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Material IQ (MIQ) is a new decision-tool designed by GreenBlue to helps suppliers safely share sensitive chemical
toxicity data with their customers. Due to its ability to act as a marketplace where a firm can compare suppliers’
information, MIQ has the potential to introduce competition amongst suppliers to improve their environmental
performance. As GreenBlue takes MIQ to market, it must determine when to promote the use of MIQ and
whether to recommend firms use it as a platform to create competition amongst suppliers or to collaborate with
an existing supplier. We study GreenBlue’s problem in two parts. First, we investigate when a firm can use
competition or cost sharing to improve a supplier’s environmental performance. Based on our findings, we then
develop insights into when and how GreenBlue should promote the use of MIQ. Our results demonstrate that a
firm typically prefers for suppliers to compete to improve their performance since this often produces the highest
environmental quality and the highest firm profit. However, from GreenBlue’s perspective, recommending MIQ
as a tool to create competition between suppliers is rarely feasible since competition can harm suppliers’ financial
health. Instead, GreenBlue’s preferred strategy is for a firm either to use MIQ to collaborate with suppliers to

improve quality or to rely on the existing market incentives to drive suppliers’ use of MIQ.
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1. Introduction
GreenBlue is an environmental nonprofit that develops science-based decision tools for industry.
Recently, in an effort to increase the transparency of the chemicals and substances used in products and
supply chains, GreenBlue created Material IQ (MIQ), a new tool with which suppliers can safely share
sensitive chemical toxicity data with their customers without divulging intellectual property secrets.
Due to its ability to act as a marketplace where a firm can compare suppliers’ information, MIQ has
the potential to introduce competition amongst suppliers to improve their environmental performance.
As GreenBlue takes MIQ to market, it must determine when to promote the use of MIQ and whether
to recommend firms use it as a platform to create competition amongst suppliers or to collaborate with
an existing supplier. We investigate GreenBlue’s problem in two parts. First, we examine under what
market and economic conditions, supplier competition or firm-supplier cost sharing can improve a sup-
plier’s environmental performance. Based on these findings, we then develop insights into GreenBlue’s
strategy for promoting when and how firms should use MIQ.

Firms have long used competition as a lever to improve the quality and price performance of suppli-
ers (Laseter and Stasior 1998). More recently, firms have used competition to also improve suppliers’

environmental performance. For example, in an effort to “green” its products and set standards in
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the retail industry, Walmart requested over 100,000 of its suppliers answer questions regarding their
sustainability practices. Walmart warned that suppliers who chose not to participate would “proba-
bly (be) less relevant (to Walmart)” (Rosenbloom 2009). This strategy implicitly creates competition
amongst suppliers to abide by Walmart’s sustainability objectives. Conversely, firms are increasingly
collaborating with suppliers to improve their environmental performance. For example, in 2009, Nike
began to integrate sustainability into its preliminary design and manufacturing decisions. As part of
this initiative, Nike implemented a demanding but collaborative environmental program at over 40 of
its footwear suppliers in Asia (Plambeck et al. 2012).

According to James Ewell, Sustainable Materials Director at GreenBlue, MIQ was originally designed
as “a marketplace, where in exchange for providing chemical composition information to manufac-
turers and retailers, suppliers would have an opportunity to ‘market’ their products in a third party
verified system that protects suppliers’ confidential information” (Ewell 2014). Our research examines
how GreenBlue should recommend firms use MIQ. Specifically, whether firms should use MIQ as a
platform to create competition amongst suppliers or as a collaborative mechanism with which to work
with an existing supplier to improve environmental performance. We examine the problem from both
a firm and a social good perspective. Our work adds to the emerging nonprofit operations management
literature, an example of how a pragmatic nonprofit can work with industry to improve the environ-
mental performance of supply chains. We contribute to the supplier competition (e.g., Cachon and
Zhang 2007, Elahi et al. 2007, Gans 2002) and supplier development (e.g., Babich 2010, Liu et al. 2010,
Wang et al. 2010) literatures a model that illustrates and compares the effectiveness of the two levers
in improving a supplier’s non-price performance.

