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Abstract
Growing evidence of the prevalence of plastics in the oceanic environment is causing increasing concern. In this study we 
consider the possible impact of major changes to the supply and consumption of plastics. While we recognize that tackling the 
problem of plastic debris in the ocean calls for integrated solutions, our analysis contributes to filling the gap in knowledge 
about the effectiveness of intervention strategies. Our results find that strategies addressing plastics demand have a greater 
impact than those focussing on plastics supply. However, only measures aimed at plastics supply are effective in the short 
run. These considerations can help to inspire the prioritization of intervention strategies and to contribute to the design of 
integrated interventions aimed at tackling the problem of marine plastic debris through a systemic approach.

Keywords  Plastic debris · Marine environment · New plastics economy

1  Introduction

Plastics manufacturing is continuously on the rise. Almost 
half of the over 300 million MTs of plastics produced annu-
ally worldwide is for single-use purposes.1 By its nature, 
the use of single-use plastics is quite short, but on the con-
trary it is destined to stay on the planet for several hundred 
years. These few—apparently contradictory—considerations 
remark our current incapacity to find a consistent solution to 
reconciling our need for plastics with our inability to handle 
plastic waste.

In particular, the infamous garbage patches on the surface 
of oceanic gyres are evidence of the unprecedented scale 
of one of the trickiest forms of plastic pollution. While the 

nature and scale of ocean plastic pollution are under investi-
gation, there is some general agreement about the unsustain-
ability of the current patterns of plastics production and use. 
Having said that, it remains unclear what works better to 
contain ocean plastic debris: measures aimed at containing 
the supply of plastics, or measures aimed at improving their 
use? There seems to be no clear answer to this question yet. 
Reducing the supply of plastics seems a simplistic answer. 
In fact, while it can contribute to containing the escalation 
of the problem, its marginal impact may be inadequate in 
the short term in view of the stock of marine plastic debris 
already in place. On the other end, a few studies emphasize 
the importance of public awareness and behavioural change 
in influencing pro-environmental concern and behaviour. Ini-
tiatives on both the demand and the supply side are required: 
both changes in our cultural attitudes to plastics and changes 
to production and waste management practices will greatly 
influence future projections (Worm et al., 2017). Taking this 
perspective, we compare the expected effectiveness of sepa-
rate approaches. After considering various aspects of the 
plastics economy and plastic pollution, we make use of real 
data to assess the effectiveness of possible strategies.
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2 � Literature review

The supply of plastics has increased exponentially since 
the middle of the last century, substantially outpacing that 
of most other manufactured materials (Geyer et al., 2017). 
Its importance in the economy has also grown consistently, 
with an estimated multiplier effect of 2.4 in GDP and 3 in 
employment.2

However, the intense consumption of plastic products is 
leading to a visible accumulation of plastic debris (Barnes 
et al., 2009) caused by a combination of factors: (a) the 
durability of plastics; (b) their low cost, and (c) the cur-
rent plastics production and use pattern, which is based on 
the linear “take, make, use and dispose” model. While (a) 
and (b) support the preference for plastics as a substitute 
for other manufactured materials, the linear model is unsus-
tainable in the long term and is a primary driver of natural 
resource depletion, waste, environmental degradation and 
climate change, and has adverse effects on human health 
(Barra et al., 2018). These considerations have recently led 
to proposals for a series of measures to establishing a “new 
plastics economy” reflecting the principles of the circular 
economy and with the aim of minimizing waste and keeping 
materials in the economy through solutions that will help to 
close the material loop. While initial steps have been moved 
in such a direction, so far, prevailing recycling rates remain 
very low, showing that there is a long way to go.3,4

