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ABSTRACT

Process innovation that increases operational efficiency through a step change improvement in
resource utilisation and waste reduction can help boost manufacturing profitability but also
offer broader social and environmental benefits. Business owners, though, might be reluctant
to make investments in process innovation unless they serve a pure profit motive. While not
guided by altruistic intentions, the owners might nonethel ess see a strategic benefit in providing
their managers with remuneration incentives supported by public commitments to increase
innovation effort for more efficient, lean and sustainable operations. We model such a
possibility amongst producers controlling the supply of essential complementary components
that go into the assembly of competitively produced composite finished goods. We
demonstrate the ruinous effect of independent strategic delegation to managers of powerful
complementary producers. Instead, collaboration amongst the owners of the complementary
producers to establish common managerial incentives can increase innovative effort to raise
efficiency that benefits the whole industry supply chain, end consumers, and social welfare.
Government-backed voluntary agreements with sector-wide commitments may be helpful in

encouraging process innovation to support lean supply chains and sustainability.

Key Words: Innovation; Efficiency; Sustainability; Incentives; Complements; Collaboration.

! Corresponding author: Tel: +44 1603 597270. Email Addresses: p.w.dobson@gmail.com (P.W. Dobson);
r.chakraborty@uea.ac.uk (R. Chakraborty).



1. Introduction

Process innovation that improves efficiency camp lralse profitability but also provide
wider societal benefits. Business owners, emplgyeassumers and the environment can all
potentially share in the benefits from innovatitrattincreases operational efficiency, raises
resource utilisation, cuts waste, and lowers c@dtgida 1996; King and Lennox 2001; Piercy
and Rich 2015). Thus, we might expect firms to bey\strongly motivated to pursue process
innovation for the advantages conferred on thein ovganisation through improved efficiency
and competitiveness, but also encouraged by thanitodg of the broader benefits afforded to
external stakeholders and society at large.

Nevertheless, all of this assumes that firms alstuaant and are prepared to pay for
improved efficiency, which can require substanti@estment and effort in process innovation.
Business owners will obviously be deterred fromartaking such investments if the unit cost
savings generated are not sufficient to cover fifeont investment expenditure. Yet, within a
supply chain context, business owners might hakieratonsiderations that deter them as well.
In particular, the mutual interdependence amonisisfin a supply chain means that an
innovating firm might not fully appropriate the rawls from its own investment, as other
parties can benefit as well. Specifically, the véhelpply chain stands to gain from reduced
costs if these allow for lower final prices andreesed demand and sales. This can give rise to
a free-rider problem and coordination failure, wheach firm leaves it to others in the supply
chain to incur the investment to reduce costsll ibarties think the same way then no one will
innovate, cost savings will not materialise, ardustry and social benefits will be lost.

In practice, two aspects can mitigate this freerigroblem. First, competition can act as
a driver for implementing process innovation, whene survival in avoiding displacement by
a more efficient rival takes priority over conceraisout free riding by other parties in the
supply chain. Secondly, contractual solutions mighpossible whereby beneficiaries share the
costs and rewards of process innovation. In pdaica pair of trading parties successively
linked in a supply chain might recognise that bstand to gain from their own and each
other’s efforts to reduce costs, so agree as gatiedr trading contract to share investment
costs and/or revenues (Gilbert and Cvsa 2003;20d2).

What happens, though, if there is no competitiveahand parties cannot contract with
each other? This paper considers precisely thistsan in a supply chain where the critical
parties are (upstream) monopoly component supptieas provide essential complementary

inputs used by (downstream) perfectly competitiseemblers of a composite finished good.



For example, the essential components could bevaaed(e.g. an Intel processor) and software
(e.g. a Microsoft operating system) required in tdwmnpetitive production of personal
computers. Here, any investment that one compaosigmplier makes to reduce its operating
costs and pass on lower prices to boost demandideva direct benefit to another
complementary component supplier, which can simgise its prices correspondingly to leave
sales at their original level but gain profit vta increased unit margin. With both component
suppliers thinking the same way then they will bathderinvest in cost-reduction effort.
Furthermore, secure in their monopoly positionsntkigere will be no competitive spur for
them to innovate. Moreover, since they do not trdiectly with each other, but instead lie
horizontally (i.e. side-by-side) at the same lewethe supply chain, then they will not have
trading contracts with each other upon which theylad add in agreements on sharing costs
and benefits from innovation. How then, in the aoseof competition or formal contractual
solutions, could they limit free-riding behavioorminimise the underinvestment problem?

We address this question by modelling a supplyrckaation featuring complementary
monopoly to consider differences between independeaon-cooperative) behaviour and
collaborative (cooperative) behaviour. We contagtomes resulting from profit maximising
behaviour with outcomes resulting from the businessners giving their managers
remuneration contracts that have an explicit elémelating to the amount of cost-reduction
achieved through process innovation. We demonshrate independent strategic delegation
can exacerbate underinvestment in innovation. &asteee show how owners’ collaboration to
establish common incentives can help the complesngmbcrease innovation and benefit the
whole supply chain, end consumers, and raise sa@thre. We draw on these findings to
discuss how industry standards, voluntary agreesraamd self-regulation could work to support
welfare-raising collaboration. In particular, weesan important role that government can play
in encouraging sector-wide commitments to innoveted efficiency that promote lean supply
chains and sustainability, such as the UK governrapaonsored Courtauld Commitments for
the UK food industry (WRAP 2011; 2017; Quinn 201IMe central tenet is that innovation-led
efficiency-enhancing approaches give rise to soahality.

