 1.538
F6_RTSC <.001 <.001 .021 764 445 + .667 1.500
F7_PNDM -.160 176 -032 -914 .361 + .385 2.600
F8_PNSC <.001 <.001 .011 320 .749 + .384 2.607
F9_CRDM 117 .034 .081 3.460 .001 .877 1.140
F10 CRSC <.001 <.001 .012 491 .623 + 773 1.294

a Dependent Variable: Y1. Dependent variable tial expenditure modified by economies

of scale per household

b Weighted Least Squares Regression - Weightdehbtor of Expansion

c Selecting only cases for which Area ~= 1
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Model 1g — Regional Andes

N=1778 Adjusted R= .316 Std. Error of the Estimate = .533

Unstandardised Standardised Collinearity

Coefficients Coefficients Sig Expected Statistics

" Relationship

B Std.Error § Tolerance VIF
(Constant) 11.432 .085 134.613 <.001
H1 EDUL -.009 .009 -019 -923 .356 + 947 1.056
H2_LITS 397 .070 120 5.654 <.001 + .848 1.179
H3_FTRN 420 .061 143 6.923 <.001 + 904 1.106
H4 HLTH -.002 .004 -009 -455 .649 - 961 1.041
S1_TIME -122 .039 -.063 -3.145 .002 + .970 1.031
N1 LOWN <.001 <.001 -003 -110 .913 + 442 2.265
N1 LRNT  <.001 <.001 -007 -366 .714 + .988 1.012
N2_LCOW .003 .002 .052 1.722 .085 + 414 2414
N3 _LMED  -.009 .006 -036 -1.580 .114 + 747 1.339
N4_LSML -.004 .001 -.096 -3.840 <.001 + .611 1.638
N5 _LDFT -.014 .016 -023  -922 .357 + .600 1.667
N6_AGWK -.317 .050 -133 -6.314 <.001 .873 1.145
P1_NBED 433 .033 271 13.041 <.001 + .892 1.122
P2_ELEC .031 .050 .014 .617 537 + 729 1.372
P3_CPBS <.001 <.001 112 5.381 <.001 .895 1.117
P4_CPAG <.001 <.001 .005 244 807 + .838 1.193
F1_LPDM 214 .036 125 5.900 <.001 + .862 1.160
F2_LPSC <.001 <.001 .020 .989 .323 + .922 1.085
F3_TRDM -.100 .032 -.068 -3.177 .002 .832 1.201
F4_TRSC <.001 <.001 .050 2.324 .020 + .829 1.206
F5_RTDM .065 .070 .021 933 .351 + .755 1.324
F6_RTSC <.001 <.001 .047 2.083 .037 + 767 1.304
F7_PNDM -.137 .097 -046 -1.412 .158 + .359 2.786
F8_PNSC <.001 <.001 .033 1.026 .305 + 361 2.766

a Dependent Variable: Y1. Dependent variable tial ®xpenditure modified by economies

of scale per household

b Selecting only cases for which Region = Andes
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Model 1h — Regional Andes weighted

N=1778 Adjusted R= .317 Std. Error of the Estimate = 11.831

Unstandardised Standardised Collinearity

Coefficients Coefficients Sig Expected Statistics

" Relationship

B Std.Error § Tolerance VIF
(Constant) 11.428 .088 129.471 <.001
H1 EDUL -.005 .009 -010 -491 .623 + .949 1.053
H2_LITS 415 071 124  5.876 <.001 + .859 1.164
H3_FTRN 453 .059 158  7.620 <.001 + .896 1.116
H4 HLTH .001 .004 .004 217 .828 - .948 1.054
S1_TIME -.166 .039 -.084 -4.223 <.001 + .960 1.042
N1 LOWN <.001 <.001 -013  -.444 657 + 453 2.208
N1 LRNT  <.001 <.001 -013 -.638 .524 + .989 1.011
N2_LCOW .003 .002 .060 2.051 .040 + 448 2.233
N3 _LMED  -.008 .006 -027 -1.206 .228 + 745 1.342
N4_LSML -.003 .001 -070 -2.804 .005 + .620 1.612
N5 _LDFT -.023 .017 -034 -1.353 .176 + .610 1.639
N6_AGWK  -.337 .052 -137 -6.475 <.001 .860 1.163
P1_NBED 416 .033 261 12.455 <.001 + .878 1.139
P2_ELEC .040 .055 .017 737 461 + 727 1.376
P3_CPBS <.001 <.001 131 6.407 <.001 913 1.096
P4_CPAG <.001 <.001 -002 -.092 .927 + .855 1.170
F1_LPDM 212 .037 122  5.759 <.001 + .854 1.171
F2_LPSC <.001 <.001 .022 1.066 .287 + 916 1.092
F3_TRDM -.057 .032 -039 -1.787 .074 .826 1.210
F4_TRSC <.001 <.001 .046 2.160 .031 + .834 1.199
F5_RTDM .017 .072 .005 .238 .812 + 744 1.345
F6_RTSC <.001 <.001 046 2.049 .041 + .753 1.329
F7_PNDM -.233 .098 -077 -2.384 .017 + 372 2.690
F8_PNSC <.001 <.001 .052 1.610 .107 + 374 2.671
F9_CRDM .053 .029 .038 1.847 .065 915 1.093
F10 CRSC <.001 <.001 .056 2.642 .008 + .847 1.180

a Dependent Variable: Y1. Dependent variable tial expenditure modified by economies

of scale per household

b Weighted Least Squares Regression - Weightdehbtor of Expansion

¢ Selecting only cases for which Region = Andes
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Model 1i — Regional coastal

N = 1659 Adjusted R= .279 Std. Error of the Estimate = .657
Unstandardised Standardised Collinearity
Coefficients Coefficients Sig Expected Statistics
" Relationship
B Std.Error § Tolerance VIF

(Constant) 11.223 117 95.924 <.001

H1 EDUL .002 .013 .003 .129 .898 + 925 1.081
H2_LITS 316 .099 .072 3.203 .001 + .858 1.166
H3_FTRN 321 .064 112  5.003 <.001 + .863 1.158
H4 HLTH .001 .004 .003 .159 .873 - 973 1.028
S1_TIME -.069 .046 -031 -1.487 .137 + 972 1.029
N1 LOWN <.001 <.001 .008 .202 .840 + .255 3.916
N1 LRNT  <.001 <.001 -020 -.889 .374 + .873 1.145
N2_LCOW  -.001 .004 -013 -303 .762 + 236 4.238
N3_LMED  -.001 .003 -008 -.342 .733 + .718 1.393
N4_LSML -.002 .001 -.054 -2.404 .016 + .852 1.173
N5 _LDFT -.049 .018 -075 -2.633 .009 + 541 1.850
N6_AGWK -.165 .073 -049 -2.260 .024 912 1.097
P1_NBED .596 .047 .286 12.652 <.001 + .849 1.178
P2_ELEC -.033 .068 -012 -490 .624 + 782 1.278
P3_CPBS <.001 <.001 .082 3.322 .001 714 1.400
P4_CPAG <.001 <.001 .014 531 .596 + .650 1.538
F1_LPDM .290 .040 163 7.337 <.001 + .882 1.133
F2_LPSC <.001 <.001 .041 1.871 .062 + .924 1.083
F3_TRDM -.196 .043 -109 -4.534 <.001 .758 1.319
F4_TRSC <.001 <.001 .063 2530 .012 + .698 1.433
F5_RTDM .065 .065 .024 1.004 .315 + .786 1.272
F6_RTSC <.001 <.001 .040 1.728 .084 + .832 1.202
F7_PNDM -.062 .095 -021 -.648 517 + 403 2.484
F8_PNSC <.001 <.001 .037 1.112 .266 + 395 2.529
F9_CRDM A72 .037 107  4.624 <.001 .814 1.228
F10 CRSC <.001 <.001 .011  .435 .664 + .634 1.578

a Dependent Variable: Y1. Dependent variable tial expenditure modified by economies

of scale per household

b Selecting only cases for which Region = Coastal
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Model 1j — Regional Coastal weighted

N = 1659 Adjusted R= .295 Std. Error of the Estimate = 12.810

Unstandardised Standardised Collinearity

Coefficients Coefficients Sig Expected Statistics

" Relationship

B Std.Error § Tolerance VIF
(Constant) 11.080 120 91.976 <.001
H1 EDUL .005 .013 .008 .358 .720 + 932 1.073
H2_LITS .363 .100 .081 3.651 <.001 + .861 1.162
H3_FTRN 331 .062 120 5.375 <.001 + .859 1.164
H4 HLTH <.001 .004 -001 -.042 .966 - 977 1.024
S1_TIME -.056 .046 -025 -1.208 .227 + 976 1.024
N1 LOWN <.001 <.001 .006 .158 .875 + 251 3.989
N1 LRNT  <.001 <.001 -018 -840 .401 + 945 1.059
N2_LCOW  -.001 .004 -010 -.227 .821 + .239 4.183
N3_LMED .001 .003 .010 .382 .702 + .680 1.471
N4_LSML -.002 .001 -.067 -2.975 .003 + .844 1.184
N5 _LDFT -.050 .019 -076 -2.677 .007 + 532 1.879
N6_AGWK -.233 .078 -.064 -2.986 .003 .926 1.080
P1_NBED .556 .046 271 12.002 <.001 + .835 1.197
P2_ELEC .024 .074 .008 .329 .742 + .765 1.307
P3_CPBS <.001 <.001 .079 3.163 .002 .685 1.460
P4_CPAG <.001 <.001 .023  .862 .389 + .604 1.655
F1_LPDM .296 .039 166 7.533 <.001 + 877 1.140
F2_LPSC <.001 <.001 .046 2.133 .033 + 913 1.095
F3_TRDM -.198 .042 -111 -4.730 <.001 74 1.292
F4_TRSC <.001 <.001 .058 2.400 .016 + .725 1.380
F5_RTDM .100 .064 .037 1561 .119 + 772 1.295
F6_RTSC <.001 <.001 .035 1549 .122 + .817 1.223
F7_PNDM -.041 .093 -014 -436 .663 + 397 2.521
F8_PNSC <.001 <.001 .031 .936 .350 + .388 2.575
F9_CRDM .205 .037 127 5.554 <.001 .809 1.236
F10 CRSC <.001 <.001 .003 .117 .907 + .603 1.658

a Dependent Variable: Y1. Dependent variable tial expenditure modified by economies

of scale per household

b Weighted Least Squares Regression - Weightdehbtor of Expansion

c Selecting only cases for which Region = Coastal
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Model 1k — Regional Amazon

N =435 Adjusted R= .249 Std. Error of the Estimate = .576
Unstandardised Standardised Collinearity
Coefficients Coefficients Sig Expected Statistics
" Relationship
B Std.Error § Tolerance VIF

(Constant) 11.204 .208 53.938 <.001

H1 EDUL .011 .021 .023 532 .595 + .964 1.037
H2_LITS .310 .190 .074 1629 .104 + .836 1.197
H3_FTRN .370 .095 A77  3.913 <.001 + .848 1.179
H4 HLTH -.007 .009 -032 -731 .465 - 916 1.092
S1_TIME .021 071 013 291 .771 + .926 1.080
N1 LOWN <.001 <.001 .059 985 .325 + A77  2.099
N1 LRNT  <.001 <.001 -007 -.170 .865 + 911 1.098
N2_LCOW .001 .004 .020 .283 .777 + .338 2.958
N3_LMED  -.004 .012 -018 -.362 .718 + .690 1.450
N4_LSML -.002 .001 -.064 -1.337 .182 + 754 1.326
N5 _LDFT -.025 .023 -062 -1.099 .272 + .538 1.858
N6_AGWK  -.247 143 -077 -1.729 .085 877 1.141
P1_NBED 455 .070 290 6.505 <.001 + .868 1.152
P2_ELEC .004 .081 .003 .049 .961 + .659 1.518
P3_CPBS <.001 <.001 .029 .661 .509 .888 1.127
P4_CPAG <.001 <.001 .081 1597 .111 + 674 1.484
F1_LPDM 225 071 142 3.156 .002 + .855 1.170
F2_LPSC <.001 <.001 <.001 -010 .992 + .854 1.171
F3_TRDM -.104 .086 -058 -1.215 .225 J71 1.297
F4_TRSC <.001 <.001 .079 1.680 .094 + .789 1.268
F5_RTDM -.253 .106 -127 -2.382 .018 + .613 1.632
F6_RTSC <.001 <.001 .079 1513 .131 + .643 1.556
F7_PNDM .040 .203 013  .197 .844 + .384 2.602
F8_PNSC <.001 <.001 .015 .228 .819 + 392 2.552
F9_CRDM .088 .065 .066 1.365 .173 .740 1.351
F10 CRSC <.001 <.001 .051 1.034 .302 + 713 1.402

a Dependent Variable: Y1. Dependent variable tial expenditure modified by economies

of scale per household

b Selecting only cases for which Region = Amazon
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Model 11 — Regional Amazon weighted

N =435 Adjusted R= .289 Std. Error of the Estimate = 5.971
Unstandardised Standardised Collinearity
Coefficients Coefficients Sig Expected Statistics
" Relationship
B Std.Error § Tolerance VIF

(Constant) 11.350 173 65.605 <.001

H1 EDUL .015 .020 .033 .770 .442 + 907 1.102
H2_LITS .200 161 .058 1.241 .215 + 739 1.354
H3_FTRN 271 109 110 2.483 .013 + .831 1.203
H4 HLTH -.010 .008 -058 -1.302 .194 - .835 1.198
S1_TIME -.081 .066 -054 -1.231 .219 + .853 1.172
N1 LOWN <.001 <.001 108 2.155 .032 + .653 1.531
N1 LRNT  <.001 <.001 -028 -.652 .515 + .870 1.150
N2_LCOW  -.002 .003 -040 -.658 .511 + 438 2.282
N3_LMED .005 .009 .024 483 .629 + .688 1.454
N4_LSML -.002 .001 -085 -1.832 .068 + .758 1.319
N5 _LDFT -.030 .019 -081 -1.522 .129 + 578 1.729
N6_AGWK -.381 118 -140 -3.231 .001 .874 1.145
P1_NBED 572 .069 373 8.258 <.001 + .805 1.243
P2_ELEC .011 .066 .008 .163 .871 + .645 1.550
P3_CPBS <.001 <.001 .044 1.021 .308 .883 1.132
P4_CPAG <.001 <.001 .083 1.698 .090 + .682 1.465
F1_LPDM .185 .073 113 2550 .011 + .832 1.202
F2_LPSC <.001 <.001 .024 570 .569 + .894 1.119
F3_TRDM -.138 .089 -072 -1.548 .122 .762 1.313
F4_TRSC <.001 <.001 .057 1.235 .218 + 77 1.288
F5_RTDM -.436 122 -191 -3.587 <.001 + 577 1.733
F6_RTSC <.001 <.001 100 1.912 .057 + .601 1.664
F7_PNDM 112 .250 .029 451 .652 + .386 2.588
F8_PNSC <.001 <.001 .010 .155 .877 + 403 2.484
F9_CRDM .048 .063 .036 .756 .450 732 1.366
F10 CRSC <.001 <.001 .027 531 .596 + .640 1.562

a Dependent Variable: Y1. Dependent variable tial expenditure modified by economies

of scale per household

b Weighted Least Squares Regression - Weightdehbtor of Expansion

c Selecting only cases for which Region = Amazon
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Model 1 — urban regional, Andes

N = 1038 Adjusted R Square = .297 Std. Error offeémate = 0.517
Unstandardised Standardised Collinearity
Coefficients Coefficients Sig Expected Statistics
" Relationship
B Std.Error B Tolerance VIF

(Constant) 10.921 .320 34.168 <.001

H1 EDUL .004 .012 009 .333 .739 + 973 1.027
H2_LITS .368 104 .095 3.533 <.001 + 944 1.060
H3_FTRN .342 .065 145 5.289 <.001 + .907 1.103
H4 HLTH <.001 .005 .001 .040 .968 - 972 1.029
S1_TIME -112 .050 -060 -2.239 .025 + .954 1.049
N1_LOWN <.001 <.001 -079 -2.778 .006 + .833 1.200
N1_LRNT  <.001 <.001 -005 -.176 .860 + .847 1.181
N2_LCOW .016 .016 .035 1.016 .310 + 563 1.777
N3_LMED  -.024 .014 -058 -1.719 .086 + .586 1.706
N4_LSML -.001 .003 -008 -.276 .782 + .736 1.359
N5 _LDFT .090 .084 .030 1.080 .280 + .887 1.127
N6_AGWK -.283 .148 -050 -1.907 .057 967 1.034
P1_NBED 462 .040 322 11.444 <.001 + .858 1.165
P2_ELEC .569 301 .050 1.889 .059 + .983 1.017
P3_CPBS <.001 <.001 136 4.972 <.001 911 1.097
P4_CPAG <.001 <.001 011  .376 .707 + 779 1.283
F1_LPDM 223 .043 145  5.141 <.001 + .847 1.180
F2_LPSC <.001 <.001 .019  .690 .490 + 900 1.111
F3_TRDM -.079 .040 -057 -1.952 .051 .809 1.237
F4_TRSC <.001 <.001 .047 1.622 .105 + .804 1.244
F5_RTDM .036 .087 013 414 679 + .736 1.359
F6_RTSC <.001 <.001 .050 1.651 .099 + .735 1.360
F7_PNDM -172 107 -070 -1.598 .110 + 355 2.815
F8_PNSC <001 <.001 .032 737 .461 + 357 2.803
F9_CRDM .057 .037 .043 1532 .126 .879 1.138
F10 CRSC <.001 <.001 .072 2.443 .015 + 792 1.263

a Dependent Variable: Y1. Dependent variable tial expenditure modified by economies

of scale per household

b Selecting only cases for which Region = Andes
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Model 1 — urban regional Andes weighted

N = 1038 Adjusted R= .286 Std. Error of the Estimate = 12.258
Unstandardised Standardised Collinearity
Coefficients Coefficients Sig Expected Statistics
" Relationship
B Std.Error § Tolerance VIF

(Constant) 10.878 .329 33.034 <.001

H1 EDUL .004 .012 .008 .298 .766 + 971 1.030
H2_LITS 375 .105 .097 3.583 <.001 + 946 1.057
H3_FTRN .361 .066 150 5.435 <.001 + .899 1.112
H4 HLTH <.001 .005 <.001 -010 .992 - 971 1.030
S1_TIME -114 .050 -062 -2.293 .022 + 949 1.053
N1 LOWN <.001 <.001 -.086 -2.976 .003 + .823 1.215
N1 LRNT  <.001 <.001 -003 -.120 .905 + .848 1.179
N2_LCOW .010 .015 .024 659 .510 + 510 1.961
N3 _LMED  -.017 .014 -.045 -1.267 .206 + 534 1.872
N4 LSML  <.001 .003 .003 .086 .932 + 703 1.422
N5 _LDFT .095 .084 .032 1.131 .258 + .881 1.135
N6_AGWK  -.249 142 -.047 -1.758 .079 .965 1.036
P1_NBED 442 .041 .307 10.775 <.001 + .846 1.182
P2_ELEC .609 311 .052 1956 .051 + .985 1.015
P3_CPBS <.001 <.001 152 5,571 <.001 919 1.088
P4_CPAG <.001 <.001 .009 .304 .761 + 785 1.274
F1_LPDM 198 .045 126 4.416 <.001 + .841 1.189
F2_LPSC <.001 <.001 021 .774 439 + .896 1.117
F3_TRDM -.047 .041 -033 -1.134 .257 .812 1.232
F4_TRSC <.001 <.001 .041 1.398 .162 + .814 1.229
F5_RTDM .002 .090 .001 .018 .986 + 745 1.343
F6_RTSC <.001 <.001 .051 1.692 .091 + 749 1.335
F7_PNDM -179 114 -069 -1.566 .118 + .360 2.780
F8_PNSC <.001 <.001 .032 .742 458 + 362 2.763
F9_CRDM .062 .038 .046 1.636 .102 .884 1.132
F10 CRSC <.001 <.001 .075 2533 .011 + 776 1.289

a Dependent Variable: Y1. Dependent variable tial expenditure modified by economies

of scale per household

b Weighted Least Squares Regression - Weightdehbtor of Expansion

¢ Selecting only cases for which Region = Andes
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Model 1 — urban regional, coastal

N =945 Adjusted R= .259 Std. Error of the Estimate = 0.622

Unstandardised Standardised Collinearity

Coefficients Coefficients Sig Expected Statistics

" Relationship

B Std.Error § Tolerance VIF
(Constant) 11.298 .283 39.858 <.001
H1 EDUL .018 .017 .031 1.074 .283 + 941 1.063
H2_LITS 131 157 .025  .837 .403 + .902 1.108
H3_FTRN .284 071 118 3.982 <.001 + 891 1.122
H4 HLTH -.006 .005 -031 -1.079 .281 - 972 1.029
S1_TIME -.015 .055 -008 -271 .786 + .980 1.020
N1 LOWN <.001 <.001 -118 -1.372 .170 + 106 9.393
N1 LRNT  <.001 <.001 -046 -1.277 .202 + .616 1.624
N2_LCOW .005 .006 .068 .760 .447 + .097 10.321
N3 _LMED  -.002 .018 -005 -.133 .894 + .674 1.484
N4_LSML -.004 .002 -.063 -1.872 .062 + .696 1.437
N5 _LDFT .025 .059 .028 .434 .664 + 193 5.170
N6_AGWK -.032 195 -005 -.165 .869 939 1.065
P1_NBED .538 .053 .310 10.158 <.001 + .844 1.185
P2_ELEC .062 .263 .007 .237 .812 + 939 1.065
P3_CPBS <.001 <.001 101 2970 .003 .672 1.488
P4_CPAG <.001 <.001 .022 511 .610 + 440 2.274
F1_LPDM 272 .047 173 5.795 <.001 + .880 1.137
F2_LPSC <.001 <.001 .064 2.134 .033 + .880 1.136
F3_TRDM -.128 .056 -077 -2.289 .022 .693 1.443
F4_TRSC <.001 <.001 .020 572 .568 + .637 1.569
F5_RTDM .039 .070 .018 564 .573 + .780 1.283
F6_RTSC <.001 <.001 .057 1.837 .067 + .825 1.213
F7_PNDM -.150 .097 -.068 -1.546 .123 + 401 2.494
F8_PNSC <.001 <.001 .070 1.543 .123 + .385 2.598
F9_CRDM 192 .046 130 4.176 <.001 .810 1.235
F10 CRSC <.001 <.001 .013 .351 .726 + 578 1.730

a Dependent Variable: Y1. Dependent variable tial expenditure modified by economies

of scale per household

b Selecting only cases for which Region = Coastal
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Model 1 — urban regional coastal weighted

N =945 Adjusted R= .254 Std. Error of the Estimate = 13.043
Unstandardised Standardised Collinearity
Coefficients Coefficients Sig Expected Statistics
" Relationship
B Std.Error § Tolerance VIF

(Constant) 11.145 .283 39.378 <.001

H1 EDUL .023 .017 .039 1.339 .181 + .940 1.063
H2_LITS 273 157 .051 1.736 .083 + .898 1.113
H3_FTRN .266 071 112 3.749 <.001 + .880 1.137
H4 HLTH -.005 .006 -027 -939 .348 - 975 1.026
S1_TIME -.015 .055 -008 -.268 .789 + 976 1.025
N1 LOWN <.001 <.001 -106 -1.327 .185 + .124 8.083
N1 LRNT  <.001 <.001 -066 -1.807 .071 + .601 1.665
N2_LCOW .002 .005 .030 .384 .701 + 128 7.785
N3_LMED .004 .018 .007 .201 .841 + .681 1.468
N4_LSML -.003 .002 -.048 -1.470 .142 + 739 1.354
N5 _LDFT .053 .059 .056 .906 .365 + .208 4.816
N6_AGWK -.070 .230 -009 -304 .761 .954 1.048
P1_NBED .530 .054 .300 9.809 <.001 + .843 1.186
P2_ELEC .036 .265 .004 137 .891 + 940 1.064
P3_CPBS <.001 <.001 .080 2.287 .022 .650 1.537
P4_CPAG <.001 <.001 .023 505 .614 + 374 2,671
F1_LPDM 267 .047 170 5.643 <.001 + .875 1.143
F2_LPSC <.001 <.001 .063 2.093 .037 + .870 1.149
F3_TRDM -.157 .056 -094 -2.816 .005 709 1411
F4_TRSC <.001 <.001 .028 .810 .418 + 674 1.484
F5_RTDM .070 071 .032 .987 .324 + 772 1.295
F6_RTSC <.001 <.001 .047 1521 .129 + .815 1.227
F7_PNDM -113 101 -050 -1.119 .263 + 392 2.550
F8_PNSC <.001 <.001 .056 1.229 .219 + 379 2.638
F9_CRDM 214 .046 145 4.626 <.001 .805 1.242
F10 CRSC <.001 <.001 .020  .543 587 + 556 1.799

a Dependent Variable: Y1. Dependent variable tial expenditure modified by economies

of scale per household

b Weighted Least Squares Regression - Weightdehbtor of Expansion

c Selecting only cases for which Region = Coastal
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Model 1 — urban, Amazon region

N =232 Adjusted R= .210 Std. Error of the Estimate = 0.595
Unstandardised Standardised Collinearity
Coefficients Coefficients Sig Expected Statistics
" Relationship
B Std.Error § Tolerance VIF

(Constant) 10.563 424 24.924 <.001

H1 EDUL .036 .031 .071 1.183 .238 + 941 1.062
H2_LITS .833 408 126 2.042 .042 + .896 1.116
H3_FTRN .387 116 210 3.347 .001 + .866 1.154
H4 HLTH -.003 .015 -011 -.185 .853 - 918 1.089
S1_TIME 114 111 .065 1.035 .302 + .870 1.150
N1 LOWN <.001 <.001 -169 -1.385 .167 + 229 4.368
N1 LRNT  <.001 <.001 .021  .286 .775 + .660 1.515
N2_LCOW .013 .006 309 2.060 .041 + 152 6.579
N3_LMED  -.007 .039 -016 -.172 .863 + .388 2.575
N4_LSML -.001 .002 -038 -534 .594 + .660 1.516
N5 _LDFT -.097 .068 -176 -1.439 .152 + 228 4.382
N6_AGWK -.692 .538 -079 -1.285 .200 913 1.095
P1_NBED 344 .098 228 3.517 .001 + 817 1.224
P2_ELEC +

P3_CPBS <.001 <.001 -003 -.049 .961 .875 1.143
P4_CPAG <.001 <.001 160 1.844 .067 + 456 2.193
F1_LPDM .209 .098 141 2.142  .033 + 792 1.263
F2_LPSC <.001 <.001 -026 -370 .711 + .670 1.492
F3_TRDM -.069 112 -041 -617 .538 .760 1.317
F4_TRSC <.001 <.001 .089 1.328 .186 + .758 1.319
F5_RTDM -.162 130 -095 -1.250 .213 + 591 1.691
F6_RTSC <.001 <.001 .091 1.190 .235 + 587 1.704
F7_PNDM .085 .246 .034 345 .730 + 351 2.852
F8_PNSC <.001 <.001 -008 -.083 .934 + 355 2.816
F9_CRDM .156 .091 116 1.714 .088 741 1.350
F10 CRSC <.001 <.001 .048  .677 .499 + .675 1.481

a Dependent Variable: Y1. Dependent variable tial expenditure modified by economies

of scale per household

b Selecting only cases for which Region = Amazon

The following variables are constants or have mgsprrelations: P2. Dummy variable for

electricity.
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Model 1 — urban regional Amazon weighted

N =232 Adjusted R= .238 Std. Error of the Estimate = 4.075
Unstandardised Standardised Collinearity
Coefficients Coefficients Sig Expected Statistics
" Relationship
B Std.Error § Tolerance VIF

(Constant) 10.323 423 24.383 <.001

H1 EDUL .036 .030 .070 1.185 .237 + .944 1.060
H2_LITS 1.041 403 158 2579 .011 + .875 1.143
H3_FTRN 415 113 229 3.685 <.001 + .857 1.167
H4 HLTH -.001 .014 -003 -.042 .967 - 912 1.096
S1_TIME .095 .108 .055 .881 .379 + .855 1.170
N1 LOWN <.001 <.001 -158 -1.377 .170 + 249 4.015
N1 LRNT  <.001 <.001 021  .322 .747 + 776 1.289
N2_LCOW .013 .006 314 2.193 .029 + 161 6.217
N3_LMED  -.001 .035 -002 -.018 .985 + 355 2.814
N4_LSML -.001 .002 -041 -609 .543 + .718 1.393
N5 _LDFT -.101 .064 -202 -1.584 .115 + 202 4.954
N6_AGWK -593 .633 -056 -.937 .350 919 1.089
P1_NBED .368 .096 244 3.816 <.001 + .806 1.240
P2_ELEC +