In the meantime the quantity of plastic debris is expected 
to increase further. The case of marine plastic debris is of 
particular concern: it is estimated that 1.5–4% of global plas-
tics production ends up in the oceans every year (Jambeck 
et al., 2015), mainly as a result of poor waste management 
infrastructure and practices combined with irresponsible 
attitudes to the use and disposal of plastics. Reports of plas-
tic pollution in the ocean first appeared in the scientific liter-
ature in the early 1970s, yet almost half a century later there 
are no rigorous estimates of the amount and origin of plastic 

debris entering the marine environment (Jambeck et al., 
2015) and comparable long-term environmental datasets 
on plastic debris are few and far between (Bergmann et al., 
2017; Law 2017). Thompson et al. (2004) remarked a sig-
nificant increase in microplastics from 1960–70 to 1980–90 
but could find no significant trend between the 1980s and 
1990s. While other studies of open ocean plastic datasets 
have been unable to find any increase since the 1990s (Law 
et al., 2010, 2014; Còzar 2014), Ostle et al. (2019) have 
recently highlighted a significant increase in the volume of 
plastic debris in the open ocean in recent decades.

Whichever the case, it is clear that plastics—and hence 
ocean plastic debris—are here to stay. The growth of plas-
tics in the waste stream is only expected to increase, and 
according to Hoornweg et al. (2013) global “peak waste” 
will not be reached before 2100. Jambeck et al. (2015) pre-
dict that without significant improvements of waste manage-
ment infrastructure the cumulative quantity of plastic waste 
available to enter the ocean from land will increase by an 
order of magnitude by 2025. The fact that sixteen of the 
top twenty plastics producers are middle-income countries, 
many of which are experiencing fast economic growth but 
lack waste management infrastructure is not encouraging 
(Jambeck et al., 2015). Even if economically justifiable, 
the pervasive use of plastics due to their low cost and high 
durability have made this material the perfect embodiment 
of consumerism and of the consumerist approach. The wide-
spread use of plastics for the production of single-use items 
is a clear example of the short-sightedness of this approach.

The problem of ocean plastic debris is ubiquitous. High 
concentrations of floating plastic debris have been found 
in the Pacific (e.g., Wong et al., 1974; Shaw et al., 1979; 
Day et al., 1990) and the Atlantic Ocean. Ostle et al. (2019) 
report that macroplastic debris is found throughout the North 
Atlantic, with more entanglements occurring in the area of 
high-density shipping routes, supporting the assumption of a 
link between plastic debris and human activity (Niaounakis, 
2017). Along the same lines, the impact of anthropogenic 
pollution is confirmed by the high occurrence of entangle-
ments and plastic debris concentrated near coastal and riv-
erine input areas (Còzar 2014; Jambeck 2015; Niaounakis, 
2017). Lebreton et al. (2017) estimate that between 1.15 and 
2.41 million tonnes of plastic waste flow into the oceans 
from rivers annually.5

The weathering of plastic debris causes its fragmenta-
tion into particles that even small marine invertebrates may 

2  In 2015 the European plastics industry reported a turnover of more 
than 340 billion Euros and directly employs over 1.5 billion people 
(PlasticsEurope 2016). Similarly, in 2015 the USA plastics industry 
sustained 954,000 jobs while making a revenue of USD 418 billion 
(Plastics Industry Association 2016).
3  For instance, the EU requires for its Member States to adopt meas-
ures to cut the consumption of plastic bags and other single-use plas-
tic items (EC 2018).
4  Global plastics recycling is estimated to cover only about 9% of the 
6300 MTs of plastic waste generated between 1950 and 2015 (Geyer 
et  al., 2017). India has probably the highest plastics recycling rate, 
with estimates ranging from 47 to 60%. In the EU only approximately 
30% of 25 MTs of post-consumer plastic waste was recycled in 2014; 
China had a recycling rate of 22% in 2013; and only 9.5% of plastics 
entering the US municipal solid waste stream were recycled in 2014 
(Barra et al., 2018).

