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ABSTRACT

High rental rates and space scarcity in popular retail areas are encouraging retailers to share available
space, creating co-stores. Co-stores with complementary products enjoy a boost in foot traffic, thus higher
sales. When the space is owned by one, a common practice for retailers is to engage in a revenue sharing
agreement. We study the optimal design of a percentage rent contract between two co-stores, each hav-
ing his/her own random sales, dependent on effort levels of both retailers. Since the effort level exerted
by a retailer is often unverifiable, it results in a double moral hazard problem. We show that a linear
percentage rent, which is composed of a sales share and a based rent, achieves the second-best effort
levels. The landlord may also find it optimal to set a fixed rent by setting the sales share to zero. With
Cobb-Douglas sales and power disutility of effort functions, we obtain closed-form expressions for the
optimal contract. We show that the landlord charges a high sales share for a tenant with low demand
externality and a high sales scale. The landlord is better off renting out space to a small but high rev-
enue generating retailer, rather than one generating larger traffic, but with lower sales scale. When the
landlord’s externality potential is low, but he is successful in generating sales, optimal sales share is low,
but the base rent is high. The percentage rent can increase the landlord’ profit by up to 13% compared to
the conventional fixed rent.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Relative to upstream supply chain, retailing is more sensitive
to changes in economic cycles as the consumer spending gener-
ally constitutes the largest part of an economy. Moreover, retailers
nowadays are looking for ways to cope with the diminishing inter-
est of consumers in brick-and-mortar shopping, as opposed to on-
line shopping. Telegraph.co.uk. (2015) reports that high street sales
realized a four percent fall in their March 2015 sales compared to
a year ago, which is the largest monthly fall since 2011. The arti-
cle also notes that although consumers are spending more due to
having more disposable income with falling fuel and food prices,
it was not materialized amongst high street retailers. The retail in-
dustry is continuously searching for best practices to balance its
incomes and expenses. Rent, one of the largest operational ex-
penses for retailers, is closely related to the changing demand pat-
tern (D’Arcy, Tsolacos, & McGough, 1997). Ibanez and Pennington-
Cross. (2013) argue that rent in metropolitan areas with less avail-
able space for construction is both high and very sensitive to de-
mand shifts. High traffic on-street retail locations, where people
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work, live, and shop, are limited in supply. Thus, their rent is more
prone to economic shocks. As a result, retailers in those locations
try their best to squeeze the most out of each square foot they are
utilizing. According to Useem (2007), Apple aims to locate in close
proximity to its customers; Thus, it invests more than its competi-
tors in real estate, enjoying, on the other hand, higher sales per
square foot.

To counteract the lingering economic conditions, which are tak-
ing their toll on investments in real estate, a larger number of
struggling retailers “are teaming up” to keep in close touch with
their customers (Porter & Helm, 2008). One way is to co-locate
(Sen, Shin, & Sudhir, 2011) or open a store-within-a-store (Jerath
& Zhang., 2010), whereby a retailer rents out some of the avail-
able floor space to another retailer. The partnering retailers may
be either totally independent, or complementary in nature, which
boosts the foot traffic and sales for both parties. Co-stores or stores
within stores can help save significant construction costs while
providing some degree of flexibility (Misonzhnik, 2012b). Edward
M. Schmults, the CEO of FAO Schwarz, the oldest toy store in
the U.S., explains that “customers aren’t going to want to drive
to five different places looking for products”, while announcing
the company’s decision to locate their products into 685 Macy’s
stores. Sephora, a French chain of cosmetic stores, started opening
stores inside JCPenney department stores in 2006, and currently
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has branches in more than 375 JCPenney stores across the U.S.
(Sephora.com., 2013). According to Sorescu, Frambach, Singh, Ran-
gaswamy, and Bridges (2011), the store-within-a-store concept cre-
ates value for the retailers by increasing customer efficiency as cus-
tomers have access to products easier. In the Sephora-JCPenney
partnership, while Sephora gets access to JCPenney’s customers
through a smaller than its regular branch space, JCPenney attracts
beauty product customers without offering its own, thus providing
a larger product assortment.

Recently, more partnerships among retailers to co-locate have
been emerging. For example, 350 Sony shops were to open inside
Best-Buy, the giant U.S. retailer, by the end of 2014 (Time.com. &
McCracken, 2014). The concept was introduced at Best Buy a few
years ago with both Samsung and Microsoft Windows. Currently,
the giant retailer has opened 1400 Samsung and 600 Windows
store-within-a-store in the U.S., offering the tech brands to buy
spaces in its stores and make themselves visible at a popular des-
tination for U.S. shoppers (NYTimes & Chen, 2013). Similarly, Star-
bucks has entered a number of licensing agreements to locate in
areas where it did not have the ability to locate its outlets. For ex-
ample, Starbucks has made arrangements to sell an exclusive cof-
fee blend only in Nordstrom stores, operate coffee bars in Barnes
and Noble bookstores, and offer coffee service at some Wells Fargo
Bank locations in California (Thompson & Strickland, 2003).

Our study is motivated by a real example of a specific branch
of a well-known restaurant chain, renting out some of its space to
a well-known coffee house chain, at a popular street location. In
this context, the restaurant serves as the landlord as he (landlord)
has initially reserved the location for his own use. The coffee house
needs a relatively smaller floor space as she (tenant) mainly serves
her customers on a to-go basis. Due to lack of space availability for
the coffee house, aggravated by prohibitively high rent within the
target region, the restaurant rents out part of the available space to
the coffee house, resulting in a co-store arrangement. In such an
arrangement, both retailers agree on a revenue-sharing contract,
particularly a percentage rent contract, which entails a rent pay-
ment by the tenant to the landlord which is a function of the ten-
ant’s revenue. Thus, while the coffee house reduces its high rent
to a sales ratio dependent risk, the landlord benefits from the po-
tential high revenue gains of the coffee house. In our example, the
retailers’ offerings are complementary in nature. Thus, the sales ef-
forts exerted by either party will boost the sales for both parties.

In this paper, we introduce a linear percentage rent contract,
whereby the tenant pays the landlord a rent comprised of a fixed
rent portion plus a linear percentage of the tenant’s revenue. Our
investigation of a linear contractual agreement is motivated by the
fact that revenue sharing agreements are often based on simple
linear rules (Bhattacharya & Lafontaine, 1995). We study the prob-
lem as a single season model, with each retailer facing a random
demand, function of both the tenant’s and the landlord’s efforts.
The demand functions of the tenant and landlord have different
sales scales, which are defined as the average sales per square foot,
and are indicators for the sales potential or success of each re-
tailer. We also incorporate into our model demand externalities be-
tween retailers (Sen et al., 2011). Demand externalities are defined
in Corbett, DeCroix, and Ha (2005) as the benefit that affects a
party who did not choose to incur that benefit. For example, higher
foot traffic generated by one of the retailers creates higher sales for
the other. In addition, each retailer decides on his/her sales effort
level individually, thus incurring some sales effort cost.

The resulting model is a double moral hazard problem. Moral
hazard is a special case of information asymmetry, in which one
party has private information about his/her actions and intentions,
thus having an incentive to act inappropriately from the perspec-
tive of the party with less information (Corbett et al., 2005; Holm-
strom, 1979). The double moral hazard arises when the decisions

of two parties in a system are unverifiable, thus not contractible
directly. Here, we regard the sales efforts of the retailers as unob-
servable and unverifiable. As a result, the rent contract is based on
the observable output (sales) of the tenant, which is a function of
the sales efforts of both parties. When the parties are risk neutral,
the first-best solution is unattainable, as shown by several earlier
studies on double moral hazard problems (Bhattacharya, Gupta, &
Hasija, 2014; Romano, 1994). We show that under general sales
functions, a linear percentage rent contract, consisting of a sales
share (a percentage of the tenant’s sales) and a fixed base rent, re-
sults in second-best effort levels.