We consider a supply chain in which a profit-maximizing firm (he) attempts to increase the envi-
ronmental quality (quality) of the product his supplier (she) provides.! The market demand for the
product is determined by both price and quality, with the price being fixed. That is, we assume that
while consumers’ demand for a product with higher quality is increasing, consumers expect the price
for this product to remain the same. In our base case, the only lever available to the firm for improving
quality is to offer the supplier a per-unit premium to offset her unit cost of quality. We examine two
additional levers for improving a supplier’s quality: (1) the firm introduces a second supplier to compete
with the existing supplier on quality; and (2) the firm and the existing supplier share the investment
cost to improve quality. From GreenBlue’s perspective, understanding the impact that these levers can
have on a supplier’s environmental performance is critical since MIQ can be used to facilitate either
dynamic. Our research goals are to (i) determine under what market and economic conditions a firm
can utilize a per-unit premium, competition, or cost sharing to improve a supplier’s environmental
! Although the purpose of MIQ is to improve the information shared between suppliers and firms, we generalize our

problem to focus on quality. In our setting, quality can represent either information or physical attributes. We define a
product with high environmental quality as having low impact on the environment or human health.
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quality, and (ii) develop insights into when and how GreenBlue should promote the use of MIQ to
increase environmental quality. GreenBlue and firms’ strategies may not always align. GreenBlue is
a pragmatic nonprofit that works with industry to solve environmental problems. While GreenBlue
would like to maximize quality, it will only do so if both firms and suppliers do not incur losses.

From the firm’s perspective, we find that cost sharing and competition can help to improve a
supplier’s quality but with some limitations. For example, under cost sharing, if the firm captures
more of the supply chain margin than the supplier and a market opportunity exists, then his optimal
strategy is to offer the supplier a unit premium and fully subsidize her investment cost in quality.
By aggressively investing in the supplier, the firm develops her capabilities, and as a result, increases
the effectiveness of the premium he offers. Cost sharing, however, is less effective as the supplier’s
margin increases - the firm’s strategy is either to decrease his portion of the shared investment cost or
if the supplier captures a large portion of the supply chain margin, not share costs. Conversely, under
supplier competition, the supplier’s quality level is nondecreasing in her portion of the supply chain
margin and, in general, higher than her quality level under cost sharing. The key risk to competition
is the potential negative impact that it can have on suppliers’ margins and thus, financial health.

As a nonprofit, GreenBlue is in a unique position with MIQ in that it has an opportunity to influence
the dynamic between firms and suppliers. Recommending MIQ as a platform for creating competition
between suppliers is rarely feasible since competition often hurts suppliers’ profits. Instead, we find that
GreenBlue should focus on the more modest improvements that can occur when firms and suppliers
work together in a collaborative relationship. For example, if a firm captures enough of the supply chain
margin such that he is willing to share costs with the supplier, then GreenBlue should recommend the
firm use MIQ as a tool for collaborating with an existing supplier to improve quality. Conversely, if
the firm is unwilling to share costs with the supplier due to her high margin, then GreenBlue should
recommend the firm let the existing market incentives drive the supplier’s quality decision and use of
MIQ. For settings in which consumers are particularly sensitive to the chemicals in their products, if
the firm is willing to share costs with his existing supplier, then GreenBlue should recommend firms
adopt MIQ with a combined strategy of supplier competition and cost sharing.

The remainder of the paper is organized as follows. In §2 we review the relevant literature and in §3
we introduce the model formulation. We present our findings regarding the firm’s strategy in §4 and

GreenBlue’s strategy in §5. In §6 we highlight our insights and conclude the paper.

