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Can We All Get Along?
Incentive Contracts to Bridge the Marketing and Operations Divide

Abstract

The marketing and operations management arms in a firm must work in coordination —
marketing efforts to create demand go to waste if supply is suboptimal, and vice versa. However,
achieving this coordination has remained a long-standing problem, because in most firms these
units are managed in a decentralized manner. A major source of conflict is that marketing
compensation is usually heavily weighted towards sales whereas operations compensation is
usually heavily weighted towards expense reduction. In this paper, we invoke agency theory to
determine compensation plans for sales and operations managers to coordinate their activities
in the best interests of the firm.

We first show in a single product scenario that, by rewarding the sales manager for increasing
sales and the operations manager for reducing total cost, a firm cannot coordinate the two
functions. Furthermore, a simple profit-sharing contract does not work, either, because of the
free-rider problem. However, we show that each of the following two contract schemes can
always achieve coordination: (1) rewarding the operations manager separately for increasing
sales and reducing costs, and (2) rewarding him separately for reducing missed sales and leftover
supply. We thus show that choosing the right performance metrics (before choosing the contract
parameters) can mean the difference between being able to align the interests of the salesforce
with those of the firm and not being able to do so. We identify coordination between demand
and supply as a new driver of compensation structure and find, for instance, that the sales
commission for the sales manager, even in the presence of risk aversion, can increase with
uncertainty in demand, a conclusion that runs contrary to results from classic agency theory.

In a multiproduct scenario, when one manager manages several products, the coordinating
contracts are fairly complicated. However, we show that choosing the right form of workforce
allocation — either a sales-focused organization (a separate sales manager for every product, one
operations manager for all products) or an operations-focused organization (a separate opera-
tions manager for every product, one sales manager for all products) — can help a firm to achieve
near-perfect coordination. This is in line with the observation that most firms have either a
“sales image” or a “cost image,” and sheds some light on how the underlying objective of align-
ing marketing and operations, while keeping the size of the salesforce small and compensation
contracts simple, can influence the organization of a firm.

Keywords: marketing-operations interface, salesforce compensation, agency theory.



1 Introduction

The aim of marketing is to create demand, and the aim of operations management (or logistics) is
to match supply with demand. Clearly, for every firm, these two functions are closely connected —
actual sales increase with higher demand only if supply is also up to the mark — and researchers and
practitioners widely agree that harmony between these two arms of the firm will improve profits
(Hausman, Montgomery and Roth 2002). Synchronizing these two functions, however, is easier said
than done. The two departments are often managed in a dencentralized manner by self-interested
managers who often have clashing objectives — marketing personnel claim that logistics personnel
are “often willing to forsake the customer to save on costs” while logistics personnel are “frustrated
by the relative indifference towards the logistics function of their marketing colleagues” (Ellinger,
Keller and Hansen 2006).

This discord has remained a classic issue for researchers working on the marketing/operations
management interface, leading to the well-known article in Harvard Business Review titled “Can
marketing and manufacturing coexist?” (Shapiro 1977) and to special issues of leading journals
like Management Science devoted to attempts at solving the problem (Ho and Tang 2004). Shapiro
(1977) lays out some broad areas of “necessary cooperation but potential conflict,” which include
capacity planning for uncertain sales, quality assurance, breadth of product line, the introduction
of new products, and coordinating supply decisions with marketing decisions. The various attempts
to bridge this gap usually focus on a specific source of discord and a solution to it. In this paper,
we will focus on the last issue pointed out above, i.e., coordinating demand-enhancing efforts on
the marketing side and product availablity on the operations side.

We have in mind a situation in which a firm employs a sales manager whose job is to increase
the level of demand for a product by exerting sales effort, and employs an operations manager who
makes the decision on how much of the product to supply. Such situations are common in practice
and described, for example, in the teaching cases on demand and supply coordination at LL. Bean
(Schleifer, Jr. 1992), Hewlett Packard (Kopczak and Lee 1994), Sport Obermeyer (Hammond and
Raman 1994) and Le Club Francais du Vin (Terwiesch and Gouze 2006). Demand is random, i.e.,
the returns to sales effort are uncertain, and the product is delivered after a considerable lead time
so that the sales is limited by both the demand and supply.?

Most firms manage their operations arms as cost centers, separately from the sales arms, which
are managed as revenue centers (Harps 2002, Ellinger et al. 2006). Such a setup with random

demand is subject to the discord between marketing and operations discussed above — the sales

!This issue would not have existed if it was not for the following practical considerations: actions of individuals
are often non-observable, non-contractible or costly to monitor, managers tend to behave in a self-interested manner,
it is quite impractical to have a single manager in control of both functions, and writing complex contracts that
stipulate every contingency is usually too time-consuming.

2In general, the job of the operations manager is to have the product available when demand is realized. This
encompasses various scenarios — in a manufacturing setting it implies deciding the quantity of the product to be
produced, in a business-to-business or retail setting it implies deciding the quantity to be ordered and supplied as
inventory, etc. For simplicity, we will refer to his job as “supplying product” all through the paper. Certainly, there
are organizations in which operations managers are not endowed with supply decisions, and such scenarios are outside
of the scope of our paper.



manager complains that her effort is going to waste because of too little being supplied so that she
loses on sales, while the operations manager complains that the sales promised by the sales manager
frequently do not materialize, which drives up the costs (Ellinger et al. 2006). The misalignment
often occurs because of the problem in the incentive structure of the managers. Shapiro (1977)

identifies this as the prime reason for the gap and states:

“On the one hand, the marketing people are judged on the basis of profitable growth of the
company in terms of sales. ... Unfortunately, the marketers are sometimes more sales-oriented
than profit-oriented. On the other hand, the manufacturing people are often evaluated on running a
smooth operation at minimum cost. Similarly unfortunately, they are sometimes more cost-oriented
than profit-oriented. ... Because the marketers and manufacturers both want to be evaluated pos-
itively and rewarded well, each function responds as the system asks it to in order to protect its

self-interest.”

Recent evidence from the Internet forum RetailWire points out that this problem of clashing
compensation plans remains a doggedly persistent problem thirty years later (RetailWire 2007).
Ellinger et al. (2006) and Narayanan and Raman (2004) provide several other examples of coordi-
nation failures between marketing and operations due to misaligned incentives, most notably that
of Cisco, when in 2001 its much-vaunted supply chain snapped, leading to an estimated loss of
$2.5 billion and a 6% fall in share price on the day of the announcement. There is also evidence
that several firms tie the performance evaluation of their operations units to service measures like
sales achieved and fill rate®, rather than tying the compensation directly to costs (Cohen, Agrawal
and Agrawal 2006). However, there is a lack of research that would explain whether different
performance metrics for managers result in different outcomes.

In this paper, we explore whether incentive contracts can be written so that both sales and
operations managers, while individually maximizing their utilities based on the trade-off between
compensation provided and effort exerted, make their respective choices in such a way that the
best interests of the firm are served. We find that the answer to this question is in the affirmative,
and has several interesting aspects to it. Broadly speaking, the firm can write simple contracts to
coordinate marketing and operations, but needs to carefully choose not just the contract parameters,
but also the performance metrics that should be contracted upon. We find that if the sales manager
is compensated based on sales and the operations manager is compensated based on cost (which
is the norm in most firms, as discussed above), then their actions can be coordinated only under
certain restrictive conditions on cost. Under random demand, increasing supply increases the
expected cost from unsold goods, and reduces the expected cost from missed sales. Since the first
component of cost typically dominates the second, the operations manager does not have sufficient
incentives to supply the optimal quantity. As the uncertainty in demand increases, the undersupply

problem only worsens. Further, a simple profit-sharing contract does not work, either, because of

3defined as 1 — backorders
mean demand



the free-rider problem.

We show that the firm can incentivize the operations manager to supply the optimal quantity
by extending his contract in one of two ways: (1) by penalizing him on total cost but rewarding
him for sales (which we call an interdependent contract because the operations manager is being
compensated in part based on metrics borrowed from the sales arm of the firm), and (2) by com-
pensating him separately on the different components of the inventory cost, i.e., penalizing him
separately on unsold inventory and backorders (which we call an information-based contract be-
cause implementing the contract requires the firm to use detailed cost information). The simplest
interdependent contract involves compensating the operations manager only on sales (with the total
cost muted out of the contract specification), and the simplest information-based contract involves
compensating the operations manager only on backorders (with the other components of inventory
cost muted out of the contract specification). Both these schemes can always achieve coordination
since they provide him the incentives to increase supply, and utilize his effort disutility costs (which
increase with quantity supplied) to limit it at the optimum quantity. This explains the observation
that some firms compensate operations managers based on sales and fill rate (which is a measure
derived from backorders alone). We thus show that simply choosing the right performance metrics
can mean the difference between aligning the interests of the salesforce with that of the firm and
not being able to do so, while still keeping the contracts very simple.

We also consider how the reward structure for the coordinating contracts varies across different
industries with product and demand characteristics. We find that as the variance in demand
increases, the sales manager’s commission rate for sales can increase. In our model, we identify
coordination between marketing and operations as a driver of incentive structure in firms and
obtain this result complementary to the prediction from classic agency theory (that an increase
in demand uncertainty will lead to a reduction of sales incentives provided to a risk-averse sales
agent). We assume agents to be risk neutral, and our study is in the spirit of recent literature in
economics on incentives in firms which extends incentive theory beyond the risk-insurance trade-off.
Assuming agents to be risk averse does not change the insights from the basic model, as we show
in an extension.

In a multiproduct scenario, when one manager manages several products, the coordinating
contracts (after correcting for the distortion discussed above) are fairly complicated, involving
multiple variable parts in the compensation contract for each manager and/or constructing complex
performance metrics. In the real world, the contracts offered to managers who manage multiple
products are fairly simple — they usually involve one variable component, which is determined by
a simple aggregate performance measure like total dollar sales, total inventory costs or total fill
rate across all products. This introduces a different kind of distortion in the incentives — that of
suboptimal allocation of effort across products because the marginal return on effort for the manager
differs from the marginal profit for the firm for the different products — and the firm cannot achieve
the coordinated outcome. However, we show that choosing the right form of workforce allocation

— either a sales-focused organization (a separate sales manager for every product, one operations



manager for all products) or an operations-focused organization (a separate operations manager
for every product, one sales manager for all products) — can help a firm to achieve near-perfect
coordination. This is in line with the observation that most firms have either a “sales image” or
a “cost image,” and sheds some light on how the underlying objective of aligning marketing and
operations, while keeping the size of the workforce small and compensation contracts simple, can
influence the organization of a firm.