The paper is organised as follows. The next sectedates the paper to the extant
literature. Section 3 set outs the modelling framdwand game structure. Section 4 examines
the non-cooperative and cooperative outcomes fofitpmaximising behaviour. Section 5
shows how the outcomes change with independentcangerative strategic delegation by
business owners, either rewarding or penalisingovation effort by managers. Section 6

concludes with the implications for promoting eiéiecy, lean operations, and sustainability.
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2. Related Literature

The model and analysis in the paper draws on tdisenct and currently separate
literatures covering strategic interdependence @stosomplementary producers, strategic
delegation models involving process innovation, ambvation-led efficiency linked to lean
operations and sustainability.

The building block of our analysis is Cournot’s 883 Ch. 1X) model of side-by-side
market power examining the price-setting behaviofirtwo complementary monopolists
(copper and zinc) selling all their output in fixg@oportions to a competitive industry
manufacturing a composite commodity (brass). Thisestially represents the first formal
model of a manufacturing business system (Dobs06)20’he model is relevant to an array of
policy debates, notably property rights policy (lle2008) and patent policy (Spulber 2017),
and applications like bundling (Nalebuff 2003). Mogenerally, the Cournot model helps
appreciate the tension facing complementary firmb non-aligned incentives faooperating
(to increase the pool of available profits) andmpeting (over the division of profits)
(Brandenburger and Nalebuff 1996; Yoffie and Kwak@).

The second stream of literature directly relevamtour analysis concerns strategic
delegation models where business owners incentamskedelegate decision-making authority
to managers as a commitment device (FershtmanwatilP87; Sengul et al. 2012). In respect
of strategic delegation to induce cost-reducing R&€bang and Zhang (1997) and Kopel and
Riegler (2006) employ a complex multi-stage ganrecsiire where managers’ operational
decisions are sequenced, with innovation outcomedertaken and the level of success
becoming common knowledge before output decisioasrade. Both papers have managerial
contracts based on a linear combination of profd aales revenue, which, while common in
the strategic delegation literature, do not digecttentivise innovation effort.

In contrast, our approach follows Overvest and Weld (2008), Veldman et al. (2014),
and Veldman and Gaalman (2015) who examine stratigegation to promote cost-reducing
innovation effort in Cournot oligopoly. Their appich has several attractions. First, their
models use a straightforward two-stage game steictithere owners set managerial contracts
in the first stage and then managers make opesgdtidecisions in the second stage, with
strategic behaviour squarely focused on the marsgeontracts. Secondly, the manager
contracts take the simple and intuitive form ofire&r combination of profit and innovation
outcomes (measured by the extent of success iiregunit costs). Thirdly, all the operational

decisions are tactical choices, allowing for trbttaanalysis yielding with straightforward



closed-form solutions that are easy to interpret.

However, our paper differs from theirs in severay kespects. First, our focus is on
perfect complements in a supply chain comparedh@rgd on perfect substitutes in a
homogenous final goods oligopoly. Second, stratedgeraction works in the opposite manner,
where softening competition and colluding is abrising prices in oligopoly butowering
them in complementary monopoly. Third, firms conepet outputs in Cournot oligopoly but in
prices in Cournot complementary monopoly. Fourthjlevin both cases these variables are
strategic substitutegi.e. the best response functions slope downwarlt® character of
aggressive strategic behaviour through crediblevasille commitments works in the opposite
way. With Cournot oligopoly, strategic behaviouraisout commitments that serve to raise the
firm’s own output while obliging its rival to cortct its output, assisted by strategically
overinvestingin cost-reducing innovation to raise productivdicedncy. In contrast, with
Cournot complementary monopoly, aggressive stratbghaviour is about raising own price
but obliging the rival to lower its price, assistegstrategicallyunderinvestingn cost-reducing
innovation to lower productive efficiency. The difence in these effects will have an
important part to play in our model. Fifth, a fuettmore subtle difference arises from the way
that cost reduction efforts enter the profit fuons we examine because they come via raising
the profit margin, so directly influence quantitiioeces but only indirectly influence price
choices. The upshot is that Cournot complementagapoly is not the perfect dual problem
of Cournot oligopoly, as often thought, which hame further effects on the results.

Additionally, there are two other relevant apprascin the strategic delegation literature
involving R&D effort. First, Pal (2010) considerslicision and semi-collusion delegation in an
oligopoly context, but with a sales weighted mamay@bjective function. Second, Barcena-
Ruiz and Garzén (2002), Pal (2012), and Poyago-bhgaand Yong (2017) consider explicit
pollution reduction objectives when emissions ta&es present, but also in the context of
oligopoly rather than within a supply chain invelgicomplementary producers.

In addition to this research using game-theoretideling, we draw on insights from the
burgeoning literature on innovation-led efficiendinked to lean supply chains and
sustainability (Garza-Reyes 2015; Piercy and Ri652. In particular, we see a role for
voluntary agreements to overcome industry reluadadnvest in reducing waste and adopting
lean operations while promoting sustainability (Baeod 2014; WRAP 2011; 2017).