5  Lebreton et  al. (2017) found plastics production per country a 
major driver of the flow of plastic waste into the oceans together with 
population density and waste management.
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ingest (Goldstein et al., 2013) hence contaminating the food 
chain. Their small size renders them untraceable to their 
source and extremely difficult to remove from open ocean 
environments.6 In such conditions the most effective mitiga-
tion strategy is to reduce the input (Jambeck 2015). One of 
the key strategies for achieving this target is the use of waste 
as a resource, evolving towards a circular economy: in other 
words persuading society to stop thinking of plastics as a 
waste and to see them as a renewable resource that needs 
to be disposed of correctly. At the same time, discouraging 
the non-essential production and unnecessary consumption 
or use of plastics can play a critical role in containing their 
leakage into the environment. In some cases the latter strat-
egy is seen as the first priority (Barra et al., 2018). At this 
stage, the question becomes the identification of the most 
effective strategy for reducing inputs.

That is easier said than done. Plastics are present either 
directly or indirectly in almost every aspect of our daily life. 
Therefore, designing a comprehensive intervention strat-
egy about plastics and plastic waste is not an easy task. For 
instance, let’s take the case of single-use plastics, which are 
responsible for the largest share of marine plastic pollution. 
Single-use plastics create negative externalities, highlight-
ing a case for a tax on producers to help correct the mar-
ket failure. However, since many consumers have a strong 
bias towards single-use plastic items, the demand for plastic 
products may be price inelastic, which means that the tax 
is ineffective as producers will manage to pass most of the 
extra cost on to consumers. At the end of the day, the more 
inelastic the demand for plastic products, the larger the share 
of the indirect tax that can be passed on to the final con-
sumer and therefore the less effective the tax. In this case 
an eventual change of consumers’ behaviour can make the 
difference. In this regard the plastic bag tax is a good case 
in point. In some cases it is seen as a success (e.g., Mar-
tinho et al. 2017), but other studies highlight how a share of 
the plastics reduction imposed by the plastic bag tax is lost 
due to consumption shifting towards unregulated trash bags. 
Of course, consumers’ sensibility towards the plastic waste 
problem contributes to explain the different performance of 
similar policies,7 but the consideration above remarks how 
an integrated systemic approach is required when design-
ing a regulating system in order to avoid leakage effects. 
In such conditions, while part of the literature considers 
public awareness and behavioural change among plastics 

users as the most important way forward (e.g., UNEP 2016; 
Veiga et al., 2016; Pahls et al., 2017; Löhr et al., 2017; Jef-
ferson 2019; Locritani et al., 2019), other studies remark 
the need to look at the larger picture. A growing body of 
literature questions the adequacy of the currently proposed 
policy responses to the problem of plastic pollution (e.g., 
Borrelle et al., 2017; Xanthos and Walker 2017; Dauvergne 
2018; Nielsen et al., 2019; van Veelen and Hasselbalch 
2020) remarking that while on one side the market-based 
instruments have done little to curb plastic pollution, on the 
other side the fragmented nature of current plastics gov-
ernance allows the industry actors to deflect responsibility. 
For instance, the Extended Producer Responsibility (EPR) 
scheme in the EU has increased the recycling rate of plastic 
packaging, however it fails to encourage industries to explore 
the full mitigation potential of plastic pollution reduction. 
It is remarked how higher compliance fees for plastic pro-
ducers as well as higher environmental standards of plastic 
products could help to motivate producers to adopt a more 
eco-friendly business attitude. Likewise, steps towards the 
harmonization of EPR regulation among EU member states 
can lead to reductions of plastic pollution (Jia et al., 2019).

At a higher level, a few transnational policy initiatives 
have proposed some attempts to move towards a regula-
tory framework of plastics, mainly inspired by a circular 
economy approach,8 or aimed at tightening the conditions 
of global trade in plastic waste.9 In order to do so, further 
steps are required to develop an integrated perspective that 
investigates the politics of plastics throughout the entire life 
cycle: from production, through consumption, to waste and 
pollution (Borrelle et al., 2017; Nielsen et al., 2019).