P3_CPBS <.001 <.001 .009 .152 .879 .866 1.155
P4_CPAG <.001 <.001 156 1.709 .089 + 396 2.528
F1_LPDM 157 .095 107  1.657 .099 + 797 1.255
F2_LPSC <.001 <.001 -014 -197 .844 + .647 1.545
F3_TRDM -.074 111 -044 -670 .504 756 1.322
F4_TRSC <.001 <.001 .099 1474 142 + .735 1.361
F5_RTDM -.170 129 -099 -1.324 .187 + 591 1.691
F6_RTSC <.001 <.001 .091 1.228 .221 + .602 1.662
F7_PNDM 174 .253 .068 .685 .494 + 330 3.029
F8_PNSC <.001 <.001 -017 -.168 .866 + 335 2.984
F9_CRDM 176 .088 132 2.002 .047 .758 1.320
F10 CRSC <.001 <.001 .053 .752 .453 + .662 1.511

a Dependent Variable: Y1. Dependent variable tial expenditure modified by economies

of scale per household

b Weighted Least Squares Regression - Weightdehbtor of Expansion

c Selecting only cases for which Region = Amazon

The following variables are constants or have mgsprrelations: P2. Dummy variable for

electricity.
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Model 1 — rural, Andes

N =740 Adjusted R=.192 Std. Error of the Estimate = 0.530

Unstandardised Standardised Collinearity

Coefficients Coefficients Sig Expected Statistics

" Relationship

B Std.Error § Tolerance VIF
(Constant) 11.473 107 107.365 <.001
H1 EDUL -.017 .016 -039 -1.093 .275 + .849 1.178
H2_LITS .360 .097 139  3.718 <.001 + .785 1.273
H3_FTRN 211 .166 043 1271 .204 + .940 1.064
H4 HLTH -.001 .006 -008 -226 .821 - 941 1.063
S1_TIME -173 .060 -099 -2.896 .004 + .943 1.060
N1 LOWN <.001 <.001 .064 1.255 .210 + 418 2.392
N1 LRNT  <.001 <.001 .011 344 731 + .993 1.007
N2_LCOW .001 .002 .030 558 577 + .384 2.602
N3_LMED  -.007 .007 -040 -986 .324 + .676 1.479
N4_LSML -.002 .001 -078 -1.926 .054 + .671 1.489
N5 _LDFT -.012 .016 -031  -.747 455 + .622 1.608
N6_AGWK -.209 .056 -130 -3.760 <.001 .920 1.086
P1_NBED 377 .056 232 6.695 <.001 + .909 1.100
P2_ELEC -.048 .052 -035 -.924 356 + .783 1.277
P3_CPBS <.001 <.001 .019 489 .625 .696 1.436
P4_CPAG <.001 <.001 046  1.223 .222 + .765 1.307
F1_LPDM 190 .065 107 2,912 .004 + 817 1.224
F2_LPSC <.001 <.001 -012 -334 .738 + 797 1.255
F3_TRDM -111 .052 -082 -2.140 .033 .738 1.354
F4_TRSC <.001 <.001 -003 -.090 .928 + .751 1.331
F5_RTDM .166 121 .056 1.379 .168 + .672 1.489
F6_RTSC <.001 <.001 .023 582 561 + .693 1.443
F7_PNDM -.075 217 -020 -.345 .730 + .340 2.940
F8_PNSC <.001 <.001 .016 272 786 + .325 3.076
F9_CRDM .069 .044 .055 1559 .119 .887 1.127
F10 CRSC <.001 <.001 117 2.763 .006 + .611 1.638

a Dependent Variable: Y1. Dependent variable tial expenditure modified by economies

of scale per household

b Selecting only cases for which Region = Andes
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Model 1 — rural regional Andes weighted

N =740 Adjusted R= .206 Std. Error of the Estimate = 10.555

Unstandardised Standardised Collinearity

Coefficients Coefficients Sig Expected Statistics

" Relationship

B Std.Error § Tolerance VIF
(Constant) 11.452 .105 109.144 <.001
H1 EDUL -.002 .016 -004  -115 .908 + .840 1.190
H2_LITS .352 .093 140 3.766 <.001 + 775 1.291
H3_FTRN 494 .165 102 2,993 .003 + 922 1.084
H4 HLTH .006 .005 042 1234 .218 - 911 1.098
S1_TIME -.282 .064 -151 -4.438 <.001 + .923 1.083
N1 LOWN <.001 <.001 .049 .968 .333 + 424 2.357
N1 LRNT  <.001 <.001 .017 509 611 + .986 1.015
N2_LCOW .002 .002 .065 1.285 .199 + 415 2.407
N3 _LMED  -.005 .007 -028 -.707 .480 + .676 1.479
N4_LSML -.001 .001 -041 -1.033 .302 + .690 1.450
N5 _LDFT -.018 .016 -046 -1.106 .269 + .630 1.588
N6_AGWK -.201 .054 -129 -3.727 <.001 .896 1.116
P1_NBED 375 .058 225 6.513 <.001 + .902 1.108
P2_ELEC -.050 .052 -036  -.962 .337 + .780 1.282
P3_CPBS <.001 <.001 .031 .790 .430 .694 1.442
P4_CPAG <.001 <.001 .035 940 .348 + .785 1.274
F1_LPDM 216 .066 119 3.282 .001 + .821 1.218
F2_LPSC <.001 <.001 -004  -114 .909 + .896 1.116
F3_TRDM -.080 .052 -060 -1.549 .122 .718 1.393
F4_TRSC <.001 <.001 .021 .554 580 + .754 1.327
F5_RTDM 121 141 .040 .861 .389 + .508 1.967
F6_RTSC <.001 <.001 .004 .093 .926 + 517 1.934
F7_PNDM -.442 225 -114  -1.970 .049 + .322 3.108
F8_PNSC <.001 <.001 .054 939 .348 + .324 3.089
F9_CRDM .061 .044 .048 1402 .161 905 1.105
F10 CRSC <.001 <.001 .081 1.962 .050 + .623 1.605

a Dependent Variable: Y1. Dependent variable tial expenditure modified by economies

of scale per household

b Weighted Least Squares Regression - Weightdehbtor of Expansion

¢ Selecting only cases for which Region = Andes
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Model 1 — rural, coastal

N=714 Adjusted R=.200 Std. Error of the Estimate = 0.689
Unstandardised Standardised Collinearity
Coefficients Coefficients Sig Expected Statistics
" Relationship
B Std.Error § Tolerance VIF

(Constant) 11.175 159 70.329 <.001

H1 EDUL -.019 .021 -032 -892 .373 + .858 1.166
H2_LITS .389 135 106 2.873 .004 + 817 1.224
H3_FTRN .364 133 .098 2.732 .006 + .867 1.153
H4 HLTH .007 .006 .039 1.133 .258 - .944 1.060
S1_TIME -.105 .083 -044 -1.270 .205 + .926 1.080
N1 LOWN <.001 <.001 .072 1.819 .069 + .726 1.378
N1 LRNT  <.001 <.001 .008 .206 .837 + .790 1.266
N2_LCOW  -.006 .005 -053 -1.219 .223 + 594 1.683
N3_LMED .001 .003 .007 .176 .860 + 737 1.357
N4_LSML -.001 .001 -030 -.832 .405 + .868 1.152
N5 _LDFT -.041 .021 -079 -1.895 .058 + .647 1.547
N6_AGWK -.064 .087 -026 -.733 .464 .881 1.135
P1_NBED .691 .097 252 7.155 <.001 + .903 1.107
P2_ELEC -.115 .076 -057 -1.527 .127 + .813 1.230
P3_CPBS <.001 <.001 .092 2529 .012 .850 1.176
P4_CPAG <.001 <.001 -013 -.327 .744 + .698 1.432
F1_LPDM .266 071 135  3.722 <.001 + .856 1.168
F2_LPSC <.001 <.001 .020 .568 .570 + 919 1.088
F3_TRDM -.258 .069 -140 -3.745 <.001 .798 1.254
F4_TRSC <.001 <.001 140 3.790 <.001 + .821 1.219
F5_RTDM .081 161 .019 503 .615 + .788 1.269
F6_RTSC <.001 <.001 .019 505 .614 + .810 1.235
F7_PNDM .149 310 .025 481 .631 + 419 2.389
F8_PNSC <.001 <.001 .010 .197 .844 + 423 2.362
F9_CRDM .103 .062 .061 1.646 .100 .806 1.241
F10 CRSC <.001 <.001 .009 .228 .820 + 755 1.324

a Dependent Variable: Y1. Dependent variable tial expenditure modified by economies

of scale per household

b Selecting only cases for which Region = Coastal
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Model 1 — rural regional coastal weighted

N=714 Adjusted R=.194 Std. Error of the Estimate = 12.120
Unstandardised Standardised Collinearity
Coefficients Coefficients Sig Expected Statistics
" Relationship
B Std.Error § Tolerance VIF

(Constant) 11.093 157 70.711 <.001

H1 EDUL -.022 .020 -039 -1.098 .273 + 874 1.144
H2_LITS 374 131 107 2.867 .004 + .813 1.230
H3_FTRN 423 132 115  3.207 .001 + .873 1.146
H4 HLTH .006 .006 .032 921 .357 - 936 1.069
S1_TIME -.057 .086 -023 -.655 .513 + 944 1.059
N1 LOWN <.001 <.001 .063 1571 .117 + .713 1.403
N1 LRNT  <.001 <.001 .023  .631 .528 + .886 1.129
N2_LCOW  -.007 .005 -052 -1.239 .216 + .651 1.536
N3_LMED .003 .003 044 1.096 .274 + .697 1.435
N4_LSML -.001 .001 -052 -1.435 .152 + .848 1.180
N5 _LDFT -.035 .020 -075 -1.742 .082 + .616 1.623
N6_AGWK -.088 .084 -037 -1.047 .296 .899 1.112
P1_NBED .562 .095 210 5.909 <.001 + .895 1.117
P2_ELEC -.083 .076 -041 -1.097 .273 + 791 1.264
P3_CPBS <.001 <.001 132 3.625 <.001 .847 1.181
P4_CPAG <.001 <.001 .001 .026 .979 + .631 1.584
F1_LPDM .264 .074 130 3.572 <.001 + .857 1.167
F2_LPSC <.001 <.001 .027 785 .433 + 949 1.054
F3_TRDM -214 .064 -124 -3.321 .001 .810 1.235
F4_TRSC <.001 <.001 130 3.552 <.001 + .841 1.190
F5_RTDM 111 175 .025  .633 .527 + 733 1.364
F6_RTSC <.001 <.001 .017  .454 .650 + 770 1.299
F7_PNDM .235 .339 .034 695 .487 + 467 2.143
F8_PNSC <.001 <.001 -030 -.618 .537 + 467 2.140
F9_CRDM 131 .062 .080 2.117 .035 .790 1.266
F10 CRSC <.001 <.001 .001 .036 .971 + .684 1.462

a Dependent Variable: Y1. Dependent variable tial expenditure modified by economies

of scale per household

b Weighted Least Squares Regression - Weightdehbtor of Expansion

c Selecting only cases for which Region = Coastal
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Model 1 — rural, Amazon

N =203 Adjusted R= .219 Std. Error of the Estimate = 0.553
Unstandardised Standardised Collinearity
Coefficients Coefficients Sig Expected Statistics
" Relationship
B Std.Error § Tolerance VIF

(Constant) 11.422 246 46.351 <.001

H1 EDUL -.002 .030 -005 -.072 .942 + 913 1.096
H2_LITS 151 220 .048  .688 .492 + 794 1.260
H3_FTRN .259 202 .089 1.279 .203 + .806 1.241
H4 HLTH -.013 .011 -074 -1.122 .263 - .887 1.127
S1_TIME -.084 .100 -058 -.847 .398 + .836 1.197
N1 LOWN <.001 <.001 120 1.614 .108 + 702 1.425
N1 LRNT  <.001 <.001 -021 -309 .758 + .838 1.193
N2_LCOW  -.005 .005 -082 -954 342 + 526 1.901
N3 LMED <.001 .012 -003 -.039 .969 + 739 1.354
N4_LSML -.002 .002 -091 -1.283 .201 + .765 1.307
N5 _LDFT -.014 .027 -040 -510 .611 + .622 1.608
N6_AGWK -.246 .156 -109 -1.580 .116 .810 1.235
P1_NBED .598 113 .381 5.297 <.001 + 746 1.341
P2_ELEC .021 .093 017 .229 .819 + .691 1.447
P3_CPBS <.001 <.001 .064  .888 .376 742 1.348
P4_CPAG <.001 <.001 .055 .719 473 + .665 1.503
F1_LPDM 138 132 .083 1.052 .294 + .624 1.601
F2_LPSC <.001 <.001 .098 1.268 .206 + .651 1.537
F3_TRDM -.128 .150 -066 -.856 .393 .642 1.557
F4_TRSC <.001 <.001 .023  .299 .765 + .667 1.498
F5_RTDM -714 .255 -259 -2.801 .006 + 452 2.212
F6_RTSC <.001 <.001 120 1.274 .204 + 434 2.302
F7_PNDM .078 441 017 .176 .861 + 401 2.491
F8_PNSC <.001 <.001 .041 447 655 + 456 2.195
F9_CRDM .095 103 .071 917 .360 .650 1.538
F10 CRSC <.001 <.001 -014 -156 .876 + 492 2.031

a Dependent Variable: Y1. Dependent variable tial expenditure modified by economies

of scale per household

b Selecting only cases for which Region = Amazon
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Model 1 — rural regional Amazon weighted

N =203 Adjusted R= .271 Std. Error of the Estimate = 7.628
Unstandardised Standardised Collinearity
Coefficients Coefficients Sig Expected Statistics
" Relationship
B Std.Error § Tolerance VIF

(Constant) 11.421 241 47.442 <.001

H1 EDUL .012 .029 .027 415 .679 + .857 1.167
H2_LITS .182 224 .059 .812 418 + .689 1.450
H3_FTRN .097 .206 .032 473 .637 + 784 1.276
H4 HLTH -.015 .011 -091 -1.358 .176 - .798 1.253
S1_TIME -.142 .096 -100 -1.484 .140 + 799 1.252
N1 LOWN <.001 <.001 107  1.456 .147 + .672 1.488
N1 LRNT  <.001 <.001 -035 -534 594 + .834 1.199
N2_LCOW  -.004 .005 -071 -842 .401 + 501 1.996
N3_LMED .006 .013 .035 .489 .626 + 692 1.446
N4_LSML -.003 .002 -094 -1.364 .174 + 752 1.330
N5 _LDFT -.032 .027 -092 -1.186 .237 + 595 1.680
N6_AGWK -.435 .160 -180 -2.722 .007 .824 1.214
P1_NBED .645 112 423 5.767 <.001 + .670 1.493
P2_ELEC .059 .094 .047 626 .532 + .631 1.585
P3_CPBS <.001 <.001 .029  .399 .690 .681 1.467
P4_CPAG <.001 <.001 .091 1.187 .237 + .612 1.635
F1_LPDM 071 130 .043 549 584 + 598 1.671
F2_LPSC <.001 <.001 113 1508 .133 + .642 1.559
F3_TRDM -.149 147 -075 -1.016 .311 .668 1.497
F4_TRSC <.001 <.001 .011  .148 .882 + .671 1.490
F5_RTDM -.740 .236 -.283 -3.135 .002 + 443  2.258
F6_RTSC <.001 <.001 148 1.620 .107 + 432 2.316
F7_PNDM 221 484 .045 457 .648 + 371 2.698
F8_PNSC <.001 <.001 .020 .218 .828 + 411 2.434
F9_CRDM .070 101 .051  .691 .490 .657 1.523
F10 CRSC <.001 <.001 -054 -620 .536 + 479 2.086

a Dependent Variable: Y1. Dependent variable tial expenditure modified by economies

of scale per household

b Weighted Least Squares Regression - Weightdehbtor of Expansion

c Selecting only cases for which Region = Amazon
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Model 1 — global weighted without P1_NBED

N = 3872 Adjusted R= .230 Std. Error of the Estimate = 12.4033868
Unstandardised Standardised Collinearity
Coefficients Coefficients Sig Expected Statistics
" Relationship
B Std.Error § Tolerance VIF
(Constant) 11.448 .069 166.701 <.001
H1 EDUL -.002 .008 -005 -315 .753 .951 1.051
H2_LITS 462 .057 122 8.077 <.001 872 1.147
H3_FTRN 481 .041 172 11.640 <.001 910 1.098
H4 HLTH <.001 .003 -002 -125 .900 972 1.029
S1_TIME -.086 .029 -042 -2.930 .003 .980 1.021
N1 LOWN <.001 <.001 .010 441 659 408 2.451
N1 LRNT  <.001 <.001 -022 -1.557 .119 .986 1.015
N2_LCOW .003 .001 .040 1.798 .072 409 2.447
N3_LMED  -.004 .002 -.027 -1.707 .088 .793 1.262
N4_LSML -.003 .001 -074 -4.806 <.001 .828 1.208
N5 _LDFT -.038 .012 -059 -3.212 .001 593 1.685
N6_AGWK -.318 .043 -110 -7.408 <.001 .903 1.108
P1_NBED .043 .041 017 1.044 .297 .763 1.310
P2_ELEC <001 <.001 119  7.685 <.001 .831 1.203
P3_CPBS <.001 <.001 .010 .612 .540 .749 1.335
P4_CPAG .281 .026 161 10.700 <.001 .883 1.132
F1_LPDM <.001 <.001 .033 2.256 .024 .929 1.077
F2_LPSC -.109 .025 -.068 -4.342 <.001 .820 1.219
F3_ TRDM <.001 <.001 .068 4.354 <.001 .815 1.227
F4_TRSC .066 .046 .023 1415 .157 775 1.291
F5 RTDM <.001 <.001 .048 3.015 .003 .798 1.253
F6_RTSC -.104 .065 -035 -1.596 .111 412 2.425
F7_ PNDM <.001 <.001 .057 2582 .010 410 2.439
F8_PNSC .103 .023 .069 4574 <.001 872 1.147
F9 CRDM <.001 <.001 .052 3.189 .001 .749 1.335
F10_CRSC

a Dependent Variable: Y1. Dependent variable tial expenditure modified by economies

of scale per household

b Weighted Least Squares Regression - Weightdehbtor of Expansion
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Model 3 — district level variables only — mean consnption weighted

N =55 Adjusted R=.051

Std. Error of the Estimate = .28699

Unstandardised Standardised
Coefficients Coefficients ¢ Sig Expected
" Relationship

B Std.Error B
(Constant) 12.049 154 78.382 <.001
NC1 DRY -.031 .015 -.334 -2.080 .043 -
NC2_LAND <.001 <.001 .028 202 .841 +
NC3_SLP -.017 .008 -.370 -2.146 .037 -
NC4 NVEG .022 .016 .204 1.387 .172 +
PC1 _ACC <.001 <.001 -.126 -811 421 -

a Dependent Variable: Mean Ln Consumption (weighte

Model 3 — district level variables only — median aosumption weighted

N =55 Adjusted R=.034

Std. Error of the Estimate = .28643

Unstandardised Standardised
Coefficients Coefficients ¢ Sig Expected
" Relationship

B Std.Error B
(Constant) 12.040 .153 78.473 <.001
NC1 DRY -.029 .015 -.321 -1.979 .053 -
NC2_LAND <.001 <.001 <.001 -.001 .999 +
NC3_SLP -.014 .008 -.310 -1.783 .081 -
NC4_NVEG .019 .016 181 1.224 227 +
PC1 _ACC <.001 <.001 -.184 -1.176 .245 -

a Dependent Variable: Median Ln Cosumption (weight
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Model 3 — district level variables only — mean consnption weighted — rural

areas

N =31 Adjusted R=.033

Std. Error of the Estimate = .23209

Unstandardised Standardised
Coefficients Coefficients ¢ Sig Expected
" Relationship

B Std.Error B
(Constant) 11.812 .145 81.355 <.001
NC1 DRY -.022 .015 -.292 -1.450 .159 -
NC2_LAND <.001 <.001 .146 .784 .440 +
NC3_SLP -.014 .009 -.323 -1.621 .118 -
NC4_NVEG -.005 .019 -.050 -.249 .805 +
PC1 _ACC <.001 <.001 .028 136 .893 -

a Dependent Variable: Rural mean In consumptiarigited)

Model 3 — district level variables only — mean consnption weighted — urban

areas

N =32 Adjusted R=0.133  Std. Error of the Estimate = 0.19257

Unstandardised Standardised
Coefficients Coefficients ¢ Sig Expected
" Relationship

B Std.Error B
(Constant) 12.180 .156 77.897 <.001
NC1 DRY -.028 .015 - 474 -1.892 .070 -
NC2_LAND <.001 <.001 179 993 .330 +
NC3_SLP -.017 .007 -.605 -2.350 .027 -
NC4 NVEG .023 .014 .328 1.631 .115 +
PCl1 _ACC <.001 <.001 -.113 -510 .614 -

a Dependent Variable: Mean In consumption for nfbauseholds
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Model 4 — district and household level variables mean consumption weighted

N =55 Adjusted R=0.738

Std. Error of the Estimate = 0.15076

Unstandardised Standardised Collinearity

Coefficients Coefficients Sig Statistics

B Std.Error B Tolerance VIF
(Constant) 11.254 .459 24.508 <.001
NC1_DRY -.023 .009 -248 -2.574 .014 521 1.920
NC2 _LAND <.001 <.001 102 1.078 .288 540 1.852
NC3_SLP -.027 .005 -.602 -5.897 <.001 465 2.152
NC4_NVEG .007 .009 .063 .739 .464 .667 1.498
PC1_ACC <.001 <.001 .005 .039 .969 314 3.180
HC1_EDUL -.106 .093 -100 -1.149 .258 .643 1.555
HC2_LITS 1.453 377 418 3.855 <.001 412 2.427
HC3_FTRN 1.321 499 319 2.647 .012 334 2.995
NC1 LOWN <.001 <.001 -118 -885 .381 271 3.689
NC1 LRNT <.001 <.001 186 1.759 .086 434 2.305
N2_LCOW .023 .017 218 1.379 .176 193 5.178
NC3_LMED -.014 .013 -146 -1.143 .260 .298 3.351
NC4_LSML -.001 .004 -036 -280 .781 290 3.443
NC5_LDFT .004 .102 .007 .037 971 150 6.681
NC6_AGWK -.875 .287 -.344 -3.047 .004 .381 2.625

a Dependent Variable: Mean Ln Consumption (weighte
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Model 4 — district and household level variables sedian consumption

weighted
N =255 Adjusted R= 0.692 Std. Error of the Estimate = 0.16163

Unstandardised Standardised Collinearity

Coefficients Coefficients Sig Statistics

B Std.Error B Tolerance VIF
(Constant) 11.430 492 23.217 <.001
NC1_DRY -.023 .009 -254 -2.430 .020 521 1.920
NC2_LAND <.001 <.001 .083 .808 .424 540 1.852
NC3_SLP -.023 .005 -510 -4.611 <.001 465 2.152
NC4_NVEG .004 .010 .033 .362 .719 .667 1.498
PC1_ACC <.001 <.001 -097 -720 .476 .314 3.180
HC1_EDUL -.148 .099 -140 -1.490 .144 .643 1.555
HC2_LITS 1.432 404 417 3.543 .001 412 2.427
HC3_FTRN 1.477 .535 361 2.761 .009 334 2.995
NC1 LOWN <.001 <.001 -075 -516 .609 271 3.689
NC1 LRNT <001 <.001 221 1928 .061 434 2.305
N2_LCOW .024 .018 228 1.328 .192 193 5.178
NC3_LMED  -.001 .013 -006 -.044 .965 .298 3.351
NC4_LSML -.005 .005 -144 -1.028 .310 290 3.443
NC5_LDFT -.006 110 -010 -.052 .959 150 6.681
NC6_AGWK -.789 .308 -313 -2.563 .014 381 2.625

a Dependent Variable: Median Ln Cosumption (weight
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Model 4 — district and household level variables snean consumption weighted —

rural areas

N =31 Adjusted R=0.460  Std. Error of the Estimate = 0.17350

Unstandardised Standardised Collinearity

Coefficients Coefficients ¢ Sig Statistics

B Std.Error B Tolerance VIF
(Constant) 11.006 .867 12.693 <.001
NC1_DRY -.006 .015 -082 -427 .675 491 2.037
NC2_LAND <.001 <.001 .039 .166 .870 329 3.040
NC3_SLP -.028 .009 -.647 -3.127 .007 421 2.375
NC4_NVEG -.004 .018 -039 -211 .836 513 1.951
PC1_ACC <.001 .001 -184 -643 .530 221 4.535
HC1_EDUL -.007 .228 -008 -032 .975 .298 3.356
HC2_LITS 1.158 .614 443 1.886 .079 .326 3.070
HC3_FTRN 1.851 1.324 272 1.398 .182 476 2.102
NC1 LOWN <.001 <.001 -167 -684 .504 301 3.319
NC1 LRNT <001 <.001 192 .883 .391 .380 2.633
N2_LCOW .042 .023 543 1.834 .087 .205 4.873
NC3_LMED -.009 .016 -143 -563 .582 278 3.599
NC4_LSML .001 .007 .021  .093 .927 370 2.703
NC5_LDFT -.051 143 -106 -353 .729 199 5.020
NC6_AGWK -.665 .388 -346 -1.715 .107 441 2.265

a Dependent Variable: Rural mean In consumptiarigited)
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Model 4 — district and household level variables snean consumption weighted —

urban areas

N =32 Adjusted R=0.270  Std. Error of the Estimate = 0.17678

Unstandardised Standardised Collinearity

Coefficients  Coefficients ¢ Sig Statistics

B Std.Error § Tolerance VIF
(Constant) 9.020 1.881 4,795 <.001
NC1_DRY -.032 .016 -.539 - .067 314 3.189
NC2_LAND <.001 <.001 .042 .166 .870 366 2.731
NC3_SLP -.023 .007 -.783 - .008 .356 2.807
NC4_NVEG .008 .016 112 501 .624 468 2.138
PC1_ACC <.001 .001 .044 147 .885 .265 3.778
HC1_EDUL .057 141 .081 .404 .692 590 1.696
HC2_LITS 3.292 1.937 489 1.700 .109 .285 3.512
HC3_FTRN 121 .803 .040 .150 .882 336 2.978
NC1 LOWN <.001 <.001 .066 .173 .865 162 6.157
NC1 LRNT <.001 <.001 -.339 - .136 504 1.986
N2_LCOW -.011 .056 -114 -202 .843 .074 13.491
NC3_LMED .140 211 .281 .660 .518 130 7.674
NC4_LSML <.001 .010 -003 -.011 .992 366 2.729
NC5_LDFT -.025 .609 -.024 -.040 .968 .066 15.241
NC6_AGWK - 1.148 -.239 - .299 474 2.108

a Dependent Variable: Mean In consumption for nfbauseholds

332



Model 5 — multilevel model global intercept only

}?]'z'j = )gﬂj + Ezj
Bo; = 11.779(0.039) +1z,

1~ N(0, 6l,p) @ =0.078(0.016)
e, ~N(0, 60 o =0.448(0.008)
~2¥oclifelihood = 11620.710(5641 of 5810 cases in use)

Model 5 — multilevel model urban areas weighted ir@rcept only

yl,= By tey
Bo; =11.986(0.037) +u,

1~ N(0, 5,) o5 = 0.035(0.009)
g,~N(0, 62 o =0.439(0.030)
~2¥oglikelihood = 6512.918(3210 of 3278 cases in use)

Model 5 — multilevel model rural areas weighted inercept only

}?]'z'j = )gﬂj + Ezj
Bo; = 11.603(0.042) +1z,

1~ N(0, 6l,p) @ = 0.048(0.012)

e, ~N(0, 60 o =0.423(0.022)
-2¥aclifelihood =4910.320(2431 of 2532 cases in use)
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Model 5 — multilevel model urban areas weighted haehold level variables

¥l = By +0.009(0.007)h1_edul, +0.243(0.105)h2_lits,, +0.302(0.037)h3_fir, +-0.001(0.003)h4_hlth, +
-0.068(0.025)s1_time,, +0.000(0.000)n1_lown,, + 0.000(0.000)n1_lrt, +0.006(0.003)n2_lcow, +
-0.005(0.007)n3_lmed, +0.000{0.001)n4_lsml, + 0.000(0.026)n5_Idft, +-0.038(0.135)n6_agwik, +
0.482(0.034)p1_nbed, +0.239(0.117)p2_elec, +0.000{0.000)p3_cpbs;, +0.000{0.000)p4_agep, +
0.228(0.036)f1_lpdm,, +0.000(0.000)f2_lpsc, +-0.089(0.025)f3_rtdm,, + 0.000(0.000)4_trsc,, +
-0.024(0.040)5_rtdm,, +0.000(0.000)f6_rtsc, +-0.160(0.060)f7_pndm, + 0.000(0.000)f8_pnsc, +
0.128(0.023)f9_crdm,, +0.000(0.000)f10_crsc, +e,