To the best of our knowledge, this paper is the first study on
co-stores investigating the rent contract design problem between
these two stores. Moreover, we contribute to the double moral haz-
ard literature by considering two output functions, one for each
retailer. Contrary to the previous research studies which have con-
sidered only one output function, (the tenant’s), this paper consid-
ers a situation in double moral hazard in which the output (sales)
function of the landlord is of direct relevance, and thus needs to
be explicitly accounted for. While our result on the existence of
a linear percentage rent contract with second-best effort levels is
similar to that in the double moral hazard literature with one out-
put function, the other results that we obtain differentiate our pa-
per from the literature, resulting in completely different practi-
cal implications. Specifically, we show that the second-best sales
share parameter changes with each party’s sales scale, contrary to
(Bhattacharya & Lafontaine, 1995) who show that the share param-
eter is independent of the sales scale of the single output function.
This substantial result implies that designing a contract depends
on the size and power of the contracting parties. From the per-
spective of the literature on co-stores, none of the related studies
considers rent contract design. Thus, our paper is the first one in
the co-storing literature to offer an extensive analysis of the con-
tract design problem between a landlord and a tenant, offering a
new research perspective and methodology to analyze co-storing
arrangements.

The paper is organized as follows. The related literature is re-
viewed in Section 2. Section 3 introduces the landlord’s rent con-
tract design problem with general sales and cost functions. In
Section 4, the sales functions of the tenant and landlord are de-
fined to be of the Cobb-Douglas form. For the particular sales and
cost of effort functions, closed-form expressions for the second-
best effort levels and contract terms are obtained. In Section 5,
we investigate the sensitivity of the second-best solution with re-
spect to the sales scale parameters, externality effects, and scale
and elasticity of the cost of effort functions. The performance of
the linear percentage rent contract is compared to the first-best
solution and the fixed-rent contract in Section 6. We present our
conclusions and future research directions in Section 7. All proofs
are in the supporting appendix intended for e-publication.

2. Literature review

Our research is mainly based on contract theory with informa-
tion asymmetry. For a recent survey on contract theory and its ap-
plications, we refer the reader to Gibbons (2005) and van Ackere
(1993). In our problem, information asymmetry is in the form of
moral hazard, where the efforts of the contract parties are not ver-
ifiable after the contract is made and thus not contractible. As a
result, the contract is based on some other observable/verifiable
output of the system. We develop our model using the principal-
agent theory subject to double moral hazard, where decisions of
both parties in the system are unverifiable.

The moral hazard framework has been applied under differ-
ent contexts in various disciplines. Among the earliest applica-
tions are sharecropping (Stiglitz, 1974) and franchise contracts
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(Lal, 1990; Mathewson & Winter, 1985). Crama, De Reyck, and De-
graeve (2008); Crama, Reyck, and Degraeve (2013) analyze licens-
ing contracts under incomplete information. The agency theory is
used to investigate the sales force diversification and the incen-
tive payment strategies of firms to encourage sales force effort
(Caldieraro & Coughlan, 2009; Dai & Jerath, 2016; Rao, 1990). In
the finance literature, the principal-agent theory is used to design
the compensation contracts for the board of directors (Armstrong,
Larcker, & Su, 2010).

The use of the moral hazard framework in supply chain man-
agement is more recent. Porteus and Whang (1991) analyze incen-
tive plans that can induce marketing and manufacturing managers
to act in a way to maximize the profit of the firm owner. Romano
(1994) considers incentives for resale price maintenance between
a wholesaler and a retailer. Saouma (2008) analyzes a manufac-
turer’s decision to outsource an assembly task to his supplier that
produces the component, where the supplier’s effort is unobserv-
able. Krishnan, Kapuscinski, and Butz (2004) consider risk-neutral
manufacturer and retailer, and analyze the interaction of incentive
conflicts and contractual remedies when the manufacturer uses a
return policy or markdown allowances. lyer, Schwarz, and Zenios
(2005) consider the contract problem of a buyer who delegates
the product specification and production to the supplier, but re-
tains the flexibility to commit the amount of limited resource to
help the supplier, whose resource allocation and capability are un-
observable to the buyer.

Collaborative service/production design problems include dou-
ble moral hazard very often. Corbett and DeCroix (2001) and
Corbett et al. (2005) study a shared-savings contract between a
supplier and a customer to decrease the consumption of mate-
rial by the customer with the joint efforts of the two parties. Jain,
Hasija, and Popescu (2013) study efficient contracts to align the
incentives of the vendor and client in the context of outsourcing
equipment repair and restoration. Xue and Field (2008) study the
efficiency of the service co-production process in a consulting envi-
ronment, and determine how work should be allocated between a
consultant and client, under various contractual relationships. Kim
and Netessine (2013) consider a supplier and a manufacturer en-
gaging in collaborative effort to reduce the uncertainty about the
component production cost. Plambeck and Taylor (2006) study a
joint production plan of a buyer and a supplier in a dynamic time
setting. Balachandran and Radhakrishnan (2005) consider the qual-
ity investments of two parties for the incoming material inspec-
tion. Rui and Lai (2015) study the inspection mechanisms and de-
ferred payment for reducing the supplier’s product adulteration,
when the buyer uses deferred payment to manage the supplier’s
quality. The moral hazard problem is studied in continuous time
in Cvitanic, Wan, and Yang (2013).

A common assumption of the double moral hazard literature is
that the principal is passive as far as the output is concerned. In
other words, both players put effort to form a single output, ei-
ther for the landlord or the tenant. For instance, in collaborative
production/service agreement studies, there is a single common
output of the system. Contrary to the literature, each of the prin-
cipal and tenant in our model provide his/her own output func-
tion, which depends on the effort levels of both parties. Thus, our
study aims to serve the retailing literature in terms of analyzing
an emerging and practical topic of percentage rent contracts, as
well as the double moral hazard literature by modeling the out-
put functions of both players. The results we obtain are substan-
tially different from those in the double moral hazard literature
with a single output function. For example, while (Bhattacharya &
Lafontaine, 1995) show that the optimal share parameter is inde-
pendent of the sales scale of the single output function, we show
that the optimal sales share depends on each parties’ sales scale, a

result that has significant implications on the practices of contract
design between two co-locating retailers.

Although our model focuses on the moral hazard problem,
there is also a possible adverse-selection problem in the contract
design. While the moral hazard occurs when a party has unob-
servable behavior and can change the behavior without incurring
any costs after a deal is made, adverse selection is the information
asymmetry prior to a deal, so that one party has more accurate
and different information from the other party. In supply chain
management literature, adverse selection often arises between a
buyer and supplier, when the quality and/or cost is a private in-
formation for the other. Thus, the buyer needs to make a payment
plan to the supplier that can reveal the true value of the suppli-
ers quality. Chen and Hu. (2015) investigate the optimal payment
plan when both the quality and cost of the supplier are unknown.
Lim (2000) studies the payment scheme to a third party logistic
company, whose reliability and cost are not known to the buyer.
Baiman, Fischer, and Rajan. (2001) investigates the contract be-
tween a buyer and supplier where there is an adverse selection
problem on the supplier side and a moral hazard problem on the
buyer side.