! Sonnenschein (1968) shows the duality betweenr@owligopoly and complementary monopoly, but asssim
zero costs. As Amir and Gama (2013) demonstragepéinfect duality breaks down once there are non-aests.
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3. Model Set Up

A composite manufactured good (say, brass) is cttivedy produced and assembled
using two components (say, copper and zinc) irdficed equal (1:1) proportions each supplied
by a monopolist, indexed hyj = 1, 2,i #j. The components have no other use other than in
the manufacture of the composite good. The unitscos making the composite good are a
linear sum of the two component unit prices, respely p; andp,, and constant unit assembly
costs at a rate df per unit. The composite good industry is perfecibynpetitive and the
manufactured good is sold to consumers at combimédcost, such that its price per unit,
denoted by, is the linear sum of the two component unit giaad the assembly unit cost, i.e.
P =p;s + p2 + k The composite good industry faces linear consuteenand, with indirect
demand in the general linear form expresseR® asa — bQ, wherea, b > 0 andQ is the total
number of units sold, so that direct deman@ s (a—P)/b = (@ —p1 —p2 —K)/b.

The component monopolists each set a fixed perprige, as a posted non-negotiable
price which is visible to the whole industry angbgs to all units supplied. They both produce
to order by letting the composite industry detemniine quantity required, respectivelyand
oo, for the given component unit pricédVith the composite good being made in equal
proportions and with normalised units th@r q; = Q.

In producing and supplying their respective goasls;h component monopolist faces
constant unit costs, but the level, can be influenced by process innovation effodwver,
investment costs for process innovation are higth w&ith diminishing returns. Specifically,
existing technology and processes provides a bass Linit cost rate af but then each
component monopolist can implement process innoratihich lowers unit cost by the amount
x; (>0), soc;=c—x;, at the investment cost & =yx?/2. The cost improvement
parametery, is common to both firms and reflects the degreelifficulty and expense in
implementing process innovation, where we assyrre2, as sufficient to ensure non-negative
prices in all considered cases (and where 1 rules out all cases). The technology and
processes that each component producer uses ageuoi the production and supply of their
own good, and very different from the other compuneo there is no prospect of technical
spillover. Thus, only through the producer’s owogass innovation investments can it lower
its own operating costs.

2 The alternative of quantity competition resultstie market collapsing with the firms setting zevatput
(Sonnenschein 1968; Dobson 1992).

¥ We are assuming here that innovation leading & @duction is deterministic in the sense thaeexture on
innovation effort translates through to a certaiatsaving, such as scaling-up tried-and-testdtht#dogy.
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To reduce notation and without further loss of gality, we set the composite industry’s
marginal cost parameter and the base level coanpaer for the two component monopolists
to zero, so respectively= 0 andc = 0. Regarding consumer demand for the composite good,
we normalise market size and price sensitivityrigy) so thera =1 andb = 1 and thu® = 1
— p1 — p2. Thereby we focus attention on the component moligip’ decisions on their levels
of unit cost reductiony; andx,, and their pricesp, andp,, as the key decision variables that
determine market outcomes for given realisationthefefficiency improvement parameger

In respect of the timing of decisions, both costuaion investments and prices are set
simultaneously and are independently determinedhbytwo component producers unless a
cooperative agreement allows for coordinated jdigtermination. We view each component
producer’s simultaneous choice of innovation effamtd price as fixed in anticipation of the
subsequent demand from the composite good indugpecifically, innovation requires upfront
investment expenditure as an irreversible sunk maste independently and unobserved by the
other industry participants when making their ovagidions.

We model innovation effort and prices as Nash émulm outcomes from a one shot
game with all operational decisions made at theestime under complete information, so
demand and cost structures are common knowledgeettr, we allow for consideration of
different objective functions for the componentguoers in this stage game. We start with the
two ways in which Cournot originally conceived tt@mplementary monopoly situation. First,
as the base case, the two monopoly producers dependent profit maximisers. Second, the
two monopoly producers make coordinated decisiomadximise their joint profits as if fused
into a single combined monopolist. This second caitlee benchmark case because in a single
unified monopoly represents the highest level dfi@mble economic welfare in this industry
setting (assuming that a regulator does not intexveo mandate perfectly competitive
behaviour). The comparison of the two cases higtdighe extent to which independent profit
maximising behaviour harms welfare resulting frontgs being set excessively high and cost
reduction effort set unduly low compared to decisibased on joint profit maximisation.

Joint profit maximisation on the market decisionghm be desirable but not achievable.
For example, the respective business owners ofdhglementary monopolists might not be
prepared to merge their businesses and markesaoilimight not be feasible in the absence of
a mechanism to support a fully collusive agreemirso, we consider how the owners might
instead seek to shape the contracts of their managea way that provides for more favourable
outcomes than the alternative arising from bludependent profit maximising.