Boy = 11.080(0.134) +u,

1y~ N(0, 65) o5y =0.028(0.008)
e;~N(0, o)) o, =0.297(0.019)
-2%¥loglikelihood = 3623.491(2215 of 3278 cases in use)

Model 5 — multilevel model rural areas weighted hosehold level variables

y1, = By +-0.015(0.014)h1_edul +0.361(0.074)h2_lits,, +0.347(0.095)h3_firn, +0.002(0.005)h4_hith, +
-0.114(0.051)s1_time,, +0.000(0.000)n1_lown,, + 0.000(0.000)n1_lmnt, +-0.001(0.002)n2_lcow, +
0.001(0.002)n3_nmed, + -0.001(0.001)nd_Isml, + -0.028{0.008)n5_ldft  + -0.170(0.043)n6_agwk, +
0.503(0.053)p1_nbed,, +-0.069(0.059)p2_elec, + 0.000(0.000)p3_cpbs, + 0.000(0.000)p4_agep, +
0.214(0.031)f1_lpdm, + 0.000(0.000)£2_lpsc, + -0.177(0.044 f3 _trdm,, + 0.000(0.000)4_trsc,, +
-0.005(0.081)f5_rtdm,, +0.000(0.000)f6_rtse, +0.055(0.148)f7_pndm, + 0.000{0.000)f3_pnsc, +
0.093(0.030)f9_crdm, + 0.000(0.000)f10_crsc, +e,

Loy =11.273(0.092) +1z,

1~ N0, 6,p) o =0.025(0.008)

2,~N(0, 62 . =0.327(0.021)
-2%aglikelihood = 2960.778(1657 of 2532 cases in use)
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Model 5 — multilevel model urban areas weighted haehold level variables

Zscore

¥1,= By +0.012(0.010)h1 _edul z, +0.057(0.025)h2 lits z, +0.074(0.009)h3 fim 2, +-0.005(0.013)h4_hith 7 +
-0.023(0.009)s1_time_z, +-0.062(0.011)nl_lown_z, + -0.031(0.032)nl_lmnt_z, + 0.066(0.027)n2_lcow_z, +
-0.027(0.034)n3_lmed_z, +-0.011(0.021)nd_lsml_z, + 0.000(0.035)n5_ldft_z, +-0.010(0.034n6_agwk z, +
0.202(0.014)p1_nbed_zl}. + 0.077(0.038)p2_e1ec_zq. + 0.072(0.015)p3_cpbs_zl.j + 0.046(0.044)p4_agcp_zu. +
0.095(0.015)f1_Ipdm_z, +0.019(0.012)f2_lpsc_z, +-0.039(0.011)f3_trdm, + 0.021(0.012)f4 _trsc_ln, +
-0.006{0.011)f5_rtdm _z, +0.026{0.008)f6_rtsc_z, +-0.041(0.016)f7 pndm z, +0.026(0.012)f8 pnsc z, +
0.059(0.011)_crdm_z, +0.021(0.007){10_crsc_z, +e,

Bu = 11.882(0.033) +1,,

145~ N(0, o) oy = 0.028(0.008)
,~N(0, 57) o7 =0.297(0.019)
-2¥aglikalihood =3623.491(2215 of 3278 cases in use)

Model 5 — multilevel model rural areas weighted hosehold level variables

Zscore

¥1,= By +-0.020(0.019)h1_edul_z, +0.085(0.018)h2_lits_z, +0.085(0.023)h3_fim_z, +0.009(0.021)h4_hith z +
-0.039(0.018)s1_time_z, + 0.044(0.019)n1_lown_z, + -0.004{0.009)n1_lrnt_z, +-0.007(0.017n2_lcow._z, +
0.004(0.012)n3_lmed_z, +-0.028(0.013)n4 _lsml_z, +-0.037(0.011)n5_Idft_z, +-0.042(0.011)n6_agwk _z, +
0.211(0.022)p1_nbed_z, +-0.022(0.019)p2_elec_z_+0.129(0.078)p3_cpbs_z, +0.028(0.030)p4_agep_z, +
0.089(0.013)f1_Ipdm_z, +0.003(0.004)2_lpsc_z, +-0.078(0.020)3_trdm,, + 0.165(0.040)f4 _trsc_ln, +
-0.001(0.021)f5_rtdm_z_+0.068(0.047)f6_rtsc_z, +0.014(0.038)f7_pndm_z, +0.005(0.052)f8_pnsc_z +
0.043(0.014)f9_crdm_zq + 0.025(0.024)ﬂ0_crsc_z1}. tey

Boy = 11.794(0.036) +is,,

1y, ~ N0, 600} &5y =0.025(0.008)

g, ~N(0, 6) o =0327(0.021)
-2¥aglikalihood = 2960.778(1657 of 2532 cases in uge)

335



Model 5 — multilevel model urban areas weighted haehold level variables
zscore random effects

y1, = By +0.012(0.010)h1_edul_z, +0.057(0.025)h2_lits_z, +0.074(0.009)h3_firn_z, +-0.005(0.013)hd_hlth_z, +
-0.023{0.009)s1_time_z; +-0.062(0.011)nl_lown_z; +-0.031(0.032)n1_lmnt_z; + 0.066(0.027)n2_lcow_z; +
-0.027(0.034)n3_lmed_z, +-0.011(0.021)n4_lsml_z, +0.000(0.035)n5_ldfi z, +-0.010(0.034)n6_agwk z, +
0.202(0.014)p1_nbed_zl}. + 0.077(0.038)p2_e1ec_zl}. + 0.072(0.015)p3_cpbs_zl]. + 0.046(0.044)p4_agcp_z!}. +
0.095(0.015)f1_lpdm_z, +0.019(0.012)f2_lpse_z, +-0.039(0.011)f3_trdm, +0.021(0.012)f4 _trsc_ln, +
-0.006(0.011)f5_ridm_z, +0.026{0.008)f6_risc_z, +-0.041(0.016)f7_pndm_z, +0.026(0.012)f8_pnsc_z, +
0.059(0.011)f9_crdm_z, +0.021(0.007)f10_crsc_z, +e,

By =11.882(0.033) +uq,

1, ~N(0, 5, g) Gy = 0.028(0.008)
2,~N(0, 1) i =0.297(0.019)
-2¥aglikelihood = 3623.491(2215 of 3278 cases in use)

Model 5 — multilevel model rural areas weighted hosehold level variables
zscore random effects

y1, = By +-0.022(0.018)h1_edul_z, +0.085(0.017)h2_lits_z_ +0.083(0.022)h3_firn_z, + 0.007(0.020)h4_hith_z_+
-0.040(0.017)s1 time 7+ 0.047(0.019)n1 lown z, +-0.003(0.008)n1 lmt z, + -0.010(0.016)n2 leow z, +
0.009(0.012)n3_lmed_z, +-0.028(0.013)n4_lemal_z, +-0.029(0.010)n5_ldfi_z, +-0.041(0.011)n6_agwk _z, +
0.208(0.022)p17nbed721.j + ﬁlﬁ.pzieleciz&. + ngj}pBicpbsizU + 0.009(0.033)p47agcp721.j + 0.091(0.013)ﬂ71pdm711}. +
0.003(0.004)f2_Ipsc_z, +-0.079(0.020)f3_trdm, + 0.167(0.040)f4_trse_ln, +-0.012(0.020)f5 _rtdm_z, +
0.068(0.048)6_rtsc_z, +0.014(0.037)f7_pndm_z, +0.004(0.053)f8_pnsc_z, +0.043(0.013)f9_crdm z, +
U.UZO(U.UZZ)ﬂU_crsc_zu te,

by = 11.834{0.031) + oy

Prg = -0.022(0.019) +11,,,

Bry = 0425(0.117) +1t

g 0.014{0.007}
| "N Q) QT |.0.002(0.003) 0.004(0.002)
iy -0.019(0.023) 0.003(0.009) 0.124(0.049)

e, ~N(0, 67) o =0317(0.020)
-2¥oglikelihood = 2941.914(1657 of 2532 cases in use)
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Model 5 — multilevel model urban areas weighted Zlel variables zscore

random effects

yl, = By, T 0.013(0.010)h1_edul_z, +0.058{0.025)h2_lits 7, +0.074(0.009)h3_firn_z_ +-0.005(0.013)h4_hith z_ +
-0.023{0.009)s1_time_z, +-0.063{0.011)n1_lown_z; +-0.037(0.032)nl_lrnt_z, + 0.067(0.028)n2_lcow_z, +
-0.030(0.034)n3_Imed_z, +-0.009(0.022)n4_lsml_z, +0.002(0.035)n5_1dft_z, +-0.013{0.033)n6_agwk z, +
0.204(0.014)p l_nbed_zu. + 0.074(0.040)p2_e1ec_2)]. +0.073 (0.015)p3_cpbs_zl.j + 0.046(0.045)p4_agcp_21.}. +
0.096(0.015)f1_lpdm_z; +0.019(0.012)f2_lpsc_z; + -0.040(0.011)f3_trdm;; + 0.022(0.012}f4_trsc_In, +
-0.006(0.011)f5_rtdm_z, -+ 0.026(0.008)f6_rtsc_z, + -0.041(0.016}f7_pndm_z, +0.026(0.012)f8_pnsc_z, +
0.060(0.011)f%_crdm_z, +0.021(0.007)f10_crsc_z, +-0.088(0.037)NC1_DRY_z +0.018(0.029)NC2_LAND_z +
-0.132(0.030)NC3_SLP_z + 0.094(0.028)NC4_NVEG z +-0.048(0.032)PC1_ACC z+ g,

By =11.899(0.032) +u,

1~ N(O, 6hp) oo = 0.012(0.006)
g;~N(0, 62 .= 0.296(0.019)
-2#oglikelihond = 3601.073(2215 of 3278 cases in use)

Model 5 — multilevel model rural areas weighted 2dvel variables zscore

random effects

¥1, = By +-0.022(0.018)h1_edul_z, +0.086(0.017)h2_lits 7+ 0.084(0.023)h3_ftrn_z, + 0.006(0.020)h4_hlth 7 +
-0.039(0.018)s1_time z; +0.045(0.019)n1_lown_z; + -0.003(0.008)n1_Imt z; +-0.009(0.016n2 lcow z, +
0.007(0.013)n3_Imed z, +-0.026(0.013)nd_lsml z, +-0.029(0.010)n5_ldfi z, +-0.043(0.010n6_agwk z, +
0.209(0.022)p17nbed721.j + ﬁwpzielecizz.j + ﬁwjp37cpbsizq + 0.009(0.033)p47agcp721}. + 0.090(0.013)ﬂ71pdm711}. +
0.003{0.004)£2_lpsc_z, +-0.079(0.019}3_trdm, + 0.171{0.039)f4_trsc_ln, +-0.015{0.021){5_rtdm_z, +
0.070(0.048)f6_rtsc_z, + 0.012(0.036)f7_pndm_z, +0.005(0.053)f8_pnsc_z, + 0.044{0.013}9_crdm_z, +
0.023(0.023)f10_ersc_z, +-0.033(0.029)NC1_DRY _z +0.011(0.023)NC2_LAND_z, +-0.094{0.032)NC3_SLP 2 +
-0.022(0.033)NC4_NVEG _z +-0.003(0.023)PC1_ACC_z+¢,

By =11.844(0.030) +1¢,,

Buy =-0.022(0.019) + 1,

By = 0.422(0.121) +u

0y, 0.008{0.003)
) ] _
g "N ) 0.001(0.003) 0.005(0.002)
4y -0.013(0.014) 0.002(0.008) 0.108(0.041)

e,~N(0, o)) o.=0.316(0.020)
-2*oglikelihood = 2931.787(1657 of 2532 cases in use)
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Model 5 — multilevel model urban areas weighted imtractions zscore random

effects

¥1, = By, +0.013(0.010)h1_edul_z, +0.056(0.025)h2_lits_z_+0.073(0.010}h3_firn_z,, +-0.004(0.013)h4_hith z, +

-0.022{0.009)s1_time_z, +-0.068(0.010)nl_lown_z, + -0.042(0.032)n1_lmt_z, + 0.069(0.028)n2_lcow_z, +
-0.038(0.033)n3_Imed_z, +-0.010{0.022)n4_lsml_z_ +0.006(0.034)n5_Idft_z, +-0.011(0.033)n6_agwk z_+
0.205(0.014)p17nbed721.j + 0.073(0.U4U)p27e1ec72v. + 0.083(0.013)p37cpb5721}. + D.O47(U.D41)p473gcp72U +
0.097(0.015)f1_lpdm_z; +0.020(0.012)f2_lpsc_z; + -0.039(0.010)f3_trdm,, + 0.020(0.012)f_trsc_In, +
0.005(0.010){3 _rtdm_z, +0.022(0.007)f6 _rtsc_z, +-0.041(0.016)f7_pndm_z, +0.026{0.012)f8_pnsc_z, +
0.060(0.011){3_crdm_z, +0.017(0.007){10_crsc_z, +-0.091(0.036)NC1_DRY_z +0.018(0.029)NC2_LAND _z +
-0.135(0.029)NC3_SLP z + 0.098(0.028)NC4 NVEG z +-0.049(0.031)PC1_ACC z+
0.028(0.007){5_rtdm_zNC1_DRY_z_ +-0.022(0.013)p3_cpbs_zNC1_DRY z ,t¢,

Boy =11.902(0.032) +1z,,

iy~ N0, o%0) oy = 0.012(0.006)
2,~N{(0, 62 o.=0.295(0.019)
-2#¥oglikelihood = 3589.044(2215 of 3278 cases in use)

Coefficients, standard errors and significanceuftian households

Expected o
Relationship Coefficient (Std Error)
H1_EDUL_Z + 0.013(0.010) 1.3
H2_LITS Z + 0.056(0.025) 2.24 *
H3_FTRN_Z + 0.0730.010) 7.3%
H4 HLTH_Z - -0.004(0.013) -0.308
S1 TIME_Z + -0.0220.009) -2.444 *
N1 LOWN_Z + -0.068(0.010) -6.8**
N1_LRNT Z + -0.042(0.032) -1.313
N2_LCOW_Z + 0.0690.028) 2.464 *
N3_LMED_Z + -0.038(0.033) -1.152
N4 _LSML_Z + -0.010(0.022) -0.455
N5 _LDFT Z + 0.006(0.034) 0.176
N6_AGWK_Z -0.011(0.033) -0.333
P1 NBED Z + 0.20%0.014) 14648+
P2_ELEC_Z + 0.0730.040) 1.825
P3_CPBS 7 + 0.088.013) 6.385*
P4 _CPAG Z + 0.0470.041) 1.146
F1 LPDM Z + 0.0970.015) 6.467
F2_LPSC_Z + 0.0200.012) 1.667
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F3_TRDM_Z -0.0390.010) 3.9+
F4 TRSC_Z 0.0200.012) 1.667
F5_RTDM_Z 0.005(0.010) 0.5
F6_RTSC_Z 0.0220.007) 3.148
F7_PNDM_Z -0.04%(0.016) -2.563 *
F8_PNSC_Z 0.0260.012) 2.167 *
F9_CRDM_Z 0.0600.011) 5,455+
F10_CRSC_Z 0.0170.007) 2.429%
NC1_DRY_Z -0.091(0.036) -2.528 *
NC2_LAND_Z 0.018(0.029) 0.621
NC3_SLP_Z -0.1350.029) -4.655+
NC4_NVEG_Z 0.09§0.028) 3.5+
PC1_ACC_Z -0.0490.031) -1.581
P3_CPBS_Z*NC1_DRY_Z -0.02(.013) -1.692
F5_RTDM_Z*NC1_DRY_Z 0.028(0.007) v

* Significant at the 95% level; ** significant até 99% level; *** significant at the 99.9%

level

Model 5 — multilevel model rural areas weighted inéractions zscore random
effects

y1, = By +-0.021{0.018)h1_edul z_ +0.087(0.017)h2_lits_z, +0.085(0.024)h3_firn 7, +0.009(0.020)hd_hlth 7, +
-0.039(0.017)s1_time_z, + 0.045(0.018)n1_lown_z; + -0.002{0.009)n1_lmnt_z, +-0.010{0.015n2 lecow_z, +
0.007(0.012)n3 _lmed_z, +-0.026(0.013)n4_lsml_z, +-0.028(0.010)n5_ldft_z, + -0.044(0.010)n6_agwk_z, +
0.205(0.017)p1_nbed_z].j + ﬁwpz_elec_z]j + ﬁu}.pB_cpbs_zU + 0.015(0.029)p4_agcp_21.} + 0.089(0.014)ﬂ_1pdm_21.}. +
0.003(0.004)2_lpsc_z, + -0.073(0.019)3 _trdm_z, +0.133(0.040)f4_trse_z, +-0.008(0.020)f5_rtdm z, +
0.052(0.045)f6_1‘tsc_zu. + 0.008((3.03'!)f’?f_pndn‘l_g.J1 + 0.004(0.056)f8_pnsc_2v + 0.044(0.012)f9_crdm_2v. +
-0.043(0.031}f10_ersc_z, +-0.031(0.028]NC1_DRY _z, +0.007(0.021)NC2_LAND _z, +-0.071(0.032)NC3_SLP_z +
-0.010(0.030)NC4_NVEG_z +-0.007(0.021)PC1_ACC_z + 0.102(0.040)NC3_SLP_zf10 crsc_z; +
0.043(0.013)p1_nbed zNC3_SLP_z, +0.072(0.043)f4_trsc 2NC3_SLP 7 +e,

Boy = 11.831(0.030) +u,,

bug = -0.022(0.019) + 1z,

Bug = 0A435(0.118) +u

ey 0.006(0.003)
g ~NO, Q) 1 Q.= [0.002(0.003) 0.005{0.002)
u -0.016(0.012) 0.007(0.007) 0.112(0.046)

15

e,~N(0, o3 o =0.314(0.020)

3

-2Maglikelihood =2914.935(1657 of 2532 cases in use)
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Coefficients, standard errors and significancerdioal households

Expected o
Relationship Coefficient (Std Error)
H1 EDUL Z + -0.021 (0.018) -1.167
H2_LITS Z + 0.087 (0.017) 5.118%**
H3_FTRN_ Z + 0.085  (0.024 )3.542*
H4_HLTH_Z - 0.009 (0.020) 0.45
S1 TIME_Z + -0.039 (0.017) -2.294
N1 LOWN_Z + 0.045 (0.018) 25 *
N1 LRNT_Z + -0.002 (0.009) -0.222
N2_LCOW_Z + -0.010 (0.015) -0.667
N3_LMED_Z + 0.007 (0.012) 0.583
N4_LSML_Z + -0.026  (0.013) 2 0
N5 _LDFT Z + -0.028 (0.010) -2.8 **
N6_AGWK_Z -0.044  (0.010) -4 4
P1 NBED Z + 0.205 (0.017) 12.059**
P2_ELEC_Z + 0.022 (0.019) 1.158
P3_CPBS_Z 0.435 (0.118) 3.686**
P4 _CPAG Z + 0.015 (0.029) 0.517
F1 LPDM_Z + 0.089 (0.014) 6.357**
F2_LPSC Z + 0.003 (0.004) 0.75
F3_TRDM_Z -0.073  (0.019) -3.842**
F4_TRSC Z + 0.133 (0.040) 3.325**
F5_RTDM_Z + -0.008 (0.020) -0.4
F6_RTSC Z + 0.052 (0.045) 1.156
F7_PNDM_Z + 0.008 (0.037) 0.216
F8 PNSC Z + 0.004 (0.056) 0.071
F9_CRDM_Z 0.044 (0.012) 3.667**
F10_CRSC_Z + -0.043 (0.031) -1.387
NC1_DRY_Z - -0.031 (0.028) -1.107
NC2_LAND _Z + 0.007 (0.021) 0.333
NC3_SLP_Z - -0.071 (0.032) -2.219 *
NC4_NVEG_Z + -0.010 (0.030) -0.333
PC1_ACC_Z - -0.007 (0.021) -0.333
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P1_NBED_Z*NC3 SLP Z 0.043 (0.013) 3.308**
F4 TRSC_Z*NC3_SLP_Z 0.072 (0.043) 1.674
F10_CRSC_Z*NC3_SLP_Z 0.102 (0.043) 2.372 *

* Significant at the 95% level; ** significant at¢ 99% level; *** significant at the 99.9%

level

341



Appendix 4:Changes in the household composition of districteeo

time

The comparison of well-being responses throughuwopsion and poverty indicators
assumes that the same households are included dhgtnict level aggregates for

both time periods. Two reasons can be envisageithéoviolation of this assumption.
Firstly households are liable to appear in diffédistricts due to migration within
Ecuador (Katz, 1998), or the structure of househaltt districts could change
dramatically through emigration (Izquierdo, 200&&condly, boundary changes, or
the creation of new administrative units, couldssthe same household in the same

location to be included in different districts iiffdrent time periods.

Migration in Ecuador during the 1990’s

The likely effects on changes in consumption orgutywvdue to migration would
probably be positive for households sending meméedsreceiving remittances, and

potentially negative for districts receiving migtan

Studies on migration of Ecuador’s population shbat there was considerable
emigration between 1997 and 2001 (Jokisch, 200@}fzat richer households were
more likely to send members overseas than pooresdimlds (Izquierdo, 2004).
During the 1990’s and particularly after the El dliévent the patterns of emigration
changed dramatically and almost every provincerdmrted to the emigrants
(Jokisch and Pribilsky, 2004). Migration within Exlor was traditionally from the
Andean region to agricultural plantations in thastal region, and was also
responsible for much of the population increasth@Amazon region. In this latter
case migrants responded to the development of@ilyzing areas in the northern
Amazon region and subsequently for spontaneousisaitoon of forest for
agricultural land and livestock activities. Duritigg 1990’s however the greatest
changes in population distribution in the Amazogioa have been due to rural-
urban and rural-rural migration (Barbieri, 2005} A previous decades in-migration
was responsible for much of the population growthriban locations during the

1990’s but rural population also grew in that decéderrutti and Bertoncello, 2003).
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Urban areas have likely received migrants fromlraraas during the 1990’s thus it

is difficult to assess the contribution of thisnmgration on changes consumption

or poverty levels. The rates of rural-urban mignatiio not seem to have increased as
dramatically as migration abroad, a factor whicprsbably due to the crisis which
followed the El Nifio event which was not limitedgpecific geographic areas within

Ecuador.

Changes in district boundaries

Boundary changes, in contrast, can have a systeeférct on the districts involved,
depending on how the change has occurred. The muhdestricts in Ecuador
increased between 1990 and 2001; new countiesaxeaged from districts, while
other large or populous districts were split. Therfer case would not affect the
comparison of household well-being so long as aldi@ew districts could be
identified, but where districts are split the corsiion of richer and poorer

households could change.

The number of districts for which data are avagahlthe 1990 census is $11The
full extent of these districts is not fully knows there is no digital dataset for 1990.
The earliest digital spatial dataset is for 199bwhich time a further 37 new
districts had been created. During the same pearioelw province (Orellana) was
created and the number of counties in continertabBor increased from 167 to 211
— an increase of 44 In the period 1995 to 2001, the number of distrincreased by
a further 35 and in the same period 2 counties wdded (Table 60). Two districts
(Guanujo, in Bolivar province and El Cambio in EbQ) appear on the spatial
dataset for 1995 but not on some later datasetthédare data available for these
districts for poverty or consumption from 2001.

8 Excluding districts in the Galapagos Islands (Whdce not considered in this study), and ‘non-
delimited’ areas.

8 |t appears that Orellana was created in 1998j4ite source therefore seems to be a mix of dates,
perhaps using the borders from 1995 but changiegémes of provinces and codes for Orellana
province.
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Table 60 Changes in number of districts and cosiitiéeccuador 1990-2001

Province counties districts counties districts counties districts

199G 1990 1998 1998  200f  200f
Azuay 9 67 14 73 14 74
Bolivar 6 27 7 27 7 26
Canar 4 31 7 32 7 33
Carchi 5 29 6 31 6 32
Cotopaxi 6 40 7 35 7 40
Chimborazo 9 53 10 53 10 54
El Oro 14 56 14 58 14 62
Esmeraldas 5 58 7 63 7 63
Guayas 21 60 28 62 28 63
Imbabura 6 42 6 42 6 42
Loja 15 85 16 88 16 90
Los Rios 9 25 12 25 12 27
Manabi 16 66 21 68 22 75
Morona Santiago 6 a7 10 54 11 57
Napo 8 37 5 22 5 23
Pastaza 2 19 4 20 4 20
Pichincha 6 66 9 63 9 66
Tungurahua 9 51 9 50 9 53
Zamora Chinchipe 5 25 8 30 8 30
Sucumbios 6 27 7 32 7 33
Orellana 0 0 4 20 4 20
Total 167 911 211 948 213 983

Sources® Larrea et al., 1998:Larrea et al., 1999:Larrea, 2005

The spatial datasets of districts are from 1995X848 so for some of the districts
created after 1998 there will be no spatial refeeeand these will not be included in
the analysis of vulnerable areas. However the copson aggregates and poverty

indicators for some of the ‘new’ districts have beenstructed using census ward
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information (Larrea, personal communication) allogicomparison between 1990
and 2001 (Figure 66).