The rent contract design problem is particularly addressed by
researchers in several different streams of the literature. Sharecrop-
ping, which is a system of agriculture in which a landowner al-
lows a tenant to use the land in return for either cash or a share
of the crops, is one of the earliest rent contract problems stud-
ied in agricultural economics (Allen & Lueck, 1992; Stiglitz, 1974).
In the real estate and urban economics research, commercial real
estate rental leasing agreements, arising in shopping malls, are
studied. In those studies, the efforts of the tenant stores and the
mall owners determine the store sales, but are mostly unverifi-
able (Benjamin, Boyle, & Sirmans, 1992; Brueckner, 1993; Gould,
Pashigian, & Prendergast, 2005; Lee, 1995; Miceli & Sirmans., 1995;
Wheaton, 2000). Thus, in all these studies moral hazard problem
arises either single sided, from the agent or double, from both the
agent and principal’s inputs. According to Misonzhnik (2012b), the
rent agreements between a landlord and a tenant in the retail in-
dustry involve some form of revenue sharing. The origin of per-
centage rent agreements dates back to the Depression Era, dur-
ing which many retailers went bankrupt due to high fixed rents.
Snively (2000) highlights that percentage rent mechanisms are
generally used in prime downtown locations instead of less desir-
able locations, as location is an important determinant of sales in
prime locations. Our purpose in this study is to investigate how the
landlord designs a rent contract that includes percentage revenue
sharing. Compared to previous work on rent contracts, our study is
the first to consider both the tenant and the landlord’s efforts and
sales separately. As a result of this model, we show that the per-
centage sales share as a part of the rent changes with each party’s
sales scale, not only the tenant, which implies that designing a rent
contract depends on the size and power of both the landlord and
the tenant.

The earlier studies on co-stores do not directly focus on ei-
ther incentive problems or rent contract design between co-stores.
Thus, they are related to our study in terms of the subject, but
not the research question or methodology. Using a deterministic
and full information model, (Jerath & Zhang., 2010) model a man-
ufacturer’s store within a large retailer. They investigate whether
the manufacturer should be allowed to have complete autonomy
over his retail decisions such as pricing and in-store service, and
whether the retailer should manage her own operations after get-
ting the products from the manufacturer. Wang, Bell, and Pad-
manabhan (2009) analyze the price and service competition be-
tween the independent store of a manufacturer and the manufac-
turer’s store within a department store that are closely located. By
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using data from a specialty apparel retailer, (Netemeyer, Heilman,
& Maxham, 2012) investigate the impact of an in-store boutique
on overall performance of the parent stores in which the boutiques
are placed. None of these earlier work on co-stores investigate the
rent contract design problem between a landlord and a tenant.

3. The general double moral hazard model

We study the rent contract design problem between a land-
lord and a tenant, each being a retailer having his/her own cus-
tomer demand. The landlord rents part of his available space to
the tenant, so that they become co-stores selling non-substitutable
products. The sales effort levels in our model are taken to broadly
represent all forms of demand-enhancing and service-providing ef-
forts, including managing the store on a day to day basis, providing
service to the customers from the moment a customer walks into
the store until the customer leaves, in-store promotions and prod-
uct placement, hiring, training and supervising employees, staff
meetings, developing and maintaining the brand value, promoting
and advertising the brand, keeping track of local needs, as well as
the overall quality of the shopping experience (Heese & Swami-
nathan, 2010; Taylor, 2002; Xing & Liu, 2012). Both retailers’ effort
levels affect their performance. However, the intensity of efforts
devoted to such activities is not easily monitored by parties other
than the individual providers of the effort (Heese & Kemahlioglu-
Ziya, 2016). While some activities such as advertising can be verifi-
able (He, Prasad, & Sethi, 2009), as the large part of these efforts is
unverifiable, each retailer has an incentive to deviate from exerting
his/her promised effort level. Given that unverifiable efforts cannot
be contractible, we characterize the rent contract design between
the two co-locating retailers using the double moral hazard frame-
work.

We model the decision process of the two retailers as a
principal-agent model, in which the landlord (principal) first de-
termines the conditions of the percentage revenue sharing con-
tract; then, both retailers simultaneously determine their sales ef-
forts, provided that the tenant receives a fixed reservation profit.
Both retailers are assumed to be risk neutral. In our motivational
example, we define the landlord as the principal who has ini-
tially reserved the location for his own use and the tenant as the
agent. In fact, in other situations, the two retailers may have dif-
ferent negotiation power, so they may undergo a rent bargaining
game to decide on the rent structure. Given the space scarcity
in many retail locations and the significantly higher power of a
first-mover (landlord), we model a principal-agent setting in this
study, leaving the bargaining model to an extension of the current
work.

The landlord’s and tenant’s effort levels are denoted by [ and ¢,
respectively. To capture the aggregate effect of both the landlord’s
and tenant’s effort on sales, we use a composite effort function for
the landlord and the tenant, denoted by W(!, t) and V(I, t), respec-
tively. Also, let X(W(!, t), €;) and Y(V(], t), €;) be general forms of
the landlord’s and tenant’s random sales revenue, where €; and ¢,
are the random terms that capture the uncertainty in the inputs
such as demand, with respective density functions f{x, W(I, t)) and
g(y, V(I, t)) and cumulative probabilities F(., W) and G(., V). We as-
sume that the realizations of random terms are unobservable to
each other and that effort levels are unverifiable. As a result, con-
tracts based on [ and t are not feasible. Any contract has to be
based on the observable output level, or sales.

While the retailers’ efforts affect each others’ sales revenues,
each of the retailers bares the cost of his/her own effort. K(I) is
the cost of effort for the landlord when he exerts [ Similarly,
the cost of effort for the tenant is denoted by C(t). Both the ten-
ant and landlord are risk-neutral, as in Roels, Karmarkar, and Carr
(2010) and Corbett et al. (2005).

We set some assumptions on the characteristics of the sales and
cost functions, which are quite common in previous studies with
double moral hazard (Corbett et al., 2005; Kim & Wang, 1998).
The composite effort functions W(.) and V(.) are strictly increas-
ing and jointly concave in (I, t) such that W;,W;,V,,V; > 0 and
Wy, Wet, Vi, Vg < 0. Wy, Vg > 0, which ensures the complementarity
of the effort levels. The condition that the second partial deriva-
tives Wy, Wy, Vy, Vi < 0 implies that effort levels | and t exhibit
diminishing returns. This means that the gains from additional ef-
fort become less (though they may still be positive), as the land-
lord and tenant put in more effort. The other condition that the
mixed partial derivatives are non-negative, i.e. Wy, V,; > 0, im-
plies that effort levels [ and t are complementary inputs. This is
the case because as one party exerts high effort, more traffic is
created, resulting in the other party increasing its effort to provide
service to the additional traffic in the store who is interested in the
other party’s offerings, creating synergies for both parties. The cu-
mulative probabilities F(., W) and G(., V) are decreasing (stochastic
dominance condition) and convex, respectively, in W and V. The ef-
fort costs K(I) and C(t) are increasing and convex. It also holds that
K’ (00) = (' (00) = o0 and K(0) = C(0) = K’'(0) = C’'(0) = 0. All func-
tions are continuous and twice differentiable. All subscripts denote
partial derivative.

The assumptions on the sales functions imply the following
lemma.

Lemma 1. The expected sales E[X] and E[Y] are jointly concave and
increasing in (I, t).