Specifically, we are interested to see what wouddthe effect of intentionally having
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managers focus on the extent of innovation effat fts own sake, alongside profit
considerations. We model strategic delegation a$ thature, with manager contracts
determined in advance of operational decisionssulgame perfect equilibrium outcomes in
two situations to draw comparisons with the bask l@nchmark cases. First, we examine the
two sets of business owners independently detengithieir respective manager contracts with
the intention of satisfying their own profit maxsmg objectives. This is the standard approach
in the literature on strategic delegation, but suout to be even more harmful to societal
welfare than the base case of independent profitimsing behaviour. Second, as an
alternative means of strategic delegation, we canmsijoint determination of manager

incentives through industrywide commitments supabiiy both sets of business owners.

4. Profit Maximising Outcomes

This section derives and compares the outcomethércases of independent and joint
profit maximising behaviour. The respective sebofcomes will serve as useful yardsticks by
which to make comparisons with the outcomes froemdnategic delegation cases considered

in the next section.

4.1 I ndependent profit maximising behaviour
As the base case, we consider the component pnedusienultaneously and
independently determining their respective pricad ianovation efforts to maximise their own

profits. Using the above assumptions, the proficfion for component monopolists
= (p;—c)Q—F = (pi+x)(1—p; —pj) —yx?/2 1)
Maximising profit with respect to cost-reductiorfaet and price levels, the necessary first-

order conditions are

aT[l'

—axi=1—Pi—Pj—)/xi=0 (2)
aT[l' 3
1= 2p,—pi—x: =0 3)
api pl p] xl

Solving the set of four first-order conditions stsgwvithy > 1 necessary for non-negative
prices, the Nash equilibrium outcomes (designated the superscripN) for the amount of
cost reduction achieved and the supply price chasaespectively



1

N _ 4
Wt (5)
o3y =2

We can note that the equilibrium innovation effisridecreasing i (i.e.dx) /9y < 0)
as expected since the parameter captures the defgdééculty and expense in implementing
process innovation, but which also entails the ldariim prices increasing in (i.e. dpY /oy >
0) as the monopolists pass on the higher innovatmsis to the composite goods makers.
However, their profitability suffers as innovatigosts rise with the equilibrium unit mark-up,
pY +xN = y/(3y — 2), decreasing ir. The direction of these effects will be commorato
the cases we examine, but the magnitudes will liiereint for the different equilibrium
outcomes.

Using (4) and (5), we can determine the remainiragket outcomes in this case. For
convenience, Table 1 (second column) summarisegshale outcomes. These cover the
quantity demanded?”, the amount of investment that each monopolist emakn cost
reduction,F}", the profit each firm makes,', the combined industry profitd¥ = nl’ + nlY,
the total consumer surplugS”, and the total economic welfai¢,¥, as the sum of industry

profits (i.e. producer surplus) and consumer s@plu
— Table 1 near here —

4.2 Joint Profit Maximising Behaviour
Following in the spirit of Cournot, we next examitiee outcomes under joint profit
maximisation, equivalent to the fusion of the twonmopolists into a single merged entity. The
joint profit of the two component monopolists frahe perspective of monopolisis
M=mn+m = (pi+pj—cl-—cj)Q—Fi—Fj
= (pi+pj +x+x)(1—pi —p;) —v(xf +x7)/2
Maximising the joint profit with respect to the twinovation-induced cost reduction levels

(6)

and two price levels, the necessary first-ordedd@ns are
ol
a—xl’=1—Pi—Pj—in=0 (7)

oIl
op; pi p; i j

Solving the set of four first-order conditions assuming a symmetric solution on prices
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(as a natural default position given the monopsilisymmetry and requiring > 2 to be non-
negative) reveals the merger-equivalent equilibricimices and resulting market outcomes,
which we designate with superscrigtand report in Table 1 (third column).

Contrasting the choices and resulting market ougsonfrom independent profit
maximising behaviour (from Table 1 second colummj goint profit maximising behaviour

(from Table 1 third column) allows us to establisa following proposition:

Proposition 1. Joint rather than independent profit maximising &abur provides for higher
industry profits, increased consumer surplus, amgroved efficiency arising from greater

investment in process innovation.

Proof. Direct comparisons of the equilibrium outcome®vshrespectively thafl” > MV,

cSM > cSN, xM > xM, andFM > FN. (See Appendix Table A1 for proofs to all propiosis).

This finding extends Cournot’s (1838, p.103) insitfiat “the composite commodity will
always be made more expensive, by reason of sepamitt interests than by reason of the
fusion of monopolies.” Independent profit maximisatresults in negative externality effects,
where each producer in setting a high price doésomsider the harm on demand for the other
producer, leading to inefficiently high prices. $Ho-called “Cournot effect” is the horizontal
equivalent of “double marginalisation” in a sucéessnonopoly vertical supply chain, albeit
with simultaneous rather than sequential price ruguk (Nalebuff 2003). However, when the
two complementary producers collude, they intesgathese effects and lower prices with a
bundled offer that benefits consumers, unlike igagoly where collusion amongst competing
producers results in higher prices.