In the meantime, a concern that is often raised about the 
effectiveness of policy measures related to plastics and plas-
tic waste is the wide knowledge gap which is still there. In 
the following sections we contribute to fill such knowledge 
gap; we make use of real data and try to answer the simple 
question “what works better to contain ocean plastic debris: 
measures aimed at containing plastics supply or measures 
aimed at improving its use?”

6  Recent studies have documented the plastic “fallout” from the gar-
bage patches into the underlying deep sea providing evidence of the 
massive size of the problem (Egger et al., 2020).
7  Needless to say, in this regard it is interesting to consider how the 
average number of plastic bags used by an individual ranges quite 
widely: e.g., it is estimated to be around four units in a year in Den-
mark and about one unit per day in the United States (Parker 2019).

8  See, in particular, the EU Plastic Strategy (European Commission 
2018) and the New Plastic Strategy Global Commitment (Ellen Mac-
Arthur Foundation 2016, 2017).
9  The Basel convention, adopted in 1989 with the aim of reducing 
the transfer of hazardous waste between nations, was amended in 
2019 to include plastic waste.
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3 � Methodology

3.1 � Systemic approach, non‑linearity and model 
selection

In this study we adopt a simplified systemic approach to 
plastics production, management and use. For simplicity we 
ignore all aspects of recycling and waste management to 
focus instead on the bulk of what constitutes the nexus of 
plastics supply and demand.10

As a preliminary step, we adopted a non-parametric 
approach to test our data for possible non-linearity.11 Besides 
some simple visual assessment, the non-parametric analysis 
allowed us to come up with some initial non-parametric ker-
nel regressions. As this type of regression does not impose 
linearity and allows the model to have polynomial structures, 
it provides a valid way of testing the linearity of the data and 
consequently of instructing the model selection.

Trying to explain ocean plastic debris solely by focussing 
on either the supply of plastics or its consumption would suf-
fer from a lack of robustness. On the other hand, combining 
supply and demand in a single model can create problems of 
collinearity. Furthermore, it is clear that economic measures 
acting on supply and demand work in different ways, and 
therefore combining them within a single equation could 
create a misleading framework. Hence, a system of simul-
taneous equation models that can cover supply and demand 
together is required, as in the case of Seemingly Unrelated 
Regression (SUR) or Vector Auto-regression (VAR). The 
consideration that the VAR approach requires a condition of 
endogeneity among all the variables involved, a condition 
that is not satisfied in our case, leads us to opt for a SUR 
modelling approach.

SUR is a type of generalized linear regression model 
which assumes that the error terms of the equations are 
correlated, implying that there are common observable fac-
tors for all equations. SUR provides consistent and efficient 
parameter estimates, unlike single-equation linear regression 
models that provide only consistent estimates.12 We use the 
Breusch-Pagan test to ascertain this assumption.

Equations (1) and (2) are used for the estimation of long-
term models, while Eqs. (3) and (4) are used for the estima-
tion of short-term models.

where: �
0,1,2,3

, �
0,1,2,3

, �
0,1,2,3

, �
0,1,2,3

 are the parameters to be 
estimated and u
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1,2
 are residuals with normal distribu-

tion and constant variance.
The demand function is estimated through the number 

of users and their income. For the estimation of the sup-
ply function we use plastics production and the cost of the 
main input, the price of oil. Both income and oil price are 
estimated in real terms.

All parameters are logarithmically transformed to reduce 
the effect of heterogeneity on standard errors.

To take account of the accumulation of marine plastic 
debris over time, a one-period lagged component of entan-
glements is included in the models.

3.2 � Data

With reference to ocean plastic debris, Ostle et al. (2019) 
presented a dataset based on consistent records of plastics 
entanglements on a towed marine sampler. The records, 
which run from 1957 to 2016 and cover over 6.5 million nau-
tical miles in the North Atlantic and adjacent seas, indicate 
a significant increase in open ocean macroplastics in recent 
decades. The present analysis makes use of Ostle et al.’s 
(2019) dataset on ocean macroplastic debris.