The landlord and tenant cannot observe each other’s effort, re-
sulting in double moral hazard. Thus, the rent to be paid by the
tenant cannot be a function of the tenant’s effort, but of the ten-
ant’s sales. Let R(.) be the rent paid by the tenant. We study the
rent contract design problem in a single period. We model a Stack-
elberg game, in which the landlord (principal) offers a rent con-
tract to the tenant (agent). The tenant agrees on the terms of the
rent given that her expected profit from the contract is not below
her outside option utility . If so, both parties choose their respec-
tive effort levels within a Nash game setting. If one of the parties
sets his/her effort before the other, the sequential game reduces
to simultaneous decision making again (Bhattacharya et al., 2014).
The net profit of the tenant can be obtained as the tenant’s ex-
pected sales revenue less the summation of the rent paid to the
landlord and the sales effort cost. Similarly, the profit of the land-
lord consists of the landlord’s expected sales plus the rent charged
to the tenant, less the landlord’s effort cost. The landlord’s rent
contract design problem is as follows.

ann;(a)x E[X+R(Y)]-K(D) (1
st. E[Y —=R(Y)]-C@t)>U (2)
t =argmax E[Y —R(Y)] - C(f) (3)

I =argmax E[X +R(Y)]-K(D). (4)
1

The landlord designs a rent contract that maximizes his expected
profit. In his contract design problem, (2) stands for the participa-
tion constraint of the tenant in the rent contract. (3) and (4) rep-
resent the effort selection game of the tenant and the landlord.
Note that the amount of space to be rented by the landlord to
the tenant determines the actual rent, as is the practice in the real
estate industry. In this paper, we investigate the terms of the rent
contract under an ex-ante preset floor space agreement. That is, we
assume that the landlord is utilizing a part of the total floor space
to meet his needs, and is renting out the remaining floor space.
The amount of space rented is implicitly considered in the model
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by the sales function parameters, such as the tenant’s sales scale,
with higher tenant’s sales scale partly due to larger rented floor
space.

3.1. Coordinated effort levels

When both stores are managed by the same parent company,
the first-best effort levels of both stores can be obtained as fol-
lows.

7t = max E[X]+E[Y]-K() —C(t) (5)
it
The first-order conditions for (5) are

W, /wx fw WL 0)dx +V, /mygvcy,va, )dy=K'(I)  (6)
0 0

wt/wx fw G WL £))dx + Ve /mygvcy,va, )dy =C'(©). (7)
0 0

From the concavity of E(X) and E(Y) in (I, t) and convexity of K(.)
and ((.), there exists a unique solution to these first-order condi-
tions.

3.2. A linear percentage rent contract

Percentage rent contracts are quite common in the retail indus-
try. This is mainly due to the effect of these contracts in improving
the tenant’s performance, while being easy to implement. Let the
rent be a linear function of the tenant’s sales, as follows

R(Y) = aY¥ + M,

where a is the sales share ratio and M is the base (fixed) rent to be
paid by the tenant to the landlord. Next, we show that the landlord
can obtain a second-best solution for the effort levels, by offering
the tenant a linear percentage-rent contract.

Theorem 1. (i) There always exists a linear rent contract R**(Y) =
a**Y + M**, which results in a second-best effort pair (I**, t**) where
I, t** e (0, oo). (ii) These second-best effort levels do not achieve the
coordinated solution.

Several previous studies indicate that when both parties are risk
neutral, there is no contract that can coordinate the principal and
agent to exert system-optimal efforts (Bhattacharya et al., 2014;
Bhattacharya & Lafontaine, 1995; Kim & Wang, 1998; Roels et al.,
2010; Romano, 1994). Furthermore, a linear contract that is com-
posed of a fixed base rent and a payment that is a linear function
of the tenant’s sales revenue achieves the second-best solution for
the landlord’s expected profit. Note that here, we define the rent
as a percentage of the tenant’s gross income, not the profit. This is
considered in Wheaton (2000), as a common practice in the real
estate industry. In the context of our motivating example, we ex-
pect the restaurant and coffee shop owners to be risk neutral in
general, so the linear percentage rent contract is one potential con-
tract that is very simple to use in practice to achieve a second-best
solution.

Theorem 2. In the optimal contract, R*(Y) = a**Y + M**, (i) the op-
timal sales share a** cannot be 1, (ii) the optimal base rent M** can-
not be 0.

The result on the non-optimality of the tenant sharing her en-
tire revenue with the landlord (a = 1) is quite expected. A more
interesting result is that the second-best sales share can be equal
to zero, i.e.,, a =0, implying that the coffee shop owner may not
share any portion of the sales with the restaurant owner, paying
only a fixed fee as the rent, resulting in a fixed-fee contract. This

will be more explained in the numerical analyses section. In pre-
vious double moral hazard studies with a single joint output func-
tion, it is shown that the optimal sales share cannot be zero, which
excludes the optimality of fixed fee contracts (Bhattacharya & La-
fontaine, 1995; Roels et al., 2010).

Moreover, we show in the numerical analyses in Sections 5 and
6 that the second-best rent contract may involve a percentage
and/or fixed payment by the landlord to the tenant (a < 0, M < 0)
(i.e. a reverse payment). In the case of a single output function, the
principal may offer the agent a fixed payment to raise the agent’s
profit to her outside option level ¢/, giving the agent an incentive
to accept the contract (see Roels et al., 2010). A reverse percentage
payment is not common for double moral hazard models with a
single output function. However, in our model, the landlord might
decide to offer the tenant an incentive as a function of the tenant’s
sales, which would encourage the tenant to exert a higher effort
level, resulting in a further increase in the landlord’s sales.

4. A particular sales model

To derive further insights on the rent contract design prob-
lem for co-stores, we specify particular sales and cost of effort
functions that satisfy the model assumptions defined in Section 3.
The double-sided moral hazard model between the landlord and
the tenant has appealing solutions when the sales functions are
of the Cobb-Douglas form, W = CI¥t* and V = DI¥t%, respectively
for the landlord and the tenant. Here, C and D denote the sales
scale parameters, and y and o represent the elasticities of the
landlord’s and retailer’s efforts, respectively, where y, ¢ > 0 and
0 <y + o < 1. The Cobb-Douglas function used hereafter is simi-
lar to those used in Bhattacharya and Lafontaine (1995); Corbett
et al. (2005); Roels et al. (2010), and Kim and Netessine (2013), to
characterize the joint sales function of the two collaborating par-
ties.

Here « can be interpreted as the extent of the demand exter-
nality generated by the tenant’s effort. Similarly, y denotes the ex-
ternality created by the landlord’s effort. For instance, in a shop-
ping mall context, an anchor store is a major shopping store that
attracts a much larger portion of customers than other tenants, be-
cause it is renting a much larger space than other stores. It gen-
erates demand for the other stores as well by attracting a higher
customer traffic to the mall (Bernstein & Winter, 2008). With high
sales effort levels, an anchor store can have a high externality ef-
fect. On the other hand, the scales of the landlord’s and tenant’s
sales, respectively, C and D, can be interpreted as the level of sales,
such as the average sales per square foot. Generally, the average
sales per unit area is a good indicator of the store success in terms
of operations.

The landlord’s and tenant’s cost of effort functions have the
following power form K(l) = kI™/m and C(t) = ct"/n, respectively,
with m, n > 1. Here k and c are called the cost of effort parameters
and m and n are the cost elasticities, as in Bhattacharya and La-
fontaine (1995). Moreover, we assume the following power distri-
bution functions f(x, W)= (1/W)e*" and g(y,V) = (1/V)e ",
Then the expected sales become

E(X) = W =CI"t°,
E(Y) =V = DI"t,

Note that according to these particular sales functions, if one
of the parties exerts zero effort, it makes the sales of both par-
ties equal to zero, which may not be valid in practice in our co-
store setting. However, according to Theorem 1, none of the play-
ers would put zero effort at optimality. Thus, a solution leading to
zero effort(s), resulting in zero sales for the system, is not valid in
our model.
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With these particular sales functions, the second-best effort lev-
els can be obtained by simultaneously solving (3) and (4). The re-
sulting effort level for the landlord as a function of the sales share
a is as follows

l**:[(aD-;;C)V((l —Ca)aD)ﬁ]m. )

The second-best effort level of the tenant can be obtained as a
function of a and [**.