Thus, the strategic interaction effect of independerofit maximisation is that
component prices are too high resulting in lowdesaf the composite good. However, in our
context, this has an important knock-on consequéurcthe extent of process innovation with
cost-reduction effort directly linked to the eqorium sales level. This is evident from the first-
order condition in respect of the choice of innoxaeffort which in both cases is exactly the
same withdm;/dx; = dll/dx; =1 —p; —p; —yx; = 0, which implies that; = Q/y since
Q =1—-p; —p;. Accordingly, with lower equilibrium sales resulii from inefficiently high
component prices then there is also reduced innevaffort compared to when prices are
jointly coordinated. Thus, it is not just that ipé&dent profit maximisation lowers profits
(which jointly harms the firms), and results inexcessively high price for the composite good



(which harms consumers), but that productive efficy is less than it would be under joint
profit maximisation.

Proposition 1 shows that the respective ownere@tbmponent producers have a vested
interest in merging the two monopolists to reletsetrapped added value and thereby enhance
the company valuations. Moreover, if there wereigk of entry or foreseeable change in the
structure of the market then presumably competigothorities would allow a merger. In
practice, though, authorities have been reluctantety on theCournot effectargument in
complementary producer mergers especially if timeiggt lock-in market power. For example,
the European Commission blocked G&/Honeywellmerger in 2001 with concerns about
enhanced bundling power (Choi 2008; Spulber 20IRere might also be other practical
reasons why the two businesses might not be abfeetge, such as ownership restrictions (e.g.
on foreign ownership) or unduly complex and/or fremted ownership structures which make
share trading difficult (Heller 2008).

If merger were not possible or palatable to the enarthen the alternative for obtaining
joint profit maximisation would be through collusicAgain, competition authorities might not
be averse to a horizontal pricing agreement betweemplementors if there were likely to be
material benefits for consumers. Nevertheless etimeight be two key practical reasons that
make coordination difficult. First, each monopoligtl have a private incentive to deviate from
any collusive agreement to keep prices low, becatisean gain additional profit by
surreptitiously raising its own price. In the prelseontext of a one shot game there is no threat
of retaliation to sustain collusion (such as thaight be through an infinitely repeated game),
and so any agreement might unravel, leaving the mwaopolists to end up with the Nash
equilibrium outcomes from independent profit maxgation. Secondly, both parties would
need to agree the individual price levels, as privere are only determined in aggregate (i.e.
the combination of the two prices passed on tatmposite good makers). The default, as we
have assumed above given their symmetry, is tlegt digree to set the same prices so have an
equal share of joint profit. However, in practidhe two monopolists might not be so
accommodating in their negotiations and they megth demand more than an equal share,
resulting in disagreement and a failure to concladellusive arrangement.

Consequently, if merger or collusion is not feasithien we are left to consider whether
the firms might be able to undertake some formradfrstrategic action to favourably influence
these operational decisions. To this end, we examext how the business owners might
influence the outcomes through designing remuraraiackages to motivate their managers to

take account of profit along with a specific weiglgton resource efficiency targets.
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5. Strategic Delegation Outcomes

This section extends the analysis to a two-stageegén the first stage, the two sets of
business owners simultaneously determine an ineetntract for their respective manager
based on a linear combination of profits and cedtiction effort, which they might be inclined
to make publicly visible if this aids their CSR deatials (Kolk and Perego 2014; Maas and
Rosendaal 2015; Glass Lewis 2016). In the secayggsbeing aware of each other’s contracts,
the two managers unilaterally decide on their paicd targeted cost-reduction levels.

We begin with the case of independent (non-coopejastrategic delegation where each
set of business owners separately decides on ¢katime contracts for their own manager. We
then consider the case of collaborative (cooperptsirategic delegation where both set of
business owners set the same structure of incestwéracts. With complete information,
where there is clarity and understanding in theketasbout the managers’ contracts, we derive
and then compare the subgame perfect equilibriuicoawes for these two cases.

5.1 Independent Strategic Delegation

Following Overvest and Veldman (2008), Veldman kt(2014), and Veldman and
Gaalman (2015), each set of owners provides tlsipeactive manager with a contract that
depends on a linear combination of a profit andcgss innovation bonus with the total
compensation expressed as the salary funétienr; + 1;x;, where4; is the monetary return
per unit of realised operational cost reductibccordingly, A; represents the weight the
owners attach to the firm’s level of innovativeaetf so the higher (respectively, lower) is this
strategic remuneration variable then the more @etsgely, less) the manager will direct the
firm’s resources towards innovation. We allow theners to determine the sign and magnitude
of this variable, recognising that a positive vaprevides extra encouragement to innovative
effort and lowering operational costs while a negavalue discourages innovative effort with
a view to leaving operational costs high while sgvdn investment expenditure.

We start by considering independent (non-coopexptthoices made by the respective
owners as the weight they attach to their respediiwn’s level of cost-reduction effort. The

game structure now changes into a two-stage gaimstlyFeach set of owners simultaneously

* Following Fershtman and Judd (1987), the actugineant to the manager takes the fotmt B;S;, with A; > 0
andB; > 0 as exogenously specified constants. Maximising plalyment function is equivalent to maximisifig
for a risk-neutral manager if the only control @dles are the price and innovation-based cost-tisdulevels.
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determines their respective value figr Then, the two managers simultaneously choose pric
and targeted cost-reduction levels with their ititen to maximise their own respective
compensation levels. With complete and perfectrinédion, the appropriate solution concept
is the subgame perfect Nash equilibrium (SPNEYexbby backward induction.