The rest of the paper is organized as follows. In Section 2, we review the relevant literature on
the marketing/operations management interface and on applications of agency theory in marketing.
In Section 3, we consider the case of one product, show the distortion in incentives when rudimen-
tary performance metrics are used, and propose metrics (and associated contracts) to correct the
distortion. In Section 4 we consider several extensions (sequential actions of managers in Section
4.1, operational-cost-reduction effort of the operations manager in Section 4.2, risk-averse agents in
Section 4.3 and multiple products in Section 4.4) and show that the insights from the basic model
are robust to these variations. We conclude in Section 5. All proofs are provided in the appendix
at the end of the paper. The extensions with risk-averse agents and two products are analyzed in

detail in a supplement accompanying this document.

2 Literature Review

In this section, we first review the literature that lies at the interface of marketing and operations
management, and then review the applications of agency theory to salesforce compensation in
marketing. Finally, we review some recent developments in agency theory in economics that have
not yet seen applications in marketing, but are relevant to our paper.

The literature at the marketing-operations management interface can be broadly classified into
two streams: (1) intra-firm coordination between marketing and operations to increase firm profit
and competitiveness (our paper falls in this category), and (2) inter-firm coordination where typ-
ically supply-chain partners like manufacturers and retailers want to harmonize channel perfor-
mance. In the intra-firm coordination category, the existing research focuses primarily on cen-
tralized coordination. De Groote (1994), Netessine and Taylor (2007), Souza, Bayus and Wagner
(2004) and Balasubramanian and Bhardwaj (2004) study the simultaneous choice of marketing and
operations variables for a central planner in a firm and show that considering the two together can
lead to insights that differ greatly from those generated when they are considered in isolation.

The focus in this paper is on decentralized coordination. A paper related to ours is Porteus and
Whang (1991). They consider a firm with a manufacturing manager whose job is to enhance the
total capacity for production to be allocated among different products. The firm has one product
manager for every product who makes the sales effort and production quantity decisions for her
product. The interdependence between decentralized product managers is through the common
capacity constraint. Our work differs in fundamental ways. First, we assume that the firm delegates
the supply decision (analogous to the production quantity decision made by the sales manager in

their model) to the operations manager. Hence, the interdependence between the sales manager



and the operations manager is through their complementary decisions of demand enhancing effort
and supply, respectively. In this setting, we show that a firm can achieve coordination based
on commonly used performance measures only under a certain condition. We then propose the
performance metrics the firm must use and the contracts it should offer to the sales and operations
managers to always achieve coordination. We also show how the coordinating contracts vary by
product and demand characteristics. Second, in the extension of our basic model to multiple
products, we endogenize the decision of the structure of the organization, something that they
treat as exogenous.

In the inter-firm coordination category, the typical scenario is that of an upstream supplier or
manufacturer supplying to a downstream distributor or retailer. The contracts here are between
these two entities (as opposed to the intra-firm coordination case, where the firm contracts with
marketing and operations managers, and there is no direct exchange between the managers) and the
goal is to coordinate activities like product delivery and information transfer, typically by leveraging
instruments like wholesale price, revenue sharing agreements and return policies. There is a huge
literature on inter-firm coordination in marketing (Jeuland and Shugan 1983, Moorthy 1987, Desai,
Koenigsberg and Purohit 2004, and references therein), operations management (Cachon 2003,
and references therein) and at the interface of the two streams (Eliashberg and Steinberg (1987)
and Netessine and Rudi (2004)). Since the focus of this paper is on intra-firm coordination, we
refer the reader to Netessine and Rudi (2004) for a comprehensive literature review on inter-firm
coordination.

Basu, Lal, Srinivasan and Staelin (1985) were the first to apply the agency paradigm from
economics to the problem of salesforce compensation in marketing and discuss the impact of un-
certainty, risk aversion, sales response effectiveness and other factors on compensation plans. The
framework in Basu et al. (1985) has been extended to include a menu of contracts (Lal and Staelin
1986 and Rao 1990), quota-based plans (Raju and Srinivasan 1996), price delegation to the sales-
force under competition (Bhardwaj 2001), monitoring of the salesforce (Joseph and Thevarajan
1998), including customer satisfaction measures in the performance measures of the salesperson
(Hauser, Simester and Wernerfelt 1994) and assuming a risk-averse firm (Misra, Coughlan and
Narasimhan 2005). Another stream of literature focuses on designing compensation plans to ex-
tract accurate demand forecasts from sales personnel to compensate them appropriately (Gonik
1978, Rao 1990, Celikbas, Shanthikumar and Swaminathan 1999, Chen 2000, Chen 2005), which
can also help in planning operations better.

Almost all papers on salesforce compensation in marketing assume the agent to be risk-averse
and rely on the trade-off between incentives and insurance for their main results. In parallel with
the development of theoretical models, several studies in marketing have attempted to empirically
and experimentally validate the theoretical findings, with mixed results (Coughlan and Narasimhan
1992, Lal, Outland and Staelin 1994, Joseph and Kalwani 1998, Ghosh and John 2000, Misra et
al. 2005). Prendergast (1999) cites several examples from economics literature where empirical

studies have failed to confirm theoretical predictions. Prendergast (2000) argues that while the



logic behind the risk-aversion assumption is strong, only weak empirical support has been found
for the results it predicts and points out several reasons for which one can observe deviations in
reality. Similarly, Gibbons (2005) calls for broadening the focus of incentive theory beyond this
trade-off and summarizes some recent advances in economics literature, like career concerns and
investment in capabilities, that help to explain observed incentive schemes that are unexplained by
the risk-incentive trade-off. He points to a very important aspect of incentive contracts observed in
the real world — the use of distorted or inappropriate performance measures. Kerr (1975) calls this
“the folly of rewarding A, while hoping for B.” In a multitasking framework, where an agent has
to allocate effort among a number of different tasks (Holmstrom and Milgrom 1991), Baker (2000)
shows that, even in the absence of risk aversion, the variable component of the incentive contract
will depend on the degree of alignment between what the firm wants the agent to do and what
the performance measure of the agent actually measures. He also provides several examples where
distorted performance measures can induce unintended consequences in organizations.

In our analysis in the sections to follow, we show how, in our marketing/operations setting
where the firm has to coordinate the decisions of two independent agents, contracting on certain
measures like total inventory cost can have the problem of “rewarding A, while hoping for B.” To
the best of our knowledge, this misalignment of incentives in such an interdependent setting has
not been studied yet. (Holmstrom (1982) considers a team setting in which only the final profit is
observable. In this paper, we consider compensation plans based on other observable output metrics
like sales, inventory costs and backorders that are pertinent to the marketing/operations setting
and used in the industry.) Furthermore, we show that simply choosing appropriate performance
metrics can coordinate the decentralized marketing and operations units of the firm. Thus, we also
add to the growing literature on the marketing/operations management interface.

Finally, there is extensive literature in economics and management on organization design, which
looks primarily at issues like delegation of decision rights in organizations. We do not review this
literature here, since our results on organization design focus on a very different aspect (whether
the firm should allocate more of its workforce to the sales side or the operations side) and are rooted

in trade-offs involved in distorting incentives on either the sales or the operations side.

3 Model

3.1 Model Description and Notation

We model a firm selling one product. The firm (denoted by the subscript f; referred to as “it”)
employs two managers — a sales manager (denoted by the subscript m; referred to as “she”) whose
job is to provide demand enhancing effort for the product, and an operations manager (denoted by
the subscript o; referred to as “he”) whose job is to decide the quantity of product supplied and
ensure its availability at the time when demand is realized. To employ the managers, the firm has
to compensate them for their efforts. We assume that the compensation for each manager consists

of a fixed part, called salary, and a variable part, called commission. The commission for a manager



is determined using a performance metric for that manager and a per-unit commission rate. The

performance metrics for the managers can only be observed quantities.

Sales Manager

The sales manager’s task is to exert sales effort to increase the possibility that demand turns out
to be high. Formally, the demand for the product is denoted by the random variable D(A) defined
as

D(A)=A+¢

whereby A is the sales effort and determines the mean demand as A, and uncertainty in demand is
incorporated by using an additive random error term . Before the selling season begins, only the
distribution of demand is known. The sales manager is effort averse and her disutility of effort is
given by the function V;,(A) = 1A% which is convex in A. (For every extra unit of effort exerted
by the sales manager, she has progressively higher disutility.) Denoting the salary, the per-unit
commission rate and the performance metric for the sales manager by wy,, ., and P, respectively,

we denote her total compensation by the random variable S,, = wy, + P,

Operations Manager

The operations manager’s task is to decide the quantity @ to be supplied, and ensure that this
quantity supplied is available when demand is realized.* The operations manager is effort averse
and there are two components to his effort. First, supplying a quantity @) leads to a disutility of
effort %Q2, which is convex in Q.> Second, in accordance with the inventory inaccuracy litera-
ture (Liu, So and Zhang 2006), we assume that a random fraction ¢ of the total supply becomes
“unavailable” but the operations manager needs to exert effort xy per unit unavailable to ensure
that it is available before demand is realized (in this sense, uncertainty on the operations side is
“remediable” uncertainty).® Hence, the total effort required due to supply uncertainty is given by
the random variable Q = x(Q. The disutility associated with this effort is given by the random
variable %QQ = %X2C2Q2- Further, we assume that this effort is unobservable due to the random
nature of the fraction (.

Hence, the total disutility of effort by the operations manager is given by the random variable
Vo(Q) = %(1 + XQCQ)QQ. To simplify the notation in the analysis that follows, we assume that
ko = 14w, where w = x%F [C 2} and represents the uncertainty in supply since it can be used as a
proxy for the variance in the fraction ¢ (specifically, w = x*(Var [(] + E [C}Q) > 0).

4This is in accordance with the motivating examples provided in the introduction, where an operations manager
decides the quantity of a product to be supplied. In Section 4.2, we extend the work profile of the operations manager
to also include operational-cost-reduction effort.

5This stems from deterministic effort required to train and oversee personnel who work in the warehouse, schedule
delivery in and out of the warehouse, conduct periodic audits, etc. This effort increases as the quantity supplied
increases and disutility is assumed convex in Q.

5This stems from effort required to prevent theft of inventory (also known as shrinkage), finding and replacing
misplaced or misaccounted-for units, etc. See Ton and Raman (2004) for more details and evidence.