It goes without saying that in view of its mobility ocean 
plastic debris cannot be associated with any specific source 
country, and hence for the sake of simplicity, we assume 
here that the dataset provided by Ostle et al. (2019) is appli-
cable at the global level.

Likewise, as the analysis in this study is conducted at the 
global level, the number of plastic users and their income—
required for the estimation of the demand function—are 
proxied, respectively, by (a) the world population, and (b) 
the world average income per capita expressed in real terms. 
Both variables are sourced from the World Bank World 
Development Indicators (WDI).

For the estimation of the supply function, data on global 
plastics production were sourced from PlasticsEurope and 
Geyer et al. (2017) and data about oil price in real terms 
were sourced from WDI.

All data refer to annual series from 1970 to 2016.

(1)Y = �
0
+ �

1
Y
t−1

+ �
2
X
2
+ �

3
X
3
+ u

1

(2)Y = �
0
+ �

1
Y
t−1

+ �
2
Z
2
+ �

3
Z
3
+ u

2

(3)ΔY = �
0
+ �

1
ΔY

t−1
+ �

2
ΔX

2
+ �

3
ΔX

3
+ u

1,t−1
+ r

1

(4)ΔY = �
0
+ �

1
ΔY

t−1
+ �

2
ΔZ

2
+ �

3
ΔZ

3
+ u

2,t−1
+ r

2

10  Waste management and the circular economy are expected to play 
a key role in improving the overall efficiency of the system; neverthe-
less, their relevance so far is negligible, and their contribution is not 
reflected in the historical dataset adopted in this study.
11  Ocean plastic debris is cumulative and the rate of its accumulation 
may accelerate or decelerate over time. Integrating data on recycling 
policies into our model could help to address this aspect of the prob-
lem. However, due to the lack of the data necessary to address this 
issue for the period considered in this study, we can try to tackle it by 
considering any possible non-linear links. In fact, if the rate of accu-
mulation of debris changes over time, this can be only captured by a 
non-linear model.
12  Additional resources about SUR modelling approach can be found 
at https://​www.​stata.​com/​manua​ls/​rsureg.​pdf.

https://www.stata.com/manuals/rsureg.pdf
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4 � Findings

Figure 1 allows visual inspection of the evolution of the vari-
ables analysed in this study, highlighting the increasing trends 
over the period under consideration, although with very differ-
ent slopes. It is important to remark that plastics production is 
considered here as flows to capture the new input of plastics 
into the economic system. Ocean plastic debris, on the other 
hand, is considered here as a stock, and annual data have been 
cumulated to take into account the very slow degradation pro-
cess and consequently the long time required for plastic debris 
to decompose.

Figure 1 does not reveal evident patterns of non-linearity; 
nevertheless, to thoroughly investigate our dataset to deter-
mine whether a linear approach is capable of delivering robust 
results, we employ non-parametric kernel distributions. The 
diagrams derived from the non-parametric kernel distributions 
are shown in Fig. 2. The number of entanglements, taken as a 
measure of marine plastic debris, is shown on the horizontal (X) 
axis and presents our dependent variable, while the parameters 
on the vertical (Y) axis are our independent variables. The dis-
tributions reveal that the only instance of non-linearity refers 
to the oil price variable. Having said that, it should be noted 
that a considerable proportion of the oil price data has linear 
characteristics, this way restricting the non-linear patterns of 
our dataset.

A second attempt to detect any potential non-linearity 
in our data visually compares ordinary and orthogonal 
regressions run on the pairs of dependent and independent 

variables. Any discrepancy between the two regressions 
would reveal the existence of measurement errors; how-
ever, visual inspection of Fig. 3 in the Appendix highlights 
the general overlap of the two regression lines, with some 
measurement error noticeable only when a linear estimator 
is used for the oil price variable. This assessment supports 
the considerations expressed above that the use of a linear 
estimator does not violate the robustness of the results in a 
pairwise setting.