£ = [w] re

_ [((aD+C)y>V((1fa)aD>m*V]m‘ )

k c

Theorem 3. With the Cobb-Douglas sales and power cost of effort
functions, there exists a unique second-best sales share a** such that

.. Jy(n—a)-¢/D\Ja(m—y)
a” = .
Vam-y)+/y(n-a)

According to (10), it always holds that —C/D < a** < 1. The op-
timal sales share determined by the landlord is independent of
the cost of effort parameters ¢ and k. Moreover, when the ex-
pected sales are equal, the optimal sales share is also independent
of the sales scale parameters C and D. Unlike (Bhattacharya & La-
fontaine, 1995), these results indicate that the contract terms be-
tween the two parties are non-uniform, but depend on the specific
characteristics of the retailers, as in the restaurant and coffee shop
examples, such as average sales per square foot of each retailer,
their effort elasticities and cost of effort parameters. Accordingly,
the restaurant owner will use different contract terms with differ-
ent coffee shop chains. Next, the relationship between the land-
lord’s and tenant’s effort levels and the sales share is detailed by
Theorem 4.

(10)

Theorem 4. (i) The second-best effort levels of the landlord and the
tenant are both unimodal in the sales share a, i.e., they first increase
in a and then decrease.

(i) Let a% and a® be, respectively, the sales shares at which the land-
lord and the tenant exert their highest effort levels. They satisfy

0l

aOt Sa** <da

Theorem 4 states that both the landlord’s and tenant’s effort
levels are not monotone in the sales share a. While the tenant
prefers a low a, even negative if possible, the effort level of the
landlord will be significantly low for a very low a. As a increases,
the landlord exerts more effort, leading the tenant to put higher
effort in response. So, both [** and t** first increase in a. As a in-
creases further, ** reaches its highest attainable value a%, beyond
which the tenant puts less effort due to a lower marginal return
from effort. If the sales share is very high (>a%), then the tenant’s
second-best effort decreases significantly, which leads the landlord
to respond with a lowered effort level as well. The sales share
that optimizes the landlord’s profit is between these two values
a® and a%. Theorem 4 is illustrated for a sample problem instance
in Fig. 1.

Under second-best effort levels (8) and (9) and sales share in
(10), the base rent can be obtained as follows.

M* = (1 — a*)D(I*)7 ()% — c(t*)"/n — U
I
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Fig. 1. Second-best sales share a** = 0.18 versus a® = —0.76 and a® = 0.82 for a

sample problem with y =06, « =04, C=6, D=5, k=c=2, m=3, n=5, and
U=0.

Note that when the outside option utility Z/ is equal to zero, it al-
ways holds that M** is positive. Even when the net rent paid by
the tenant is negative due to a negative sales share q, there is al-
ways a positive base rent that is paid by the tenant.

5. System characteristics within different environments

In this section, we first analyze the sensitivity of the first-best
effort levels of the coordinated system. This is done in Section 5.1.
Then, we analytically and numerically study in Section 5.2 the ef-
fects of the system parameters on the second-best effort levels and
contract terms, when a linear percentage rent contract is used.

5.1. Characteristics of the coordinated system

When both parties are jointly managed by the same company
under a single objective (5), the first-best effort levels can be
obtained for Cobb-Douglas sales functions and power cost of ef-
fort functions, as defined in Section 4, by simultaneously solving
(6) and (7). We obtain the following closed form expressions

[ eron(®)]
oo 'oc(C+D)(l*)V]ﬁ

L c

[y eor(x))

The resulting first-best total system profit, 7€, can be obtained by
replacing (12) and (13) in (5).

[ o (@)

The characteristics of the first-best effort levels with respect to
the system parameters are summarized in Theorems 5 and 6.

Theorem 5. The first-best effort levels I* and t* under coordination
increase as C and D increase; decrease as k and c increase; increase if
I* < 1, decrease otherwise as m increases; increase if t* < 1, decrease
otherwise as n increases.

In a coordinated system, the co-stores react to changes in sales
scales C and D, cost of efforts k and c, or cost elasticities m and n
in a similar way. When either the restaurant’s or the coffee shop’s
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Fig. 2. First-best effort levels vs. y for a sample problem with « =0.1, C=D =1,
k=c=2,m=3,n=5,and & =0.

sales scale increases, both parties exert more effort. When the ef-
fort becomes more costly, i.e. having a higher cost of effort for ei-
ther of the parties, both exert less effort.

Theorem 6. i. [* is either increasing-decreasing or always increasing
with y.

ii. t* is either decreasing-increasing or always decreasing with y.

iii. t* is either increasing-decreasing or always increasing with c.

iv. I* is either decreasing-increasing or always decreasing with o.

On the other hand, the landlord’s and tenant’s effort levels
move in opposite directions for any change in the elasticity of ef-
fort for any of the two parties, as stated in Theorem 6. The re-
sult is illustrated in Fig. 2 for a sample problem, where the elas-
ticity of the landlord’s effort y increases from 0.1 to 0.6. As y in-
creases, it is optimal for the landlord to exert more effort. The ten-
ant will rely on the landlord’s effort and exert less effort, so that
the system-wide effort costs are balanced out. For instance, when
the coffee shop engages in a rent agreement with a larger restau-
rant (in terms of store space), who can generate higher customer
traffic, the coffee shop may choose to exert less effort. However,
at some point when the restaurant’s externality effect is very high
compared to the coffee shop’s, the latter should also contribute to
the system by exerting more effort.

5.2. Characteristics of the linear percentage rent contract

Next, we analyze how the second-best linear percentage rent
contract terms and effort levels change with the landlord’s and
tenant’s characteristics. Note that the landlord selects the con-
tract terms such that the tenant’s individual rationality constraint
is always binding. If the tenant’s reservation utility Z/ is set to
zero, without loss of generality, the tenant’s profit will be zero at
optimality. Then the landlord’s profit becomes the total system’s
profit.

We first study analytically the sensitivity of the optimal sales
share to the system parameters. Note that from (10), a** is insen-
sitive to the cost of effort parameters ¢ and k.

Theorem 7. The second-best sales share a** of the second-best linear
rent contract increases as D, n, and y increase; decreases as C, m, and
o increase.

To interpret the sensitivity of a**, we need to consider the
changes in the equilibrium effort levels as well as in the second-
best base rent.
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Fig. 3. Second-best contract parameters vs. « for a sample problem with y = 0.1,
C=6,k=c=2,m=3,n=>5, and % =0.

Theorem 8. i. The second-best effort levels I** and t** increase as C
and D increase; decrease as k and c increase.

ii. The second-best base rent M** increases as C and D increase; de-
crease as k and c increase.

The behaviors of I**, t**, and M** with respect to y, «, m, and
n are not easily tractable analytically, thus will be illustrated nu-
merically in what follows. For instance, M** can be decreasing-
increasing or increasing-decreasing in m and n.

5.2.1. Effect of the tenant’s sales scale (D) and externalities (o)

Particularly, the sensitivity results with respect to C, D, o and
y are worth discussing. According to Theorem 7, a tenant with
a higher demand externality «, will be awarded by the landlord
with a lower sales share, as an incentive for the tenant to exert
a higher effort level. Fig. 3 shows that a lower a is also accompa-
nied with a higher base rent M, to compensate for the decrease
in the marginal return of the landlord’s effort. This result is con-
sistent with the shopping mall contracting literature, where it was
shown that anchor stores with high externalities are offered lower
sales share and a higher base rent when compared to stores with
lower externalities (Gould et al., 2005). On the other hand, when
the tenant has a higher sales scale D, both the sales share and the
base rent become higher. In fact, it is interesting to observe that
the tenant’s externality effect « and the sales scale D have oppo-
site effects on the second-best sales share a**.