Denoting the salary, the per-unit commission rate and the performance metric for the operations
manager by w,, o, and P, respectively, we denote the total compensation of the operations manager

by the random variable S, = w, + a,P,.

Firm-level outcome

The sales realized (denoted by the random variable Y = min{Q@, D(A)}) depend on the realized
demand and the available ). If the quantity available is higher than demand the firm is left with
unsold inventory (denoted by the random variable U = max{Q — D(A),0}), and incurs a penalty
¢, per unsold unit. On the other hand, if the quantity available is lower than demand then there
are missed sales, leading to backorders (denoted by the random variable B = max{D(A) — Q,0}),
and the firm incurs a penalty ¢, per backorder. This can be thought of as a penalty due to
customer dissatisfaction at not being able to obtain the product after it was advertised by the sales
manager. The total “mismatch-in-inventory” cost borne by the firm is denoted by the random
variable C' = ¢, U + ¢, B. For every unit sold the firm obtains revenue r. The firm’s objective is
to maximize Il = rY — C — S,,, — S,, which is also a random variable. We have summarized the
notation in Table 1.

We also assume that each manager has an outside option, i.e., if he or she chooses not to work
with the firm each has a fall-back option that gives him or her a certain level of utility. We normalize
this to zero without any loss of generality.

In our model, we treat the retail price, r, as exogenous. This is a conventional assumption in
the salesforce compensation literature and is motivated by the fact that prices are usually sticky
over time and are also decided at a “higher,” more strategic, level. Furthermore, firms decide
prices based on the characteristics of the market and the consumer base, and do not use them as
an instrument to motivate the workforce.

We assume that both the agents and the firm are all risk neutral. The focus of this model is
to highlight the fact that achieving coordination between the different units of the firm, given the
decentralized nature of decision-making, has interesting implications for the contracts that must
be offered to the two managers. Since the risk aversion of agents has been a key assumption of
principal-agent models in marketing, we consider the impact of incorporating this assumption in

an extension in Section 4.3.

Order of events

The order of events in the game is as follows. In the first stage, the firm decides the performance
measures for the two managers and offers S,, and S, as take-it-or-leave-it contracts to the sales
manager and the operations manager respectively. In the second stage, contingent upon their
accepting the contracts, the two managers simultaneously make their decisions on sales effort A

and quantity Q.” Then demand is realized, profits appropriated by the firm and compensation paid

It is costly to monitor the sales effort exerted by the sales manager, so the firm prefers an “outcome-based
contract” for her. The aim of contracting with the operations manager using performance measures is to incentivize



Symbol Quantity

r retail price
Cu unsold inventory cost
Cp backorder cost
A sales effort
Q quantity supplied
D(A) demand when sales effort is A
€ random error in demand
¢ proportion of inventory requiring availability effort
w proxy for uncertainty in supply

Y = min{Q@, D(A)} | realized sales
U= (Q— D(A))" | unsold inventory
B = (D(A) — Q)" | backorders

C=cU+cB inventory mismatch cost
subscripts f,m,o0 | denote “firm”, “sales manager” and “operations manager”
Sm total salary of sales manager
So total salary of operations manager
Vin(A) effort disutility function for sales manager
Vo(Q) effort disutility function for operations manager

Table 1: Notation for the model with a firm selling one product

to the managers. We assume that both managers know each other’s contracts and choose their
actions simultaneously. We solve for the subgame-perfect outcome of this game, as follows.

Given their contracts, the sales manager and the operations manager simultaneously solve for
A* and Q*:

A" = arg mEXE [IL,,|Q*, A] = E [Sn|Q, A] — Vin(A) (1)

Q" = argmax E[IL|Q, A”] = E[S0|Q, A”] - EVo(Q) (2)

Anticipating these values of A* and @Q* in terms of the contract parameters, the firm solves for

optimal supply. The quantity supplied is seemingly observable, so that it should be possible to write a “behavior-based
contract” (or a “forcing contract”) to make the operations manager stock this level of inventory. However, there is
sufficient evidence from the industry that operations managers are offered outcome-based contracts using cost-based
performance measures. This is also due to difficulties in implementing the highly nonlinear forcing contracts. There
is also literature that shows that excessive monitoring of employees leads to suboptimal performance (Stanton (2000)
and references therein). Furthermore, we will show that the firm can delegate the supply decision and construct
contracts to achieve the first-best solution. We therefore use outcome-based contracts for the rest of the paper for
both managers. (For a discussion on behavior-based contracts and outcome-based contracts in agency theory, see
Anderson and Oliver (1987).) Furthermore, as discussed earlier, part of the operations manager’s effort is unobservable
“availability effort.” As we will discuss at the appropriate point, this aspect makes incentive contracts necessary when
sales are observable but realized demand is not.



optimal contracts S,, and S, to maximize its own profits:

{;naéq}E [Mf|Q", A*] = rE[Y|Q", A"] — E[C|Q", A"] — E[S),|Q", A*] — E[S,|Q", A¥]

such that: mng [Sm|Q", A] — Vin(A) >0

max F [So|Q, A"] = EVo(Q) = 0 (3)
where F[X|Qq,...,Q] denotes the expected value of the random variable X given the values
Q1,...,9.8 The last two constraints are to ensure that the managers choose to work for the firm

when offered the contracts rather than to fall back on their outside options.

3.2 First-Best Outcome

Consider the case when the firm can dictate to the sales manager the sales effort and to the
operations manager the quantity to be supplied and perfectly monitor their actions. The firm will
dictate to them the optimal decisions and accordingly compensate them for their efforts. This is
the best the firm can do — we call it the “first-best” solution and use it as the benchmark, i.e., in the
cases when the firm cannot dictate actions to the managers it will strive to design their contracts
so that their actions achieve the first-best profit for the firm. In this section, we characterize the

unique first-best solution in Proposition 1 with the aid of the lemma below.

Lemma 1 Under the assumptions on demand and effort disutility functions in Section 3.1, the
first-best solution to the firm’s problem, given by the pair (QFB, AFB), s unique for any arbitrary

distribution of €.

Proof Refer to Appendix I. |

To move forward and characterize the first-best solution, we assume for tractability that the

error component in demand is distributed as € ~ Uniform[—o, o].

Proposition 1 Under the assumptions above, the first-best solution is given by the unique pair
(QFB, AFB), where

r(r+cu+c)+(r—cu+cp)o

QFB — )
(r+cu+ ) (1 + ko) + 20k,
and AFB — r(r+cy+cp) + (r+cy — cp)oko
(1 + cu+cp)(1+ ko) + 20k,
Proof Refer to Appendix II. |

8To simplify the notation, we will denote F [X|Q,..., Q] by EX from now on. The values Qi, ..., based on
which this expected value is determined will be clear by context. Where confusion can arise, we will revert to the full
notation.
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We can verify for the above solution that AfZ + i — o < QFB < AFB 4 i+ 0, i.e., the stocking
level is between the maximum and minimum demand that can be realized. Some comparative

statics for the above solution will be provided in Section 3.4.

3.3 Incentive Contracts

We now assume that the firm offers incentive contracts to the two managers. Based on these con-
tracts, the managers make their decisions to maximize their own net utilities. The aim of the firm is
to construct the contracts in such a way that the actions of the two managers, chosen independently
and simultaneously, maximize the firm’s profits. The construction of the compensation contracts

has two elements requiring a decision:
1. Which performance measure should be contracted on for each manager?

2. Given these performance measures, what should be the parameters of the optimal contract

for each manager?

In this part of the paper, we show how choosing the right performance measure can mean the
difference between being able to incentivize the managers to achieve the first-best solution, and not

being able to do so.

3.3.1 Contracts using rudimentary metrics

The sales manager is responsible for exerting effort to increase demand. The operations manager is
responsible for supplying inventory to match supply and demand. A natural metric to measure the
performance of the sales manager is the number of units sold (or dollar value of the units sold), while
a natural metric to measure the performance of the operations manager is the realized mismatch
cost (comprising of cost due to unsold inventory and cost due to backorders). Several well-known
firms use these metrics to determine the compensation of sales and operations managers, as pointed
out in the introductory section (Shapiro 1977, Ellinger et al. 2006). In this section, we use these
metrics for the compensation contracts. We determine the optimal linear contracts and show that
the firm will not be able to align the interests of the managers with its own interests because the
chosen metrics create a distortion in the incentives of the managers.

Formally, P,, = Y so that S,, = w,, + a,,Y, and P, = —C so that S, = w, — a,C, where
C = U + ¢B. In other words, the compensation structure of the sales manager includes a
fixed salary and a linear piece-rate reward for sales achieved, and the compensation structure
of the operations manager includes a fixed salary and a linear piece-rate penalty for total cost of
mismatch between supply and demand. Effectively, the sales manager will aim to increase sales and
the operations manager will aim to reduce total mismatch cost. The following proposition shows
that, using contracts of the above form, the firm will be able to achieve the first-best outcome only

if the penalty from a backorder is large compared to the penalty from an unsold unit.
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Proposition 2 If the contracts of the sales and operations managers are of the form S, = wy, +

anY and S, = w, — a,C respectively, the firm can achieve the first-best outcome only if ¢, >
< r+koo > c
ko(r+o) ) ~U-

Proof Refer to Appendix III. |

The self-interested actions of the managers will achieve the first-best solution for the firm only if
their expected utility functions, under the contracts offered, are concave in their respective actions.
If the contracts are of the above form, the condition for concavity of the sales manager’s expected
utility function always holds, but that for the operations manager’s expected utility function holds
only under the above condition. (See the proof in Appendix III for details.) Hence, when the above
constraint is not satisfied, the incentives of the operations manager will be misaligned and he will
go for a solution at the extreme, i.e., supplying zero units of the product, since his utility function
is convex rather than concave. Moreover, since the first-best solution is unique, no other solution
under this contract can achieve the first-best outcome.