Districts 1990-2001
- | No Change

| | Code change

.| New district

.| No Data

Figure 66. Changes in districts 1990-2001
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Appendix 5:Associations between changes in well-being and ictpa
of 1997-98 El Nifio event

Consumption and proportion of the population affeced

Contingency table of the dummy variable for betterse consumption z scores 1990-2001 * dummy

variable for population affected

Change in consumption z scores Population affected, dead or injured Total
ota
1990'2001 No Yes
Worse Count 276 182
458
Expected 271.6 186.4
Better Count 285 203
488
Expected 289.4 198.6
Total Count 561 385 946

Contingency table of the classified better/worsescmnption z scores 1990-2001 * dummy variable
for population affected

Change in consumption z-scores 1990- Population affected, dead or injured

Total
2001 No Yes
Count 32 21
<-1 53
Expected 31.4 21.6
Worse
Count 244 161
-1t00 405
Expected 240.2 164.8
Count 251 190
Otol 441
Expected 261.t 179.5
Better
Count 34 13
>1 47
Expected 27.9 19.1
Total Count 561 385 946

Poverty and population affected by EI Nifio

Contingency table of the dummy variable for betterse poverty headcount ratio z-scores 1990-2001

* dummy variable for population affected

Change in poverty headcount ratio Population affected, dead or injured

Total
1990-2001 No

Yes
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Worse Count 241 230

471
Expected 279.1 191.9
Better Count 316 153
469
Expected 277.9 191.1
Total Count 557 383 940

Contingency table of the classified better/worseepty headcount z scores 1990-2001 * dummy
variable for population affected

Change in poverty headcount ratio z-scoreBopulation affected, dead or injured

Total
1990'2001 NO Yes
Count 48 31
>1 79
Expected 46.8 32.2
Worse
Count 193 199
Oto1l 392
Expected 232.2 159.7
Count 260 136
-1t00 396
Expected 234.7 161.3
Better
Count 56 17
<-1 73
Expected 43.3 29.7
Total Count 557 383 940

Consumption and rainfall anomalies

Contingency table of the dummy variable for betterse consumption z scores 1990-2001 * size of

rainfall anomalies during the 1997-98 EIl Nifio event

) ) 1997-98 Rainfall anomaly
Change in consumption z scores

Greater than Total
1990-2001 Less than 100%

100%
Worse Count 277 181
458
Expected 274.0 184.0
Better Count 289 199
488
Expected 292.C 196.0
Total Count 699 247 946

Contingency table of the classified better/worsescmption z-scores 1990-2001 * size of rainfall
anomalies during the 1997-98 El Nifio event

Change in consumption z-scores 1990- 1997-98 Rainfall anomaly Total
ota
2001 Less than 100% Greater than
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100%

Count 23 30
<-1 53
Expected 31.7 213
Worse
Count 254 150
-1t00 404
Expected 241.7 162.3
Count 249 193
Oto1l 442
Expected 264.5 1775
Better
Count 40 7
>1 47
Expected 28.1 18.9
Total Count 566 380 946

Poverty and precipitation anomalies

Contingency table of the dummy variable for betterse poverty headcount ratio z-scores 1990-2001
* size of rainfall anomalies during the 1997-98Nifio event

) ) 1997-98 Rainfall anomaly
Change in poverty headcount ratio z-

Total
scores 1990-2001 Less than 100% Greater than

100%
Worse Count 228 243
471
Expected 280.€ 190.4
Better Count 332 137
469
Expected 279.4 189.6
Total Count 560 380 940

Contingency table of the classified better/worsegpty headcount z-scores 1990-2001 * size of
rainfall anomalies during the 1997-98 El Nifio event

) ) 1997-98 Rainfall anomaly
Change in poverty headcount ratio z-scores

Greater than Total
1990-2001 Less than 100%
100%
Count 42 37
>1 79
Expected 47.1 31.9
Worse
Count 186 206
Oto1l 392
Expected 233.t 158.5
Count 271 125
-1t00 396
Expected 235.9 160.1
Better
Count 61 12
<-1 73
Expected 43.5 29.5
Total Count 560 380 940
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Consumption and vulnerability to agricultural losses

Contingency table of the dummy variable for betterse consumption z scores 1990-2001 * districts

vulnerable to losses in agricultural income duth®o1997-98 El Nifio event

Change in consumption z scores Losses in agricultural income Total
otal
1990-2001 Not vulnerable Vulnerable
Worse Count 380 78
458
Expected 383.¢ 74.1
Better Count 413 75
488
Expected 409.1 78.9
Total Count 793 153 946

Contingency table of the classified better/worsestmnption z scores 1990-2001 * districts

vulnerable to losses in agricultural income duth®o1997-98 El Nifio event

Change in consumption z-scores 1990- Losses in agricultural income Total
otal
2001 Not vulnerable Vulnerable
Count 43 10
<-1 53
Expected 444 8.6
Worse
Count 337 67
-1t0o0 404
Expected 339.5 65.5
Count 368 74
Otol 442
Expected 369.7 71.3
Better
Count 45 2
>1 47
Expected 39.4 7.6
Total Count 793 153 946

Poverty and vulnerability to agricultural losses

Contingency table of the dummy variable for betterse poverty headcount ratio z-scores 1990-2001

* districts vulnerable to losses in agriculturatéme due to the 1997-98 El Nifio event

Change in poverty headcount ratio z- Losses in agricultural income Total
ota
scores 1990-2001 Not vulnerable Vulnerable
Worse Count 339 132
471
Expected 394.¢ 76.7
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Better Count 448 21
Expected 392.7 76.3

469

Total Count 787 153 940

Contingency table of the classified better/worsegpty headcount ratio z-scores 1990-2001 * disrict

vulnerable to losses in agricultural income duth®o1997-98 El Nifio event

Change in poverty headcount ratio z-scores Losses in agricultural income

Total
1990-2001 Not vulnerable Vulnerable
Count 66 13
>1 79
Expected 66.1 12.9
Worse
Count 273 119
Oto1l 392
Expected 328.2 63.8
Count 379 17
-1t00 396
Expected 331.5 64.5
Better
Count 69 4
<-1 73
Expected 61.1 11.9
Total Count 787 153 940

Consumption and vulnerability to health risks

Contingency table of the dummy variable for betterse consumption z scores 1990-2001 * districts
vulnerable to health risks due to the 1997-98 HEd\Bvent

Change in consumption z scores Vulnerable to health risks Total

1990-2001 Not vulnerable Vulnerable

Worse Count 320 138 458
Expected 339.€ 118.1

Better Count 382 106 488
Expected 362.1 125.9

Total Count 702 244 946

Contingency table of the classified better/worsestmption z scores 1990-2001 * districts
vulnerable to health risks due to the 1997-98 HEd\Bvent

Change in consumption z-scores 1990- Vulnerable to health risks Total
otal
2001 Not vulnerable Vulnerable
Worse Count 25 28
<-1 53
Expected 39.2 13.7

-1t00 Count 295 109 404
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Expected 299.€ 104.2

Count 336 106

Otol 442
Expected 328.0 114.0

Better

Count 46 1

>1 47
Expected 34.9 12.1

Total Count 702 244 946

Poverty and vulnerability to health risks

Contingency table of the dummy variable for betterse poverty headcount ratio z-scores 1990-2001

* districts vulnerable to health risks due to tl¥97-98 El Nifio event

Change in poverty headcount ratio z- Vulnerable to health risks Total
otal
scores 1990-2001 Not vulnerable Vulnerable
Worse Count 261 210
471
Expected 348.7 122.3
Better Count 435 34
469
Expected 347.3 121.7
Total Count 696 244 940

Contingency table of the classified better/worsegpty headcount ratio z-scores 1990-2001 * disrict
vulnerable to health risks due to the 1997-98 HEd\Bvent

Change in poverty headcount ratio z-scores  Vulnerable to health risks

Total
1990-2001 Not vulnerable Vulnerable
Count 36 43
>1 79
Expected 58.E 20.5
Worse
Count 225 167
Oto1l 392
Expected 290.2 101.8
Count 363 33
-1t00 396
Expected 293.2 102.8
Better
Count 72 1
<-1 73
Expected 54.1 18.9
Total Count 696 244 940
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Appendix 6:Soil Metadata

http://www.uazuay.edu.ec/promsa/contenido_cd/mébadam

The information was taken from the project “Generabf Georeferenced
Information for the Development of the Agricultu@éctor”, undertaken in the
cooperation convention framework between the mnist agriculture and livestock
(Ministerio de Agricultura y Ganaderia — MAG), t@entre for Integrated Remote
Sensing Survey of Natural Resources (Centro deritaw@entos Integrados de
Recursos Naturales por Sensores Remotos - CLIRSEN)the Inter-American
Institute of Cooperation for Agriculture (Institubsteramericano de Cooperacion
para la Agricultura - lICA).

The base information, the soil units and slopesuguie taken from soil maps from the
national programme for agrarian regionalisatioro@ama Nacional de
Regionalizacion Agraria — PRONAREG) at scales 600;000 for the Amazon
region, 1:200,000 for the coastal region and aesgfl:50,000 in the Andean region.
These individual maps have little metadata reggrthe field methodology other
than fieldwork was carried out at various datesulghout the 1970’s and 1980’s
with technical assistance from ORSTOM. DINAREN aosv the agency

responsible for this database.

The database contains information on:

Map sheet Soil class Soil order Soil pH
Freatic layer Drainage Erodibility Fertility
Liability to flood Organic material Rockiness Slope
Depth Texture Toxicity Salinity

Description of variables:
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The SLOPE variable considers the relief and thearhpn tillage and on the

movement of water across the land. The slope caesgeere categorised in the

following manner:

CLASS RANGE (%)

D 01~ WDN P

0-5
5-12
12-25
25-50
50-70
>70

The TEXTURE variable defines each class for theemror proportion of the

particular components of the soil. The categorresgaouped in the following

manner:

19 Coarse sandy Fine, medium, coarse (11), sandy (b3a)

2 mg Moderately Fine to coarse sandy loam (21), silty loam (22)

coarse

3 m Medium loam (31), silty (32), clay loam (< 35$fclay) (33), sandy
clay loam (34), sandy silty loam (35)

4 f Fine Clay loam (>35%) (41), clay (42), sandy c{d8), clay loam
(44)

5 mf veryfine Clay (> 60%) (51)

The DEPTH variable considers the depth of the Rgésoil up to a point in which

the roots can reach without difficulty. The catagemwere considered in the

following way:

A WO DN PP

pp

Superficial 0-20cm
Shallow 20-50 cm
Moderately deep 50 — 100 cm
deep >100cm
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The ROCKINESS variable captures the content ofeg@mnd rocks that can interfere

with tillage and plant growth. The categories & following.

aa b~ W N P

Without (<10%)

Few (10 — 25%)
Frequent (25 — 50%)
Abundant (50 — 75%)

Stoney or rocky (> 75%)

In the field DRAINAGE is defined the capacity forathage and infiltration of water

in the soil. The categories are the following

A WO DN PP

m

md

Excessive
Good
Moderate

Poorly drained (imperfect)

The variable FLOODING describes if soils are peremdly saturated due to

permanent water or flooding caused by stagnantrwétereached rivers.

A W DN PP

o O T o

none
with water < than 3 months
with water 3 - 6 months

flooded all of the year

The field FREATIC LAYER is the level of the watettie. Categories were grouped

in the following ranges.

A WO DN PP

pp

Superficial 0-20cm
Shallow 20 -50 cm
Moderately deep 50 — 100 cm
Deep >100 cm

354



The pH variable describes the acidity measuredhbyoncentration of hydrogen

ions.

1 mac very acid <45

2 a acid 45-55
3 lac slightly acid 56-6.5
4 n neutral 6.6-74
5 mal moderately alkaline 7.5-8.5
6 al alkaline >8.5

The ORGANIC MATERIAL field is the grade of decomjitasn of the remains of

vegetables and animals. The ranges are.

3
oy

a b W N P
Q 3 T

Verylow <1%

Low 1-2%
Medium 2-4%
High 4-10%

Very high >10%

SALIN

ITY is the concentration of salts in the sategories ere established with the

following ranges.

1 s
2 L
3 m
4 a
5

ma

without 0 — 2 mmhos/cm
light 2 — 4 mmhos/cm
medium 4 — 8 mmhos/cm
high 8-16 mmhos/cm

very high > 16 mmhos/cm

TOXICITY is the content of elements considered dgimgto the growth of plants.

s
I

m

A W DN P

a

without
light
medium
high
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The level of FERTILITY is the content in the sofltbhe nutrients necessary for plant
growth. This is calculated based on the pH, orgaratter, base saturation, and

cation exchange capacity.

1 mb verylow
2 b low

3 m medium
4

a high

The variable ERODIBILTY variable is the danger iskrof erosion.

1 n none

2 | light

3 m moderate
4 a high

5

s severe (eroded)
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Appendix 7:Flood Model Arc Macro Language script

Methodology used to derive flood areas based ord®¢2005), produced flood.aml

Three scenarios:
(a) Flood level is constant, no buffers (uses dodd _no_buf)
(b) Flood level is constant, but buffers are depatdn discharge (uses aml flood_buf)

(c) Flood level and buffers are dependent on digghéuses aml flood_buf_lev)
Flood levels of 2m, 5m and 10m based on maximuodiicexpected according to historical data

Step 1: merge raw hydrosheds data
CON_HY_DEM = mosaic ( nOOwW085_con , n00Ow080_caob5ve85 con , sO5w080_con)

Step 2: Create flow accumulation and flow directipius
Flowdir = FLOWDIRECTION (CON_HY_DEM , NORMAL )
Faccgrid = FLOWACCUMULATION( Flowdir)

Step 3: Stream order grids created using contrigutrea (number of cells), values based on biggest
contributing area found in study region (13124760sg

STRGRID10 =int ( con ( faccgrid >= 1312480, 1))

STRGRIDOS = int ( con ( faccgrid >= 328120,1))

STRGRIDO04 = int ( con ( faccgrid >= 209997 ,1))

STRGRIDO3 = int ( con ( faccgrid >= 118123 ,1))

STRGRIDO2 = int ( con ( faccgrid >= 52499 ,1))

STRGRIDOL1 =int ( con ( faccgrid >= 13124 ,1))

STRGRIDOO = int ( con ( faccgrid >= 1000,1)

Step 4: Stream allocation grids constructed framesh order grids using watershed function to define
the contributing area of all cells in the streamesrgrids

Watershed function in ArcGIS is used to definedbatributing area for each point on the stream
network; the catchment is given the value of tlewation of the stream to which it contributes, the

pour point or lowest elevation of the catchment.

STRM_ALLOC10 = watershed ( flowdir , ( strgrid0con ( con_hy dem >=0, con_hy dem, 0)))
STRM_ALLOCO05 = watershed ( flowdir , ( strgrid05con ( con_hy dem >=0, con_hy dem, 0)))
STRM_ALLOCO04 = watershed ( flowdir , ( strgridO4con ( con_hy _dem >=0, con_hy dem, 0)))
STRM_ALLOCO03 = watershed ( flowdir , ( strgrid03con ( con_hy_dem >=0, con_hy dem, 0)))
STRM_ALLOCO02 = watershed ( flowdir , ( strgrid02con ( con_hy _dem >=0, con_hy dem, 0)))
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STRM_ALLOCO01 = watershed ( flowdir , ( strgrid01con ( con_hy _dem >=0, con_hy dem, 0)))
STRM_ALLOCO00 = watershed ( flowdir , ( strgrid0Ocon ( con_hy _dem >=0, con_hy dem, 0)))

Step 5: Create buffers around streams using adiacldistance in 100 metres (degrees*0.000833) so
strbufl0 gives a 10km buffer

STRBUF10 = floor ( eucdistance ( strgrid10 , #,, 100 * 0.0008333) ) )

STRBUFO05 = floor ( eucdistance ( strgrid05 , #,, ¢ 50 * 0.0008333) ) )

STRBUFO04 = floor ( eucdistance ( strgrid04 , #,, ¢ 40 * 0.0008333) ) )

STRBUFO03 = floor ( eucdistance ( strgrid03 , #,, ¢ 30 * 0.0008333) ) )

STRBUFO02 = floor ( eucdistance ( strgrid02 , #,, & 20 * 0.0008333) ) )

STRBUFO1 = floor ( eucdistance ( strgrid01 , #,, ¢ 10 * 0.0008333) ) )

STRBUFO0O0 = floor ( eucdistance ( strgrid00 , #,,# 5 * 0.0008333)))

Step 6: Create flood grids using con statementdaséncrementing water level according to the
pour point of the stream allocation grid constiichy buffer grid

FLOOD10 =con ( (con_hy_dem - ( strm_alloc10 +-1€trbufl0))<0,1)

FLOODO5 = con ( ( con_hy_dem - ( strm_alloc05 + &rbuf05) ) <0, 1)

FLOODO04 = con ( (con_hy _dem - ( strm_allocO4 + gtrbuf04)) <0, 1)

FLOODO03 =con ( (con_hy _dem - ( strm_alloc03 + &rbuf03)) <0, 1)

FLOODO02 =con ( (con_hy _dem - ( strm_alloc02 + &rbuf02)) <0, 1)

FLOODO1 =con ( (con_hy _dem - ( strm_allocO1 +dtrbuf01)) <0, 1)

FLOODOO = con ( ( con_hy_dem - ( strm_allocO0 +®&rbuf00))<0,1)

Step 7: Create floodtot grid from individual flogdds
FLOODTOT = merge ( flood00 , flood01 , flood02qdd03 , flood04 , flood05 , flood10 )

Step 8: Subtract the stream grid from the flooc aoeget the total area flooded and reclass so that

values are either 1 (flooded) or 0 (non-floodedtozam)

FLOOD_nstrm = reclass (FLOODTOT - strgrid00)

Step 9: Convert floodtot to shape
FLOODTOT.SHP = gridshape (FLOOD_nstrm , NOWEED )

" A.Farrow 03/09/2008 CIAT and UEA
" this macro creates points from the flood modakru
" then runs stats on these using the cellsizeeoptipualtion grids

' this avoids resampling errors when resamplensmgrid on the original grids

"which would take the centre grid cell and usé ttadue rather than a mean value for all the cells
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w \hydrosheds

grid

'set the grid environment variables for cellsizd artent

setcell X_FL_clip

setwindow X_FL_clip

A=Al LA -

'STEP 1 & 2: convert raster to vector points amtd pointstats on the point shapefiles and thertelele

pointfiles to make room for next one

X_point = gridpoint ( X_FL_clip , GRID_CODE)

'set the grid environment variables for cellsizd artent

setcell Ispop2006_utm

setwindow Ispop2006_utm

X_POP = PointStats( X_point , GRID_CODE , # , ME, RECTANGLE , 929)

kill X_point

setcell Y_FL_clip

setwindow Y_FL_clip

" A-[-1-1-1-]

Y_point = gridpoint ( Y_FL_clip , GRID_CODE)

setcell Ispop2006_utm

setwindow Ispop2006_utm

Y_POP = PointStats( Y_point , GRID_CODE , # , ME, RECTANGLE , 929)

kill Y_point
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setcell Z_FL_clip

setwindow Z_FL_clip

eA--1-1-1-]

Z_point = gridpoint ( Z_FL_clip , GRID_CODE)

setcell Ispop2006_utm

setwindow Ispop2006_utm

Z_POP = PointStats( Z_point , GRID_CODE , # , AME, RECTANGLE , 929 )

kill Z_point

setcell X1_FL_clip
setwindow X1_FL_clip

el--1-I-1-]

X1_point = gridpoint ( X1_FL_clip , GRID_CODE)

setcell Ispop2006_utm

setwindow Ispop2006_utm

X1_POP = PointStats( X1_point , GRID_CODE , MEAN , RECTANGLE , 929 )

kill X1_point

setcell X2_FL_clip
setwindow X2_FL_clip

eA--1-I-1-]

X2_point = gridpoint ( X2_FL_clip , GRID_CODE)

setcell Ispop2006_utm

setwindow Ispop2006_utm

X2_POP = PointStats( X2_point , GRID_CODE , #MEAN , RECTANGLE , 929)
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kill X2_point

setcell X3_FL_clip
setwindow X3_FL_clip

-l

X3_point = gridpoint ( X3_FL_clip , GRID_CODE)

setcell Ispop2006_utm

setwindow Ispop2006_utm

X3_POP = PointStats( X3_point, GRID_CODE , #MEAN , RECTANGLE , 929)

kill X3_point

setcell Y1_FL_clip
setwindow Y1_FL clip

el--1-I-1-]

Y1_point = gridpoint ( Y1_FL_clip , GRID_CODE)

setcell Ispop2006_utm

setwindow Ispop2006_utm

Y1_POP = PointStats( Y1_point, GRID_CODE , MEAN , RECTANGLE , 929 )

kill Y1_point

setcell Y2_FL_clip
setwindow Y2_FL _clip

eA--1-I-1-]

Y2_point = gridpoint ( Y2_FL_clip , GRID_CODE)

setcell Ispop2006_utm

setwindow Ispop2006_utm
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Y2_POP = PointStats( Y2_point , GRID_CODE , #MEAN , RECTANGLE , 929)

kill Y2_point

setcell Y3_FL_clip
setwindow Y3_FL_clip

" A-[-1-1-1-]

Y3_point = gridpoint ( Y3_FL_clip , GRID_CODE)

setcell Ispop2006_utm

setwindow Ispop2006_utm

Y3_POP = PointStats( Y3_point, GRID_CODE , #MEAN , RECTANGLE , 929)

kill Y3_point

setcell z1_FL_clip

setwindow z1_FL_clip

" A-[-1--1-]

z1 point = gridpoint (z1_FL_clip , GRID_CODE )

setcell Ispop2006_utm

setwindow Ispop2006_utm

z1_POP = PointStats( z1_point , GRID_CODE , MEAN , RECTANGLE , 929)

kill z1_point

setcell z2_FL_clip

setwindow z2_FL_clip

A-[-1-1-]-]

z2_point = gridpoint ( z2_FL_clip , GRID_CODE )
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setcell Ispop2006_utm

setwindow Ispop2006_utm

z2_POP = PointStats( z2_point , GRID_CODE , MEAN , RECTANGLE , 929)

kill z2_point

setcell z3_FL_clip

setwindow z3_FL_clip

eA--1-1-1-]

z3 point = gridpoint (z3_FL_clip, GRID_CODE )

setcell Ispop2006_utm

setwindow Ispop2006_utm

z3_POP = PointStats( z3_point, GRID_CODE , MEAN , RECTANGLE , 929)

kill z3_point

setcell X1L_FL_clip
setwindow X1L_FL_clip

" A-[-1--1-]

X1L_point = gridpoint ( X1L_FL_clip, GRID_CODE )

setcell Ispop2006_utm

setwindow Ispop2006_utm

X1L_POP = PointStats( X1L_point, GRID_CODE , #MEAN , RECTANGLE , 929)

kill X1L_point

setcell X2L_FL_clip
setwindow X2L_FL_clip

A-[-1-1-]-]
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X2L_point = gridpoint ( X2L_FL_clip , GRID_CODE )

setcell Ispop2006_utm

setwindow Ispop2006_utm

X2L_POP = PointStats( X2L_point, GRID_CODE , #MEAN , RECTANGLE , 929)

kill X2L_point

setcell X3L_FL_clip
setwindow X3L_FL_clip

eA--1-I-1-]

X3L_point = gridpoint ( X3L_FL_clip , GRID_CODE )

setcell Ispop2006_utm

setwindow Ispop2006_utm

X3L_POP = PointStats( X3L_point, GRID_CODE , #MEAN , RECTANGLE , 929)

kill X3L_point

setcell YIL_FL_clip
setwindow Y1L_FL_clip

eA--1-1-1-]

Y1L_point = gridpoint ( Y1L_FL_clip , GRID_CODE )

setcell Ispop2006_utm

setwindow Ispop2006_utm

Y1L_POP = PointStats( Y1L_point, GRID_CODE , #MEAN , RECTANGLE , 929)

kill YAL point

setcell Y2L_FL_clip
setwindow Y2L_FL_clip

364



" A-[-1-1-1-]

Y2L_point = gridpoint ( Y2L_FL_clip , GRID_CODE )

setcell Ispop2006_utm

setwindow Ispop2006_utm

Y2L_POP = PointStats( Y2L_point , GRID_CODE , #MEAN , RECTANGLE , 929)

kill Y2L_point

setcell Y3L_FL_clip
setwindow Y3L_FL_clip

A-[-1-1-1-]

Y3L_point = gridpoint ( Y3L_FL_clip , GRID_CODE )

setcell Ispop2006_utm

setwindow Ispop2006_utm

Y3L_POP = PointStats( Y3L_point, GRID_CODE , #MEAN , RECTANGLE , 929)

kill Y3L_point

setcell Z1L_FL_clip
setwindow Z1L_FL_clip

" A-[-1-1-1-]

Z1L_point = gridpoint ( Z1L_FL clip , GRID_CODE )

setcell Ispop2006_utm

setwindow Ispop2006_utm

Z1L_POP = PointStats( Z1L_point, GRID_CODE , #MEAN , RECTANGLE , 929)

kill Z1L_point

setcell Z2L_FL_clip
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setwindow Z2L_FL_clip

el--1-1-1-]

Z2L_point = gridpoint ( Z2L_FL_clip , GRID_CODE)

setcell Ispop2006_utm

setwindow Ispop2006_utm

Z2L_POP = PointStats( Z2L_point , GRID_CODE , #MEAN , RECTANGLE , 929)

kill Z2L_point

setcell Z3L_FL_clip
setwindow Z3L_FL_clip

A-[-1-1-1-]

Z3L_point = gridpoint ( Z3L_FL_clip, GRID_CODE)

setcell Ispop2006_utm

setwindow Ispop2006_utm

Z3L_POP = PointStats( Z3L_point , GRID_CODE , #MEAN , RECTANGLE , 929)

kill Z3L_point

A=A LA -

' STEP 3: get population for the flooded areas

X _LSCAN_POP =Int (( X_POP ) * Ispop2006_utm )

X _GRUMP_POP =Int (( X_POP ) * sauds95g_Iscn)

Y _LSCAN_POP =Int (( Y_POP ) * Ispop2006_utm )
Y_GRUMP_POP =Int (( Y_POP ) * sauds95g_Iscn)

Z_LSCAN_POP =Int ((Z_POP ) * Ispop2006_utm )
Z_GRUMP_POP =Int ( (Z_POP ) * sauds95g_Iscn)

366



" A-[-1-1-1-]

X1 LSCAN_POP =Int (( X1_POP) * Ispop2006_utm)
X1 GRUMP_POP =Int (( X1_POP ) * sauds95g_Iscn)

Y1_LSCAN_POP =Int (( Y1_POP ) * Ispop2006_utm)
Y1 GRUMP_POP =Int (( Y1_POP ) * sauds95g_Iscn)

Z1 LSCAN _POP =Int((Z1_POP) *Ispop2006_utm)
Z1 GRUMP_POP =Int((Z1_POP) * sauds95g_Iscn)

X2 _LSCAN_POP =Int (( X2_POP) * Ispop2006_utm)
X2_GRUMP_POP =Int ( ( X2_POP ) * sauds95g_Iscn)

Y2_LSCAN_POP =Int (( Y2_POP ) * Ispop2006_utm )
Y2_GRUMP_POP =Int (( Y2_POP ) * sauds95g_Iscn)

Z2 LSCAN_POP =Int((Z2_POP) *Ispop2006_utm)
Z2 _GRUMP_POP =Int ( (Z2_POP) * sauds95g_Iscn)

X3_LSCAN_POP =Int ( ( X3_POP ) * Ispop2006_utm )
X3_GRUMP_POP =Int ( ( X3_POP ) * sauds95g_Iscn)

Y3_LSCAN_POP =Int (( Y3_POP ) * Ispop2006_utm )
Y3 _GRUMP_POP =Int (( Y3_POP ) * sauds95g_Iscn)

Z3 LSCAN_POP =Int ((Z3_POP) *Ispop2006_utm)
Z3_GRUMP_POP =Int ( (Z3_POP) * sauds95g_Iscn)

-l

X1L LSCAN_POP =Int (( X1L_POP) * Ispop2006_utm)
X1L _GRUMP_POP =Int ( ( X1L_POP) * sauds95g_Iscn)

Y1L LSCAN_POP =Int (( Y1L_POP) * Ispop2006_utm)
Y1L_GRUMP_POP =Int (( Y1L_POP) * sauds95g_Iscn)

Z1L_LSCAN_POP =Int ( ( Z1L_POP ) * Ispop2006_utm )
Z1L_GRUMP_POP =Int ( (Z1L_POP ) * sauds95g_lIscn)
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X2L_LSCAN_POP =Int (( X2L_POP ) * Ispop2006_utm )
X2L_GRUMP_POP =Int ( ( X2L_POP ) * sauds95g_Iscn)

Y2L _LSCAN_POP =Int (( Y2L_POP) * Ispop2006_utm)
Y2L_GRUMP_POP =Int (( Y2L_POP ) * sauds95g_Iscn)

Z2L_LSCAN_POP =Int ( ( Z2L_POP ) * Ispop2006_utm )
Z2L._GRUMP_POP =Int ( (Z2L_POP ) * sauds95g_lIscn)

X3L_LSCAN_POP =Int (( X3L_POP) * Ispop2006_utm)
X3L_GRUMP_POP =Int ( ( X3L_POP ) * sauds95g_Iscn)

Y3L_LSCAN_POP =Int (( Y3L_POP ) * Ispop2006_utm )
Y3L_GRUMP_POP =Int (( Y3L_POP ) * sauds95g_Iscn)

Z3L_LSCAN_POP =Int ( ( Z3L_POP ) * Ispop2006_utm )
Z3L_GRUMP_POP =Int ( (Z3L_POP ) * sauds95¢g_lIscn)

A=A LA -

' STEP 4: zonal statistics for population of flogms parroquia

'set the grid environment variables for cellsizd artent

setcell X_LSCAN_POP
setwindow X_LSCAN_POP

X_FL_ecu_lscn_tab = zonalstats (ecu_2001_hyl, SCAN_POP , all)
X_FL_parr_Iscn_tab = zonalstats ( parr2001_hyl,SCAN_POP , all)
X_FL_ecu_grmp_tab = zonalstats ( ecu_2001_hyGRUMP_POP , all)
X_FL_parr_grmp_tab = zonalstats ( parr2001_hy GRUMP_POP , all)

Y_FL_ecu Iscn_tab = zonalstats (ecu 2001 _hyL,.SCAN_POP , all)
Y_FL_parr_Iscn_tab = zonalstats ( parr2001_hyL.SCAN_POP , all)
Y_FL _ecu grmp_tab = zonalstats (ecu_2001_hyGRUMP_POP ,all)
Y_FL_parr_grmp_tab = zonalstats ( parr2001_hy GRUMP_POP , all)

Z_FL_ecu_lscn_tab = zonalstats (ecu_2001_hy SCAN_POP , all)
Z_FL_parr_Iscn_tab = zonalstats ( parr2001_hyLSCAN_POP , all)
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Z_FL_ecu_grmp_tab = zonalstats (ecu_2001_hyGRUMP_POP , all)
Z_FL_parr_grmp_tab = zonalstats ( parr2001_hyGRUMP_POP , all)

eA--1-I-1-]

X1 FL _ecu Iscn_tab = zonalstats (ecu_2001 Xly |l SCAN_POP ,all)
X1 _FL_parr_Iscn_tab = zonalstats ( parr2001_X¢ ,LSCAN_POP , all)
X1 FL _ecu_grmp_tab = zonalstats ( ecu_2001 Xly GRUMP_POP , all)
X1 _FL_parr_grmp_tab = zonalstats ( parr2001_X¥ ,GRUMP_POP  all)

Y1 FL ecu Iscn_tab = zonalstats (ecu_ 2001 ¥y |l SCAN_POP ,all)
Y1 _FL parr_Iscn_tab = zonalstats ( parr2001_Yi¥ ,LSCAN_POP ,all)
Y1 FL _ecu grmp_tab = zonalstats (ecu_2001 ¥y GRUMP_POP , all)
Y1 _FL parr_grmp_tab = zonalstats ( parr2001_Y¥ ,GRUMP_POP , all)