In the second stage, both managers choose prooeesation and price levels to

maximise their respective salary functions:
Si=i—c)Q—Fi+Ax; = (pi +x)(1—p; — pj) —yx?/2 + Lix; 9)

The necessary first-order conditions are

95,
as;
—=1-2p;,—p;—x;: =0 11
api pl p] xl ( )

Note that the incentive structure works directlytba innovation effort choice but not on
the price choice, sincéS;/dp; = dm;/dp;, and so any impact on price is only indirectly
through how the cost-reduction effort level affettis firm’s marginal cost. Clearly,s;/dx; >
(<) om;/ox; for ; > (<) 0. Solving the set of four first-order conditions,twy > 1
necessary for non-negative prices, shows the sestaigeg equilibrium choices to be
Y+ Gy — DA + 4

o _ =D +A) - Cy - DA (13)
P ) = e

The effect ofd; andA; are positive on the targeted cost-reduction leestcted by firm
I's manager, but the strength of the cross effeeerg small compared to the influence of the
own effect. In contrast}; and4; have opposing effects on the price level choserthigy
manager, where the own effect is negative whilectbss effect is positive but weaker.

Anticipating these outcomes chosen by the managars) firm’s owners determine the
innovation effort weighting parametgyin the first stage using these second-stage o@som

when maximising the firm’s profit function:
T (A A) = (i —c)Q — F; = (p; + x)(1 — p; — p;) —vx;?/2

_@r=D+4) - 20— DO+ DA — Oy =8y + DA
2y(3y = 2)?

Optimising with respect td; and rearranging the first-order condition providés

(14)

following best response function which is decregsim;:
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- D+4A)
Ai()‘]') - 9y2 —8y + 1 (15)

Solving for the equilibrium values, the owners atle firm set their manager the following

innovation incentive under “independent delegati@®signated with superscrif):

y—1
L —— 0 16
! 9)/_7< (16)

Observing the symmetry, with? = AP, and substituting this equilibrium value back itie
second stage outcomes, (12) and (13), revealsutigame perfect equilibrium outcomes under
independent delegation which are collected andrtegan Table 1 (penultimate column).
Clearly, far from encouraging managers to purstieieficy-enhancing innovation, the
owners insteadliscourageinnovative effort by penalising managers in thempensation
packages, by assigning a negative valuelfomdependent strategic delegation by the owners
thereby works to curtail investment and encouragéicient production with high unit costs.
In essence, owners incentivise managers to adogtefukbut-cheap technology and methods
rather than efficient-but-expensive technology arethods. The reason is that committing to a
raised unit cost in turn commits the producer toigher unit price and puts pressure on the
complementary producer to correspondingly lowerpit&ee and so not reduce final goods
demand. However, because both complementary peoslact in the same self-interested way
then the result is both firms’ prices and margmsrease but final goods demand falls to such
an extent that everyone — owners, consumers andtypoe are worse off compared to the

absence of strategic delegation by both firmspuasnsarised by the following proposition:

Proposition 2. Independent strategic delegation by owners peraksst-reducing effort and
results in managers choosing lower process innowagffort, higher prices and less output
compared to decisions based on independent pra@x®immsing behaviour to the extent that

industry profits, consumer surplus and societalfarel are all lower.

Proof. Direct comparisons of the equilibrium outcomesvghrespectively that!” < xM,
F/P < FM piP > pM QP < @N, I'P <1V, €SP < €SV, andW'™® < WV, (See Table Al).

Somewhat analogous to Gilbert and Cvsa (2003), wkamine investment in a
successive (vertical) monopoly situation, there tave forces working in tandem driving
underinvestment in this non-cooperative settingstFiboth sets of owners do not take into

account the positive externality effect of innovatieffort for each other, where lower costs
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translate into lower component prices and raisedashel that benefits the whole supply chain.
Second, there is a mutual hold-up effect with esethof owners wanting the other set to entice
their manager to increase innovative effort, whichn allows them, in a free-riding sense, to
reduce their own firm’s innovation effort, and takdvantage to raise price by being more
inefficient. With both sets of owners thinking tlsame way, then they both commit to
penalising their respective managers for undertpkimovative effort. Thereby, both firms
undertake even less innovation than they would widependent profit maximising behaviour.

This finding is directly opposite to the resultsGournot oligopoly, where Overvest and
Veldman (2008), Veldman et al. (2014), and Veldraad Gaalman (2015) show that owners
set positive innovation bonuses to encourage tiainagers to reduce costs. However, both
cases have in common a prisoner's dilemma structwheere independent delegation is
individually a dominant strategic choice but nottire firms’ joint interests.Yet, the welfare
outcomes are starkly different. In Cournot oliggpdhe positive innovation bonus induces the
managers to raise efficiency and output, which lewiadustry profits but raises consumer
surplus and social welfare. In our complementarynopoly case, though, the outcome is a
triple loss where industry profits, consumer sus@nd social welfare are all lower.

5.2 Collaborative Strategic Delegation

As a contrast to independent delegation, we consioléaborative delegation. Here, the
two sets of owners cooperate in determining howhmthey reward their managers for cost-
reduction effort but still have their respectivermagers independently (i.e. non-cooperatively)
determine the actual amount of innovation and spoading price levels.