This result is supported by observations reported by Gruen, Corsten and Bharadwaj (2002),
who conduct a worldwide study on retail out-of-stocks and find that the rate of stockouts is much
higher for items being advertised as compared to items not being advertised. This problem of
undersupply is a widespread one — the cost structure of firms is typically such that the condition
in the proposition above is not satisfied and this is further exacerbated by the fact that the cost of
a backorder is typically an opportunity cost and does not always enter the cost statement of the
firm, while the cost due to an unsold unit is a tangible cost that enters the cost statement. Since
opportunity costs are underweighted relative to tangible costs (Thaler 1985), the focus is more on
the downside due to unsold inventory compared to the downside due to lost demand. Anderson,
Fitzsimons and Simester (2006) find that, for the retail catalog they study, the actual stockout
rate is twice that of the theoretically optimal stockout rate. (Note that the theoretically optimal
stockout rate decreases with increasing cost of backorders, which implies that in the above case the
“percieved” cost of a backorder is lesser than the actual cost of a backorder.)

The above analysis implies that the misalignment occurs on the side of the operations manager
and not on the side of sales manager, for the following reason. The two decision variables, sales effort
and quantity supplied, are complements. To achieve the first-best outcome, the firm wants both
these variables to simultaneously reach the first-best levels. The firm rewards the sales manager
in such a way that her sales effort reaches the first-best level — since she is being paid for sales
realized, she will keep putting in effort to increase the expected level of sales, up to the point where
her disutility from effort becomes very high. Now, the firm ideally wants the operations manager
to stock according to the demand created by the sales manager’s effort.

A closer look at the nature of the metric on which he is being penalized (total cost) makes it
clear that he does not have sufficient incentive to do so. For every extra unit that he stocks, the total
expected cost from unsold inventory increases (because the expected unsold inventory increases, all

else being equal) and the total expected cost due to unmet demand decreases (because the expected

12



unmet demand decreases, all else being equal). He will raise the level supplied only if the total
expected cost decreases, which will happen only if the cost of missing a sale is so high that it can
offset the cost of supplying extra units, on some of which he might be levied a penalty if the actual
demand turns out to be low. If the condition in the proposition is violated, the penalty from lost
sales is not high enough and the operations manager will not stock the optimal amount even though
the sales manager might be promoting the product. These insights fall very well in line with the
impression conveyed in the introductory section that the method of evaluation for the operations
side is overly cost focused, and reflects the classic discord between marketing and operations.

Note that if ¢, and ¢ are held constant, the miscoordination condition is still influenced by the

r+koo
ko(r+o)"

coordination (in other words, the miscoordination problem worsens). As the retail price r increases,

multiplier K =

As the variance in demand o increases, a higher value of ¢, is needed for

a lower value of ¢ is needed for coordination. A higher retail price implies that the firm would want
to increase sales, and hence gears incentives to alleviate the undersupply problem. As the variance
in supply w increases, a lower value of ¢, is needed for coordination. Higher variance in supply
implies more supply effort from the operations manager which implies a lower first-best quantity
for the firm, so that the undersupply problem is lesser.”

In the following sections, we propose performance measures and the corresponding linear con-

tracts that work under any configuration of costs and other parameters.

3.3.2 Interdependent contracts

In the previous section, we showed how contracting with the operations manager on total cost will
create a distortion in his incentives and prevent the firm from achieving the first-best profit. The
distortion in these cases was that the operations manager had a disincentive to stock a sufficient
quantities when rewarded for reducing the total mismatch cost. We now show that if this contract
is extended to reward him on the sales achieved, while still keeping the contract linear, the firm
can overcome this problem and always structure the compensation scheme to achieve the first-best
outcome. Since the firm is using metrics from its sales arm in the compensation contract of the
operations arm, we call this an interdependent contract. Formally, the contract of the operations
manager is S, = w, — a,C' + (,Y, i.e., he is still being penalized for costs at the rate a,, but is
also being rewarded for sales at the rate §,. The contract for the sales manager is the same, i.e.,

Sm = Wm + Y. The following proposition gives the optimal contracts.

Proposition 3 If the contracts of the sales and operations managers are of the form Sy, = wmy, +
anY and S, = w, — a,C + B,Y respectively, the optimal contracts (that achieve the first-best

outcome) are characterized by the set of parameters {w},, o w3, o B}, where

. r(r+cuy+cp) + (r+ ¢y — ep)oks

Q. =
m r+cp(1+ ko) + oko ’
FB FB FB
9 ds __ TW dk __ —ow de __ dk dko __ —r
Note that do = Fo(rto)? > 0, dr = ko(rto)Z < 0 and dw = dkg | dw 7k3(7'+o‘) < 0.
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Figure 1: The dark black portion of the straight line represents the set of coordinating interdepen-
dent contracts for the operations manager for the case r = 10,¢, = 3,¢, = 3,0 = 1, k, = 2.

the pair (o, 3%) satisfies

9

. rko + cy(1 4 ko) + ko g = (T’(T +ewtep)+(r+c— cu)a) k,
° —rey + (rcb + (ep — cu)a) ko, )% —rey + (ch + (ep — cu)o*) ko

and wy = o) E [C\QFB,AFB} - GF [Y|QFBvAFB] + EVo(QFB)v

subject to the conditions o, + 20 > 0 and o}(cy + ) + 55 + 20k, > 0. The firm can always find

such a contract.

Proof Refer to Appendix IV.a. |

Note that the firm can always find a contract of the above form to motivate the managers
to achieve the first-best outcome. As already shown in the proof of Proposition 2, the condition
ol +20 > 0 is always satisfied. Furthermore, a pair (o}, 8) satisfying the conditions in Proposition
3 can always be found. In fact, there is an infinite set of such contracts because any point on the
(o, B%) plane that is on the straight line specified above, and satisfies the constraint o (¢, + ¢p) +
B 4+ 20k, > 0, gives a feasible contract. (See Figure 1 for an example.) Note that this contract
works even when the contract with cost penalty alone does not, because his expected reward from
higher realized sales offsets the disincentive from supplying a high quantity, and this motivates
him to supply more. This reward should be high enough to overcome the cost penalty (and the
disutility of effort), which is what the constraint o (c, + ) + 85 4+ 20k, > 0 ensures. Furthermore,
the operations manager does not stock an excessive amount because the disutility of effort from
supplying a higher quantity increases in a convex manner.

While the contracts above achieve coordination, they have two variable parts (penalty for cost
and reward for sales), which can make them somewhat difficult to implement. From the infinite set

of contracts, the firm may want to choose the simplest contract that can coordinate for any values
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of the other parameters, possibly a contract with only one variable component. The following

corollary characterizes such a contract.

Corollary 3.1 The simplest interdependent contract for the operations manager that achieves the

first-best outcome is given by the parameters
ay . =0

(r(r+cu+cp)+ (r+c—cu)o)ko
rko + cu(1 4+ ko) + ko

and 3, ; =

The firm can always find such a contract.

Proof Refer to Appendix IV.b. |

Thus, the search for the simplest coordinating contract simply leads to the contract S, =
wy, +ay,Y for the sales manager and the contract S, = wy, ;+ 3, ;Y for the operations manager. In
other words, by compensating both managers on sales alone and appropriately setting the piece-rate
rewards the firm can always align their interests with its own.'"

In effect, the firm corrects the situation in the Section 3.3.1 by changing the performance metric
of the operations manager and providing him with an incentive to stock larger quantities. However,
to ensure that he stocks no more than the optimal quantity, it sets the reward rate such that, at
the first-best stocking level, his marginal reward and the marginal disutility of effort from stocking
one more unit are equal. The interesting implication from this analysis is that once an appropriate
performance metric has been chosen, not only can the firm achieve the optimum, but the contract
that achieves it can have a simple structure.

If the sales are observable but the actual demand realized is not, then incentive-based contracting
is necessary here for the operations manager. This is because the effort to ensure availability
is unobservable by the firm, and to induce this effort the firm has to motivate the operations
manager to exert this effort by providing him the incentive to increase availability. In the absence
of incentives, the operations manager can shirk away from expending this effort and can make the
excuse that sales are low because of the realized demand being low.

We note here that this contract is different from a profit-sharing contract. Under a profit-sharing
contract, the firm gives a share of the total profit to every agent to align his or her interests with

those of the firm. In our setting, however, such a contract does not achieve the first-best solution

10The operations manager can try to “game” this contract by ordering an amount larger than the first-best amount,
allowing some of it to remain unavailable by shirking on the “availability ensuring effort” and still achieving the same
utility. The firm can alleviate this problem by implementing an upper bound constraint on what the operations
manager can order, i.e., @ < QFE. For instance, the firm can achieve this by setting a budget constraint for the
operations manager and thus enforcing a total-cost-of-goods-ordered constraint, or by limiting the capacity of the
warehouse where goods are supplied. We also assume that costs from unsold units are high enough such that it
is more profitable for the firm to have the operations manager order the first-best amount and exert the required
availability effort, rather than have him order more than the first-best, have part of it unavailable, and still achieve
first-best availability.
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because the agents will not have the incentive to exert an optimal level of effort, since for every
extra unit of effort an agent exerts to increase output, he or she only gets a fraction of this increased
output, while the other agent gets the rest of it. The incentive, in fact, is to “free ride” on the
other agent’s effort and the agents prefer to “shirk” rather than “work.” This problem has been
identified in the literature on group incentive schemes as the “free riding” problem (Nalbantian and
Schotter 1997).

3.3.3 Information-based contracts

In the previous section, we demonstrated how extending the contract of the operations manager to
include sales metrics along with cost metrics can help to coordinate the managers’ actions. In this
section, we note that the job of the operations manager is to match supply and demand. Taking
a cue from this, we discuss another way of achieving coordination — penalizing him separately for
the different components of the mismatch between realized demand and quantity supplied, i.e.,
imposing one penalty rate if there is unsold inventory and a different penalty rate if there are
backorders. Of course, ex post only one of the penalties will come into play, but ex ante both
components of the contract need to be specified. Since the implementation of this contract uses
detailed information about the components of total cost, we call this an information-based contract.
Formally, the contract of the operations manager is S, = w, — a, U — ap B. Here, a, denotes a
penalty per unsold unit of inventory (if demand is lower than quantity supplied) and «y denotes
a penalty per backorder (if demand is higher than quantity supplied). The contract for the sales

manager is the same, i.e., Sy, = w, + a,Y. The following proposition gives the optimal contracts.