2. Literature Review

Next, we discuss three streams of literature relevant to our model: nonprofit operations management,
quality investment and competition, and levers for improving suppliers’ non-price performance.
Nonprofit Operations Management: There is a growing body of work that examines nonprofit

problems from an operations management (OM) perspective (e.g., DeVericourt and Lobo 2009, Privett
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and Erhun 2011; see Berenguer et al. 2014, for a review). However, relatively few of these works
examine or consider a nonprofit’s activism towards firms (e.g., Kraft et al. 2013, Plambeck and Taylor
2015). Instead, most of the papers that theoretically examine activism can be found in either the
strategy (e.g., Lenox and Eesley 2009) or political economy (e.g., Baron 2001) literatures. Within
the environmental literature, there exists a division between activists on whether to confront or to
work with firms to improve their environmental performance (Dowie 1996, Schwartz and Paul 1992,
Speth 2008). Conner and Epstein (2007) divide their study of nonprofits into two broad categories:
purists, who typically seek change through confrontation, and pragmatists, who instead prefer to
work with firms to solve environmental problems. GreenBlue regularly collaborates with industry to
find solutions to environmental problems. As noted by James Ewell, “GreenBlue has always been a
non-profit that has been ‘industry-facing’ in its work [and that has worked to provide] the practical
guidance that is necessary for companies to fully engage and implement best practices [in sustainable
design]” (Ewell 2014). Thus, we classify GreenBlue as a pragmatic nonprofit and when formulating its
objective function to maximize quality, we incorporate constraints to ensure that both the firm and
the supplier do not incur a decrease in profits by using MIQ.

We add to the OM literature an example of how a pragmatic nonprofit can work with a firm to

improve the environmental performance of his supply chain. Although the design of a nonprofit’s supply
chain has been well studied in the humanitarian logistics literature (e.g., Balcik and Beamon 2008,
Ekici et al. 2014), we are unaware of any works that examine a nonprofit’s ability to influence the
design of a firm’s supply chain.
Quality Investment and Competition: Quality investment decisions in a competitive environment
have mainly focused on consumer-facing firms and their decisions (e.g., Banker et al. 1998, Karaer and
Erhun 2015, Karmarkar and Pitbladdo 1997, Moorthy 1988). Here, quality is typically performance
quality; i.e., a “demand-enhancing” attribute. Though we share the same quality and demand dynamics
with this stream of literature, we focus on the quality decision of an upstream supplier and how it can
be motivated by her downstream partner through competition.

A supplier’s quality decision and her interactions with a buyer have been studied in various settings.
For example Baiman et al. (2000), Chao et al. (2009), Lim (2001), Reyniers and Tapiero (1995), and
Zhu et al. (2007) study conformance quality provided by the supplier and how it can be improved with
various schemes; e.g., inspection/auditing by the buyer. These authors mainly assume that quality is
unobservable (i.e., cannot be assessed by the buyer) unless inspected by the buyer. Kaya and Ozer
(2009) focus on performance quality that is observable but not contractible. The authors assess the
“risk” associated with unverifiable quality and asymmetric cost information where the buyer may or
may not commit on the end-product price. Due in part to technology (e.g., QR Codes and SmartPhone
Apps) and to the efforts of entities such as GreenBlue, consumers’ knowledge of the environmental