While perhaps not easy to coordinate, we envishgejoint determination and a shared
focus on a common incentive level to promote cestuction might come about through
different possible drivers. First, collaborativeasegic delegation could represent a form of
“semi-collusion”, where the two sets of owners hgit own volition recognise their mutual
interdependence and coordinate on a common in@stiucture to motivate and reward their
managers. For example, the owners might jointly engdublicly pledged CSR and
sustainability commitments promoting waste reductod improving resource efficiency, but
then leave their managers to make independent oopetative operational decisions.
Secondly, a coordinated approach on manageriahiives might arise through regulatory

obligation or pressure. For example, the governmemtld mandate or coordinate a

® By considering the asymmetric case whgre 0, it is easy to show that each set of owners alvmgéers to
have their managerot maximising profit regardless of whether the otfien is or is not profit maximising.
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sustainability focus with accountability and tasgédr reducing waste and lessening harm to
the environment through promoting efficiency-enhagénnovation, made more credible when
backed up by the threat of taxes or other penaiti¢éargets are not met. Moreover, such
government involvement would have clear public suppvhen it clearly benefits both
consumers and the environment. Thirdly, even witlgmvernmental involvement, pressure to
coordinate on common sustainability objectives migtise from within the supply chain. In
particular, the downstream assembly industry hasirderest to ensure the monopoly
component suppliers do not underinvest in costetaolu effort, since higher prices will lead to
less demand, shrinking sales, and displacement asfjimal assembly firms forced out of
business. For example, as their customers, the stowam firms might lobby for the
component suppliers to adopt a shared purpose aeitmon resource efficiency and waste
reduction targets, then formalised as industryv@i@R commitments.

Thus, by the medium of public joint commitmentsedibly related to sustainability
obligations, we consider the owners of the two clemgntary suppliers making a first-stage
choice to set a common parametewith the objective of maximising combined industry
profits. The second-stage outcomes, where the rneamiagake independent choices over the

innovation and price levels are the same as (12)&8) but with the restriction that = 4; =

A, so simplify to

W =3 (17)
—-1-2
pi(A) = —ng - (18)

Anticipating these levels, the owners in the fatstge coordinate on settingo maximise
combined sector profits:
M) = (p1 +p2 +x1 +x)(1 = p1 — ) —v(xf +x5)/2

_yQy—1) +2yA— 9y - 8)A?
B 2(3y — 2)2

Taking the first order condition whedél /01 = 0 and solving reveals that the owners set

(19)

the following pro-innovation incentive to their pextive managers under “collaborative
delegation” (designated with superscigi):

14
AP = 0 20
9y -8 (20)

Substituting this equilibrium value back into thecend stage outcomes determines the

subgame perfect equilibrium outcomes under colk@ing delegation, as reported in Table 1
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(final column), where the necessary requiremenh@or-negative prices i8> 4/3.

By setting a common incentive and reward for cesiiction effort, the two sets of
owners internalise the positive externality effetinnovative effort for each other, where dual
cost reduction allows for lowers prices, higher g and increased combined profits. In
addition, by coordinating on the common innovatiocentive, the owners help alleviate the
mutual hold-up effect by jointly pushing their resfive managers to match each other in being
more efficient, rather than seeking to free ridetlom other’'s innovation effort and behaving
opportunistically to raise price from being morefficient. The upshot is more innovation
effort than under either independent strategicgitlen or independent profit maximisation,

and a second-best outcome if full cooperation aigeres not feasible:

Proposition 3. Collaborative strategic delegation rewards cost uetion and results in
managers choosing more process innovation effowtef prices and more output compared to
decisions arising under independent profit maxingsbehaviour or independent strategic

delegation, and so represents a second-best outcompared to full coordination or merger.

Proof. Direct comparisons of the equilibrium outcomeswsirespectively thatM > xf° >
xN >xP, FM > FP >FN > FP ) pM <pf? <pl <pP, QM > QL > QN > Q'P, M >
N >nv >nP, cs” > cs > ¢Sy > ¢S, andw™ > we > wh > wiP, (Table Al).

Figure 1 illustrates this result, showing the bestponse functions in prices and
equilibrium outcomes under each of the four scesarFor independently set operational
decisions, the best response functions takes tmeRg(p;) = [(1 —p)(y — 1) — 4;]1/(2y —

1). Compared to the best response functions undep@mdient profit maximisation (shown as
RY and wherel; = 0), independent strategic delegation leads to undestment in cost-
reduction effort which shifts out the price respmrisinctions (shown aR!” and where

A; = AP < 0). This is because prices for complementary morisgsohrestrategic substitutes
(i.e. downward sloping best response functions) iamestment in innovative effort makes the
firm soft by allowing the other firm to take advagé and maintain a higher price and boost its
own profit. Thus, the firms adopt a “lean and hynlyrok” strategy, in the terminology of
Fudenberg and Tirole (1984). In contrast, collabeeadelegation raises innovation and shifts
in the best response functions (showrR@s and wherel; = 152 > 0), but the equilibrium

price is still higher than under full coordination merger (wher&™ represents the contract
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curve and the set of Pareto efficient outcomes &bes-p, = (y — 2)/(2(y — 1)).
— Figure 1 near here —