Proposition 4 If the contracts of the sales and operations managers are of the form Sy, = wpy, +
anY and S, = w, — a,U — apB respectively, the optimal contracts (that achieve the first-best

outcome) are characterized by the set of parameters {wy,, o, wi, oy, of }, where

r(r+cy+c) + ((r + ¢y — cb)a) ko

Ym = r+cp(1+ ko) + oko ’
wrh, = —ah B [Y|QFP, AFP] +v,,(A"P),

the pair (o, of) satisfies

. (rko—i-cu(l—i-ko)—i-ako) ., (rr+cut )+ (r+co—cu)o)k, 0
u r+cp(1+ ko) + oko b r+cp(1+ ko) + ok,
and w) = o, E [U|QFP, A¥P] + o; E [B|IQFP, AFP] + EV,(QP),
subject to the conditions oy, + 20 > 0 and o, + o + 20k, > 0.
The firm can always find such a contract.
Proof Refer to Appendix V.a. |
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Figure 2: The dark black portion of the straight line represents the set of coordinating information-
based contracts for the operations manager for the case r = 10,¢, = 3,¢, = 3,0 = 1, k, = 2.

The firm can always find an information-based contract to motivate the managers to achieve
the first-best outcome, because a pair (o)), o)) satisfying the conditions in Proposition 4 can always
be found. (As before, the condition o, +20 > 0 is always satisfied.) In fact, by the same argument
as before, there is an infinite set of such contracts. (See Figure 2 for an example.) To see why
this contract can incentivize the operations manager to achieve the first-best outcome even when
the contract based on total cost cannot, we note that as the operations manager supplies more
the expected unsold inventory increases and the expected backorders decrease, all else being equal.
If the penalty per backorder is large enough to overcome the penalty per unsold unit (and the
disutility of effort), the operations manager has an incentive to increase the amount supplied. This
is what the constraint o}, 4+ o + 20k, > 0 ensures. Furthermore, the operations manager does not
stock an excessive amount because the disutility of effort from supplying a higher quantity increases
in a convex manner.

Once again, from this infinite set of contracts, the firm may prefer to choose the simplest
contract that can coordinate for any values of the exogenous parameters. The following corollary

characterizes such a contract.

Corollary 4.1 The simplest information-based contract for the operations manager that achieves

the first-best outcome is given by the parameters

aq*hs =0
(r(r +ewtap)+(r+c— cu)o*)k:o
rw? + ¢ (1 + ko) + ok,

and o, , =

The firm can always find such a contract.

Proof Refer to Appendix V.b. |
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Thus, the search for the simplest coordinating contract simply leads to the contract S, =
wy, + oY for the sales manager and the contract S, = w; — ay (B for the operations manager.
In other words, by compensating the sales manager on sales alone and the operations manager
on backorders alone and appropriately setting the piece-rates, the firm can always align their
interests with its own. This is a very surprising result because the firm needs to set the penalty
appropriately only on one component of cost to achieve coordination, when actually it has two
components (unsold inventory cost and backorder cost). In fact, as we saw earlier, if the operations
manager is compensated on the total cost, the firm cannot always achieve coordination. By not
having variable compensation depend on components of total cost that increase with quantity
supplied, the firm removes the disincentive due to cost associated with a large stocking quantity.
Having removed this distortion in the performance metric, it can set the piece-rate on backorders
in such a way that, for the operations manager, the trade-off between the reward for reducing lost
sales and extra effort leads to the optimal quantity being supplied.!! Validation is lent to this result

by the fact that in reality many firms compensate their operations managers on backorders-based
_ backorders _
mean demand’
backorders, ignoring the other components of cost), as discussed in Cohen et al. (2006).

measures like fill rate (which is defined as fill rate = 1 — and is derived only from

The literature on compensation of teams identifies that when agents with different skill sets work
cooperatively, they prefer that their monetary compensations depend upon performance metrics
that are closely related to their work profile so that they do not suffer due to free riding by others
(Shaw and Schneier 1995, Sarin and Mahajan 2001). In this light, and recognizing the fact that
sales managers and operations managers have very different skill sets (Shapiro 1977), a firm could
prefer information-based contracts for coordination, since they compensate the sales manager based

on sales and the operations manager based on backorders.

Note that in all the contracts that we consider, the contract for the sales manager is of the
form S,, = w;, + @Y, and does not lead to any coordination problems (unlike the contract for
the operations manager). This indicates that sales commission is a robust way to incentivize the
sales arm and offers an explanation for the widespread prevalence of this scheme of compensation.
Note, however, that the key to using a sales commission scheme properly is to ensure that, at the
optimum selling effort, the marginal expected gain for the sales manager from increasing sales is

exactly offset by the marginal disutility of sales effort.

3.4 Comparative Statics

We now study how the optimal contracts vary with the exogenous parameters of the model, e.g.,
retail price, marginal cost, unsold inventory cost, backorder cost, variance in demand and variance
in supply. We choose the simplest optimal contracts, i.e., from interdependent contracts we choose

the contract that rewards both managers on sales, and from information-based contracts we choose

1 As in the case of interdependent contracts, the firm can prevent the operations manager from over-ordering by
implementing an upper bound constraint on what he can order, i.e., Q < QFB.
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Expected Coordinated
Piece-rates | total compensations | decision variables
ay, By,ap | S, So AFB QFB
r+  + ]+ + - -
Cu | + - + - + -
Ch - + - + - +
ol +/- -/t | +/- -/+ +/- -/+
w | - + - - -

Table 2: Comparative statics for the optimal piece-rates, expected total compensation for the
marketing and operations managers, optimal sales effort and optimal supply, with respect to retail
price, penalty from unsold inventory, penalty from backorders, variance in demand and variance in

supply.

the contract that rewards the sales manager on sales and penalizes the operations manager on
backorders alone.

Table 2 summarizes the comparative statics for the piece-rates/penalties and other quanti-
ties of interest, e.g., total compensation paid to the marketing and operations managers, and the

first-best levels of sales effort and quantity supplied (which the coordinating contracts also achieve).

Variation with r: As the retail price increases, the firm wants to sell more, which means that
the optimal sales effort increases. The optimal quantity supplied also increases in tandem with it.
Since the salaries for the managers compensate for their respective efforts, the salaries also increase
with r. For every unit sold, o, is the reward for the sales manager, so to increase his effort level
(when r increases), this reward must go up, as Table 2 shows. Finally, 5 is the reward per-unit
sold (under interdependent contracts) and «; is the penalty per backorder or penalty per lost sale
(under information-based contracts) for the operations manager, both of which increase if the firm
wants to induce higher sales.

Variation with ¢, and ¢,: First note that under the first-best outcome, the quantity supplied is
between the minimum and maximum levels of demand given the sales effort. As the penalty from
unsold inventory (c¢,) increases, the firm wants to reduce the expected level of unsold inventory by

increasing the mean demand so that AP

increases (treating supply as constant) and decreasing the
amount supplied so that Q' decreases (treating sales effort as constant). The sales manager exerts
sales effort, so the firm must increase the reward for sales to her, and thus o}, increases with ¢,. As
she exerts more effort, her total compensation also increases. The operations manager decides the
quantity supplied, so the firm must decrease the reward for sales (or decrease the penalty from lost
sales) for him, and thus 3} and o decrease with ¢,. As he exerts less effort, his total compensation
also decreases.

The variation with backorder cost ¢ is simply in the opposite direction for every case, since

AFB

as ¢p increases the firm wants to reduce the level of lost sales, which happens if is reduced

(treating supply as constant) and QFP is increased (treating sales effort as constant).
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Variation with o: An increase in the uncertainty in demand (o) (holding all else constant) has
different effects based on whether the expression —(r + ¢p) + ¢y + ko(r + ¢y — ¢p) is positive or
negative. First, to focus on how retail price and costs affect the variation with o, assume w = 1
(where k, = 1+ w). The above expression then becomes r + 3(¢, — ¢;). This expression will be
negative only if the penalty from backorders is extremely high. Assuming that this is not the case,
we have that r + 3(c, — ¢) > 0, and as the uncertainty in demand increases, the firm wants to
minimize the chance of having leftover inventory. Consequently, the optimal sales effort increases
and the optimal supply decreases. The results for total compensation follow as before. The piece-
rate for sales for the sales manager increases (to incentivize more sales effort) and the piece-rate
for the operations manager decreases (to incentivize a lower supply). In the other case, when the
penalty from backorders is very high, we have r 4+ 3(c, — ¢;) < 0. The firm then wants to minimize
the chance of losing a potential sale and all the above effects are reversed.

The results above on piece-rates are in stark contrast to, but complementary to, the results
from the classic risk-incentive model, in which an increase in uncertainty in demand always implies
a decrease in the piece-rate for the sales agent. We identify the issue of coordination between
marketing and operations as a new factor influencing compensation schemes and find that it can
drive incentives in a direction opposite to that from conventional salesforce compensation theory.

If we do not assume that w = 1, the insights remain very similar. The sales commission of the

—2(cu—cp)
r+cy—cp

above condition can hold only if ¢, > ¢,. All the results and insights above follow. We state the

sales manager decreases with o if w < otherwise it increases with o. Since w > 0, the

above formally in the following proposition.

Proposition 5 If —(r+c¢p) +cy + ko(r+cy —cp) > 0, then as the uncertainty in demand increases
(a) the piece-rate reward for sales for the sales manager increases, and

(b) the piece-rate reward for sales (under interdependent contracts) and the penalty for backorders
(under information-based contracts) for the operations manager decrease.

If —(r+cp) + cu + ko(r + ¢y — ) < 0, then as the uncertainty in demand increases the effects on

piece-rates are reversed.

Variation with w: As w increases, the variance in the random effort required for every unit
of inventory supplied increases, which in turn increases the disutility of effort on the part of the
operations manager. In other words, as w increases, it becomes less and less desirable for the
operations manager to supply more (and, therefore, for the firm as well) and the optimal quantity
supplied decreases. Sales effort and stocking quantity being complements, the optimal sales effort
also decreases. In line with this, the sales manager’s reward for increasing sales decreases, and so
does her compensation. The direction of change for the operations manager’s compensation is more
subtle. The optimal quantity supplied decreases, but the effort per unit supplied is higher (due to
higher supply uncertainty). Hence, his reward for sales (under interdependent contracts) and the
penalty for missed sales (under information-based contracts) has to be increased even to motivate

him to supply this lower level of quantity.
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4 Extensions

In this section, we extend the basic model in various ways to confirm that the insights generated are
robust to these variations. First, we consider the scenario in which, rather than the two managers
acting simultaneously, the operations manager acts first and makes the supply decision and the
sales manager then has the task of selling it. Second, we extend the work profile of the operations
manager beyond deciding supply to also include effort exerted to reduce the overall operational
costs of the firm. Third, we consider risk-averse agents. Finally, we extend the analysis to a firm
selling more than one product. We show that the results from the basic model continue to hold
in all of these cases. The first two extensions are analysed in detail in this section. The last
two extensions are summarized here and the detailed analyses are provided in the accompanying

supplement due to space considerations.