To further elaborate on the last observation, we analyze real
shopping mall tenant information obtained from the Dollars and
Cents of Shopping Centers-2004 report (ULI, 2004), which is pub-
lished by The Urban Land Institute (ULI), and includes real data on
more than 20,000 tenants in 947 U.S. shopping centers. While our
co-store model is quite different then a shopping mall setting, we
can still benefit from the similarities in terms of the tenant’s and
the landlord’s characteristics: The sales scale parameters C and D in
our model correspond to the median sales per square foot in the
Dollars and Cents of Shopping Centers (2004) report; The exter-
nality effect measure by y and « in our model correspond to the
Gross Leasable Area (GLA). Unfortunately, to the best of our knowl-
edge there is no published data on co-store rent contracts where
both parties are independent retailers. Thus, we use the published
data on shopping mall rent contracts, to empirically support our
study.

In Table 1, a summary of tenant information is given on median
sales per square foot, median gross leasable area (GLA) (in square
foot), and median rate of percentage rent paid by various tenant
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Table 1

919

Summary tenant information for U.S. super regional and regional shopping centers.

Super regional centers

Regional centers

Tenant Median sales Median GLA Median rate ~ Median sales Median GLA Median rate
classification per square feet (dollars)  in square feet  of % rent per square feet (dollars)  in square feet  of % rent
General merc. 176.18 117,030 225 141.85 66,582 2
Food 365.63 1128 7 359.29 1200 6
Food service 459.36 795 8 367.14 1216 6
Clothing acc. 310.12 3502 6 259.09 3999 5
Shoes 283.86 2651 6 224.57 3000 6
Home furnish. 354.35 2658 6 209.25 5287 5
Home app./music 379 2489 5 315.05 2676 5
Hobby 299.84 2732 6 230.75 3537 6
Gifts 268.26 2529 6 215.58 3171 6
Jewelry 899.31 1233 6 72024 1200 6
Drugs 317.34 10,594 3 - - -
Other retail 421.92 815 7 277.09 1500 6
Personal serv. 294.76 1146 6 228.56 1200 6
Source: Urban Land Institute, Dollars and Cents of Shopping Centers (2004).
Table 2 16 o r 11
Correlation coefficients obtained from summary tenant information for U.S. super
regional and regional shopping centers. 15
Super regional centers Regional centers 14
median rate of % rent  median rate of % rent -
Median sales per square feet 0.34 0.38 § 13 T
(dollar) % " &
Median GLA in square feet -0.72 -0.94 § "s‘
T o«
8
10
types, located in either super regional (around 1 million square | s
feet) or regional (around 500,000 square feet) shopping centers. S Rent(D=5)
We interpret the sales per square foot as the sales scale of a ten- 3 4
ant, which is denoted by D in our model. Also, since anchor stores S D S ® S S O S a
attract high customer traffic, and thus create high externality for N R S R U
other stores, they generally tend to have the largest GLA in a shop- Fig. 4. Landlord's Profit and Rent Paid vs. a.
ping center. As a result, GLA is interpreted as the externality effect,
which is denoted by «. T —,,,__—f
Using the data reported in Table 1, we obtained the correlation R
of the percentage rent with the sales per square foot and GLA. Ac- '
cording to Table 2, in both super regional and regional malls, the B >
tenant sales scale and percentage rent paid by the tenant are pos- 12 b
itively correlated. I i t**(D=5)
On the other hand, GLA is negatively correlated with the per- -
centage rent. Thus, consistent with our results, stores creating ; 1
higher externalities are charged lower sales share to enhance their é 0.9
effort levels. However, as the tenant’s sales scale increases, the w
sales share increases as well. Snively (2000) also states that re- 08
tailers with a higher profit margin generally pay higher percent- 0.7 [ **(D=8)
age rents. For instance, according to Table 1, while a median gen- 0.6 b
eral merchandiser pays 2.25% as sales share, a jewelry store, which **(D=5)
makes five times more sales per square foot, pays 6%. 05
The net expected rent paid by the tenant shows a non- N N N A O S

monotonic behavior with respect to the tenant’s externality factor
«, as illustrated in Fig. 4. If the tenant becomes more effective in
creating externalities, the rent paid by the tenant first decreases,
due to the decrease in the sales share a, despite the increasing
base rent M. Thus, the expected profit of the landlord decreases.
A tenant with a much higher « puts in significantly higher effort
according to Fig. 5, resulting in a higher shared revenue, and in-
creases the landlord’s profit. Moreover, when the tenant can create
higher externalities, the landlord may rely on the tenant’s effort,
and exert less effort. Thus, a landlord benefits from a tenant with
high externality effect, by receiving a higher rent and incurring a
lower cost of effort due to exerting less effort.

Fig. 5. Second-best effort levels vs. «, for a sample problem with y =0.1, C =6,
k=c=2,m=3,n=5 and & =0.

It can also be observed in Figs. 4 and 5 that as D, the tenant’s
sales scale, increases, the effort levels, total rent, and landlord’s
profit increase. For instance, when the tenant is 60% more capable
of generating sales for given effort levels (D=8/D=5), both the ten-
ant and landlord will exert more effort, and the landlord increases
his profit by around 30%, according to Fig. 4. The change in the
tenant’s sales scale has a greater effect in boosting the landlord’s
profit through the increased rent payments. Thus, the landlord is
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Fig. 6. Second-best contract parameters vs. y for a sample problem with o = 0.1,
D=5 k=c=2, m=3,n=5, and 4 =0.

better-off renting out space to a small size but high revenue gen-
erating retailer, instead of one generating higher traffic, but with
lower sales scale. Some shopping centers in the U.S. have already
started programs to fill up their small-size vacant spaces, by rent-
ing them out for free to start-up entrepreneur stores, and giving
them the chance to become high revenue generators (Misonzhnik,
2012a).

5.2.2. Effect of the landlord’s sales scale (C) and externalities (y)

The landlord’s sales characteristics y and C have opposite ef-
fects on the contract terms. As y increases, the landlord has higher
externality effect, and requires a higher sales share. However, as C
increases, indicating a landlord with a larger sales scale, the opti-
mal sales share decreases. The result is illustrated in Fig. 6.

The result on the effect of the landlord’s externality effect on
the sales share is consistent with the shopping mall data. Accord-
ing to Dollars and Cents of Shopping Centers (2004) report, the
median rate of the percentage rent increases in the mall size (the
total gross leasable area (GLA)), an equivalent to the landlord’s ex-
ternality effect. Table 3 includes the median rate of percentage rent
paid by various tenant types in four different types of shopping
centers. For instance, the median sales share paid by food restau-
rants is 7% in superregional, 6% in regional, 1.6% in community, and
1% in neighborhood shopping centers.

Table 3
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Fig. 7. Landlord’s profit and rent vs. y.

The base rent has a convex behavior with respect to the land-
lord’s externality effect. While it is decreasing up to some y value,
it is increasing again for a very high value of y. This is due to
the significant increase in the tenant’s revenue with the increasing
effort of the landlord, as shown in Fig. 8. A higher externality ef-
fect encourages the landlord to put in more effort. Relying on the
landlord’s high effort level, the tenant exerts less effort. Due to the
externality created by one party, both parties will generate higher
revenues. As a result, the landlord’s profit decreases for a slight in-
crease in the landlord’s externality effect. However, as y increases
even further, the landlord is better off, due to both his higher effort
level and higher rent, as illustrated by Fig. 7.