At this stage we run a non-parametric kernel regression 
to test our visual impression that our dataset is not exposed 
to significant non-linearity problems. This type of regression 
does not impose linearity and allows models to have polynomial 
structures. The results are presented in Table 1. As mentioned 
above, the variables were considered in a systemic fashion and 
therefore results are arranged under Demand and Supply. To 
facilitate comparison with the results presented later in this 
analysis, the coefficients of the lagged dependent variable are 
also reported in Table 1.

A rapid review of the results presented in Table 1 leads us to 
consider first of all that the parameter estimates of the lagged 
entanglements highlight the cumulative nature of ocean plas-
tic debris. Despite the similar values of the coefficients’ lagged 
variable in the two equations, the largest coefficient in Table 1 
refers to the world population, taken here as a proxy for global 
demand, suggesting that global demand has larger responsibility 
for ocean plastic debris. This interpretation finds support in the 
much lower coefficient estimate for plastics production, which 
is expected to be among the major determinants of plastic debris 
on the supply side of the problem. The negative sign of the GDP 

Fig. 1   Evolution of variables 
(1970 = 100). Ostle et al. 
(2019), PlasticsEurope and 
Geyer et al. (2017), World Bank 
WDI
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coefficient supports the consideration that richer countries are 
likely to be more aware of the negative side effects of plastics 
consumption than countries with lower GDP, although the sta-
tistical significance of this argument is not supported. Lastly, the 
price of oil is found to be positively correlated with ocean plastic 
debris. This result can find a possible explanation in the recip-
rocal relationship between oil price and plastics supply. Never-
theless, this relationship is expected to lead to an endogeneity 

problem. Since it is not possible to test this assumption properly 
in a non-parametric equation setting, we are forced to consider 
more appropriate setups for this analysis. Treating supply and 
demand in a systemic fashion can help us to achieve more solid 
results, as we discuss later. Anyway, the non-parametric analysis 
conducted so far has allowed us to address the question raised 
earlier about the possible non-linearity of our variables. Earlier, 
the visual assessment of the kernel distributions allowed us to 
detect the presence of a non-linear component only with regard 
to the oil price variable, although we remarked its limited rel-
evance. Contrary to our initial impression, the results presented 
in Table 1 highlight that the kernel regression detects only a 
linear component. This consideration leads us to continue the 
analysis through parametric linear modelling.13

Fig. 2   Non-parametric distribu-
tions

Table 1   Non-parametric regressions

Significance: *p < 0.10, **p < 0.05, ***p < 0.01

Coeff

Demand
Entanglmentst−1 0.693***
World population 2.002***
Word GDP  − 0.078
Supply
Entanglementst−1 0.657***
Plastics production 0.530***
Oil price 0.148***

13  We also tried a system of non-linear equations. Yet the number of 
observations and the proximity of patterns in the dependent and inde-
pendent variables make this approach unfeasible as it induces multi-
collinearity: i.e., it reduces the rank of the equations since the number 
of parameters estimated exceeds the number of equations.
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Table 2 reports the details of the preferred model. The first 
column reports the coefficient estimates of a static (long-run) 
model. The very high value of R2 raises some concern about 
the risk that our estimation can be spurious if there is no stable 
long-run relationship among our dependent and independent 
variables. On the contrary, the dynamic (short-run) model, esti-
mated with first-differenced data, shows evidence in favour of a 
stable long-run relationship with plausible R2 value. Therefore, 
unit root tests were run to eliminate any doubt.14 Subsequently 
we have run the short-run SUR estimation with first-differenced 
data, an autoregressive component and an error-correction term, 
estimated as one-term lagged residuals of the static model.

Both supply and demand equations report statistically sig-
nificant estimates of the autoregressive parameter, with the 
number of entanglements during period t strongly influenced 
by the number of entanglements in the previous (t-1) period. 
This confirms our assumption that entanglements are cumula-
tive, and remarks the stability of the process of accumulation of 
marine plastic debris.

Among all parameter estimates, the strongest effect 
is observed in the demand equation with regard to the 
role played by the world population in the long run. This 
addresses the consumption side of the plastics nexus. 