4.1 Sequential Actions of Managers

In this section, we show that the implications from the basic model remain unchanged if the
operations manager acts first and decides the supply and the sales manager then has the task of
selling it.!2

The first-best outcome remains unchanged, but the game with actions delegated to the agents
is played in three stages. In the first stage, the firm offers take-it-or-leave-it contracts to the two
managers; in the second stage, the operations manager decides the supply; and in the third stage,
the sales manager decides her sales effort. As before, we solve for the subgame-perfect equilibrium.

In the third stage, the sales manager, given her contract and the quantity supplied, solves the

following problem:

A(Q) = argmax B [Su|Q, A] ~ Vin(4) (4)
In the second stage, the operations manager, given his contract, solves the following problem:

Q" = argmax B[5,/Q, 4°(Q)) - EVo(@) (5)

Anticipating these values of A* and @Q* in terms of the contract parameters, the firm solves for

optimal contracts Sy, and S, to maximize its own profits:

{énaég}E Q" A" =rE[Y|Q*, A"] - E[C|Q", A" — E [S1,|Q", A™] — E[S,|Q*, A™]

such that: mij [Sm|@, Al — Vi (A) >0

max F5 [96]@, A™(Q)] = EVo(Q) = 0

121f the sales manager acts first and the operations manager acts second but before demand is realized, the results
from the simultaneous-action model again remain qualitatively unchanged.
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Contracts Using Rudimentary Metrics: Consider the case when the sales manager is
rewarded based on the sales achieved (i.e., S;, = wy,+a;,Y) and the operations manager is rewarded
based on the total mismatch cost (i.e., S, = w,—a,C'). In this case, as shown in Appendix VIL.a, the
firm can achieve the first-best outcome only if ¢, > ( kCJ(FT]fﬁg)> ¢y and ¢ > (%) cy. Note
that the first condition is exactly the same as in Proposition 2. The second condition is an implicit

condition between ¢, and ¢, and it holds whenever the first condition holds, so that effectively it is
only the first condition that operates. Hence, the conditions under which the cost-based contract
for the operations manager does not work are the same for simultaneous and sequential actions of
the managers.

Sales-Based Contract for the Operations Manager: We now consider the case when
the operations manager is rewarded based on sales achieved.'® Hence, the contract for the sales
manager is S, = w,, + ;Y and the contract for the operations manager is S, = w, + 5,Y. In
this case, as shown in Appendix VI.b, the contracts that can always achieve the first-best outcome
are characterized by the set of parameters {w},, o , w¥, B}, where

o = r(r+cy+cp) + (r+cy —cp)ok,
m r+cp(1+ ko) + ok, ’
wh, = —ah B [Y|QFP, AFP] + v, (AFP),
B 2QFB(QFB + O’)O‘k‘o
AFB(QFB — (AFB — )) + (AFB + ¢ — QFB)(QFB + o)’
and wi = —B:E [Y|QFE, AFP] + EV,(QFP).

In a similar manner, it can also be shown that a backorders-based contract for the operations
manager will always work.'

Hence, as in the simultaneous-action model, the firm can only achieve the first-best for a specific
cost configuration if it uses a cost-based contract for the operations manager, but it can achieve the
first-best for any cost configuration if it uses a sales-based or backorders-based contract for him. A

sales-based contract always works for the sales manager.

4.2 Cost-Reduction Effort of Operations Manager

In the analysis until now, we assume that the work profile of the operations manager comprises
of deciding supply and ensuring availability of the product, and this determines the costs through
either unsold inventory or backorders. Operations managers typically also have another task —
that of reducing the overall operational costs for the firm, e.g., by taking measures to increase the
efficiency of the firm’s operations. In this section, we show that extending the work profile of the

operations manager to include this consideration does not impact the results from the basic model.

13This is a special case of interdependent contracts — hence showing that this always works is sufficient to show
that the more general interdependent contracts also always work.

This is a special case of information-based contracts — hence showing that this always works is sufficient to show
that the more general information-based contracts also always work.
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We introduce unobservable and costly effort that reduces operational costs but does not change ¢,
and ¢,. Specifically, we assume that operational costs are K + 1, where v is a random variable
with mean zero. If the cost-reduction effort is z, then the operational costs are C, = K — z + ¥
and the disutility of the operations manager from this effort is V (k) = %kzzz.l‘r’ Hence the total
cost for the firm is the sum of the mismatch cost and the operational cost, given by C + C, =
(c,U +cpB) 4 (K — z+ 1), and the disutility of effort for the operations manager is %kon + %kZZQ.

The contract for the sales manager is of the form .S,,, = w,,, + ;Y . Since costs from an inventory
mismatch can be distinguished from other costs, we assume that the operations manager is rewarded
separately for these components of cost. Hence, his contract is either S, = w, — a,C — ,C, (based
on total inventory mismatch cost) or S, = w, + 5,Y — a,C, (based on sales). The details of the
analysis that follows are in Appendix VII.

First consider the first-best solution for the firm, which is obtained in the same manner as

before, and is characterized by:

QFB_T(T+cu+cb)+(r—cu+cb)a
C (rtcut )1+ ko) + 20k,
AFB T(T+Cu+cb)+(7“+cu—cb)0'ko
(r+cuy+cp)(1+ ko) + 20k,

FB_ 1
k.

and z

Note that the first-best levels of Q¥'Z and AF'E are unchanged compared to those in Proposition 1.

Now, consider the cases when actions are delegated to the two managers using incentive con-
tracts. First, consider the case when the contract of the sales manager is of the form S, = w,,+a;,Y
and the contract of the operations manager is of the form S, = w, — a,C — a,C,. As shown in

the appendix, this contract cannot always achieve the first-best outcome, and the condition under

r+koo
ko(r+o)

contract of the sales manager is of the form S, = wy, + @Y and the contract of the operations

which it can achieve the first-best outcome is ¢; > ( ) cy. Next, consider the case when the
manager is of the form S, = w,—(,Y —a,C,. In this case, the firm can always achieve the first-best
outcome, and the parameters wy,, am,w, and [, are exactly as in Proposition 3 and in Corollary
3.1. Furthermore, in all of these cases, the value of the parameter ., is the same.

The main insight here is that the effort of the operations manager to reduce operational costs
does not influence the supply decision as it is independent of the supply effort. Hence, as long as the
penalties from unsold inventory and backorders are unaffected by the effort to reduce operational

costs, the results of the basic model are unchanged.

4.3 Risk-Averse Agents

A risk-averse agent does not like uncertainty in the outcome, but under a commission-based com-

pensation plan she is exposed to this uncertainty. Hence, in the classical principal-agent literature,

'5This is a standard approach for modeling operational-cost-reduction effort; see, for instance, Scherer (1964) and
Kim et al. (2007).
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Figure 3: The figure shows how the sales commission for the sales manager varies with variance
in demand for different risk aversion tendencies of the sales manager. The above plots are for the
parameter values r = 10, ¢, = ¢, = 3, k, = 2. The low-risk-aversion graph (left vertical axis) is for
17 = 0.001 and the high-risk-aversion graph (right vertical axis) is for n = 0.1.

as the variance in demand increases the optimal commission rate for a risk-averse agent decreases.
In our model with risk-neutral agents, coordination between sales and operations leads to the result
that as the variance in demand increases the optimal commission rate increases. If agents are risk
averse, both forces (risk-aversion and coordination issues) will be at play simultaneously, and the
observed direction of change will be determined by the one that dominates.'® Figure 3 shows an
example of exactly this effect. The extent of risk aversion of agents is measured by the parame-
ter 1, which is higher for more risk-averse agents. When the agents are only slightly risk-averse
(n = 0.001) the commission rate increases with increasing variance in demand because the coor-
dination effect is stronger, while when the agents are more risk-averse (n = 0.1) the commission
rate decreases with increasing variance in demand because the risk-aversion effect is stronger. The

detailed model is developed in Section S.2 of the supplement.

4.4 Two Products

The major difference from the one-product case lies in the demand system, and we assume that
effort exerted to promote one product has an adverse effect on the demand for the other product.

All coordination results from the one-product model extend to the two-product case — contract-
ing with the operations manager on total mismatch cost leads to the undersupply problem, and the
firm can always achieve coordination by using either interdependent contracts or information-based

contracts — but only under the restrictive condition that one manager performs one task for one

16Note that with risk-averse agents, the firm cannot achieve the first-best outcome under delegation. The issue
then is not whether coordination is achieved, but which contract gets closer to the first-best outcome. We find that,
consistent with the results of the basic model, interdependent contracts and information-based contracts get closer
to the first-best outcome as compared to traditional cost-based contracts.
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Figure 4: Schematic representation of the sales-focused, operations-focused and minimal organiza-
tions.

product.

In reality, one manager often manages several products, i.e., one sales manager is responsible
for selling several products, and one operations manager is responsible for supplying several prod-
ucts. Furthermore, managers are typically rewarded based on a simple aggregate metric across all
products, e.g., total dollar sales or total backorders for all products. Under the simple contract
offered, the marginal return from effort for the manager differs from the marginal profit for the
firm for the two products. Therefore, the incentives of the managers are usually misaligned — the
effort allocation between the two products that best pays each manager does not create optimal
profit for the firm.

What should the firm do to alleviate this problem? Should it always go with one manager for
every job? Clearly, we do not always see that in practice. What we do see, however, is that firms
usually have either a “sales image,” i.e., they focus on the sales side and have more employees
working as sales managers than employees managing operations, or they have a “cost image,” i.e.,
they focus on the costs side and have more employees managing operations. To explain these
observations, we propose that the firm can opt for one of the following three forms of workforce

allocation:

1. Sales-focused organization: Under this organization scheme, the firm opts for more flexibility
on the sales side and has two sales managers (one for each product) and one operations

manager. Figure 4(a) shows a schematic representation of this design.

2. Operations-focused organization: Under this organization scheme, the firm opts for more
flexibility on the operations side and has two operations managers (one for each product) and

one sales manager. Figure 4(b) shows a schematic representation of this design.