On the other hand, as the landlord’s sales scale, C, increases,
both parties put in more effort and the landlord will make more
profit (associated with higher sales and higher rent). The rent
composition slightly changes to include a lower sales share and
a higher base rent. The opposite effects of C and y on the rent
contract are due to their varying effects on the landlord’s effort
level. For the same increase separately in C and y, the landlord’s
effort increases more with the increase in y compared to that in
C. Thus, a landlord with a high externality effect can increase the
sales share irrespective of the tenant’s effort level. Moreover, for a
given landlord’s externality effect, y, the landlord’s effort does not
increase significantly with a higher sales scale C. So the landlord
might decrease the share to encourage the tenant to exert more
effort.

Median rate of percentage rent paid in shopping centers of various sizes.

Median rate of percentage rent

Tenant classification Super regional

Regional Community Neighborhood

N
w

General merchandise
Food

Food service

Clothing accessories
Shoes

Home furnishings
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Hobby/special interest
Gifts/specialty
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Personal services
Entertainment/community
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Source: Urban Land Institute, Dollars and Cents of Shopping Centers (2004).
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Fig. 8. Second-best effort levels vs. y, for a sample problem with « =0.1, D =5,
k=c=2,m=3,n=5and &4 =0.

Overall, the landlord’s second-best sales share is high when the
landlord has small sales scale but has high externality effect. In
this case, a low base rent accompanies the high sales share. On
the contrary, when the landlord has high sales scale and low ex-
ternality effect, he charges a small sales share and high base rent.
It is also interesting to note that, when the landlord’s externality
effect is small, the net rent received by the landlord is insensitive
to his sales scale, as illustrated in Fig. 7.

5.2.3. Effect of the cost of effort parameters

Next, we investigate the effect of the cost of efforts on the
second-best rent contract. The effects of k and c on the contract
terms and effort levels are shown in Theorems 7 and 8. If a re-
tailer’s effort becomes more costly, he/she exerts less effort. Since
the second-best sales share is independent of the cost of effort pa-
rameters, one party, being affected by the other party’s low effort,
will also reduce its own effort level. As both parties observe lower
sales with their reduced effort levels, the base rent charged by the
landlord will decrease as well, resulting in a smaller rent and land-
lord’s profit.

On the other hand, the elasticity of the landlord’s cost of effort,
m, might have more variable effects on the system. As indicated
by Theorem 7, under a higher m, the landlord charges a lower
sales share. A reduction in the sales share is offset by a higher
base rent. The change in the net rent depends on landlord’s effort.
If the landlord’s effort exceeds 1, then as m increases, the land-
lord reduces his effort, which reduces the tenant’s sales, total rent,
and landlord’s profit. However, if the landlord’s effort is below 1,
then as m increases, the landlord increases his effort, resulting in
the increase of the rent and profit. From (10), as m increases, a**
approaches —C/D. Then, I** and t** approach, respectively, 1 and
((C+D)a/c)V/(m=) Figs. 9 and 10 illustrate the effects of m on
the landlord’s profit and second-best effort levels, respectively.

The elasticity of the tenant’s cost of effort, n, also has variable
effects on the system. Contrary to m, Theorem 7 indicates that un-
der a higher n, the landlord charges a higher sales share and a
lower base rent. The total rent depends on the tenant’s effort. In
the example illustrated in Figs. 11 and 12, when the tenant’s ef-
fort is below 1, the tenant increases her effort with n. With the in-
creasing sales share, the landlord also puts in more effort, resulting
in higher tenant’s sales and total rent, and thus higher landlord’s
profit. However, if the landlord’s effort exceeds 1, with a higher n,
the tenant reduces her effort, causing a decrease in the tenant’s
sales. The total rent paid can either decrease or increase as the
sales share increases. From (10), we observe that as n increases,
both a** and t** become 1 in the limit.
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Fig. 9. Landlord’s profit and rent vs. m.
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Fig. 10. Second-best effort levels vs. m, for a sample problem with ¢ =0.1, y =
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Fig. 11. Landlord’s profit and rent vs. n.

To summarize, the landlord is definitely better off under higher
sales scales C and D, and lower cost of effort parameters k and
c. The effects of the cost elasticities may not be clear. The land-
lord may be better or worse off under higher cost elasticity, de-
pending on whether it leads to higher or lower second-best effort
levels. The landlord is better off when he or the tenant enjoys a
high externality effect. For moderate levels of externality factors,
slight increases are not preferred. For example, when the landlord’s
externality increases slightly, the tenant relies on the landlord’s
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Fig. 12. Second-best effort levels vs. n, for a sample problem with « = 0.1, y = 0.6,
C=6,D=5 k=2, m=3,and  =0.

increasing effort and externalities, and will put in less effort, caus-
ing lower rent and landlord’s profit. Similarly, when the tenant’s
externality increases slightly and the sales share decreases, the to-
tal rent decreases when the tenant’s effort does not increase sig-
nificantly, which results in a reduced landlord’s profit.

6. Performance of the linear percentage rent contract

In this section, the second-best effort levels and profits under a
linear contract are compared to the first-best, obtained in coordi-
nated and fixed-rent systems.

Theorem 9.

(i) Under a linear rent contract, both parties exert less effort than
the first-best, i.e. I** < I*and t** < t*.

(ii) The ratios of the first-best and second-best effort levels (I*[I**
and t*[t**) are insensitive to the cost of effort parameters k and
¢ and sales scale parameters C and D.

(iii) The ratio of the first-best system profit to the second-best sys-
tem profit under a linear rent contract is insensitive to the cost
of effort parameters k and c and sales scale parameters C and
D.

Theorem 1 demonstrates that a linear percentage rent contract
cannot achieve the first-best solution obtained under a coordinated
system. Under the linear rent contract, both retailers exert less
effort than the first-best levels. The ratios of the first-best and
second-best effort levels are shown to be independent of the sales
scales of the retailers and the cost of effort parameters.

The retailer effort levels under an independent system, in which
retailers are not bound to any rent payment, is also analogous to a
fixed-rent system, in which the landlord charges a fixed rent that
is enough to wipe off all the profit that a tenant would get over
an outside option. Thus, the optimal effort levels under a fixed-
rent system are also valid when the tenant rents the space from
another landlord or owns it. The retailers’ effort setting problem
under the optimal fixed rent, MF, is as follows.

af= max EIX]-K()+M
st. E[Y]-C{t)-M=>U
t =argmax E[Y]-C(f)
t

| =argmax E[X]-K(). (15)
i

Theorem 10. Under a fixed-rent contract, neither the landlord nor
the tenant can generate more profit in comparison to a linear per-
centage rent contract.

The proof is clear. Under a fixed rent, the sales share a=0.
Thus, problem (15) is a special case of the retailers’ problem with
linear percentage rent. Consequently, the landlord cannot achieve
a higher profit with the fixed rent over the linear percentage rent
case. The landlord determines this fixed rent such that the tenant
gets a profit as much as her outside option U. So under a fixed
rent, the tenant gets the same profit as in a percentage rent con-
tract.

For the Cobb-Douglas sales functions defined in Section 4, the
resulting optimal effort levels If and tF under the fixed rent con-
tract are as follows.

[ ()]

=Y (2T

Theorem 11 explains how the retailers’ relative effort levels change
with the system parameters under coordinated, linear percentage
rent, and fixed-rent systems.

Theorem 11. When the cost elasticity parameters are equal, i.e., m =
n,

(i) Under both a linear rent contract and a coordinated system,
the relative values of the retailers’ best effort levels (I*[t* and
I**|t**) are insensitive to the sales scale parameters C and D.
However, under a fixed rent contract, the relative value of ef-
forts IF|tF is increasing in C and decreasing in D.

(ii) Each of I*[t*, I**|t**, and IF[tF is increasing in y and c and de-
creasing in o and k.