Population size—as a proxy for the number of plastics 
users—works as a sort of multiplier, amplifying the effect 
induced by other variables, and therefore, its relevance can 
be appreciated particularly in the long run. This explains its 
insignificant coefficient in the short run.

Income is found to be statistically insignificant with 
regard to marine plastics entanglements, highlighting 
how the problem goes beyond any simplistic economic 
classification.

On the supply side, the strongest effect apart from the 
cumulative autoregressive component refers to plastics 
production. However, contrary to the case of population, 
plastics production plays a statistically significant effect 
in both the short and the long run. This finding has obvi-
ous policy implications: if marine plastic debris were to 
be controlled in the short run, measures aimed at plastics 
production would arise as the best candidate.

Moving on with the variables considered in the supply 
model, oil price is found to have an insignificant effect.

In both short-run models the error-correction terms are 
found to be statistically significant and theoretically con-
sistent by having a negative sign. The significance of the 
error-correction terms shows that there is a stable level of 
ocean plastic debris that has been formed over a period of 
time. The negative sign of the ECT coefficients supports the 
consideration about the stability of entanglements over time, 
informing us that any change in the size of entanglements, 
induced through either supply-based or demand-based meas-
ures, is destined to vanish quickly, in less than a year.15 In 
particular, the greater absolute value of the ECT coefficient 
in the supply equation implies that the effects of a supply 
shock will die out slightly faster than those induced by a 
demand shock. This result provides evidence that the marine 
plastic debris linked to the supply side of the plastics sup-
ply–demand nexus is more rigid and can restore its long-
term path faster than the debris linked to the demand side 
of the nexus.

Overall, both plastics supply and demand play a signifi-
cant role in contributing to ocean plastic debris, although the 
former seems to have an immediate impact on the number 
of entanglements, while the impact of the latter seems to be 
significant only in the long term.

Finally, the results of the Breusch-Pagan test remark that 
a systemic approach that deals with supply and demand 
simultaneously is needed to effectively tackle the problem 
of marine plastic debris.

Table 2   Long-term and short-term equations

Significance: *p < 0.10, **p < 0. 05, ***p < 0.01

Long-term (static) Short-term (dynamic)

Demand
Entanglmentst−1 0.724*** 0.930***
World population 1.175*** 0.008
Word GDP  − 0.020 0.008
ECTt−1

Constant  − 29.400*** 0.004
Adj R2 0.983 0.442
Supply
Entanglmentst−1 0.726*** 0.910***
Plastics production 0.310*** 0.194*
Oil price 0.003  − 0.003
ECTt−1   − 1.146***
Constant  − 9.010***  − 0.005
Adj R2 0.984 0.484
Statistics
Breusch–Pagan test 0.000 0.000

15  The coefficient of the ECT provides a measure of the speed of 
adjustment; in other words the expression 1/|ECT| measures the time 
required by the size of entanglements to return to a balanced condi-
tion after a shock. In this case the adjustment time is estimated to be 
between 10 and 11 months with regard to both supply- and demand-
induced shocks.

14  The results of the augmented Dickey-Fuller test, unreported here, 
have rejected the hypothesis of unit roots, this way supporting the 
robustness of our models.
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5 � Discussion and conclusions

Plastics is one of the world’s greatest industrial innovations, 
but the sheer scale of its production and poor disposal prac-
tices are resulting in growing adverse effects on human health 
and the environment. In particular, the increasing presence 
and concentration of plastics in the oceans is raising alarm 
signals about the health of the global marine environment.

This study has addressed this problem via two different 
methodological approaches. The results obtained using these 
approaches generally support each other, confirming the 
robustness of our findings. The coefficient estimates obtained 
from the two approaches have the same sign and are of similar 
size, implying that the different methodologies have captured 
the same direction of the relationship between the variables 
considered as well as the intensity of these relationships.

Our results provide evidence of a steadily increasing 
accumulation of ocean plastic debris. This is particularly 
alarming considering that this process of accumulation is 
occurring despite ongoing recycling practices and other ini-
tiatives to contain the problem.