Z1 FL_ecu_lscn_tab = zonalstats (ecu_2001 2y | SCAN_POP , all)
Z1 FL_parr_Iscn_tab = zonalstats ( parr2001_Ziy L SCAN_POP , all)
Z1 FL_ecu_grmp_tab = zonalstats (ecu_2001 2y GRUMP_POP , all)
Z1 FL_parr_grmp_tab = zonalstats ( parr2001 &y GRUMP_POP , all)

X2 _FL_ecu Iscn_tab = zonalstats (ecu_2001 X%/ |l SCAN_POP ,all)
X2_FL_parr_Iscn_tab = zonalstats ( parr2001_Xg2 ,LSCAN_POP , all)
X2_FL_ecu_grmp_tab = zonalstats ( ecu_2001 X% GRUMP_POP , all)
X2_FL_parr_grmp_tab = zonalstats ( parr2001_X2 ,GRUMP_POP , all)

Y2_FL _ecu Iscn_tab = zonalstats (ecu_2001 ¥® | SCAN_POP ,all)
Y2_FL_parr_Iscn_tab = zonalstats ( parr2001_Yig ,LSCAN_POP ,all)
Y2_FL _ecu _grmp_tab = zonalstats (ecu_2001 ¥& GRUMP_POP , all)
Y2_FL_parr_grmp_tab = zonalstats ( parr2001_Y2 ,GRUMP_POP , all)

Z2_FL_ecu_lscn_tab = zonalstats (ecu_2001 242y | SCAN_POP , all)
Z2_FL_parr_Iscn_tab = zonalstats ( parr2001 2% LSCAN_POP , all)
Z2 FL_ecu_grmp_tab = zonalstats (ecu_2001 22y GRUMP_POP , all)
Z2 _FL_parr_grmp_tab = zonalstats ( parr2001 2% GRUMP_POP , all)

X3 FL_ecu Iscn_tab = zonalstats (ecu_2001 X8/ L SCAN_POP , all)
X3_FL_parr_Iscn_tab = zonalstats ( parr2001_X8$ ,LSCAN_POP , all)
X3 _FL_ecu_grmp_tab = zonalstats ( ecu_2001 X8 GRUMP_POP , all)
X3 _FL_parr_grmp_tab = zonalstats ( parr2001_X$ ,GRUMP_POP  all)
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Y3 _FL _ecu_Iscn_tab = zonalstats (ecu_2001 ¥8/ | SCAN_POP ,all)
Y3_FL_parr_Iscn_tab = zonalstats ( parr2001_Yi$ ,LSCAN_POP , all)
Y3 FL _ecu _grmp_tab = zonalstats (ecu_2001 ¥8 GRUMP_POP , all)
Y3 _FL _parr_grmp_tab = zonalstats ( parr2001_Y$ ,GRUMP_POP , all)

Z3 FL_ecu_Iscn_tab = zonalstats (ecu 2001243 | SCAN_POP ,all)
Z3 _FL_parr_Iscn_tab = zonalstats ( parr2001 2% LSCAN_POP , all)
Z3 FL_ecu_grmp_tab = zonalstats (ecu_2001243%y GRUMP_POP , all)
Z3_FL_parr_grmp_tab = zonalstats ( parr2001_#% GRUMP_POP , all)

ef--1-I-1-]

X1L_FL ecu lIscn_tab = zonalstats (ecu_2001 Xii, LSCAN_POP ,all)
X1L_FL parr_Iscn_tab = zonalstats ( parr2001_KgL _LSCAN_POP , all)
X1L_FL _ecu _grmp_tab = zonalstats (ecu_2001 Xii, GRUMP_POP , all)
X1L_FL_parr_grmp_tab = zonalstats ( parr2001_Xgl, GRUMP_POP , all)

Y1L _FL ecu Iscn_tab = zonalstats (ecu_2001 Yii, LSCAN_POP ,all)
Y1L_FL parr_Iscn_tab = zonalstats ( parr2001_¥igL LSCAN _POP , all)
Y1L _FL ecu grmp_tab = zonalstats (ecu_2001 Yil, GRUMP_POP , all)
Y1L _FL parr_grmp_tab = zonalstats ( parr2001_Yigl, GRUMP_POP , all)

Z1L _FL_ecu_lscn_tab = zonalstats (ecu_2001 4%, LSCAN_POP , all)
Z1L _FL_parr_lscn_tab = zonalstats ( parr2001_hyl, LSCAN_POP , all)
Z1L _FL_ecu_grmp_tab = zonalstats (ecu_2001 4, GRUMP_POP , all)
Z1L FL_parr_grmp_tab = zonalstats ( parr2001_&yl, GRUMP_POP , all)

X2L_FL _ecu_Iscn_tab = zonalstats (ecu_2001 X381, LSCAN_POP ,all)
X2L_FL_parr_Iscn_tab = zonalstats ( parr2001_KgL_LSCAN_POP , all)
X2L_FL_ecu _grmp_tab = zonalstats ( ecu_2001 X1, GRUMP_POP , all)
X2L_FL_parr_grmp_tab = zonalstats ( parr2001_Xg2l. GRUMP_POP , all)

Y2L_FL ecu Iscn_tab = zonalstats (ecu_2001 Y31, LSCAN_POP ,all)
Y2L_FL parr_Iscn_tab = zonalstats ( parr2001_¥igL._LSCAN_POP , all)
Y2L_FL ecu grmp_tab = zonalstats (ecu_2001 ¥8L, GRUMP_POP , all)
Y2L_FL parr_grmp_tab = zonalstats ( parr2001_Yig2l. GRUMP_POP , all)

Z2L_FL_ecu_lscn_tab = zonalstats (ecu_2001 48t, LSCAN_POP , all)

Z2L_FL_parr_lscn_tab = zonalstats ( parr2001_h%l, LSCAN_POP , all)
Z2L_FL_ecu_grmp_tab = zonalstats (ecu_2001 48t, GRUMP_POP , all)
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Z2L_FL_parr_grmp_tab = zonalstats ( parr2001_HK#l, GRUMP_POP , all)

X3L_FL _ecu_Iscn_tab = zonalstats (ecu_2001 X381, LSCAN_POP ,all)
X3L_FL _parr_Iscn_tab = zonalstats ( parr2001_KgL_LSCAN _POP , all)
X3L_FL _ecu grmp_tab = zonalstats ( ecu_2001 X3L, GRUMP_POP , all)
X3L_FL _parr_grmp_tab = zonalstats ( parr2001_XglL. GRUMP_POP , all)

Y3L_FL _ecu_lIscn_tab = zonalstats (ecu_2001 Y81, LSCAN_POP ,all)
Y3L_FL parr_Iscn_tab = zonalstats ( parr2001_¥gL_LSCAN_POP , all)
Y3L_FL ecu grmp_tab = zonalstats (ecu_2001 YL, GRUMP_POP , all)
Y3L_FL parr_grmp_tab = zonalstats ( parr2001_Yigl, GRUMP_POP , all)

Z3L_FL_ecu_Iscn_tab = zonalstats (ecu_2001 48L, LSCAN_POP ,all)
Z3L_FL_parr_lscn_tab = zonalstats ( parr2001_A3L, LSCAN_POP , all)
Z3L_FL_ecu_grmp_tab = zonalstats (ecu_2001 48t, GRUMP_POP , all)
Z3L_FL_parr_grmp_tab = zonalstats ( parr2001_k$l, GRUMP_POP , all)

A=A LA -

" STEP 5: convert iNFO tab into .dbf files in AR@wronment using infodbase command

infodbase X_FL_ecu Iscn_tab X FL ecu_lscn.dbf
infodbase X_FL_parr_Iscn_tab X_FL_parr_Iscn.dbf
infodbase X_FL ecu_grmp_tab X FL_ecu_grmp.dbf
infodbase X_FL parr_grmp_tab X FL parr_grmp.dbf

infodbase Y_FL _ecu Iscn_tab Y_FL ecu_Iscn.dbf
infodbase Y_FL_parr_Iscn_tab Y_FL_parr_Iscn.dbf
infodbase Y_FL _ecu_grmp_tab Y_FL_ecu_grmp.dbf
infodbase Y_FL_parr_grmp_tab Y_FL parr_grmp.dbf

infodbase Z FL_ecu_Iscn_tab Z FL_ecu_lscn.dbf
infodbase Z FL_parr_Iscn_tab Z_FL_parr_lIscn.dbf
infodbase Z FL_ecu_grmp_tab Z FL ecu_grmp.dbf
infodbase Z FL_parr_grmp_tab Z_FL_parr_grmp.dbf

infodbase X1 _FL ecu Iscn_tab X1 FL ecu_lIscn.dbf
infodbase X1_FL_parr_Iscn_tab X1_FL_parr_Iscn.dbf
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infodbase X1_FL _ecu_grmp_tab X1_FL ecu_grmp.dbf
infodbase X1_FL_parr_grmp_tab X1_FL parr_grmp.dbf

infodbase Y1_FL ecu_Iscn_tab Y1 FL ecu_lscn.dbf
infodbase Y1_FL parr_Iscn_tab Y1 _FL parr_Iscn.dbf
infodbase Y1_FL ecu _grmp_tab Y1 FL ecu_grmp.dbf
infodbase Y1_FL parr_grmp_tab Y1_FL parr_grmp.dbf

infodbase Z1 FL ecu_Iscn _tab Z1 FL_ecu lscn.dbf
infodbase Z1_FL_parr_Iscn_tab Z1 FL_parr_lscn.dbf
infodbase Z1 FL_ecu_grmp_tab Z1 FL ecu_grmp.dbf
infodbase Z1_FL_parr_grmp_tab Z1 FL_parr_grmp.dbf

infodbase X2_FL _ecu_Iscn_tab X2 FL ecu_lIscn.dbf
infodbase X2_FL_parr_Iscn_tab X2_FL_parr_Iscn.dbf
infodbase X2_FL _ecu_grmp_tab X2_FL ecu_grmp.dbf
infodbase X2_FL_parr_grmp_tab X2_FL parr_grmp.dbf

infodbase Y2_FL ecu_lIscn_tab Y2 _FL ecu_lscn.dbf
infodbase Y2_FL parr_Iscn_tab Y2_FL parr_Iscn.dbf
infodbase Y2_FL ecu _grmp_tab Y2 _FL ecu_grmp.dbf
infodbase Y2_FL _parr_grmp_tab Y2_FL parr_grmp.dbf

infodbase Z2_FL ecu_lIscn _tab Z2 FL_ecu lscn.dbf
infodbase Z2_FL_parr_lscn_tab Z2_FL_parr_lscn.dbf
infodbase Z2_FL_ecu_grmp_tab Z2 FL ecu_grmp.dbf
infodbase Z2_FL_parr_grmp_tab Z2 FL_parr_grmp.dbf

infodbase X3 FL _ecu _Iscn_tab X3 FL ecu_lIscn.dbf
infodbase X3_FL_parr_Iscn_tab X3_FL_parr_Iscn.dbf
infodbase X3_FL _ecu_grmp_tab X3 _FL_ecu_grmp.dbf
infodbase X3_FL_parr_grmp_tab X3 _FL_ parr_grmp.dbf

infodbase Y3_FL ecu_Iscn_tab Y3 _FL ecu_lscn.dbf
infodbase Y3_FL _parr_Iscn_tab Y3_FL_parr_Iscn.dbf
infodbase Y3_FL ecu_grmp_tab Y3 FL ecu_grmp.dbf
infodbase Y3_FL_parr_grmp_tab Y3_FL parr_grmp.dbf

infodbase Z3_FL ecu_Iscn _tab Z3 FL_ecu lscn.dbf
infodbase Z3 _FL_parr_lscn_tab Z3_FL_parr_lscn.dbf
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infodbase Z3 FL_ecu_grmp_tab Z3_FL_ecu_grmp.dbf
infodbase Z3 _FL_parr_grmp_tab Z3_FL_parr_grmp.dbf

infodbase X1L_FL ecu_lIscn_tab X1L_FL_ecu_lscn.dbf
infodbase X1L_FL parr_Iscn_tab X1L FL_parr_lscn.dbf
infodbase X1L_FL ecu_grmp_tab X1L_FL ecu_grmp.dbf
infodbase X1L_FL_parr_grmp_tab X1L_FL_parr_grmp.dbf

infodbase Y1L FL ecu Iscn_tab Y1L FL ecu_ lscn.dbf
infodbase Y1L_FL parr_Iscn_tab Y1L FL_parr_lscn.dbf
infodbase Y1L_FL ecu_grmp_tab Y1L_FL ecu_grmp.dbf
infodbase Y1L_FL parr_grmp_tab Y1L_FL parr_grmp.dbf

infodbase Z1L_FL ecu_Iscn_tab Z1L FL_ecu_lscn.dbf
infodbase Z1L _FL_parr_Iscn_tab Z1L FL_parr_lscn.dbf
infodbase Z1L_FL_ecu_grmp_tab Z1L_FL_ecu_grmp.dbf
infodbase Z1L_FL_parr_grmp_tab Z1L_FL_parr_grmp.dbf

infodbase X2L_FL _ecu_lIscn_tab X2L_FL_ecu_Iscn.dbf
infodbase X2L_FL_parr_Iscn_tab X2L_FL_parr_lscn.dbf
infodbase X2L_FL _ecu_grmp_tab X2L_FL ecu_grmp.dbf
infodbase X2L_FL_parr_grmp_tab X2L_FL_parr_grmp.dbf

infodbase Y2L FL _ecu_Iscn_tab Y2L FL ecu_lscn.dbf
infodbase Y2L_FL_parr_Iscn_tab Y2L_FL_parr_lscn.dbf
infodbase Y2L_FL _ecu_grmp_tab Y2L_FL ecu_grmp.dbf
infodbase Y2L_FL_parr_grmp_tab Y2L_FL parr_grmp.dbf

infodbase Z2L_FL ecu_lIscn_tab Z2L FL_ecu_lscn.dbf
infodbase Z2L_FL_parr_lscn_tab Z2L_FL_parr_lscn.dbf
infodbase Z2L._FL_ecu_grmp_tab Z2L_FL_ecu_grmp.dbf
infodbase Z2L_FL_parr_grmp_tab Z2L_FL_parr_grmp.dbf

infodbase X3L_FL _ecu_lIscn_tab X3L_FL_ecu_Iscn.dbf
infodbase X3L_FL_parr_Iscn_tab X3L_FL_parr_lscn.dbf
infodbase X3L_FL _ecu_grmp_tab X3L_FL ecu_grmp.dbf
infodbase X3L_FL_parr_grmp_tab X3L_FL_parr_grmp.dbf

infodbase Y3L_FL _ecu Iscn_tab Y3L FL ecu_ lscn.dbf
infodbase Y3L_FL_parr_Iscn_tab Y3L_FL_parr_lscn.dbf
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infodbase Y3L_FL_ecu_grmp_tab Y3L_FL_ecu_grmp.dbf
infodbase Y3L_FL_parr_grmp_tab Y3L_FL_parr_grmp.dbf

infodbase Z3L_FL_ecu_Iscn_tab Z3L FL_ecu_lscn.dbf
infodbase Z3L_FL_parr_Iscn_tab Z3L_FL_parr_lscn.dbf
infodbase Z3L_FL_ecu_grmp_tab Z3L_FL_ecu_grmp.dbf
infodbase Z3L_FL_parr_grmp_tab Z3L_FL_parr_grmp.dbf
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Appendix 8:Resampling in ArcGIS

The resampling method in the ArcGIS software issuitable for averaging many
cells as is the case when | need to resample sudtsef the landslide (or flood)
models and create values of population affectedlisénict. Even using the more
complex resampling algorithms (BILINEAR and CUBI@)es not produce an
average of all the values.

An alternative is the convert all the models celts points and then use an
alternative method to get an average for these tmlleach cell in the population

grid.

This needs to be tested first, so | have chosenadl test area which contains all the
values in one of the landslide model results (Sispiés*anomaly). | converted the
model cells to points and applied the following eegsion in the raster calculator,
where 929 is the cell size.

PointStats( Islide_sus3_testl , GRID_CODE , MEAN , RECTANGLE , 929 )

To ensure that the expression works | choose age tzell, and select the 100 points
that fall within it. | create a new layer and exjpihis as a dbf file
(pointstats_test1.dbf) and analyse the mean va@his.value corresponds to the
value of the cell in the new grid, showing thastimethod, while not perfect in terms
of extra processing and storage is a good methogsampling from smaller to

larger grids while maintaining the average values.

Ls1 Iscan = PointStats( Islide_susl1_point , GRIDDEQ # , MEAN , RECTANGLE ,
929)

Ls3_Iscan = PointStats( Islide_sus3_point , GRIDDEQ # , MEAN , RECTANGLE ,
929)

These resampled grids are then used to calculatsutin of the population within

each e.g.
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Ls3_Iscan_pop = Int(([Ls3_Iscan]) * [Ispop2002_uxih]00)

f21 Iscan_pop = Int(([fld21_Iscan]) * [Ispop20Q2&m])

FLD08_LSCAN = PointStats( flood_08_point , GRID_CBD # , MEAN , RECTANGLE
,929)

F08 Iscan_pop = Int(([fld08 _lIscan]) * [Ispop20@2m])

FLDO1_LSCAN = PointStats( flood_01_point, GRID_CBD # , MEAN , RECTANGLE
,929)
FO1 Iscan_pop = Int(([fldO1_lscan]) * [Ispop20@2m])

FLD12_LSCAN = PointStats( flood_12_point , GRID_CbBD # , MEAN , RECTANGLE

,929)
F12_Iscan_pop = Int(([fld12_lscan]) * [Ispop20@@m])

This is repeated for the GRUMP population dataafrgded to landscan so as to

avoid resampling using points)
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Appendix 9:Household survey instrument (Spanish)

ENCUESTA SOBRE SEGURIDAD ALIMENTARIA Y VULNERABILIDAD, Manabi,
2004 (Version 5) Responsable Andrew Farrow, Unityetd East Anglia

]

1. Codigo de encuesta 2. Nombre del encuestador (a) 3. Fecha
(ab/123) LA O NDO RCO (dd/mm/aaaa)
/ PV [
/ / 2004

4. GPS Longitud: / / OE WO

5. GPS Latitud: / / ON SO

6. GPS Altura aproximada (sobre el nivel del mar):  m

Sobre la comunidad

7. Nombre de la Comunidad 8. Nombre de la Parroquia 9. Nombre del

Canton

10.¢ Usted vive en? Zona plana 11.¢ Usted vive en? Zona urbanall
a Zona rural a
Loma
U

12. ¢ Qué considera como lo mejor que tiene el ldgade vive?

13. ¢ Qué considera como lo peor que tiene el Wgade vive?
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Antecedentes

14. Nombres:

15. Apellidos:

16. Sexo:
F 0O
M O

17. ¢ Cuantas personas viven aqui?

18. ¢ Cuantos afios llevan viviendo aqui

19. ¢ Cuéntos de los de aqui, generan un

ingreso para la familia?

Hombres:

20. Tipo de vivienda:

(a) Techo:

Zinc [ Cady!! Losal] Otros

Mujeres:

[

(b) Paredes:
Cementol] Ladrillo [ Maderall

Cana [J

(c) Piso:

Ceramical Cementol Maderal

Cana [0 Tierra

Bienestar

21. ¢ Qué es lo que considera mas importante pdrarsestar?

Poner en orden de importancia (Numere de 1 aidfids 1 el mas importante y el 10 el d

menor importancia).

(a) Tener Usted y su familia buena salud
(b) Poder superarse a través de una bueaadn
(©) Tener mas / mejor tierra
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(d)
(e)

(f)

(9)
(h)

(i)
()

Tener més / mejores animales

Disponer de buenos servicios publicosgagnergia, alcantarillado,

carretera, etc)

Tener una casa mas grande / mejor

Tener mas dinero

Tener seguridad de ingresos

Contar con ayuda de la familia y comuxida

Vivir en un buen ambiente social sin deliencia

22. Detallar caracteristicas de las personas ge® équi y su Educaciéon y Salud:

1) @ | O 4 ®) (6)
Nombre de la personaSexo | Edad| Para >15,| Educacion formal (nivel)) Salud
lee 'y Ninguno Primaria Bueno
afnos| escribe? Secundaria Regular
Técnico Malo
Universitario
a. Cabeza de familia| F S O NO PO SO TO U |BO R
O N [ M
M
U
b. F S 0 N PO SO T U |BOl R
O N O M
M
U
C. F S 1 NOOT PO SO TOO U |BO R
O N O M
M
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0

d. F S O NO PO SO TO BO R
0 N 0 M
M 0
U

e. F S [0 N PO SO TO B R
0 N [ M
M
U

f. F S [0 N[O PO SO TO B R
0 N [ M
M
U

g. F S O NO PO SO TO BO R
0 N O M
M
U

h. F S [0 N PO SO TO B R
0 N 0 M
M
U

i. F S [0 N[O PO SO TO B R
0 N 0 M
M
U

Migracion

23. ¢, Una persona quien ha vivido aqui se ha m@ochatro lugar fuera de la comunidad

S 0
N [ (vaa pregunta 26)

~NJ

24. ¢ Por qué salieron del lugar donde usted vive?
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Porque tuvieron una oferta de trabajo enmirée

Matrimonio

O O o d

Otra razon. ¢, Cual?

Porque aqui las cosas iban muy mal y no torietra opciéon mas que irse

25. Para aquellos que migran:

) 2) 3 4) ®) (6)
Nombre de la| Sexo| ¢Cuando Tipo de migracion ¢Hacia ¢Envia
persona salieron? (Temporal Permanente) | donde? | dinero?
(afno) (S/N)
a. F TO S O
0 PO N O
M
0
b. F T S 0
0 P N
M
U
C. F T0O S [
0 PO N O
M
0

26. ¢ Si usted tuviera la opcion, saldria del laigende vive?

Condiciones biofisicas y amenazas naturales
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27. ¢ Perciben su casa o tierras como propensablapas ambientales o amenazas

naturales?

S [ ¢Cudles?

N ¢ Por qué no?

28. ¢ Cuédles fueron las mayores crisis o evardtgales que usted recuerda? Describirlg

en orden de importanciaen la tabla siguiente (siendo (a) el mas imposjant

) 2) 3
Evento natural ¢Cuando pas06? (afo) ¢Porqué importante?
(a)
(b)
(©)

El fendmeno de El Nifio de 1997/98

29. Durante las lluvias fuertes que acompafaréenéimeno de El Nifio de 1997/98,

hubo en su comunidad:

[ Inundaciones
[ Deslaves / derrumbes / deslizamientos
[ Ambos
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1 Ninguno

30. Si hubo inundacionesl hogaro su propiedadfueron afectados por:

Muerte de familiares 0 amigos (nombre)

Dafos de la casa u otro edificio

Pérdida total de casa u otro edificio

Pérdida de cultivos por inundaciones

Pérdida de productos agricolas perecederos qpadieron llevarse al mercado

destino porque las vias de transporte estuvierstiotas o dafiadas.

Pérdida de animales

Otros dafos. ¢ Cuales?

No hubo dafios

31. Si hubo deslavesy hogaro su propiedadfueron afectados por:

Muerte de familiares o amigos (nombre)

Darios de la casa u otro edificio

Pérdida total de casa u otro edificio

Pérdida de cultivos por deslaves

Pérdida de productos agricolas perecederos pdegueias de transporte

estuvieron obstruidas o dafadas

Pérdida de animales

Otros dafos. ¢Cuales?

No hubo dafos

Trabajo y El Nifio
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32. Si para usted, o las personas quien vivenradigtrabajo a pesar de las lluvias

fuertes que acompafiaron el fenomeno de El Ni®6&/28:

[l Hubo trabajo todo el tiempo
71 No hubo trabajo todo el tiempo
1 No hubo trabajo

Comida y EI Nifio

33. Si para usted, o las personas quien vivenradud suficienteomida a pesar de las

lluvias fuertes que acompafiaron el fendmeno deiitt Ne 1997/98:

[l Hubo suficiente comida todo el tiempo (vaegpnta 36)
N Hubo meses de escasez de comida

[1  No hubo suficiente comida todo el tiempo

34. ¢Porque no hubo suficiente comida todo delpgeanmeses de escasez?

35. ¢ Que hicieron para conseguir alimentos?

Enfermedades y El Nifio
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36. Usted, o sus familiares sufrieronaddermedadesasociadas con el fenémeno de B
Nifio de 1997/98:

S 0O
N (1 (va a pregunta 38)

37. Cuando sus familiares sufrieron de enfermedades

Murié alguien (nombre)

Se le impidio trabajar

No paso nada

Ayuda y EI Nifio

38. Cuando usted, su propiedad, sus familiaresigosnsufrieron de dafios o

enfermedades asociadas con el fendmeno de El Hii997/98, recibieron ayuda de:

El Estado (nacional, provincial o cantonal)

Familiares

Grupos locales

Amigos

Organizaciones no-gubernamentales

No recibieron ayuda

No sufrieron

Bienestar y El Nifio
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39. Siente que el bienestar suyo y el de su faeslia

T Peor después de el fendmeno de El Nifio de 9897Por qué?:

[ Igual después de el fenbmeno de El Nifio de /8897
[0 Ha mejorado aun después de el fendmeno defiel déi 1997/98. ¢ Por qué?:

Prevencion y El Nifio

40. ¢ Usted ha tomado medidas para prevenir dafiomdss con el fendmeno de El Nifio
1997/987?

N O (va a pregunta 43)

41. ¢ Cuales medidas ha tomado?

42. ¢ Como se entero de esas medidas?

43. ¢ Alguien mas del lugar donde vive ha tomadaddasdara prevenir dafios asociados
con el fendbmeno de El Nifio de 1997/987?
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N O (va a pregunta 46)

44. ¢ Cuales medidas ha tomado?

45, ; Como se entero de esas medidas?

46. ¢ Ha existido algieomité de atencion y prevencion de desastres en la coiad(i

S O
N O

En caso que si, ¢ Cual?

47. ; Esta comité esta funcionando ahora?
S O
N O

En caso que si, ¢Hace cuanto esta funcionando?

En caso que no, ¢Hace cuanto dejo de funcionar?

48. ¢ Existe alguplan de atencién y emergencia en caso de algun de3astre
S [
N [
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En caso que si, explicar

49. ¢ Existe algun programa pieevenciénde desastres?

S [
N O

En caso que si, explicar

50. ¢ Se realiza algun tipo de simulacro?

51. ¢ Pertenece a algun comité o grupo en la coadigjde atienda emergencias o desastres?

S [
N O

En caso que si ¢ Cuéal?

52. ¢ La familia o un individuo de la familia tiealgin rol o responsabilidad dentro de la

comunidad?
S O
N O

En caso que si ¢ Cuél?
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53. Si algo como el fendmeno de El Nifio de 199@@8rieran de nuevo mencione hasta

tres cosas que Usted haria

Infraestructura y servicios

54. Hay acceso earretera directo a su

hogar
S
N O

55. Cual es su calidad

B RO MO

56. Hubo cambios después de El Nifio de 1997/98 ealidad de la carreterra

Mejor [ Iguall’ Peort]

57. Cual es su modo de transporte normal

Carro O
Acemila [
Pié O

58. Cual es el tiempo a la poblacion mas
cercana donde se hace intercambio

comercial:

horas

@

minutos

(b____

59. Hay suministro dagua potable

60. Cual es su calidad

B[ RO MO
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61. Hubo cambios después de El Nifio de
potable
Mejor []

Igual’ Peor

1997/98 im@nistro y / o calidad de agua

62. Que tipo de acceso de agua potable h

Tuberia dentro de la casa
il

Tuberia fuera de la casa
il

Hay que ir al pozo

il

Hay que ir a un Ri6, Quebrada o Nacimier
0
Otro
0

1% 3. Cuanto tiempo se demora en la colect

del agua cada dia:

horas

(@

minutos

b___

64. Hay suministro denergia eléctrica

65. Cual es su calidad

B[ RO MO

66. Hubo cambios después de El Nifio de 1997/98 sumanistro y / o calidad de energia

eléctrica

Mejor [ Igual’ Peor

67. Hayservicios sanitarios

68. Cual es su calidad

B[ RO MO
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69. Hubo cambios después de EIl Nifio de 1997/98 prekencia y / o calidad de los

Servicios sanitarios

Mejor [] Igual’ Peor

70. Hay accessoservicios teléfonicos 71. Cual es su calidad
S [ B[O RO M

N [

72. Hubo cambios después de El Nifio de 1997/98 prektacion y / o calidad de servicio
teléfonicos
Mejor [ Igual’ Peor

n

73. Cuanto tiempo se demora en llegar al teléfoas cercano

horas minutos

74. Hay accessoservicios de salud 75. Cual es su calidad

S [ B[ RO MO

76. Hubo cambios después de El Nifio de 1997/98 prektacion y / o calidad de servicio
de Salud

n

Mejor [ Igual’ Peor
77. Cual es el Centro de Salud més cercano 78. Cuanto tiempo se demora en
funcionando (nombre o lugar) llegar al centro de salud en:

(a) Carro (1) horas

2) minutos
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(b) Acemila (1)___ horas
(2)___ minutos
(c) a Pié (1) horas
(2)___ minutos

Uso de la tierra

79. Ha habido cambios entknenciade la tierra en la comunidad?

S [ ¢Cuales?