In all systems where the elasticities of the cost of efforts are
equal, the landlord exerts more effort compared to the tenant
when the landlord’s externality effect increases or his cost of ef-
fort decreases. The result is reversed when the tenant generates
higher externalities or the landlord’s effort becomes more costly.
The interesting result is that, under coordinated and linear per-
centage rent contract systems, retailers react similarly to changes
in the sales scales, but not in a fixed-rent system. When the rent is
fixed, a retailer is relatively insensitive to the increase in the sales
scale of his/her co-store. The result justifies the use of a percentage
rent contract to align the efforts of co-stores.

Next, we investigate the sensitivity of the improvement in profit
obtained as a result of using a linear percentage rent over a fixed-
rent contract, and the loss incurred from using the linear percent-
age contract over the coordinated solution. The percentage increase
in the total expected profit from the use of a linear percentage
rent contract instead of a fixed-rent is denoted by AxF such that
AnF = (!l — nF)/nF % 100. The percentage decrease in the total
expected profit from the use of a linear percentage rent contract
compared to a coordinated solution is denoted by Az € such that
A€ = (7€ — 7Ly /7€ % 100.

Figs. 13 and 14 illustrate the change in A7€ and AnF, respec-
tively, as the tenant’s and landlord’s externality effects, « and y
change. As stated in Theorem 9, the percentage profit gap between
the linear percentage rent contract and the coordinated solution,
An€, is independent of the sales scales of the two stores, C and
D. Thus, as the tenant’s or the landlord’s externality effect changes,
the effect on An€ is exactly the same for any value of C for a fixed
D, or vice versa. We observe that, as the tenant’s or the landlord’s
externality effect increases, AmC increases as well. The reason is
that with increasing externalities, the increase in the effort level of
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Fig. 14. % change in profit vs. y, « =0.1, y =0.6, C=6, D=5, k=c=2, m=3,
n=5and i =0.

at least one of the parties in a coordinated system is higher than
in a linear rent contract system.

The improvement in the landlord’s profit, which is equal to the
system profit less Z/, over a fixed rent contract, is observed to be
unimodal in the second-best sales share a**, which attains the low-
est value of zero when a** = 0. As a** deviates from zero, AzF in-
creases as well. Thus, there is no monotone behavior of ArF in any
of the system parameters «, y, C, D, m, or n. Its behavior depends
solely on how a** changes around zero. In the example illustrated
in Fig. 14, the gap can exceed 13%. Moreover, although the analyt-
ical proof is omitted here, AnF is also insensitive to the cost of
effort parameters k and c, similarly to Az €.

We show in Section 5.2 that as the elasticities of the cost of ef-
fort for the tenant and landlord increase, the effort levels of both
retailers approach constant values. A similar result is also obtained
for the coordinated system as stated by Theorem 5. Therefore, as
m or n increase, the percentage profit change An€ decreases and
approaches a constant number. On the other hand, AzF may de-
crease or increase depending on whether a** approaches or moves
away from zero, respectively, as illustrated in Figs. 15 and 16.

7. Concluding remarks

Being the main source of supply chain revenues, retail opera-
tions have been an important part of operations management. In
the last decade, and with the fast customers’ adoption of online
shopping, brick and mortar retailers need to pay special attention

ATTC (k=2, k=6)

% Gap

0.00

S D P D ® ® ® ®
A SN S R A SR A A S

Fig. 15. % change in profit vs. m.
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ATTF (c=2, c=6)

Fig. 16. % change in profit vs. n, « =0.1, y =0.6, C=6, D=5, k=c=2, m=3,
n=>5and % =0.

to the operational issues specific to physical stores, for the sus-
tainability of their business. The rent of the floor space is an im-
portant one of these operational issues. High rental rates and con-
struction costs, limited space availability, and significant external-
ity effects in popular shopping areas, encourage some retailers to
share floor space with other retailers, creating co-store arrange-
ments. Co-stores share the rent expense and benefit from mutual
sales efforts that lead to higher foot traffic.

In this paper, we study the rent contract design problem be-
tween two co-stores, in which the floor space is owned by one of
the stores. Each of the co-stores realizes individual sales as a func-
tion of the sales efforts of both retailers. While higher effort of one
party increases the sales of both, each party incurs his/her own ef-
fort cost. Motivated by the common practice, the rent paid by the
tenant store to the landlord store is modeled as a linear function
of the tenant’s gross sales plus a base or fixed fee. The rent is not
a function of the tenant’s effort, but sales, because effort such as
salaries of salespeople, publicity, and promotion are not verifiable,
leading to a double moral hazard problem. By analyzing the re-
sulting double moral hazard problem, our objective in this work is
to understand the dynamics of the optimal linear percentage rent
contract offered by the landlord to the tenant store, and the result-
ing equilibrium effort levels of the co-stores.

We show that for general sales functions, a linear percentage
contract cannot achieve the first-best effort levels, but leads to
second-best effort levels. At the second-best solution, the optimal
sales share can be zero, but the fixed base rent cannot. Thus, the



924 L. Moussawi-Haidar, N. Cémez-Dolgan / European Journal of Operational Research 258 (2017) 912-925

tenant would always pay a base rent even if she is exempted from
a percentage sales payment.

To further explore the properties of the optimal contract and
equilibrium effort levels, we use Cobb-Douglas sales functions and
power cost of effort functions. We derive closed-form expressions
of the second-best contract parameters and effort levels. We ex-
plore the sensitivity of the second-best solution with respect to
the problem parameters, such as the tenant’s and landlord’s sales
scales, demand externalities, and cost of efforts. We show that the
landlord’s contract parameters, when the landlord has low sales
scale and high externalities, consists of a high sales share and a
low base rent. On the contrary, when the landlord has high sales
scale and low externality effect, he charges a low sales share, but
high base rent. We also find that when the tenant has a low sales
scale and high externalities, the landlord charges a low sales share,
but a relatively high base rent. Furthermore, we compare the linear
contract to the first-best solution, in which both efforts are observ-
able, and the traditional fixed rent contract, in which the percent-
age sales share is equal to zero. Although the profit improvement
provided by a linear percentage rent contract over the fixed rent is
not monotone in any system parameter, the improvement exceeds
13%. The percent gap with the first-best solution is shown to be
independent of the sales scales and cost of efforts of the co-stores
and it is generally lower with low externality effects.

The main results are also supported by real evidence from data
on the rent contracts in US shopping malls, which is the most rel-
evant and accessible data on percentage rents. Our co-store set-
ting is different from a shopping mall system where only tenant
stores directly observe customer sales, but not the mall owner.
Still, the externality effect and sales scale of a store can be inter-
preted similarly. The data indicates that the mall owner charges
a lower sales share to stores with higher gross leasable area, i.e.
with higher foot traffic or externality effect. On the other hand,
stores making higher sales per square foot, i.e. with higher sales
scale, are charged higher sales share. Moreover, we observe that in
larger malls, where the externality effect is higher, the sales share
is higher. Our theoretical findings are consistent with these obser-
vations on the rent terms currently used in practice.

As stated by Bhattacharya and Lafontaine (1995), a linear con-
tract implements the second-best effort levels, but it is not the
unique contract to give a second-best solution. For instance, a per-
centage rent is sometimes not payable unless the tenant’s sales ex-
ceed a threshold level within the given time period. The tenant
pays a base rent as usual, but in addition, pays a sales share of the
amount of sales in excess of a threshold level. Our study is devoted
to understanding the characteristics of an easy-to-implement linear
percentage rent contract. Analyzing piecewise linear contracts is a
future research work worthy of investigation.

Supplementary material

Supplementary material associated with this article can be
found, in the online version, at 10.1016/j.ejor.2016.08.063.
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