One very important finding is the appropriateness of the sys-
temic approach we adopted to conduct this analysis. This finding 
highlights the fact that no single solution will stop marine plastic 
pollution. The solution is likely to be found in a combination of 
measures to reduce the input of plastics into the marine environ-
ment. More generally, a transition towards more sustainable ways of 
both production and consumption is required. The circular economy 
approach is well placed to serve this purpose through the promotion 
of a production and consumption model designed to be restorative 
and regenerative to ensure that the value of products, materials and 
resources is maintained in the economy at the highest utility and 
value for as long as possible, while minimizing waste generation, 
by designing out waste and hazardous material. In the case of plas-
tics, this means simultaneously keeping their value in the economy 
without allowing them to leak into the natural environment.

However, this is easier said than done. It will require a concerted 
effort, building on the engagement of all levels of society—pri-
marily governments, the industry and individual consumers. A 
combination of legislation and the promotion of environmental 
consciousness will be required to achieve general awareness and 
a change of attitude towards the problem. It will involve a set of 
measures to tackle both the supply side and the demand side. On 
the supply side, only essential plastic products should be produced, 
with discouragement of non-essential production and use and the 
promotion of renewable and recyclable alternatives to plastics. On 
the demand side, education, continued research, and awareness 
campaigns are needed to drive users’ action as well as large-scale 
decisions about waste management and product design.

Overall, while recognizing that integrated solutions are 
best at containing the escalation of ocean plastic debris, 
this study has assessed and compared the effectiveness of 

strategies aimed at either the production or the consumption 
of plastics. Our results demonstrate that strategies addressing 
the demand side of the equation appear to promise greater 
impact. In particular, measures aimed at demand for plas-
tics promise to be three times as effective at curbing marine 
plastic debris than measures addressing plastics production. 
This can be partly explained by the large contribution of 
single-use plastics—and therefore by the (ir)responsibility 
of many of their users—to the problem of marine pollution.

At the same time, our results highlight how the impact of any 
initiative is short-lived and that the long-term balance between 
plastics supply, plastics demand and marine plastic debris is 
quickly re-established via what has become a perverse system. 
This consideration remarks that drastic measures are required 
to be able to overcome the perverse system currently in place 
and move towards a more sustainable balance. In particular, the 
different speeds with which plastics supply and demand impact 
the amount of marine plastic debris helps to set some prior-
ity for action: the tendency detected on the supply side to get 
back to long-term balance faster than that on the demand side 
highlights the prioritization of urgent measures on the former 
while providing slightly longer time to intervene on the latter.

Overall, the results of this study can help to inspire the prior-
itization of intervention strategies. But most of all, our findings 
are expected to contribute to the design of integrated interven-
tions tackling the problem of marine plastic debris through a 
systemic approach. The consideration that strategies aimed at 
plastics consumption seem to be effective only in the long run 
is a reminder that drastic action is urgently required in that direc-
tion. At the same time, the consideration that measures aimed 
at the supply side are effective both in the short and the long 
run should highlight the opportunity—as well as the need—to 
support initiatives aimed at both containing the progression of 
the problem and setting up more stringent long-term strategies.

In the end, besides assessing the effectiveness of demand- and 
supply-based strategies, this study has highlighted how a systemic 
approach is required to tackle the problem of marine plastic debris.

Our finding that measures aiming at demand are expected 
to be more effective than supply-based ones should not allow 
us to forget that plastic waste is inherently consequential 
to plastics supply, and hence concerted effort on all sides 
is required. To put it euphemistically, we can quote Dau-
vergne (2010): “succeeding globally will require far greater 
change than simply increasing the number of conscientious 
consumers refusing plastic bags, recycling plastic bottles, 
or sleeping contentedly on recycled plastic pillow stuffing”.

Appendix

See Fig. 3.
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Fig. 3   Linear and orthogonal 
regressions
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