80. Especificar si en los ultimos afios trabajo@maPropia, Alquilada, aMedias, como

Jornalero, o eNinguna

(a) Antes de el fendbmeno de El Nifio de 1997/98P [ Al MO JJ
N [
(b) Ahora P Al MO J
N [

81. En relaciéon con tenencia de la tierra se cenaidstar en una situacion:

[J  mas ventajosa hoy ¢ Por qué?

[l igual que antes

T menos ventajosa hoy ¢ Por qué?
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82. Area total de la finca propia ahora
Cuadra’

1997/98 Hal

ntes:

del fendmeno de El Nifio

Metro cuadradél

Otro [

83. Determinar como es hoy el uso de la tierreelcion con antes de el fenomeno de El

Nifio de 1997/98

(a) Cultivos de ciclo corto
No Sabel’!

(b) Cultivos de ciclo largo
No Sabel’

(c) Descanso

No Sabel’!

(d) Pasto

No Sabel’

(e) Bosque

No Sabel!

(f) No utilizable

No Sabel!

Mayor cdipea [

Mayor cofuga [

Magobertural

aydr cobertural

Meagobertural’

Maryoobertural’

Igual [

Igual ]

Igual [

Igual [

Iguall]

Iguall]

Menor[

Menor(]

Menor[

Menor[

Menor[

Menor[
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Appendix 10:Key informant interview summaries

Interview 1: San Pablo Tarugo, Canuto districtcleatent of river Tarugo
Saturday 2% January 2004

I conducted an informal interview with a young nvamo was processing cassava
with his family. He said that for his family theneere no ill effects during the 1997-
98 El Nifio phenomenon. They were able to harvestthonsecutive crops of rice.
The man said that there were landslides in hiefalarm but that these did not
overly inconvenience his father. He did say thaesother people in the community
had suffered, and that one man had been sweptwaitfahis horse and had died.
People had problems selling their harvested cropgtaat the only access to the
nearest market (Canuto) was a treacherous jouynegfth Much of the production
was lost but some was stored although the pricehigdest at precisely the moment

when the town was inaccessible.

Interview 2: Casagrande, Canuto district, catchmneéntver Tarugo
Sunday 25 January 2004

Prospero Moreira has lived all his life in the &gk of Casagrande and suffers from
Parkinson’s disease so his wife did most of thidrigl The Moreiras have 10
children and innumerous grandchildren, many of thieing in the same dwelling,
the electricity lines do not reach the house bey thave a small cassava processing
plant (the chipper is fuelled by kerosene). Dutimg 1997-98 El Nifio phenomenon
they recalled that they used a small raft to g&tdauto but normally they said that
they felt closer to the cantonal capital of Chombich is physically closer, but in a
parallel valley. The family themselves did not ddes that they had suffered during
the last El Nifio but they knew a case where a hbadebeen entombed by a
landslide and the children buried and the mothdhbaounded.

Interview 3: San Elias, Canuto district, catchmaintiver Tarugo
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Sunday 25 January 2004

Dofia Marianita Vera is the local ‘catechist’ andenof an important landlord; they
donated land for the village of San Elias aftératl been ‘invaded’ (squatted) by
local people. Even though San Elias is only 4 kitmes from Casagrande the
atmosphere was notably more suspicious. Mariarjéaged that this was because
supposed technicians from the electricity compaady drrived earlier in the month to
try and get money from the residents. DespiteNtasanita said that the thing she
most disliked about San Elias was the state ofdhd and she would put up with
increased crime if it meant that they could taketbair products during the wet
season. She also said that the community neededecmwnmodation for a local
women’s artisan group. Regarding the 1997-98 EbNifienomenon she at first said
that there were no ill-effects and that the rivarugo never rose too high. After
giving the situation some thought she changeddesr and said that during the last
El Nifio there were serious problems in getting picdsl to market. | asked her about
organisations in San Elias and she told me thatittagie had recently formed a
‘rural security brigade’. The president of the llooaganisation of rural brigades had
given a seminar in the village and the villagerd taken it from there. Marainita
said that before the brigade was set up there pretdems with drunkenness and
anti-social behaviour from some villagers but thaitv these had been curbed.
Various seminars have taken place in the villaga amde range of subjects but no
one had ever given any advice about prevention unegagor natural events. Dofia
Marianita commented that in the past the rainsbesh equally intense but that the
river never rose so high or so rapidly. She putmtive change to deforestation of
the upper catchment, without tree cover more ras eonverted to run-off and

arriving more quickly in the channels.

Interview 4: Narciso, Chone district, catchmentieér Chone
Monday 28' January 2004

The first interview was with two teachers in thi#age of Narciso close to Chone.
This area is flat and the agriculture is of a d#éfa scale to that practised in the

Tarugo valley.
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According to the teachers all of the valley bottisrprone to flooding and was
flooded during the last El Nifo, there were alsalilides in the hilly part of the
village. This was no better and no worse than thdiiio of 1982-83, the school
itself had been flooded but this was not a majoiceon for the teachers. They
thought that the valley floor was probably mordilethan before but that it required
different management techniques because thereneerdots of rocks and that the
fertile soil was below the rocky surface layer. Yleensidered that trees like cocoa
would be a good option because the roots are déepteachers considered the area
to beminifundia in nature with no one having more than 100 hestdh® majority
owning between 2 and 6 hectares. They blame tleretghtion for both the droughts
and the floods, but in general they were more coreckwith droughts than with
floods or landslides, it must be said that thigliwiew took place during what should
have been the wet season, in fact it had not rdoragearly a month. The teachers
considered that the flooding and landslides affeédieh and poor alike but that the

poor inevitably suffered more.

Interview 5: Narciso, Chone district, catchmentieér Chone
Monday 26' January 2004

The second interview was with Fabiola XXXX, a wonvemo lived 28 years in
Narciso.

For Dofa Fabiola the earthquake of 1998 was a &aerfnightening event than El
Nifilo because it affected everyone and nobody hgavaming nor knew if there
would be aftershocks. During the 1997-98 EI Nifieqptmenon the whole of the
valley floor flooded and the current was stronguaioto take away the fence posts
below the house that marked the limits of her [AN@h regard to sicknesses the
most common were colds. Many wells in the areathated ‘salobre’ (salty) but
hers was still potable (after boiling). Fabiolaeldvon a hillside above the valley but
was not too concerned with landslides becauseltadynever affected her land or
her house.

Interview 6: Narciso, Chone district, catchmentieér Chone
Monday 28' January 2004
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The third interview of the day was with Wilter Ca@po Limongi a large landowner
who lives part of the time in Chone and the reshemUSA. Despite the comment of
the teachers Wilter owned 200 hectares in the ywalhel grows plantain and papaya
and raises cows. He lost nearly all of his plafigslantain in 1997-98 but was able to
plant these again. He didn’t lose any cows but siorinastructure such as milking
barns and byres were destroyed. He was lucky entmugivn land on the hillsides
and moved the cows upslope when the rains arriétbn asked why he didn’t have
cocoa he explained that it took up to 5 years émoa to produce and that in the
mean time there could be flooding again and he avimde the whole crop. Plantain
in comparison took only 10 months to produce reayithe chances of losing
money. In contrast to most other producers herdbe®srry about droughts because
his fields are irrigated with water from wells ois kand. He has not bought land
even though there is some for sale in the areas Hetively reforesting his land and
does not cut existing forests. However he is retimg with a tree called Pachaco, a

tree used mainly for timber rather than for pratect

Interview 7: La Chorrera, Canuto district, catchinafrriver Tarugo
Wednesday 28January 2004

An interview was held with local trader Auxilio XX¥Xfrom La Chorrera, he
mentions that the last El Nifio was severe andttieatvater rose to a metre on a
nearby building and that the people came runninthagill to seek refuge behind
his shop. He didn’t suffer because he had put aclonerete wall around the shop to
protect it from floodwater and run-off from the tbdle said that in a nearby hamlet
(La Ribera) a whole hillside had collapsed buryanigouse and killing the three or
four people who were inside. He said that the 1&&8hquake was frightening but

didn’t do any damage.

Interview 8: Chone, Chone district, catchment eériChone
Wednesday 28January 2004
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An interview was held with Arg. Yolanda Mufioz oktfiechnical Secretariat of
Cooperation who is responsible for the productibthe Strategic development Plan
for the Canton of Chone. She said that in the tofiv@hone the people are loathe to
move away from their houses for fear of being rabliestead they move their
belongings up a floor and onto the roof. After tlo@ds there was a lot of disease,
especially dengue fever.
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Appendix 11:Association between short and long-term impactstof
1997-98 El Nifio event

Contingency table of the short-term direct impadtioods which were the result of the

1997-98 EIl Nifo event and the judgments of respotsdef their current well-being
compared to the situation before the 1997-98 EbNivient

Do you feel that your well-being and th

of your household is...

Floods responsible Worse since The same | Better since| Total

for... the 1997/98| since the the 1997/98
El Nifio 1997/98 El | El Nifio
Nifio

...death of a No | Count 72 89 37 108
member of family or Expected 69.5 92.3 36.2

friend Yes | Count 1 8 1 10
Expected 3.5 4.7 1.8

...damages to the | No Count 50 72 26 148
house or other Expected 51.9 69 27

buildings Yes | Count 23 25 12 50
Expected 21.1 28 11

...total loss of house No | Count 69 92 34 105
or other building Expected 68.4 90.9 35.6
Yes | Count 4 5 4

Expected 4.6 6.1 24 3

...loss of crops due | No Count 39 63 25 127
to damage in the Expected 44.6 59.2 23.2

field Yes | Count 34 34 13 81
Expected 28.4 37.8 14.8

...post-harvest No Count 68 88 35 101
damage due to lack Expected 67.0 89.1 34.9
of access to markets Yes | Count 5 9 3

Expected 6.0 7.9 3.1 L

...loss of animals No | Count 51 83 30 164
Expected 57.6 76.5 30
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Yes | Count 22 14 44
Expected 154 20.5
...other damages | No Count 70 91 37 108
Expected 69.5 92.3 36.2
Yes | Count 3 6 1
10
Expected 3.5 4.7 1.8
...all/any damages | No Count 19 28 16 63
Expected 221 29.4 115
Yes | Count 54 69 22
145
Expected 50.9 67.6 26.5
Total Count 73 97 38| 208

Contingency table of the short-term direct impadtendslides which were the result of the

1997-98 EI Nifio event and the judgments of respiotsdef their current well-being
compared to the situation before the 1997-98 EbNifient

Landslides

Do you feel that your well-being ainait

of your household is...

Worse since The same Better since| Total
the 1997/98| since the the 1997/98
El Nifio 1997/98 El | El Nifio
Nifio
death of a member | No | Count 72 93 38| 203
of family or friend Expected 71.2 94.7 37.1
Yes | Count 1 4 0 5
Expected 1.8 2.3 0.9
damages to the No | Count 55 84 31| 170
house or other Expected 59.7 79.3 31.1
buildings Yes | Count 18 13 7 38
Expected 13.3 17.7 6.9
total loss of house of No | Count 67 93 33| 193
other building Expected 67.7 90 35.3
Yes | Count 6 4 5 15
Expected 5.3 2.7
loss of crops dueto| No| Count 29 54 26| 109
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damage in the field Expected 38.3 50.8 19.9
Yes | Count 44 43 12 99
Expected 34.7 46.2 18.1
post-harvest damageNo | Count 60 87 37| 184
due to lack of access Expected 64.6 85.8 33.6
to markets Yes | Count 13 10 1 24
Expected 8.4 11.2 4.4
loss of animals No | Count 51 86 36| 173
Expected 60.7 80.7 31.6
Yes | Count 22 11 2 35
Expected 12.3 16.3 6.4
Other damages No | Count 66 89 38| 193
Expected 67.7 90.0 35.3
Yes | Count 7 8 0 15
Expected 5.3 7.0 2.7
No damages No | Count 59 60 17| 136
Expected a47.7 63.4 24.8
Yes | Count 14 37 21 72
Expected 25.3 33.6 13.2
Total Count 73 97 38| 208

401




References

Abad-Franch, F., and Aguilar, H.M., 20@3ontrol de la Enfermedad de Chagas en
el Ecuador OPS/OMS — Ministerio de Salud Publica del EcuaQuito, Ecuador,
December 2002 - February 2003. 146pp. Available at:
http://www.opsecu.org/bevestre/revistas/publicaesd®PS.pdf

Abrahams, A.D., Parsons, A.J., and Wainwright]994. Resistance to overland
flow on semiarid grassland and shrubland hillslpp®alnut Gulch, southern
Arizona.Journal of Hydrology156: 431-446

Adger, W. N., 1999. Social Vulnerability to Clima@ange and Extremes in Coastal
Vietnam.World Developmen®7: 249-269.

Adger, W.N., 2003. Social Capital, Collective Actjand Adaptation to Climate
ChangeEconomic Geography9(4): 387-404

Adger, W.N., and Vincent, K., 2005. Uncertaintyaiaptive capacityComptes
Rendus Geoscienge®37: 399-410.

African Union, 2004Programme of Action Proposal for the Implementatibthe
Africa Regional Strategy for Disaster Risk Reductidddis Ababa, Ethiopia,
African Union. Available at: http://www.africa-

union.org/Agriculture/Disaster_Risk_Reduction/Paygme_of Action.pdf

Alderman, H., Babita, M., Demombynes, G., Makhattia,and Ozler, B., 2003.
How Low Can You Go? Combining Census and Survew B@tMapping Poverty in
South Africa.Journal of African Economied 1 (2):169-200.

Alcantara-Ayala, I., 2004. Hazard assessment afattiinduced landsliding in
Mexico. Geomorphology61: 19-40

402



Alianza Jatun Sacha — CDC Ecuador, 200&anaque Electronico Ecuatoriano
Quito, Ecuador.

Alkire S., 2002. Dimensions of human developm&vibyld DevelopmenBO (2):
181-205

Alwang, J., Siegel, P.B. and Jorgensen, S.L., 20QMherability: A View from
Different Disciplines0115, World Bank, Washington, D.C.

Amudavi, D., 2005Exploring the Effects of Farmer Community Group
Participation on Rural LivelihooddPolicy Brief, February 2005, SAGA, Cornell
University. Available at

http://www.einaudi.cornell.edu/files/calendar/45&8/udavi_policy brief.pdf

Anand P., Hunter G., and Smith R., 2005. Capatdlitind well-being: Evidence
based on the Sen-Nussbaum approach to weBa@al Indicators Researchi4 (1):
9-55

Anand, S., and C. Harris. 1989. "Food and Standataving: An Analysis on Sri
Lankan Data." in Dreze, J.P., and A.K. Sen ed.119Be Political Economy of
Hunger Vol 1:Entitlement and Well-Bein@xford: Oxford University Press.

Andolina, R., 2003. The Sovereign and its Shadoangituent Assembly and

Indigenous Movement in Ecuaddournal of Latin American Studie35: 721-750.

Anyamba, A., Tucker, C. J. and Mahoney, R., 200@n+EI Nifio to La Nifa:
Vegetation Response Patterns over East and Sowlfréca during the 1997-2000
Period.Journal of Climate15: 3096-3103.

Artan, G., Gadain, H., Smith, J.L., Asante, K., Baragoda, C.J., and Verdin, J.P.,

2007. Adequacy of satellite derived rainfall datagtream flow modeling\atural
Hazards 43: 167-185

403



Ashley, C., and Carney, D., 199%ustainable Livelihoods: Lessons from Early
ExperienceLondon: DFID. Available at:

http://www.livelihoods.org/static/cashley _NN16.html

Asociacion COPADE - ICA, n.dTables of precipitation compiled for project:
Control de Inundaciones de la ciudad de Chongample available at:
http://www.ambiente.gov.ec/userfiles/222/file/DIA@STICO%20AMBIENTAL%
20DE%20L0S%20RI0S%20CHONE%20Y%20PORTOVIEJO/Caphiios. pdf

Atkinson, A.B., 1989Poverty and Social Securitiiemel Hempstead, Harvester
Wheatsheaf.

Baez, J. E. and Mason, A., 20@8aling with Climate Change: Household Risk
Management and Adaptation in Latin Ameri&SRN eLibrary. Available at
http://ssrn.com/paper=1320666

Baeza, C., and Corominas, J., 2001. Assessmettadio® Landslide Susceptibility
by Means of Multivariate Statistical TechniquEsrth Surface Processes and
Landforms 26: 1251-1263.

Baeza, C. and Packard, T., 20B&yond survival: protecting households from health

shocks in Latin AmerigaVashington DC, World Bank.

Bahremand, A., de Smedt, F., Corluy, J., Liu, YBprova, J., Velcicka, L., and
Kunikova, E., 2007. WetSpa Model Application fors&ssing Reforestation Impacts
on Floods in Margecany—Hornad Watershed, Slovaketer Resources
Management21, (8), 1373-1391

Balk, D., Pozzi, F., Yetman, G., Deichmann, U., alalison, A., 2005. The
Distribution of People and the Dimension of Pladethodologies to Improve the
Global Estimation of Urban Extent8roceedings of the Urban Remote Sensing
ConferenceTempe, Arizona, April 2005Available at:
http://www.iussp.org/Activities/wgc-urb/balk.pdf

404



Barbieri, A.F., 2005People, Land and Context: Multi-scale Dimensions of
Population Mobility in the Ecuadorian Amazdph.D, University of North Carolina
at Chapel Hill, pp204; AAT 3190217. Available at:

Barrett, C.B., 19990n Vulnerability, Asset Poverty and Subsidiarfgrd/
Rockefeller Foundations Seminar Series session ddiag Variability and Shocks

within the Agro-Food System.

Barrett, C., 2001. Integrating Qualitative and Quative Approaches: Lessons from
the Pastoral Risk Management Project, pp. 56-6Caimbur, R, Ed.Qual-Quant -
Qualitative and Quantitative Poverty Appraisal: Golementarities, Tensions and
the Way ForwardCornell University, March 15-16, 2001.

Barrett, C. B., Reardon, T. and Webb, P., 2001.falom Income Diversification and
Household Livelihood Strategies in Rural Africa:n€epts, Dynamics, and Policy
Implications.Food Policy 26, 315-331.

Basabe., P, and Bonnard, C., 2002. Instability mameent in Ecuador - from policy
to practice. Mclnnes, R.G., and Jakeways, J.,ladtability Planning and
Managementlsle of Wight, Thomas Telford:659-70. Available a
http://cooperation.epfl.ch/webdav/site/cooperasbafed/publications/Instability _m

anagement_Ecuador_Basabe-Bonnard.pdf
Bassett, D., Pettit, A., Anderton, C., and Gracg2B07.Scottish Flood Defence
Asset Database Final ReppdBA Consulting, ISBN 978 0 7559 1563 7. Available

at: http://www.scotland.gov.uk/Publications/2007218.11904/0

Basu, K., Narayan, A., and Ravallion, M., 2001Ki®wledge Shared Within
Households?,abour Economics8 (6): 649-665.

Baulch, B., and Hoddinott, J., 20@conomic Mobility and Poverty Dynamics in
Developing CountriesTaylor and Francis. p184, ISBN 0714681547

405



Bebbington, A., and Perreault, T., 1999. Social @hpDevelopment, and Access to
Resources in Highland Ecuad&conomic Geography'5 (4): 395-418.

Bell, G.D. and Halpert, M.S., 1998. Climate Assesstiior 1997Bulletin of the
American Meteorological Society9: 1014-1014.

Bell R., Hoffmann, T., and Meyer, N., 2007. Tramsiperturbation of fluvial
systems by landsliding: Examples from the Swabiin(8 W-Germany).
Geophysical Research Abstraces 10677.

Benson, T., Chamberlin, J., and Rhinehart, I., 2@@binvestigation of the spatial
determinants of the local prevalence of povertsumral Malawi.Food Policy 2005,
30 (5-6): 532-550

Bendix, A., and Bendix, J., 2006. Heavy rainfaliseples in Ecuador during El Nifio
events and associated regional atmospheric cironlahd SST patternddvances in
Geosciences: 4349

Bendix, A., Bendix, J., Gammerler, S., Reudenbacand Weise, S., 2002. The El
Nifilo 1997/98 as seen from Space - Rainfall Rettiand Investigation of Rainfall
Dynamics with GOES-8 and TRMM Dataroceedings the 2002 EUMETSAT
Meteor. Satellite ConfDublin, Ireland 02-06 Sept. 2002, EUM P 36

Berman, S., 1997. Civil Society and the CollapsthefWeimar Republigvorld
Politics, 49 (April): 401-29.

Beven, K.J., and Kirkby, M.J., 1979. A Physicallg$d, Variable Contributing
Area Model of Basin Hydrologyydrological Sciences Bulletir24 (1): 43-69.

Bezemer D.J., and Lerman, Z., 2088iral Livelihoods in ArmenigDiscussion
Paper No. 4.03, May 2003. The Center for Agricakliconomic Research, and the
Department of Agricultural Economics and Managemé&hé Hebrew University of
Jerusalem, Israel. Available at: http://departmeuts.huji.ac.il/feconomics/lerman-

armenia.pdf

406



Bhargava A.; and Ravallion, M., 1993. Does Housel@dnsumption Behave as a
Martingale? A Test for Rural South Indihe Review of Economics and Statistics
75 (3): 500-504.

Bjerknes, J.,1969. Atmospheric Teleconnections frlieenEquatorial Pacific.
Monthly Weather RevieW7: 163-172.

Blaikie, P., Cameron, J. and Seddon, D., 1@&ntre, Periphery and Access in West
Central Nepal: Approaches to Social and SpatiabRehs of InequalityNorwich,
UEA.

Blaikie, P., Cannon, T., Davis, |. and Wisner, 8294 .At Risk: Natural hazards,

people's vulnerability, and disasteRoutledge, London and New York, 284 pp.

Boardman, J., Evans, R. and Ford, J., 2003. Mulddyl$ on the South Downs,

southern England: problem and responEesironmental Science and Poljd; 69.

van der Bolt, F.J.E., and Immerzeel, W.W., 2003ji®&al Flood Risk Assessment
By Combining Hydrological Modelling and GIS Techagy, EGS XXVII General
AssemblyNice, 21-26 April 2002

Boltvinik, 1990.Pobreza y necesidades basicas, proyecto regiomral lpa

superacion de la pobrez&NDP, Caracas, Venezuela.

Boudreau, T., 200Rutting the ‘ability’ back in Vulnerability: FoodeSurity Early
Warning Systems and The Livelihoods Integratiort winkEthiopia F.E.G.
Consulting. Available at: http://www.feg-
consulting.com/resource/reports/Boudreau%20Putt?@bie%20Ability%20Back%
20in%20Vulnerability.pdf

Bourguignon, F., 2001. Qualitative and quantitatp@roaches to poverty analysis:

two pictures of the same mountain? @untributions to “Qual-Quant. Qualitative

407



and quantitative poverty appraisal: complementastitensions and the way
forward”, 44-46. Cornell University, March 15-16, 2001.

Bradshaw, C.J.A., Sodhi, N.S., Peh, K.S.H., andoByB.W., 2007. Global
evidence that deforestation amplifies flood risk aeverity in the developing world.
Global Change Biologyl3: 2379-2395.

Bratti, M., Bucci, A. and Moretti, E., 2001. Demaghic Trends, Human Capital
and Economic Growth in Developing Countries: Theamy Evidence, Policy
Modeling for European and Global Issues. Universitincona, Warwick
University, University of Bologna, Catholic Univéssof Louvain, Brussels.

Available at: http://www.ecomod.net/conferencesfeod2001/papers.htm

Braud, I., Vich A.l.J., Zuluaga, J., Fornero, LndaPedrani A., 2001. Vegetation
influence on runoff and sediment yield in the Andegion: observation and
modelling.Journal of Hydrology254 (1-4): 124-144

Brenning, A., 2005. Spatial prediction models fondslide hazards: review,
comparison and evaluatioNatural Hazards and Earth System Scienée853—
862.

Brooks, N., Adger, W.N. and Kelly, P.M., 2005. Tdheterminants of vulnerability
and adaptive capacity at the national level andntidications for adaptatiorglobal

Environmental Change Part, A5, 151.

Bryceson, D., Bradbury, A., and Bradbury, T., 20D&secting Rural Roads’ Impact
on Mobility in Africa and AsiaAfrican Studies Centre, Oxford, and TRL,
Crowthorne, UK. March 2006

Buckland, J. and Rahman, M., 1999. Community-b&3edster Management during
the 1997 Red River Flood in Cana@asasters 23(2): 174-191.

Burton, |., Kates, R.W. and White, G.F., 1998e Environment as Hazar@uilford
Press, New York, 290 pp.

408



Calero, C., Bedi, A. S. and Sparrow, R., 2009. Remces, Liquidity Constraints

and Human Capital Investments in Ecuadorld DevelopmenB7, 1143.

Cameron, J. D., 2005. Municipal DemocratisatioRural Latin America:
Methodological Insights from Ecuadddulletin of Latin American Research4.
367-390.

Cane, M. A., 1983. Oceanographic Events During iBbNScience222: 1189-1195.

Cannon, T., 200&Reducing People’s Vulnerability to Natural Hazards:
Communities and Resiliendeesearch Paper 2008/34, UNU-WIDER.

Cannon, T., Twigg, J. and Rowell, J., 2088cial Vulnerability, Sustainable

Livelihoods and Disaster€hatham, Natural Resources Institute.

Cardoso, M.R., Cousens, S.N., de Goes Siqueira, |Akes, F.M. and D'Angelo,
L.A., 2004. Crowding: risk factor or protective tacfor lower respiratory disease in
young children?BMC Public Health4: 19

Carney, D., 2002Sustainable Livelihoods Approaches: Progress anss®idities
for Change London: DFID. Available at:
http://www.livelihoods.org/static/dcarney NN156.htm

Carney, D., 1998. Implementing the sustainable Ruvalihoods Approach. In:
Carney, D., edSustainable Rural Livelihoods: What ContributionnéaNe Make?
Overseas Development Institute, London pp3-23.

Castellanos, E., 2005. Processing SRTM DEM Dat&lfdronal Landslide Hazard
Assessmend/| Congreso De Geologia (Geologia 2005), Simposi&i$micidad y
Riesgos Geoldgicos. Primera Convencién Cubana dadiis de la Tierra,
Geociencias 2009.a Habana, B-8" April 2005.

409



Cavendish, W., 2000. Empirical Regularities in Bowverty-Environment
Relationship of Rural Households: Evidence from Eafowe World Development
28(11): 1979-2003.

Central Intelligence Agency, 200Bhe World Factbook 2009Vashington, DC.
Available at: https://www.cia.gov/library/publicatis/the-world-factbook/index.html

Centre for Research on the Epidemiology of DisagieRED), 2002Emergency
Events Database EM-DATCentre for Research on the Epidemiology of Dexast
Available at: http://www.emdat.be/

Cerrutti, M., and Bertoncello, R., 2003. Urbaniaatand Internal Migration Patterns
in Latin America.Conference on African Migration in Comparative Restive
Johannesburg, South Africd" 47" June, 2003.

Chacaltana, J., 2003ocial Funds and the Challenge of Social Protectasrthe

Poor in Latin AmericaCenter for Development Studies, Asian DevelopnBamtk.
Availabe at:
http://www.adb.org/Documents/Events/2002/Sociakttion/chacaltana_presentatio
n.pdf

Chakraborty, S., and Das, M., 2005. Mortality, Hmn@apital and Persistent
Inequality,Journal of Economic GrowtH.0: 159-192.

Chambers, R., 198%.ulnerability: How the Poor CopdDS Bulletin, 20 (2).
Chambers, R., and Conway, G., 1980istainable rural livelihoods: practical
concepts for the 21st centutpS Discussion Paper 296. Brighton, IDS. Avai&abl

at: http://www.livelihoods.org/static/rchambers_Na\Html

Chang, M., 2006Forest Hydrology: An Introduction to Water and Fste Boca
Raton, FL, CRC Press.

410



Charvériat, C., 2000 atural Disasters in Latin America and the Caribhedn

Overview of RiskNew York, Inter-American Development Bank.

Chaudhuri, S., Jalan, J., and Suryahadi, A., 2B688essing Household Vulnerability
to Poverty from Cross-sectional Data: A Methodolagyl Estimates from Indonesia
0102-52, New York, Department of Economics, Coluwerbniversity.

Chaudhuri, S., and Ravallion, M., 1994. How Well Btatic Welfare Indicators
Identify theChronically Poordournal of Public Economi¢c$3: 367-394.