If semi-collusion is feasible then it begs the queswhy full cooperation might not be
feasible. As explained in section 4.2, collusionpoicing might be difficult when the two firms
have to agree on their exact prices levels and kaslan incentive for hidden action to deviate
and surreptitiously raise its price. The same pewacentive to deviate exists on an agreement
between both sets of owners on the common incetitey set their managers for undertaking
process innovation. However, joint public declamas reduce the scope for reneging,
especially if there is reputational harm or somieeotimplicit penalty. In particular, owners
might be concerned about a government or publiklask if they fail to support resource
efficiency for the sake of sustainability. In thange vein, requirements for managers to
formally report on CSR (e.g. in line with EC Direet 2014/95/EU or ISO 26000 Guidance
Standard on Social Responsibility) might also tslpport industrywide commitments.

In this light, we might see genuine attempts, belygreenwash, for industries and supply
chains to innovate with clear joint targets on w@dg costs and wastage as possible
commitment mechanisms. This might especially appiydustries viewed as environmentally
unfriendly, such as mining (Dashwood 2014), or wh&aste is high in the public conscience,
like food waste. With shared objectives and thditglito monitor each other, firms might avoid
the temptation to deviate and free ride on the wiation effort of other parties in the supply
chain to reduce waste and increase efficiency. Tais help avoid a ruinous prisoner’s
dilemma situation where underinvestment in inn@ratharms industry profits, consumer
welfare, and the environment. Thus, a clear rolestgexfor industry standards, voluntary
agreements and self-regulation to work togeth@vercome opportunism and support welfare-
raising collaboration that benefits the triple battline (Haufler 2001; King and Lenox 2000).
Through this means, innovation-led efficiency erdnag approaches can support sustainability.

6. Conclusion

Our analysis calls for collaborative solutions withsupply chains to encourage
investment in process innovation. We see the hesippct for this being in respect of process
innovation that promotes sustainability, with intlysand societal interests aligned and having
the support of government and the public conceatsmlt environmental harm and resource

depletion. Examples exist of such sector-wide baltation. For instance, the Courtauld
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Commitment 2025 is a voluntary agreement that cdamthe UK food industry to collaborative
action in cutting the resources needed to provael fand drink by one-fifth over ten years
(WRAP 2017). The broader aim is to achieve UN Snatde Development Goal 12.3 by 2030
in halving food waste. The agreement includes bolative effort on whole chain resource
efficiency and builds on previous successes in giedufood and packaging waste across
multiple supply chains. The emphasis is on innoxgpthrough lean operations as the most
effective way to reduce costs, food waste, andrir@gse gas emissions (WRAP 2011). The
UK government will, if necessary, pressure retigaotucers to participate (Quinn 2017).
Finally, we recognise that our parsimonious modieshrty understates the complexity of
manufacturing supply chains, but our key findingpear robust to a number of extensions.
First, we could follow Veldman et al. (2014) andoal for stochastic innovation, which
effectively raisey as the probability of success declines, servingravide an even stronger
need for collaboration on innovation effort. Secowe could allow fon (> 2) complementary
monopolists, in a similar vein to Overvest and Vedoh (2008) who consider amfirm
Cournot oligopoly. As increases, we expect the cumulative problem ottndestment and
excessive pricing to become even more acute, sm aggreater need for collaboration on
innovation effort. Moreover, we cannot rely on megyfixing the problem since, as Gaudet
and Salant (1992) demonstrate, incentives for esittmgs mergers breakdown when there are
more than two complementary monopolists. Thirdbllofving Bergstrom (1978), we could
allow for variable proportions rather than fixe@portions technology in the assembly industry.
Even so, as long as the component producers maiataomplementary demand relationship
then we would expect the same pricing and innoeagixternality effects to prevail and so a
need for collaborative strategic delegation. Fdyrtthe downstream industry could also be a
monopoly and, while vertically coordinated pricergamning might resolve the pricing
externality problem, there could still be valuecommitting to coordinated innovation effort to
overcome free-riding incentives on process innavainvestments. Future research, though,

might wish to consider innovation incentives acragsrlapping or competing supply chains.
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Table 1. Complementary M onopoly Equilibrium Outcomes

Equilibrium Outcomes  Independent Profit Joint Profit Maximisation
M aximisation (Collusion Equivalent to
(Nash Equilibrium OutcomesMerged Monopoly)

Independent Strategic Collaborative Strategic
Delegation Delegation
(Non-Cooperative Outcomes) (Semi-Collusion Outcomes)
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Figure 1. Best Response Functions and Equilibrium Prices
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Appendix. Proofsfor Propositions 1-3

Table Al. Equilibrium Outcome Comparisons

Joint Profit MaximisationN1) versusCollaborativeCollaborative DelegatiorQD) versus
Independent Profit MaximisatiomN)
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Rank order of outcomes
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Strategic | ncentives for Complementary Producersto Innovate for
Efficiency and Support Sustainability

Highlights

» Complementary producers face conflicting private and joint incentives to innovate

Independent decision-making results in complementors underinvesting in innovation

Industrywide commitments to innovate for cost reduction can counter underinvestment

Governments can encourage innovation with industrywide waste reduction targets

Waste reduction commitments support innovation, lean operations and sustainability