3. Minimal organization: Under this organization scheme, the firm has one sales manager and

one operations manager. Figure 4(c) shows a schematic representation of this design.
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The firm’s choice is between finely controlling one side but settling for a distortion on the
other to limit the size of the organization. Under a sales-focused allocation, the sales managers
decide the sales efforts for their respective products while the operations manager jointly decides
the quantity supplied for each product. The sales levels are close to first-best, but both stocking
quantities are distorted away from first-best — one product is supplied above the optimal level and
the other is supplied below the optimal level. Under an operations-focused allocation, sales are
similarly skewed, but the stocking levels are close to optimal. Based on the product and demand
characteristics for the two products, distortions in the sales arm and the operations arm will harm
the firm differently, so it will prefer the workforce allocation scheme that minimizes that harm.

The purpose of our analysis is to illustrate that a firm can have a strong preference for sales-
focused or operations-focused allocation due to effects rooted in distortions of the incentive structure
because of multitasking; characterizing exactly the conditions for preference of one design over
another requires a more detailed study, which we propose as a direction for future research.

Result 1: The most important result from our analysis is that the choice of workforce allocation
can greatly influence the profits of the firm. Hence, it is important for a firm to correctly decide its

’ There are several scenarios that we identify where, between a sales-focused

“organization focus.’
and an operations-focused allocation, the better choice can lead to a profit that is very close to the
first-best profit (99% of first-best), but the wrong allocation choice can lead to greatly lower profits
(over 50% lower than first-best).

Result 2: For the parameter values considered in the analysis, the firm can on average get
very close to the first-best outcome when it has the choice of sales-focused or operations-focused
allocation. Always choosing a minimal organization can take the firm very far from the first-best
profit (mean deviation 22.0%). Always choosing a sales-focused or always choosing an operations-
focused allocation can lead to a substantial difference from the first-best outcome (overall mean
deviation 4.5%). However, choosing the better of sales-focused or operations-focused allocation for
each scenario gives a mean deviation of only 0.8%. This suggests that most firms will opt for either
a sales-focused or operations-focused allocation and supports the observation pointed out earlier
that almost all firms have either a “sales image” or a “cost image.” Broadly speaking, when retail
prices are low the firm prefers an operations-focused allocation, because the firm needs to “get
it right” on the costs side. If the allocation is operations-focused, the firm settles for suboptimal
sales but can motivate the stocking quantities such that overall costs are lower. If the allocation
is sales-focused, the firm takes a hit on costs. Since retail prices are low, a little is lost in revenue,

while the benefit from cost reduction is more significant.

5 Conclusions and Future Work

The results in this paper are two-faceted: we provide a simple and practical solution to the classic
marketing and operations coordination problem, and at the same time add to the growing literature
on agency theory in economics.

The marketing and operations arms of a firm are interdependent and must work in a coordinated
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manner, but the discord between them has remained a long-standing problem. A prime reason for
this discord is that these units operate in a decentralized manner, and marketing compensation is
typically overly focused on increasing demand whereas operations compensation is typically overly
focused on reducing costs. We draw upon agency theory to structure salesforce compensation
contracts such that the self-maximizing actions of marketing and operations managers achieve the
coordinated outcome.

We start by showing that rewarding the operations manager for reducing the total cost leads
to suboptimal supply. Under random demand, increasing supply increases the expected cost from
unsold goods, and reduces the expected cost from missed sales. However, the first component of
cost typically dominates the second, and the operations manager therefore does not have sufficient
incentive to supply the optimal quantity. This case is therefore another example of “the folly of
rewarding A, while hoping for B” (Kerr 1975) — a very natural measure of performance for the
operations manager (the total cost) is not the right measure from the firm’s point of view. Conse-
quently, the two managers, who are simultaneously deciding on two variables that are complements,
do not move towards the optimal solution together.

This “folly” can be corrected simply by changing the performance measure of the operations
manager — by rewarding him for sales (as in the simplest interdependent contract) or penalizing
him for backorders (as in the simplest information-based contract). Both these schemes can always
achieve coordination since they provide him with the incentives to increase supply, and utilize
his effort disutility costs to limit the supply at the optimum level. This result adds to the recent
literature in economics on how the alignment between the agent’s performance metric and the actual
objective of the principal influences the contracts offered (Baker 2000, Gibbons 2005). Moreover, the
optimal contracts are still very simple (linear) and easy to implement. The appropriate performance
metrics are also simple, but not always a priori very obvious (or even intuitive). For instance,
the firm can always achieve the coordinated outcome by penalizing the operations manager only
on backorders, while total costs are dependent on (and his supply decision influences) not only
backorders but also the number of units potentially left unsold.

Furthermore, the contracts might need to be restructured in a specific way. In our case, the
distortion was on the side of the operations manager, so the fix was obtained by changing his
performance metric. Changing the performance measure of the sales manager alone (e.g., penalizing
her on inventory cost while rewarding her for sales) cannot align the incentives in our model.

The comparative statics for the optimal contract parameters provide several interesting and
new results on how commission rates and compensations for the sales and operations managers
vary with product characteristics (prices and costs), uncertainty in demand and uncertainty in
supply. One of our results is that for many configurations of prices and costs, the commission
on sales for the sales manager increases with a higher demand uncertainty (even if the agents are
risk averse), a result that is contrary to the conventional result from incentive theory. We identify
coordination between marketing and operations as a driver of incentive structure, and show that

it has implications independent of other drivers identified earlier in the literature (specifically, risk
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aversion of agents). This can be an explanation for why several studies have found only lukewarm
empirical support for the results predicted by the risk-insurance trade-off (Prendergast 1999). Our
results, therefore, also add to the recent stream of literature in economics on incentive theory that
aims to explain why variable compensation is often seen to increase with uncertainty in demand
(Prendergast 2000).

Our analysis for the multiproduct case focuses on distortions in incentives due to multitask-
ing. Our analysis provides insights into how the underlying objective of aligning marketing and
operations, while keeping the size of the salesforce small and compensation contracts simple, can
induce a clear preference between a sales-focused and an operations-focused workforce allocation
for different firms.

We generate a number of hypotheses that can be tested using industry data. Our model pre-
dicts that firms that manage their operations units using cost-based measures will experience more
frequent marketing/operations coordination failures than firms that use service measures like sales
achieved or fill rate. The comparative statics in Section 3.4 provide several hypotheses regarding
how the optimal commission rates and total compensation for sales and operations managers vary
with product and demand characteristics. (Due to space considerations, we refrain from repeat-
ing them here.) We have already provided anecdotal evidence supporting several of the above
hypotheses; as suitable data become available they can be tested formally.

Finally, our work is not without its shortcomings. We have assumed that the firm and the agents
all have the same information set. It is possible that there are scenarios where the sales manager has
more information about the market than the firm and the operations manager, and the operations
manager has more information about supply dynamics than the firm and the sales manager. A
“menu of contracts” framework can be explored to overcome this information asymmetry problem.
Our model also assumes that the operations manager can supply any quantity seamlessly. In
reality, production or ordering is done in batches using specialized models for inventory control
(like the Economic Order Quantity (EOQ) model, or the (Q, r) model). Once again, the insight
that compensation based on reducing total cost will lead to suboptimal supply will be robust to
this variation. In the current model, the problem lies only on the operations side. There can be
scenarios, however, when the sales manager’s being overly demand-focused can cause distortions
away from the first-best outcome. For example, it is possible that when supply occurs in batches,
the sales manager generates excess demand, but it is not in the firm’s interests to order an extra
batch of goods to meet this excess demand.

Notwithstanding these limitations, our work provides significant insights into the causes of the
discord between marketing and operations and the importance of optimally structuring salesforce

compensation schemes to bring the two arms into alignment.
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Appendix

I Proof of Lemma 1

The firm has to ensure that the expected utilities of the two managers are just equal to their utilities
from their outside options. In other words, the constraints in (3) are binding. Hence, the firm sets
the salary components of the compensations as wy, = —a P+ Vi (A) and w, = —a, P, + EV,y(Q).

Folding this into the expression for profit, the firm solves

max BT = rBY(Q. 4) = EC(Q. 4) = Viu(4) = EVi(@)
which, using the substitutions U = Q —Y, B = D(A) —Y and Y = min{Q, D(A)}, can be written

as

max ENFP = (r+ cy + ) Emin{Q, D(A)} — (co + c)Q — e ED(A) = Vin(A) — EV,(Q) (A1)
Note that the above is independent of the contract parameters «;, and «,.
For uniqueness, we need to ensure that the function EH? B is concave, which is true iff the

Hessian matrix is negative semidefinite. The first derivatives are given by

OETIEE dEV,
an — (r 4 cu+ ) Pr{D(A) > Q} — ¢, — dQ(Q)

OETIEB dVi (A
= eut ) Pr{D(A) < Q) e~ D)

The second derivatives are given by

0’ETIEB d*EV,(Q

0t sz = —(r +cu + @) Pr{D(A) = Q) — =7~ Q; )

O’ETLB A2V, (A)

it SR _ 1 G VmA)
RYE (r+cu+cp) Pr{D(A) = Q} ¥

a2EHJ€B 82EH§B
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— (r+ ¢ + @) Pr{D(A) = Q}

> 0 and dQZZXgA) > 0, which clearly implies that

2
Since V,(-) and Vj,(-) are convex, % 23"2@)
82EHFB 82EHFB
T"’f < 0 and —5— < 0 (i.e., both diagonal elements of the Hessian are negative). The

positivity of the determinant is equal to the following condition:
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The left-hand side can be expanded and written as

PEV,(Q) d2vm<A>> PEV,(Q) d*Vin(A)

(r+cu+c)Pr{D(A) = Q} < 102 dA2 dQ? dA2

which is clearly positive. Hence, the first-best solution is unique. |

IT Proof of Proposition 1

Under the assumptions above, the demand distribution takes the form D(A) ~ Uniform[A—o, A+0]
and the expected effort disutilities are given by EV;,(A) = %A2 and EV,(Q) = %kOQQ. Substituting

. .. OBNFE oETIE® -

in the first-order conditions 50 =0and —4— = 0 and solving simultaneously results
QFB AFB

in the pair (QFB, AFB) as in the proposition. By Lemma 1, the solution is unique. ]

III Proof of Proposition 2

According to (1) and (2), in the second stage of the game, given her contract S, = wy, + a,Y,

the sales manager solves the problem

max Ell,, = wpy + anEY — V,(A)

or, max ETl,, = Wy, + am Emin{Q, D(A)} — V,(4)

and given his contract S, = w,—a,C, where C' = ¢, U+cp B, the operations manager simultaneously

solves the problem

mQaX Ell, = w, — 0, EC — EV,(Q)

or, mgx Wy + ap(cy + ) Emin{Q, D(A)} — apcyQ — oy ED(A) — EV,(Q)