Christiaensen, L.J. and Subbarao, K., 20@lvards an Understanding of
Vulnerability in Rural KenyaWorld Bank.

Coleman, J.S., 1988. Social Capital in the Creatfdduman CapitalAmerican
Journal of Sociology94, 95-120.

Collins English Dictionary Online, 2018larperCollins. Accessed 93uly 2010.

http://www.collinslanguage.com

Comisién Econdmica para América Latina y el Ca(bEPAL) 1998 Ecuador:
Evaluacion de los efectos socio-econdémicos dehfené de El Nifio en 1997-8
Santiago de Chile, Comisién Econdémica para Amératma y el Caribe
(LC/R.1822 y LC/MEX/R.657, 22 June 1998)

Comisién Econdmica para América Latina y el Ca(ibEPAL), 1999 Estudio
Econdémico de América Latina y el Caribe 1998-199%/G.2056-P/E, CEPAL,

Santiago de Chile, ISBN: 92-1-321502-9, 364 pp

Connor, R. F., and Hiroki, K., 2005. Developmentahethod for assessing flood
vulnerability. Water Science and Technolo&yl: 61-67.

Coppin, N., and Richards, 1., 1990se of Vegetation in Civil Engineerinigondon,

Butterworths.

411



Corbett, J., 1988. Famine and Household Copingesgfiess.\World Developmentl6:
1099-1112.

Corporacion Andina de Fomento (CAF), 2008s lecciones de El Nifio: Memorias
del Fendmeno El Nifio 1997 - 1998 : Retos y promsgséra la Region Andina :
Ecuador Caracas, Venezuela, CAF, October 2000.

Cook, S, Johnson, N, Swallow, B, Ravnburg, H, BeaulN, Mulligan, M, Schreier,
H, Valentin, C, Wani, S.P., Penning-de Vries, M&&, Gottriet, V, and
Westermann, O, 200R4ultiple Use of Upper Catchments: Toward a Research
Agenda for Subtheme Two of the Challenge Prograwater and FoodChallenge
Program on Water and Food Background Paper 2. @dailat:
http://www.iwmi.cgiar.org/challenge-program/pdf/gap. pdf

Couto, P., 2003. Assessing the accuracy of spatrallation modelsEcological
Modelling 167(1-2): 191-198

Datt, G. and Jolliffe, D., 199®eterminants of Poverty in Egypt: 199K ashington,
D.C., Food Consumption and Nutrition Division, Imtational Food Policy Research

Institute.

Dattilo G., and Spezzano, G., 2003. Simulation oélaular landslide model with
CAMELOT on high performance computeParallel Computing29: 1403-1418

Davis, B. and Stampini, M., 200Rathways towards prosperity in rural Nicaragua;
or why households drop in and out of poverty, amues policy suggestions on how
to keep them ouEAO and Scuola Sant’Anna, Pisa. Available at:
ftp://ftp.fao.org/docrep/fao/007/ae031e/ae031e00.pd

Davis, B., and Stampini, M., 2003. Pathways towagmdsperity in Nicaragua: an
analysis of panel households in the 1998 and 2@M & surveys. Annex 7,
Nicaragua Poverty Updatd-ebruary 2003. Available at:
http://wbIn0018.worldbank.org/LAC/LACInfoClient.n"9b5746666d690c46852567

412



3600834bcd/31a78860d493b7d685256e3900647139/$Fit&rdyua20Poverty%
20Asessm%20Annex-7.pdf

Deaton, A., 1997The Analysis of Household Surveys: A Microecondmetr
Approach to Development Polidgaltimore, MD, World Bank, Johns Hopkins
University Press.

Deaton, A., and Zaidi, S., 20@uidelines for constructing consumption aggregates

for welfare analysisLSMS Working Paper 135, Washington D.C., World Ban

Demoraes, F., and D’Ercole, R., 200Mapas de Amenazas, Vulnerabilidad y
Capacidades en el Ecuador: Los desastres, un rata @l desarrollo COOPI,
Oxfam International, SIISE. August, 2001, Quitou&dor.

Department for International Development (DFID)P@0Sustainable Livelihoods

Guidance Sheetsondon, UK Govt. Department for International B&pment.

D'Ercole, R., 2005Criterios de reflexion por la determinacion de pritades para
la reduccion de los riesgos en el Ecuador (prepemaclel plan IV DIPECHQ)
DIPECHO, 3rd-5th May 2005, Quito, Ecuador, ppl179

Dercon, S., Hoddinott, J. and Woldehanna, T., 2Q@msumption and shocks in 15
Ethiopian Villages, 1999-2004ournal of African Economied4: 559-585.

Deslinventar, 2004. Data available from: http://wd@sinventar.org/

Devereux, S., Baulch, B., Hussein, K., Shohan&idlia, H. and Wilcock, D., 2004.
Improving the Analysis of Food Insecurity. Fooddaisrity Measurement,
Livelihoods Approaches and Policy: Applicationg-ivVIMS. Available at:
http://www.ipcinfo.org/attachments/Devereux_FIVIM&per.pdf

Diario Hoy, 2008. Defensa Civil es eliminada metkaDecreto Ejecutivdiario
HOY.Quito. Available at: http://www.hoy.com.ec/noticiasuador/defensa-civil-es-

eliminada-mediante-decreto-ejecutivo-296244-29aa4al.

413



Diekman, S.T., Kearney, S.P., O'Neil, M.E. and Ma€CIA., 2007. Qualitative study
of homeowners' emergency preparedness: experigraegptions, and practices.
Prehosp Disaster Me®2, 494-501.

Diener, E., Suh, E.M., Lucas, R.E., and Smith, HIB99. Subjective well-being:
Three decades of progre®sychological Bulletinl125 (2): 276-302

Dikau, R. and Glade, T., 2003. Nationale Gefahmanhiskarte gravitativer
MassenbewegungeNationalatlas Bundesrepublik Deutschlamteidelberg.

Direccion Nacional de Defensa Civil (DNDC), 19%7an de Contingencia para

enfrentar el Fendmeno de El Nifimimeo). Quito, Ecuador; July 1997

Direccion Nacional de Defensa Civil (DNDC), 200&orme Final del Desarrollo,
Efectos e Incidencias del Fendmeno “El Nifio” 199998 Quito, Ecuador.

Unpublished, accessed April 2002.

Direccion Nacional de Defensa Civil (DNDC), 20@®nificacion de Amenazas por
Terrenos Inestables, Flujos de Lodo e Inundaci@meslontecristi, Tosagua Y

Charapot6.Departamento Técnico, Not Published, received AugQ03

Dobson, J.E., Bright, E.A., Coleman, P.R., DuriR«;., and Worley, B.A., 2000.
LandScan: A Global Population Database for Estingalopulations at Risk.
Photogrammetric Engineering and Remote Sen$if{/): 849-857

Dow, K., 1992. Exploring differences in our comnfature(s): the meaning of

vulnerability to global environmental chang@&eoforum?23 (3): 417-436.

Dréze, J., and Saran, M., 1995. Primary EducatimhEconomic Development in
China and India : Overview and Two Case StudieB#su, K., Pattanaik P. K., and

Suzumura K., ed€hoice, Welfare and Developme@ixford, Clarendon Press.

Dréze, J. and Sen, A., 198%unger and Public ActignOxford, Clarendon Press.

414



Duncan, C., Jones, K., and Moon, G., 1996. Hea#lated Behaviour in Context: A
Multilevel Modelling ApproachSocial Science and Medicid2 (6): 817-830

Durlauf, S.N., 2002. On the Empirics of Social GapEconomic Journall12
(483): 459-479

Dutta, D. and Herath, S., 2002. GIS based Matheaild#odel for Flood Disaster
ResponseUS-Japan 2nd Workshop on Comparative Study on Ubhsaster
ManagementPort Island, Kobe, Japan. Available at: http:/iwdrs.dpri.kyoto-
u.ac.jp/us-japan/cd-2/DushamantaDutta.pdf

Eakin, H., 2005. Institutional Change, Climate Rakd Rural Vulnerability: Cases
from Central MexicoWorld DevelopmenB83 (11): 1923-1938.

Eakin, H., and Bojorquez-Tapia, L.A., 2008. Insgyito the composition of
household vulnerability from multicriteria decisianalysisGlobal Environmental
Change 18 112.

EcoCiencia, 2001Parroquias del Ecuadomigital dataset provided by EcoCiencia.
Elad, R.L., Houston, J.E., Keeler, A. and Baker,1998.Labor Productivity Within
the African Agricultural Household: The Household&uction Model RevisitedrS
98-19, University of Georgia, FAO, Athens, GA.

Elbers, C., Lanjouw, J.O., Lanjouw, P., and Leit&.P2001Poverty and Inequality
in Brazil: New Estimates from Combined PPV-PNAD&aainpublished

Manuscript, Washington DC, World Bank.

Elbers, C., Lanjouw, J.O., and Lanjouw, P., 200&rbtLevel Estimation of
Poverty and InequalitfEconometrica71 (1): 355-364.

415



Ellis, F., 1999. Rural Livelihood Diversity in Deleping Countries: Evidence and
Policy ImplicationsNatural Resource Perspective, April 1999. Overseas

Development Institute, London, UK. Available attgat/www.odi.org.uk/nrp/40.html

Environmental Systems Research Institute (ESRB21&rcWorld (CD-ROM),
Redlands, CA

Eriksen, S., and Kelly, P., 2007. Developing CreNulnerability Indicators for
Climate Adaptation Policy Assessmelditigation and Adaptation Strategies for
Global Changel12: 495.

Escobal, J., and Torero, M., 2005. Measuring thealeh of Asset
Complementarities: The Case of Rural P€uadernos De Economid2 (Mayo)
137-164. Available at: http://www.scielo.cl/pdf/@edv42n125/art07.pdf

Escuela Politécnica Nacional (EPN) and Direcciocibdl@al de Defensa Civil
(DNDC), 2000.Zonificacién de Peligros Sismogeotécnicos, por Raslientos y
Fendmenos Hidrometeoroldgicos en la Ciudad de Bdbhi€araquezQuito,
February 2000.

Espinosa, P. and Garrett, P., 1987. The relevaihgeraler in farming systems
research: Experiences in Ecuadigricultural Administration and Extensipg6:
101.

Esteban, J., Aguirre, C., Flores, A., Strauss,Afigles, R., and Mas-Coma, S.,
1998. High Cryptosporidium Prevalences in Healtlyynara Children from the
Northern Bolivian AltiplanoAmerican Journal of Tropical Medicine and Hygiene
58(1): 50-55

Eyben, R., 19980overty and Social Exclusion: North-South Lin®PI, March
1998. Available at: http://www.odi.org.uk/eventsfaive/eyben.html.

Fafchamps, M. and Minten, B., 2001. Social Cagitad Agricultural Trade.
American Journal of Agricultural Economi33(3): 680-685.

416



Fagen, P.W., 200®latural disasters in Latin America and the Caribbeaational,
regional and international interaction# regional case study on the role of the

affected state in humanitarian actidrondon, Overseas Development Institute.

Farrow, A., Hyman, G., Larrea, C., and Pérez, 2802.Informe del taller sobre el
Proyecto de Mejoramiento de Métodos de AnalisiaaEigpde la Pobreza y
Seguridad Alimentaria en el Ecuador, 19-20 de Jud@®2 Quito. Report available
from:

http://www.ecuamapalimentaria.info/downloads/InfeffallerQuitoJunio2002.pdf

Farrow, A., Larrea, C., Hyman, G., and Lema, GQR2EXxploring the spatial
variation of food poverty in Ecuaddfood Policy 30 (5-6), 510-531.

Farrow, A. and Nelson, A., 200Accessibility Modelling in ArcView 3: An extension
for computing travel time and market catchmentrimiation Software manual,

CIAT, Cali, Colombia. Available at: www.ciat.cgiarg/access/pdf/ciat_access.pdf ,

Faust, J., Von der Goltz, N., and Schloms, M., 260@moting subsidiarity-oriented
decentralization in fragmented polities — somedasdrom Ecuador. In Altenburg,
T., ed.From Project to Policy Reform: Experiences of Gennevelopment
Cooperation Bonn, Deutsches Institut fur Entwicklungspolitik.

Feres, J.C., and Mancero, X, 2001. El método dedassidades basicas
insatisfechas (NBI) y sus aplicaciones en Amériaana.Serie: Estudios
estadisticos y prospectivdso. 7. United Nations Economic Commission forihat
America and the Caribbean, Santiago de Chile. A&l at:
http://www.eclac.cl/publicaciones/xml/4/6564/Icl e . pdf

Ferriss A.L., 2000. The quality of life among U&tss.Social Indicators Researgch
49 (1): 1-23

FEWS, 2002FEWS NET - Red de Alerta Temprana Contra la Ingdgdr

Alimentaria, Centroamérica

417



Fischer, S., 2000. Ecuador and the IMIBover Institution Conference on Currency
Unions Palo Alto, California, May 19, 2000. Available at
http://imf.org/external/np/speeches/2000/051900.htm

Foody, G., 2006. What is the difference betweenrnvaps? A remote senser’s view.
Journal of Geographical Systen& 119-130.

Foster, A., 2002. Demographic Analysis of Commuyr@ighort, and Panel Data
from Low-Income Countries: Methodological IssuesDiurrant, V. L. and Menken,
J. (Eds.)Leveraging Longitudinal Data in Developing Counsii®eport of a

WorkshopNational Research Council.

Foster, J.E., Greer, J., and Thorbecke, E., 1983laas of Decomposable Poverty
Indices.Econometrica52(3): 761-766.

Fotso, J.C., and Kuate, D.B., 2006. Household ammr@unity Socioeconomic
Influences on Early Childhood Malnutrition in AfacJournal of Biosocial Science
38: 289-313

Freeman, L.C., Kimball Romney, A., and Freeman1987. Cognitive Structure and

Informant AccuracyAmerican AnthropologisB89(2): 310-325.
Fritz, S. and See, L., 2008. Identifying and gusimg uncertainty and spatial
disagreement in the comparison of Global Land Cémedifferent applications.

Global Change Biologyl4: 1057-1075.

Fukuyama, F. 1995 rust: The Social Values and the Creation of ProgpeNew
York, Free Press, 1995.

Furstenberg, F. and Hughes, M., 1995. Social dagiich successful development
among at-risk youthlournal of Marriage and the Familyp7: 580-592.

418



Gelman, A., 2006. Multilevel (hierarchical) modejirwhat it can and can’t do.
Technometric48 (3): 432-435.

Gentry, A.H., and Lopez-Parodi, J., 198@forestation and Increased Flooding of
the Upper AmazorScience210 (4476): 1354—-1356.

Ghosh, M., and Rao, J.N.K., 1994. Small Area EdiotnaAn Appraisal Statistical
Science9 (1): 55-76

Gibson, J., and Rozelle, S., 2003. Poverty and gt Roads in Papua New
Guinea.Economic Development and Cultural Chang2 (1): 159-185.

Gittell, R.J., and Vidal, A., 199& ommunity Organizing: Building Social Capital as
a Development Strateg8AGE publications.

Glade, T., and Crozier, M.J., 2005. A review oflsaependency in landslide hazard
and risk analysis. In Glade, T., Anderson, M,. @ndzier,M., edsLandslide hazard
and risk Wiley, Chichester 75-138.

Glaeser, E.L., Laibson, D., Scheinkman, J.A., andtter, C.L., 199%hat is Social
Capital? The Determinants of Trust and Trustworgis\Working Paper 7216 July
1999. National Bureau of Economic Research. CargbritMA. Available At:
http://www.nber.org/papers/w7216

Glantz, M.H. (ed.), 2008Jsable Science 9: El Nifio Early Warning for Sustie
Development in the Pacific Rim and Islands. Repbvitorkshop held 13-16
September 2004 in the Galapagos Islarftsiador Boulder, CO: ISSE/NCAR

Goldstein, H., 198 Multilevel models in educational and social resdaioondon,

Griffin; New York, Oxford University Press.

Goldstein, H, 1998Vultilevel Models for analysing social data, Enfoy
‘Encyclopaedia of Social research Methad&vailable at:

http://mww.mlwin.com/hgpersonal/multilevel-modelsHsocial-data. pdf

419



Golnaraghi, M. and Kaul, R., 1995. The Scienceaidgmaking: responding to
ENSO,Environmentpp. 16-44.

GOmez, H., and Kavzoglu, T., 2005. Assessmenhaif@av landslide susceptibility
using artificial neural networks in Jabonosa RBasin, Venezuel&ngineering
Geology 78, 11-27

Gray, C.L. Bremner, J.L., and Holt F.L., 2005. Naltel determinants of indigenous
land use in the Northern Ecuadorian Amazon: a ecafisral studylnternational
Union for the Scientific Study of Population, XXeknational Population
ConferenceTours, France, July 18-23, 2005. Available at:
http://iussp2005.princeton.edu/download.aspx?suban&l=52269

Green, S. E., Rich, T. A., and Nesman, E. G., 188yond Individual Literacy : the
Role of Shared Literacy for Innovation in Guatemilaman Organizatiopd4: 313-
21.

Griffiths, P., Madise, N., Whitworth, A., and Magths, Z., 2004. A tale of two
continents: a multilevel comparison of the deteanis of child nutritional status
from selected African and Indian regioktealth and Placd 0: 183—-199.

Grootaert, C.,199%ocial capital, household welfare and poverty iddnesia
Local Level Institutions working paper no. 6. Wasjion, DC, Social Development

Department, World Bank.

Grootaert, C., and Narayan, D., 2004. Local Ingths, Poverty and Household
Welfare in Bolivia.World Developmen82 (7): 1179-1198.

Grosh M.E., and Mufioz, J., 1996 Manual for Planning and Implementing the

Living Standards Measurement Study Suriexyng Standards Measurement Study
Working Paper No. 126. Washington, D.C., World Bank

420



Guzzetti. F., 2000. Landslide fatalities and thaleation of landslide risk in Italy.
Engineering Geologys8: 89-107

Hadadd, L, and Maluccio, J., 20@cial capital and Household Welfare in South
Africa: Pathways of Influenc&entre for the Study of African Economies.

Hahn, M.B., Riederer, A.M., and Foster, S.0., 20008 Livelihood Vulnerability
Index: A pragmatic approach to assessing risks ttlimate variability and change--

A case study in Mozambiqué&lobal Environmental Changé&9: 74.

Hall, A., 2005. Globalized Livelihoods. InternatadrMigration and Challenges for
Social Policy: The Case of Ecuadérusha Conference, “New Frontiers of Social
Policy” — December 12-15", 2005.

Hall, J.W., Sayers, P.B., and. Dawson, R.J., 20@%ional-scale Assessment of
Current and Future Flood Risk in England and Walegural Hazards 36, 147-164

Heijmans, A., 2001Vulnerability: A Matter of Perceptior4/2001, Benfield Greig

Hazard Research Centre, University College Londondon.

Hentschel, J., Lanjouw, J. O., Lanjouw, P., andgfql, 2000. Combining Census
and Survey Data to Study Spatial Dimensions of RgvA Case Study of Ecuador.
In: Bigman, D., and Fofack, H., edSeographical targeting for poverty alleviation:

methodology and applicationg/ashington D.C.

Hentschel, J., and Lanjouw, P., 19@@&nstructing an Indicator of Consumption for
the Analysis of Poverty: Principles and Illustrat®owith Reference to Ecuador
Living Standards Measurement Study Working Paperl2d. Washington D.C.,
World Bank.

Hentschel, J. and Waters, W.F., 2002. Rural PoverBcuador: Assessing Local

Realities for the Development of Anti-poverty Pragis.World Developmen0:
33-47.

421



Hererra, G., 2001. Los estudios de género en eddeouentre el conocimiento y el
reconocimiento. In Hererra, G. destudios de géner®Quito, FLACSO.

Hewitt, K., 1983. The idea of calamity in a techradic age. In Hewitt, K. ed.
Interpretations of CalamityWinchester, MA, Allen and Unwin.

Hijmans, R. J., Cameron, S. E., Parra, J. L., JdheG. and Jarvis, A., 2005. Very
High Resolution Interpolated Climate Surfaces ftoldal Land Areasinternational
Journal of Climatology25: 1965-1978

Hill, M.S, 1992.The Panel Study of Income Dynamics: a user's giNéa/bury
Park, California/London, England, Sage Publicatid®92. xiv, 89 p. (Guides to
Major Social Science Data Bases No. 2)

Hoddinott, J., Quisumbing, A., de Janvry, A., andliéhanna, T., 200Rathways
from Poverty: Evaluating Long-Term Strategies talir® PovertyBASIS CRSP
Brief No. 30, Madison, University of Wisconsin, Bepnent of Agricultural and

Applied Economics. Accessible at http://www.basisoaedu

Hodgson, A., Smith, T., Gagnew, S., Adjuik, M., Mbkez, G., Mensah, N.K.,
Binka, F and Genton, B., 2001. Risk factors for mgacoccal meningitis in
northern Ghanalransactions of the Royal Society of Tropical Megiand
Hygiene,95: 477-480

Holling, C. S.,1973. Resilience and Stability oblegical SystemsAnnual Review
of Ecology and Systematjet 1-23.

Hong, Y., Adler, R.F., Negri, A., and Huffman, G.2007. Flood and Landslide
Applications of Near Real-time Satellite RainfafitEnation,Journal of Natural

Hazards 43: 285—-294

Horel, J.D. and Wallace, J.M., 1981. Planetary-&éaimospheric Phenomena
Associated with the Southern Oscillatidfonthly Weather Revievt09: 813-829.

422



Hox, J.J., 1995%Applied multilevel analysisAmsterdam, Netherlands, TT-
Publikaties, ISBN 90-801073-2-8.

Huigen, M.G.A., and Jens, I.C, 2006. Socio-Econadmigact of Super Typhoon
Harurot in San Mariano, Isabela, the Philippin&srld DevelopmenB4 (12): 2116
—2136,

Humphrey, J., 1994. Are the Unemployed Part ofdH@an Poverty Problem in

Latin America?Journal of Latin American Studie®6: 713.

Instituto Nacional de Meteorologia e HidrologiaAIMHI), 1998. Fenbmeno de El
Nifilo 1997-98, Evaluacion meteorologica — Inforrmalfil998 Quito

Instituto Nacional de Meteorologia e HidrologiaAIMHI), 1999. Fenébmeno de El
Nifilo 1997-98, Evaluacion hidrologic®uito, 35p. + mapa “Zonas inundadas por el
fendmeno EI Nifio 1997-98” Escala 1:1,000,000

Instituto Nacional de Meteorologia e HidrologiaAIMHI), 2005. Estudio
Hidrologico de Caudales Maximos y Levantamienténfiermacion Ambiental de la
Cuenca del Rio Zarumill&@uito, Ecuador, March 2005.

Instituto Nacional de Meteorologia e Hidrologia AIMHI), 2007. Informacién

hidrolégica mensualAvailable at: http://www.inamhi.gov.ec/html/inecchtm

Instituto Nacional de Estadistica y Censos (INE®R0.V Censo de Poblaciony IV
de ViviendaQuito, Ecuador. Available at:
http://redatam.inec.gov.ec/cgibin/RpWebEngine.ead#PAction?&MODE=MAIN
&BASE=CPV1990&MAIN=WebServerMain.inl

Instituto Nacional de Estadistica y Censos (INEXDP3.Sistema Integrado de

Consultas a los Censos Nacionales

423



Instituto Nacional de Estadistica y Censos (INEXDP8.Sistema Integrado de
Indicadores Sociales del Ecuador (SIISQuito, EcuadorAvailable at:

http://www.siise.gov.ec/

Instituto Nacional de Estadistica y Censos (INE@) Servicio Ecuatoriano de
Capacitacion Profesional, 199=cuador: Encuesta de Condiciones de Vida (ECV)
Bases Metodologicas, Técnicas y Procedimier@sapo Técnico SECAP, February
1995, Quito, EcuadoAvailable at:
www.worldbank.org/LSMS/country/ecuador/docs/metagdk

Instituto Nacional de Estadistica y Censos (INE@) World Bank, 1995 ncuesta
de Condiciones de Vida: Segunda Rar@aito, Ecuador. Available at:

http://www.worldbank.org/lsms/

Instituto Nacional de Estadistica y Censos (INE@) World Bank, 1998ncuesta
de Condiciones de Vida: Tercera rondauito, Ecuador. Available at:

http://www.worldbank.org/lsms/

International Federation of the Red Cross and Reddent Societies, 2009. World
Disasters Report 2009.

Islam, M.D.M., and Sado, K., 2000. Developmentlobdl hazard maps of
Bangladesh using NOAA-AVHRR images with GFBydrological Sciences-
Journal-des Sciences Hydrologiqué$s (3): 337-355

Izquierdo, S., 2004. Demography and Migration in&dtor.International
Conference “Statisitics — investment in the futyfetague, Czech Republid’g™
September, 2004. Available at:
http://www.czso.cz/sif/conference2004.nsf/i/1766 2BB987A42C1256EDA00436
D3C/$File/Santiago%20lzquierdo.pdf

Jacoby, H.G., 2000. Access to markets and the eéfural roadsThe Economic
Journal 110 (July): 713 — 737.

424



Jain, M.K, Kothyari, U.C., and Ranga Raju, K.G.020A GIS based distributed
rainfall-runoff modelJournal of Hydrology299: 107-135

Jalan, J., and Ravallion, M., 2002. Geographic Rgvigaps? A Micro Model of
Consumption Growth in Rural Chindournal of Applied Econometric$7: 329-346

Janelid, 1., 1980. Rural Development Programmestlamdrarm Household as a Unit
of Observation and Action. In: Presvelou, C., apgkers-Zwart, S. |. edsThe
Household, Women and Agricultural Developmeviscellaneous Papers 17 (1980),
Wageningen, Netherlands.

de Janvry, A. and Sadoulet, E., 1996. Householdd\liogl for the Design of Poverty
Alleviation StrategiesEuropean Association of Agricultural Economistsl VII
CongressEdinburgh, Scotland. Available at:

http://are.berkeley.edu/~sadoulet/papers/Edimbesd.ddf

Jarvis, A., Nelson, A., Rubiano, J., Farrow, A. &hdalligan, M., 2004 Practical
Use of SRTM data in the tropics — Comparisons diigital elevation models

generated from cartographic dat€ali, Colombia, CIAT.

Jaspars, S. and Shoham, J., 1999. Targeting theekaldle: A Review of the
Necessity and Feasibility of Targeting VulnerablausieholdsDisasters 23 (4):
359-372.

Jokisch, B.D., 2002. Migration and Agricultural Qige: The Case of Smallholder
Agriculture in Highland EcuadoHuman Ecology30 (4): 523-550

Jokisch, B.D., and Pribilsky, J., 2002. The Paait@ave: Economic Crisis and the
“New Emigration” from Ecuadointernational Migration 40 (4): 75-101

Jolliffe, D., 1997 Whose Education Matters in the Determination of $&hold
Income: Evidence from a Developing CountfZND Discussion Paper No. 39,
November 1997. Washington, D.C., Food ConsumptimhNutrition Division,
International Food Policy Research Institute.

425



Kamanou, G. and Morduch, J., 2002asuring Vulnerability to Poverty
UNU/WIDER.

Katz, E., 1998Gender and the Demographic Determinants of MigratroEcuador

Unpublished Paper.

Kef, S., Hox, J.J., Habekothé, H.T., 2000. Socsvorks of visually impaired and

blind adolescents. Structure and effect on welkpebocial Networks22: 73-91

Kelly, P. M., and Adger, W. N., 2000. Theory an@@®ice in Assessing
Vulnerability to Climate Change and Facilitatingajdation.Climatic Change47:
325.

Krishna, A., 2000. Creating and harnessing soeipital. In Dasgupta P., and
Serageldin, I., ed§ocial Capital: A Multifaceted Perspectjiw&ashington, DC:
World Bank.

Kristjanson, P., Radeny, M., Baltenweck, I., OgutuNotenbaert, A., 2005.
Livelihood mapping and poverty correlates at a rlesel in KenyaFood Policy
30 (5-6): 568-583.

Kruseman, G., Hengsdijk, H., Ruben, R., Roeballihgand Bade, J., 19%arm
household modeling system for the analysis of smadibe land use and food
security: Theoretical and mathematical descriptibhV_Report No. 7.

Wageningen, April 1997.
Kumar, N., 2007Spatial Sampling for Demography and Health Surieya City,
University of lowa. Available at: http://jh302-nk-

Ol.iowa.uiowa.edu/papers/NK_PrPr_March_2007Withfagupdf

Kurosaki, T. and Khan, H., 200uman Capital and Elimination of Rural Poverty:
A Case Study of the North-West Frontier Provinakigtan IER Discussion Paper

426



Series B. Hitotsubashi University. Available atpbtwww.ier.hit-
u.ac.jp/~kurosaki/ids1999r.pdf

Langford, I.H., and Bentham, G., 1996. Regionaliafains in Mortality Rates in
England and Wales: An Analysis Using Multi-Level dling. Social Science and
Medicine,42 (6): 897-908

Lanjouw, J.O., 199@emystifying Poverty Linedlew York, UNDP Poverty

Elimination Programme

Lanjouw, P., and Stern, N., 1991. ‘Poverty in Pplah The World Bank Economic
Review 5 (1)

Larrea, C., 2005Modelos Empleados en Mapas del Censo 280ilable at

http://www.ecuamapalimentaria.info

Larrea, C., 2004Pobreza, Dolarizacion y Crisis en el EcuadQuito, Abyayala.