The first derivatives are given by

dET,,
i - am Pr{D(A) < Q} — A
and dggo = oy + ) Pr{D(A) > Q} — apcy — ko Q.
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The second derivatives are given by

d*Fll,, 1oy
dAZ Mo

d*Fll,

1
dQ2 - (ao(cu + Cb)% + k()) .

and

To obtain unique utility maximizing solutions for both managers, both the second derivatives above

should be positive, resulting in the conditions

A + 20 >0
and, ay(cy + ¢p) + 20k, > 0. (A2)

When these conditions hold, the first-order conditions give the unique solution pair (Q*, A*) in

terms of the contract parameters «,, and «,

o (cb(am +o0)— cua)
ao(Cb + Cu) + (Oém + 2O’)k'o
am, (aocb + Uko)

A* = . A3
aol(ep + ) + (am + 20)k, (A3)

Q =

As in formulation (3), given these values of A* and @, the firm solves for optimal values of
Wi, O, Wo and o, to maximize its own profits. First note that the firm simply needs to make
the participation constraints in (3) binding. Hence, it sets wy, = —a, E [Y|Q*, A*] + Vi, (A*) and
we = 0o F [C|Q*, A*] 4+ EV,(Q*). The optimization problem of the firm then becomes (after a little
bit of algebra)

{Cfna;(}EHf =(r+cy+ c)Emin{Q*, D(A")} — cuQ" — s ED(A*) — V,,(A¥) — EV,(Q") (A4)
To find the optimal values of «,, and «a,, we can take the first-order conditions w.r.t. both these
parameters and solve for them. This, however, gets very unwieldy, so we use a different method
to arrive at the optimal values of these parameters. Notice that the expressions for firm profit
in (A4) above and in (Al) have the same structure, and will be exactly identical if the firm can
achieve Q* = QP and A* = AFB. Moreover, the first-best solution is unique, which means that
if in this case the firm can set contract parameters such that the first-best solution is achieved,
A* must be identical to AP and Q* must be identical to Q¥B. Therefore, to obtain the optimal
contract parameters, we solve for ), and o} by equating the solution provided in Proposition 1

and (A3). This gives us the complete characterization of the contracts as the set of parameters
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* * * *
{wr,, ok, wh al}, where

. rr+cute)+ (r+ew— ok
r+cp(1+ ko) + ok
wh, = —ap, E[Y]Q"P, ATP] 4V, (ATF),
o = (r(r+cu+c) + (r+co — cu)o)ko
° —rey + (rep + ey — cu)) ko
and w) = o E [C|QTE, AFF] + EV,(QFP),

)

subject to the conditions o, + 20 > 0 and o (¢, + ¢) + 20k, > 0.

Using the optimal value for o,, we can write o, = %, which is positive, because

AFB o < QFB < AFB 4 5. Hence, the first condition (for the sales manager) is always satisfied.

The second condition (for the operations manager; using the optimal value for ), however,

r+oko
ko(r+0)

contracts of the above form only if the condition in the proposition holds. |

is satisfied only if ¢, > ( )cu. Hence, the firm can achieve the first-best outcome using

IV  Proofs for Interdependent Contracts

IV.a Proof of Proposition 3

Given these contracts, the sales manager solves the same problem as before, and the operations

manager solves

mgx Ell, = w, — aoEC + B, EY — EV,(Q)

or, mgx W, + (ao(cu +cp) + ﬂo)Emin{Q, D(A)} — aocu@ — ey ED(A) — EVo(Q).

The first derivative is given by

dEIl,
dQ

= (ao(cy + ) + Bo) Pr{D(A) > Q} — ey — koQ.

The second derivative is given by

d?F11, 1
4Q? = - <(ao(cu +cp) + ﬁo)% + ko) .

Proceeding exactly as earlier (i.e., solving the first-order conditions for @* and A* and equating
them to Q7P and A"P) we obtain the coordinating contracts as in the statement of the proposition.
The conditions ., + 20 > 0 and (¢, + ¢p) + 35 + 20k, > 0 ensure that the first-order conditions

maximize the net utilities of the two managers. |
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IV.b Proof of Corollary 3.1

FB
We need [ ; +20k, > 0. We can write 3; ; = %, which is positive, because AFP — g <

QFB < AFB 4 5. Hence, By + 20k, > 0 holds. |

V Proofs for Information-Based Contracts

V.a Proof of Proposition 4

Given these contracts, the sales manager solves the same problem as before, and the operations

manager solves

mgx Ell, = w, — a, EU — ap EB — EV,(Q)

or, mgx Wy + (ay, + ap) Emin{Q, D(A)} — a,Q — e ED(A) — EV,(Q).

The first derivative is given by

dEIL,
dQ

= (ay + ap) Pr{D(A) > Q} — o, — ko Q.

The second derivative is given by

dQEHO__( N )i+k
gz~ \\Gu T alg, Tl )

Proceeding exactly as we did earlier (i.e., solving the first-order conditions for @* and A* and

equating them to Q¥ and AF'P) we obtain the coordinating contracts as in the statement of the
proposition. The conditions o}, + 20 > 0 and o}, + a; + 20k, > 0 ensure that the first-order

conditions maximize the net utilities of the two managers. |

V.b Proof of Corollary 4.1

. FB
We need o ; + 20k, > 0. We can write o ; = %7

QFB < AFB 4 5. Hence, B5.s + 20k, > 0 holds. |

which is positive, because A"P — g <
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VI Proofs for Model with Sequential Action

VI.a Contracts Using Rudimentary Metrics

In the third stage of the game, given her contract S,, = wy, + oY, the sales manager solves the

problem
max ETl,, = wy + an EY — V,,(A)

The first-order condition for the above is:

dEIlL,,
dA

=a,Pr{D(4) <Q} - A

and the second order condition is

d*FE1l,,
dA2

= —Oéme(A) (Q) -1

The solution to the FOC above is given by A* = a;"n(ﬁ_;g) and the condition for this to be a

maximum is §2 + k,, > 0.
In the second stage of the game, the operations manager, given his contract S, = w, — @,C,

where C' = ¢, U + ¢, B, solves the problem
mgx Ell, = w, — a, EC — EV,(Q)

The first-order condition for the above is:

dET, OFEI, OEIL, dA*(Q)

0O 00 TTaa 4o
Solving this condition, we obtain:

2000 (ch(am + o) — ocy)
2(cy + ) oo + ko(tm + 20)?
am (2¢p00 + koo (ty + 20))
2(cy + ) oo + ko(tm + 20)?

Q =

A* =

Solving for a,;, and «, in the same manner as in Appendix III, we obtain

2AFB
QFB — (AFB _ )

Ay —

2Q"Pk0(QFP 4 o)
(@FF — (AT% — o)) (—eul@FF — (ATF — )] + (A7 10— QT P)

Ay =

Imposing the conditions for these to be utility-maximizing solutions for the two managers, we
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obtain

d?FE1,,

Qm
TJAZ —am[p(a)(Q) — km = — (5 + 1) <0
and PEM, ([ 2(cu+ ) oo + (am + 20)?
dQ? (o, + 20)?

_ ( Folc(ATP + Q7P + o) — cu(QFF — (AP — o)) > 0
N (QFF +0)(—cu(AFB + QFB 4 0) + ¢y (AFE 4 0 — QFB))

FB_(AFB_
We need that ¢, > (kjﬁi)) ¢, and ¢ > (W) .

VI.b Sales-Based Contract for Operations Manager

In the third stage of the game, given her contract S,, = wy, + oY, the sales manager solves the

problem

max Ell,, = wy, + an EY — V,,(A)

The solution to the FOC above is given by A* = % and the condition for this to be a

maximum is §2 + k,, > 0.

In the second stage of the game, the operations manager, given his contract S, = w, + B,Y,

solves the problem
mgx Ell, = w, + BoEY — EV,(Q)

The first-order condition for the above is:

dET, OFEI, OEIl, dA*(Q)

0O 00 TTaa 4o
Solving this condition to obtain @* and A*, and then solving for e, and a, in the same manner

as in Appendix III, we obtain

2AFB 5
QFB — (AFB — )
B 2Q"Bk,0(QFP 4 o)
Po = AFB(QFB — (AFB — 5)) + (AFB + 0 — QFB)(QFB + o)

Ay, —

It can be checked that the second-order conditions for these solutions to be utility-maximizing

solutions for both the managers always hold.
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VII Proofs for Model with Operational-Cost-Reduction Effort

First-Best Solution

The problem that the firm solves to obtain the first-best solution is

1 1 1
max rEY — EC — EC, — 5A? — §I<:0Q2 - ikzzQ

{A7Q7Z}
OETLB OETLB
As in Appendix II, we take the first-order conditions Tgf =0, —5A4— =0and
QFB ,FB AFB ,FB
opI;P . . .
= 0 we obtain the values in Section 4.2.
AFB QFB

Solution Under Incentives

First consider the case when the sales manager has the contract S, = w,,+«,,Y and the operations
manager has the contract S, = w,—a,C —a,C,. In the second stage of the game, the sales manager

solves the problem
Lo
max Ell, = wy, + apEY — §A
and the operations manager solves the problem

1 1
max ETl, = w, — oo, EC — a,C, — ikon — 5/6222

Q7Z
Solving as in Appendix III, we obtain

o, (cb(ozm +o0)— cua)

@ = ol(Ch + cu) + (am + 20k,
. A, (ozocb + ak:o)
A* =
ao(ep + cy) + (am + 20)k,
and 2* = &z
=

Once again, solving by imposing Q* = QF'P, A* = A"P and z* = 2P, we obtain

« rrtcutcp)+(r4cy —cp)oks

Om = r+cp(1+ ko) + ok, ’
. (rr+cuta)+(r+a—cu)o)k
Yo = —rcy + (rep + o(cy — cu)) ko
and o = 1.

Note that the quantities related to the sales effort and supply decisions remain unaffected in

the presence of operational-cost-reduction effort by the operations manager. Hence, the conditions
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under which the cost-based contract cannot coordinate remains the same as in Proposition 2.
In the same manner, in the case when the sales manager has the contract S, = w.,, + @, Y and
the operations manager has the contract S, = w, + 6,Y — a,C,, the firm can always achieve the

first-best solution.
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