Larrea, C., Andrade, J., Brborich, W., Jarrin,dhd Reed, C., 199&eografia de la
pobreza en el EcuadoPNUD-FLASCO, Quito, Ecuador.

Larrea, C., Carrasco, F., Cervantes, J., and Vietimd 999INFOPLAN: Atlas
para el desarrollo localQuito: ODEPLAN Presidencia de la Republica, Sacia
General de la Presidencia, CONAM y COSUDE, 1999

Larrea, C. and Kawachi, I., 2005. Does economiquiadty affect child

malnutrition? The case of Ecuad8ocial Science and Medicing0: 165-178.
Larsen, M.C., and Torres-Sanchez, A.J., 1998. Tdguency and distribution of
recent landslides in three montane tropical regairfduerto RicoGeomorphology

24 (4): 309-331

Leclerc, G., 2010. Scaling Up Local PerceptionPaverty to Country Level: A
Proof of Concept for Rural Hondurd®overty & Public Policy2 (2): 103-143.

427



Lee, S., and Choi, J., 2004. Landslide susceptibiiapping using GIS and the
weight-of-evidence modelnternational Journal of Geographical Information
Sciencel8 (8): 789-814

Lee, S., and Evangelista, D.G., 2005. Landslide&ut#hility Mapping using
Probability and Statistics Models in Baguio Cityilppines.31st International
Symposium on Remote Sensing of Environr28r24 May, 2005 Saint Petersburg.
Russia. Available at:
http://www.isprs.org/publications/related/ISRSE/Hpapers/407.pdf

Lee, S., and Evangelista, D.G., 2006. Earthquaieded landslide-susceptibility
mapping using an artificial neural netwoNatural Hazards and Earth System
Sciences6: 687—-695

Lehner, B. and Ddll, P., 2004. Development anddedion of a global database of

lakes, reservoirs and wetlandsurnal of Hydrology296 (1-4): 1-22

Lehner, B., Verdin, K., Jarvis, A., 2008ydroSHEDS Technical Documentation
World Wildlife Fund US, Washington, DC. Availablé a
http://hydrosheds.cr.usgs.gov.

Liu, J.G., Mason, P.J., Clerici, N., Chen, S., Ba®., Miao, F., Deng, H., and
Liang, L., 2004. Landslide hazard assessment iff tinee Gorges area of the

Yangtze River using ASTER imagery: Zigui-Bado@gomorphology61: 171-187

Lok-Dessallien, R., 200QReview of Poverty Concepts and IndicatdsIDP Social
Development and Poverty Elimination Division (SEBEI2ries on Poverty
Reduction.
http://www.undp.org/poverty/publications/pov_redifiev_of Poverty Concepts.pd
f

Lu G.Y., Chiu L.S. and Wong D.W., 2007. Vulneratyilassessment of rainfall-
induced debris flows in TaiwaMatural Hazards43: 223-244

428



Lundberg, S., and Pollak, R.A., 1993. Separate i®gh@argaining and the Marriage
Market.Journal of Political Economy101(6): 988-1010

Ma, D., Chen, J., Zhang, W., Zheng, L. and Liu,2007. Farmers’ vulnerability to
flood risk.Journal of Geographical Sciengekr: 269.

Maki, A., 2006. Changes in Japanese household ogutsen and saving behavior
before, during and after the Bubble era: empiraallysis using NSFIE micro-data
sets.Japan and the World Econoniy8: 2—-21.

Maltsoglou, I., and Taniguchi, K., 200Roverty, Livestock and Household
Typologies in NepaRoma, Food and Agriculture Organization of thetébh
Nations.

Martins J., 2005. The impact of the use of enemyces on the Quality of Life of
poor communitiesSocial Indicators Researgii2: 373-402.

Mauro, P., 1998. Corruption and the compositiogamfernment expenditure.

Journal of Public Economic$9: 263.

Max-Neef, M.A., 1991Human Scale Development: Conception, Applicatiath an

Further ReflectionsNew York and London, Apex Press.

Maxwell, S. and Frankenburger, T.R., 19B@usehold Food Security: Concepts,
Indicators, Measurements. A Technical Revidew York, Rome, UNICEF, IFAD.

McLaughlin, P., and Dietz, T., 2008. Structure,rayeand environment: Toward an

integrated perspective on vulnerabili@obal Environmental Changésg, 99.
Metzger, M. and Schréter, D., 2006. Towards a aptexplicit and quantitative

vulnerability assessment of environmental chandgeuirope Regional

Environmental Changes: 201.

429



Miguel, E., and Gugerty, M.K., 2005. Ethnic divéyssocial sanctions, and public
goods in KenyaJournal of Public Economi¢c89: 2325-2368

Ministerio de Agricultura y Ganaderia, 19 Mapa de Suelos, Cantén Macara,
Provincia de Loja, escala 1:25,00Quito, Ecuador, Ministerio de Agriculturay
Ganaderia, Direccion de Planificacion, Departamedet&egionalizacion, Seccion
Edafologia, November 1974.

Ministerio de Salud Publica (MSP), 19%®ndmeno de El Nifio : Memoria 1997-
1998 Quito, Ecuador, Ministerio de Salud Publica. Aable at:
http://cidbimena.desastres.hn/docum/crid/CD_niniégpa/doc11110/doc11110.htm

Minot, N., and, Baulch, B., 2005. Spatial patteshpoverty in Vietham and their
implications for policyFood Policy 30: 461.

Mitchell, K.M., 2003.Citizen Surveys and Focus Groups: An Evaluatiofived
Citizen Involvement Techniques in Natural Hazartigdtion Planning Department

of Planning, Public Policy and Management. Uniugrsf Oregon.

Moore, S., Daniel, M., Linnan, L., Campbell, M.,igglict, S. and Meier, A., 2004.
After Hurricane Floyd PasseBamily and Community Healtl27: 204.

McPeak, J., 2004. Contrasting income shocks wiletashocks: livestock sales in

northern KenyaOxford Economic Paper$6: 263-284.

Moser, C., 1998. The Asset Vulnerability Framewdrkassessing Urban Poverty
Reduction Strategie$Vorld Developmen®6(1): 1-19.

Moser, C., 2008. Assets and Livelihoods: A Framéwior Asset-Based Social

Policy. In Moser, C. and Dani, A.A. (Ed&¥sets, livelihoods, and social policy.
Washington, D.C., The World Bank.

430



Moy, C. M., Seltzer, G. O., Rodbell, D. T. and Amgten, D. M., 2002. Variability of
El Nino/Southern Oscillation activity at millenninescales during the Holocene
epoch.Nature 420: 162.

Murphy, L., Bilsborrow, R., and Pichon, F., 1996verty and prosperity among
migrant settlers in the Amazon rainforest frontéEcuadorThe Journal of
Development Studie84, (2): 35-65

Narayan, D., Pritchett, L., 1999. Cents and sobigbHousehold income and social
capital in rural Tanzanig&conomic Development and Cultural Changé (4): 871-
897

Nathoo, T., and Shoveller, J., 2003. Do healthylfbaskets assess food security?
Chronic diseases in Canada4, (2-3). Available at: http://www.phac-
aspc.gc.ca/publicat/cdic-mcc/24-2/c_e.html

National Aeronautics and Space Administration (NASAd Japan Aerospace
Exploration Agency (JAXA), 2008. http://trmm.gsfasa.gov/

Nelson, A. and Chomitz, K.M., 2007. The Forest—Hjolgy—Poverty Nexus in
Central America: An Heuristic AnalysiEnvironment, Development and
Sustainability 9 (4):369-385.

Neuh&user, B., and Terhorst, B., 2007. Landsligeeqtibility assessment using
“weights-of-evidence” applied to a study area atibrassic escarpment (SW-

Germany).Geomorphology86: 12—24.
del Ninno, C., Dorosh, P. A., Smith, L. C. and RDyK., 2001.The 1998 floods in
Bangladesh: disaster impacts, household copingesias, and responses

Washington, DC, International Food Policy Reseanshitute (IFPRI).

Nussbaum, M.C., 2001. Symposium on Amartya Senilogdphy: 5 Adaptive

preferences and women'’s optioBgonomics and Philosoph¥7: 67—88.

431



Nyhus E.K. and Pons E., 2004. The effects of pei#tgron earningsJournal of
Economic Psychologp6: 363-384

Oak Ridge National Laboratory, 1998ndScan Global Population 1998 Database
Online documentation available at:

http://www.ornl.gov/sci/landscan/landscanCommordioan_doc-main.html

Oak Ridge National Laboratory, 20Q2andScart Global Population Database
Oak Ridge, TN: Oak Ridge National Laboratory. Aahle at

http://www.ornl.gov/landscan/.

ODEPLAN - FAO, 2001Perfil Nutricional del Ecuador: Lineamientos de Rigla
sobre Seguridad Alimentaria y NutricioQuito, Ecuador, Oficina de Planificacion
de la Presidencia de la Republica, ODEPLAN, FoatAgriculture Organisation of
the United Nations, FAO.

OED Online, 2010. Oxford University Press. AccesagdJuly, 2010.
http://dictionary.oed.com

Olson, R., Sarmiento Prieto, J. P., Olson, R. déstrA. and Gawronski, V., 2000.
The Marginalization of Disaster Response Institogiolhe 1997-1998 EI Nifio
Experience in Peru, Bolivia, and Ecuaddlatural Hazards Center Special

Publication. Boulder, University of Colorado.

Openshaw, S., 1983%he modifiable areal unit problervol. 38, Concepts and
Techniques in Modern Geography. Norwich , UK : Bewoks

Organisation of American States (OAS), 19Btan Integral de Desarrollo de los
Recursos Hidricos de la Provincia de Manabfashington, D.C., Organisation of

American States.
Pan, W.K.Y., Bilsborrow, R.E., 2005. The use of atitevel statistical model to
analyze factors influencing land use: a study efffisuadorian Amazolobal and

Planetary Change47: 232— 252.

432



Patt, A. G., Schréter, D., de la Vega-Leinert, Aa@d Klein, R. J. T., 2009.
Vulnerability research and assessment to suppagtation and mitigation: common
themes from the diversity of approaches. In PatGA Schréter, D., Klein, R. J. T.
and de la Vega-Leinert, A. C. (Ed&3sessing Vulnerability to Global
Environmental Change: Making Research Useful foapidtion Decision Making

and Policy.London, UK, Earthscan.

Pelling, M., 2003. Toward a Political Ecology ofddn Environmental Risk: The
Case of Guyana. In Zimmerer, K.S., and Bassett, @d$.Political ecology: an
integrative approach to geography and environmestetopment studieslew
York, The Guilford Press.

Pelling, M., 2003. Social Vulnerability in the Cityh Pelling, M. edThe

Vulnerability of Cities: Natural Disasters and SalcResilienceEarthscan.

Perreault, T., 2005. Why Chacras (Swidden Gardeesyist: Agrobiodiversity, Food
Security, and Cultural Identity in the Ecuadoriam@zon.Human Organization64,
(4): 327-339

Pfefferbaum, B., Houston, J.B., Wyche, K.F., VanrijdR.L., Reyes, G., Jeon-
Slaughter, H. and North, C.S., 2008. Children Bispt by Hurricane Katrina: A
Focus Group Studylournal of Loss and Trauma3: 303 - 318.

Pimentel, D., and Kounang, N., 1998. Ecology of Eodsion in Ecosystems.
Ecosystemsl: 416-426

Polsky, C., Neff, R. and Yarnal, B., 2007. Buildiogmparable global change
vulnerability assessments: The vulnerability scgmimgram Global Environmental
Change17: 472-485.

Prandini, L., Guidiini, G., Bottura, J.A., Pancai®,L. and Santos, A.R., 1977.
Behavior of the vegetation in slope stability: Aical review.Bulletin of

Engineering Geology and the Environmetfi (1): 51-55

433



Putnam, R.D., 1995. Bowling Alone: America’s Detligp Social Capital.
Journal of Democracy6 (1): 65-78

Rakodi, C.,1999. A Capital Assets Framework for lixsimg Household Livelihood
Strategies: Implications for Policevelopment Policy Review7: 315-342.

Rasbash, J., Browne, W., Goldstein, H., Yang, Newi3, |., Healy, M.,
Woodhouse, G., Draper, D., Langford, I., and LeWis2002.A User’s guide to
MLwiN. London, Centre for Multilevel Modelling, Institibf Education, University

of London.

Rasmusson, E.M. and Wallace, J.M., 1983. Meteorcdb@spects of the El
Nino/Southern OscillatiorScience222: 1195-1202.

Ravnborg, H.M., 199Developing regional poverty profiles based on local

perceptionsCali, Colombia, International Center for Tropiéajriculture (CIAT).

Restrepo, H.E., 200T.echnical Report: increasing community Capacity and
Empowering Communities for Promoting HeaWvailable at:
http://www.who.int/hpr/conference/products/Techmgl@ommunity.pdf

Reuter, H.1., Nelson, A. and Jarvis, A., 2007. Amlaation of void-filling
interpolation methods for SRTM dataternational Journal of Geographical
Information Science2l (9): 983 - 1008

Robinson, W. S., 1950. Ecological correlations gredbehavior of individuals.

American Sociological Review5: 351-57

Rodda, H.J.E., 2005. The Development and Applicadioa Flood Risk Model for
the Czech RepublidNatural Hazards36: 207-220

434



Rossel, F., le Goulven, P., and Cadier, E, 1999aRiion spatiale de l'influence de
I'ENSO sur les précipitations annuelles en EquaRevue des sciences de l'eau
(Paris), 12 (1):183-200.

Rudel, T.K., 2000. Organizing for Sustainable Depehent: Conservation
Organizations and the Struggle to Protect TrogRah Forests in Esmeraldas,
EcuadorAmbiqg 29 (2): 78-82.

Ryan, G.W. and Bernard, H.R., 2003. Techniquedaatify ThemesField
Methods 15: 85-109.

Ryan, G.W. and Bernard, H.R., 2000. Data managear@hainalysis methods. In
Denzin, N., and Lincoln, Y., edstandbook of qualitative research’®2d Thousand
Oaks, CA, Sage Publications.

Sales Jr, R. F. M., 2009. Vulnerability and adaptadf coastal communities to
climate variability and sea-level rise: Their ingaliions for integrated coastal
management in Cavite City, Philippin€cean and Coastal ManagemgB®2: 395.

Sanginga, P.C., Kamugisha, R., Martin,A. Kakury,ahd Stroud, A., 2004.
Facilitating participatory processes for policy mba in natural resource
management: Lessons from the highlands of soutlewebktlgandaUganda Journal
of Agricultural Science®9: 958-970.

Santos, M. E., Lugo, M. A, Lopez-Calva, L. F., €eg, G. and Battiston, D., 2010.
Refining the Basic Needs Approach: A MultidimensibAnalysis of Poverty in
Latin America.Research on Economic Inequalifyg 1-29.

Sartore, G., Kelly, B., Stain, H., Albrecht, G. addjginbotham, N., 2008. Control,

uncertainty, and expectations for the future: ditpteve study of the impact of
drought on a rural Australian communiBural and Remote HealtB: 950.

435



Schréter, D., Polsky, C., and Patt, A., 2005. Asisgsvulnerabilities to the effects of
global change: an eight step approddhiigation and Adaptation Strategies for
Global Changel0 (4): 573-595.

Scoones, I., 199&ustainable Rural Livelihoods: a framework for grsad
Brighton, IDS.

Sen, A.K., 1999Development as Freedo®@xford, Oxford University Press.

Sen, A K., 1987Gender and Cooperative Conflict/IDER Working Papers.

Oxford, United Nations University.

Sen, A K., 1981Poverty and Famines: an essay on entitlement apdwdion.
Oxford, Oxford University Press, 288 pp.

Siepel, A.C., Steenhuis, T.S., Rose, C.W., Parlahgeand Mclsaac, G.F., 2002. A
simplified hillslope erosion model with vegetatielements for practical
applicationsJournal of Hydrology258 (1-4): 111-121

Sierra, R., Campos, F., and Chamberlin, J., 2082es#sing biodiversity
conservation priorities: ecosystem risk and repredreness in continental Ecuador.
Landscape and Urban Planning§9 (2): 95-110

Simpson, J., Kummerow, C., Tao, W.K., and AdleF;.R1996. On the Tropical
Rainfall Measuring Mission (TRMMMeteorology and Atmospheric Physié§:

19-36

Skoufias, E., 2003. Economic Crises and Naturahfess: Coping Strategies and
Policy ImplicationsWorld DevelopmenB1(7): 1087-1102

Smith, K., 2001Environmental Hazards. Assessing Risk and RedRisaster,3rd
ed London —New York, Routledge.

436



Smith, S. and McCarty, C., 1996. Demographic Ef@ftNatural Disasters: A Case
Study of Hurricane Andrevibemography33: 265-275.

Solberg, S., Hale, D. and Benavides, J., 20G8ural Disaster Management and the
Road Network in Ecuador: Policy Issues and Recomdateons Washington, D. C.,
Sustainable Development Department: Inter-AmerRanelopment Bank.

Souris M., 2001Republica del Ecuador: modelo numérico del reli@ssala
1:1000000 Numeric model calculated from topographic mapeshef the IGM
(1:50000, 1:100000), edited and distributed byitintst Geografico Militar, Quito

Soussan, J., Blaikie, P., Springate-Baginski, @.@hadwick, M., 2001.
Understanding Livelihood Processes and Dynamicglltiood-Policy Relationship
in South AsiaWorking Paper 1, University of Leeds, UK. Avaialat:
http://www.york.ac.uk/inst/sei/prp/pdfdocs/1_livebods.pdf

SPSS for Windows, Rel. 12.0.0., 2003. Chicago: SIRES

Sretzer, S. and Woolcock, M.,2002ealth by Association? Social Capital, Social
Theory and the Political Economy of Public Healtkron Hugel Institute, 3-12-2002.

Stephenson, S., 2001. Street Children in Moscomguand creating social capital.
The Sociological Revigv2001, 530-547.

Stillwell H. D, 1992. Natural Hazards and Disasiarkatin AmericaNatural
Hazards 6: 131-159.

Streeton, P. 198Eirst Things First: Meeting Basic Human Needs invBleping

Countries New York: Oxford University Press.
Swift, J., 1989. Why Are Rural People Vulnerabld-tomine? In Chambers, R. ed.

IDS Bulletin 20 (2): Vulnerability: How the Poor @e Institute of Development
Studies.

437



Tapsell, S.M., Penning-Rowsell, E.C., Tunstall, Savid Wilson, T.L., 2002.
Vulnerability to flooding: health and social dimérss. Philosophical Transactions:
Mathematical, Physical and Engineering Scien@&®: 1511-1525.

Taylor, M.F., Brice J., Buck N., and Prentice-L&nhe2007 British Household
Panel Survey User Manual Volume A: Introductiorghirecal Report and
AppendicesColchester: University of Essex. ISBN 978 1 85847 8

Tesliuc, E., and Lindert, K., 200Guatemala Poverty Assessment Program,
Vulnerability and Safety Nets: A Quantitative anda(tative Assessment, Approach
and Concept Paper (draftjmimeo). Washington DC,: The World Bank, Septembe
2001.

Tesliuc, E.D. and Lindert, K., 2002. Vulnerabilig:Quantitative and Qualitative
AssessmentFPRI-World Bank Conference on Risk and VulnerapilEstimation

and Policy ImplicationsWashington, D.C., USA, pp. 91.

Tesliuc, E., and Lindert, K., 2003. The Impact afiverability and Shocks on the
Poor: The Guapa Program in GuatemglaBreve 22Washington, D.C., World
Bank.

Thomas, T.S., 2003. A Macro-Level Methodology foedduring Vulnerability to
Poverty, with a Focus on MENA Countriéurth Annual Global Development
Conference Globalization and Equiairo, Egypt, January 212003

Tibaldi A., Ferrari L., and Pasquare G., 1995. Lsdiaes triggered by earthquakes
and their relations with faults and mountain slgpemetry: an example from
EcuadorGeomorphologyll (3): 215-226

de la Torre, Garcia-Saltos, R, and Mascard, Y.12Banking, Currency, and Debt
Meltdown: Ecuador Crisis in the Late 1990s (dradctober 2001. The World Bank,
Washington D.C. Available at:
http://wbIn0018.worldbank.org/lac/lacinfoclient.ffaR7230f25db1df885256950004f

438



7138/acf36c603108ca8f85256¢220073143a/$FILE/Ecuador
%20Financial%20Crisis%20compiled.pdf

Toth, E., Brath, A., and Montanari, A., 2000. Comgan of short-term rainfall
prediction models for real-time flood forecastidgurnal of Hydrology239: 132—
147

Tran, P., Marincioni, F., Shaw, R., Sarti, M. ananVAn, L., 2008. Flood risk
management in Central Viet Nam: challenges andnpiats. Natural Hazards46,
119-138.

Twigg, J., 2001Sustainable Livelihoods and Vulnerability to Disast Disaster
Management Working Paper, 2/2001. Benfield Greigdtid Research Centre,

University College London, London.

Twigg, J., 2007Tools for Mainstreaming Disaster Risk Reductiorst8uable

Livelihoods Approache&seneva, Switzerland, ProVention Consortium.

Ulimwengu, J.M., and Kraybill, D.S., 2004. Poveotyer Time and Location: an
Examination of Metro-Nonmetro Differencesmerican Journal of Agricultural
Economics86 (5): 1282-1288

United Nations Development Program (UNDP), 1990man Development Report

United States Geological Survey (USGS), 2009DRO1k Elevation Derivative
Database USGS EROS Data Center, Sioux Falls, SD. Available
http://edc.usgs.gov/products/elevation/gtopo30/bkdr

United States Geological Survey (USGS), 2(®Iguttle Radar Topography Mission
DTEDH Level 1 (3-arc second) documentatidmailable online at:

http://edc.usgs.gov/products/elevation/srtmdted.htm

United States Soil Conservation Service, 1986hnical Release 55: Urban

Hydrology for Small Watersheddnited States Department of Agriculture (USDA).

439



June 1986. Available at:
ftp://ftp.wcce.nrcs.usda.gov/downloads/hydrology taydics/tr55/tr55.pdf .

Uquillas, J.E., and van Nieuwkoop, M., 20&&cial Capital as a Factor in
Indigenous Peoples Development in Ecua&urstainable Development Working
Paper 15, August 2003, Indigenous Peoples Develop8eries, Latin America and
Caribbean Region, The World Bank, Washington D.Gaikable at:
http://Inweb18.worldbank.org/ESSD/sdvext.nsf/60BgName/SocialCapitalasaFact
orinindigenousPeoplesDevelopmentinEcuadorLatinAcaamdCaribbeanRegionSus
tainableDevelopmentWorkingPaperl5/$FILE/Social+@dpand+Indigenous+Deve
lopment.pdf

Vargas, R., Molina, M., Bayatrri, S. and Campos,2809.The Andean Information
System for Disaster Prevention and Relief: SIAPADn#iative for the development
of a thematic SDIGSDI 10. Trinidad.

Varnes, D.J., 1984.andslide hazard zonation: a review of principlesigractice
ISBN 92-3-101895-7, UNESCO, Paris, France pp63.

Vasquez, N., 2005. Gestion Integral del Riesgolpandaciones: Caso de Estudio
Ciudad de ChoneXXXIll Curso Internacional de Geografia Aplicadae@jrafia y
Riesgos Ambientale®uito, Centro Panamericano de Estudios e Inveasbges
Geograficas (CEPEIGE).

Vatsa, K.S., 2004. Risk, Vulnerability, and Assas®&d Approach to Disaster Risk
Managementinternational Journal of Sociology and Social Pgli24: 1-48.

van der Veen, A. and Logtmeijer, C., 2005. EconoHotspots: Visualizing
Vulnerability to FloodingNatural Hazards 36: 65.

Villa, F., and McLeod, H., 2002. Environmental Vetability Indicators for

Environmental Planning and Decision-Making: Guide$ and Applications.

Environmental Managemeriz9: 335.

440



Vos, R., and De Jong, N., 20Mising Inequality during Economic Liberalisation
and Crisis: Macro or Micro Causes in Ecuador’'s Casiorking Paper 326,
Institute of Social Studies, The Hague, The Ne#ma$, ISSN 0921-0210.

Vos, R., Velasco, M. and de Labiastida, E., 1¥3%nomic and Social Effects of "El
Nifio" in EcuadorWorking Paper 292, Institute of Social Studiesg Hague, The
Netherlands.

Vuille, M., Bradley, R. S. and Keimig, F., 2000.r@ate Variability in the Andes of
Ecuador and Its Relation to Tropical Pacific anthAtic Sea Surface Temperature
Anomalies.Journal of Climate13: 2520-2535.

Wagner, H.,2004. Migrantes Ecuatorianas en Ma@®atonstruyendo Identidades
de GéneroEcuador Debatg63.

Van Walsum, P.E.V., Veldhuizen, A.A., Van Bakel) F., Van Der Bolt, F.J.E.,
Dik, P.E., Groenendijk, P., Querner, E.P. and SkhiE.R., 2005SIMGRO 5.0.1,
Theory and model implementatioiterra ,Wageningen, Netherlands.

Wang, H. B., and Sassa, K., 2005. Rainfall-indueedslide hazard assessment

using artificial neural network&arth Surface Processes and LandforB8k 235—
247.

Wang, S., 2005. Characteristics of Large Low-frempyeDebris Flow Hazards and
Mitigation StrategiesJournal of Mountain Scieng@ (1): 50-58

Webb, P. and Harinarayan, A, 1999. A Measure ofddiamty: The Nature of
Vulnerability and Its Relation to MalnutritioRisasters 23(4): 292-305.

Wilhelmi, O. V. and Wilhite, D. A., 2002. AssessiWglnerability to Agricultural
Drought: A Nebraska Case StudNatural Hazards25: 37.

441



Winograd, M., 2007. Sustainability and vulnerapilitdicators for decision making:
lessons learned from Hondurésternational Journal of Sustainable Development,
10 (1-2), 93-105.

Winograd, M., Schillinger, S., Farrow, A., and Handez, 1., 2000Vulnerabilidad
frente a desastres naturales en Honduk2ali, Colombia, International Center for
Tropical Agriculture CIAT. Available at:
http://gisweb.ciat.cgiar.org/Vulnerabilidad/indetxrh

Wischmeier, W.H., and Smith, D.D., 19 Redicting Rainfall erosion Los&ISDA.

Agricultural research Service Handbook 537.

Wisner, B., 1998. Marginality and vulnerability: Wthe homeless of Tokyo don't
‘count’ in disaster preparation&pplied Geographyl8 25.

Woolcock, M., 2001. The Place of Social CapitalUmderstanding Social and
Economic Outcomes. In J.F. Helliwell, &he Contribution of Human and Social
Capital to Sustained Economic Growth and Well-Beintgrnational Symposium
Report. Human Resources Development Canada andi®atan for Economic Co-

operation and Development, Hull, Quebec, pp. 65-88

World Bank, 2007World Development Indicatoréwvailable from:
http://devdata.worldbank.org/dataonline/

World Bank, 2004Ecuador Poverty AssessmeReport No. 27061-EC, April 2004,
Poverty Reduction and Economic Management Sectdy Liatin America and the
Caribbean Region, Washington D.C.

World Bank, 1996Ecuador Poverty Repar¥World Bank, Washington D.C., 334 pp.

Yamano, T. and Jayne, T. S., 2004. Measuring tipats of Working-Age Adult
Mortality on Small-Scale Farm Households in Keriiarld DevelopmenB2: 91.

442



Yusuf, A.A., and Francisco, H.A., 2008limate Change Vulnerability Mapping for
Southeast Asialanuary, 2009, Singapore, Economy and Environfegram for
Southeast Asia (EEPSEA). Available at: http://wvdrcica/uploads/user-
S/12324196651Mapping_Report.pdf

Zaitchik, B.F., van Es, H.M., and. Sullivan, P2D03. Modeling Slope Stability in
Honduras: Parameter Sensitivity and Scale of Aggireq. Soil Science Society of
America Journal67: 268-278

Zevallos, O., 200Proyecto Gestion del Riesgo ENSO en América Latina:

Investigacion Comparativa, Informacion y Capacitacdesde una Perspectiva

Social.Informe de Avance del Segundo Afo. Portoviejajdgior. 5.

443