quality of the products they purchase continues to improve. However, it is important to note that
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most of the information shared through MIQ is currently not required by law in the U.S. but instead,
voluntary. As noted by James Ewell, a majority of GreenBlue’s potential customers are “[manufac-
turers that] have the leverage of purchasing power but are wholly dependent upon cooperation from
their suppliers if they are going to be able to meet their chemical transparency goals” (Ewell 2014).
Thus, we model a setting in which quality is observable but not contractible. Note that we assume
complete information in our model setup since GreenBlue developed MIQ to eliminate discrepancies in
information between firms and suppliers. We acknowledge that how information asymmetry impacts
the quality performance of a supplier under different firm-supplier dynamics is an interesting problem
that deserves future investigation.
Levers for Improving Suppliers’ Non-price Performance: Within the supply chain contracting
literature a number of papers analyze how a firm can incentivize a supplier to improve her quality or
process through supplier competition (e.g., Deng and Elmaghraby 2005, Li and Debo 2009), supplier
development (e.g., Corbett and DeCroix 2001, Kim and Netessine 2013, Zhu et al. 2007), or a combina-
tion of the two dynamics (e.g., Li 2013, Li et al. 2013). Although inefficiencies occur in our setting due
to the firm and the supplier making decentralized decisions, as a nonprofit, GreenBlue is not in a posi-
tion to coordinate the supply chain. Therefore, we do not model the design of a contract but instead,
focus on how the structure of the firm-supplier dynamic impacts a supplier’s quality performance.
Models that examine how supplier competition can impact a supplier’s non-price performance have
been applied to a broad range of OM topics: supply disruption risk (e.g., Babich 2006, Babich et al.
2007), yield uncertainty (e.g., Federgruen and Yang 2009, Tang and Kouvelis 2011), service (e.g.,
Cachon and Zhang 2007, Ha et al. 2003), and quality (e.g., Elahi et al. 2007, Gans 2002). The sup-
plier competition paper that most relates to ours is Elahi et al. (2007). Competition is used to elicit
a supplier’s quality, comparing the supplier’s performance under multi-supplier and single supplier
settings. The allocation of demand, not supplier performance, is used as the incentive with which to
improve supplier quality. Outside of the contracting literature, there are relatively few papers (e.g.,
Babich 2010, Friedl and Wagner 2012, Liu et al. 2010, Talluri et al. 2010, Wang et al. 2010) that apply
theoretical modeling to examine the impact of a firm sharing costs to develop a supplier’s capabilities.
The work that most relates to ours is Wang et al. (2010). The authors study a setting in which a firm
can either source from multiple suppliers or exert effort to improve supplier reliability. Although the
authors consider a dual-sourcing scenario, the suppliers do not directly compete in the model.
Within the supply chain literature, there is an emerging stream of work that investigates corporate
social responsibility (CSR). One aspect that makes CSR a challenging topic to study is that CSR activ-
ities are often non-verifiable (Norman and MacDonald 2004), and therefore, difficult to enforce with
contracts. As a result, papers have emerged that examine the impact that supply chain structure can

have on a supplier’s CSR performance.? For example, Mendoza and Clemen (2013) examine a setting

2 See Tang and Kouvelis (2011) for a review of the emerging literature that examines supply chain design and environmental
performance.
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with two competing firms who can source from separate suppliers or a shared supplier. The authors
consider cases where the firms can help to improve the supplier’s sustainability performance. Guo et al.
(2014) consider the sourcing decisions of a buyer choosing between responsible and risky suppliers. The
authors examine how supplier concentration influences a firm’s responsible sourcing decisions. While
both papers examine how a firm-supplier dynamic can improve the social responsibility performance
of a supply chain, neither paper considers the impact of supplier competition.

We contribute to the OM literature a model that examines and compares the effectiveness of supplier
competition and cost sharing in improving a supplier’s environmental performance. We consider our

results from both a firm and a social good perspective.

3. The Model

Next, we review our model formulation and assumptions. We first discuss the base case and then
we demonstrate how we adapt the base case for the cost-sharing and supplier quality competition
dynamics. The three firm-supplier dynamics analyzed represent ways in which a firm can influence
a supplier to improve her quality as well as ways in which a firm can adopt MIQ with suppliers.
Note that proper regulations for managing chemical usage are still not in place in many countries,
including the United States (Layton 2010, Rizzuto 2013). Therefore, we do not incorporate regulation
into our model. Instead, we focus on GreenBlue’s ability as an activist to influence the environmental
performance of a supply chain strictly based on market forces.

The base case (B), analyzes a single firm, single supplier setting. The firm sells a product with
demand driven by both price and environmental quality. The supplier produces the product and thus,
determines its quality. Based on market trends, we assume that consumers demand a higher quality
product but not at a higher price (Hyatt and Spicer 2012). Therefore, we fix the price of the product,
but allow demand to vary based on the supplier’s quality. The base case sequence of events is as
follows: (1) The profit-maximizing firm offers the supplier a premium that he is willing to pay to entice
investment in environmental quality. (2) Based on the premium, the supplier sets her quality level,
with the level impacting the end demand for the product. In the base case, the per-unit premium is
the only lever available to the firm to incentivize the supplier to improve her quality.

The consumer demand for the product is given by
D =K —ap+dq, (1)

where K is the base market potential, a is consumers’ price awareness, and d is consumers’ envi-
ronmental quality awareness. Price, p, is fixed with only environmental quality, ¢, being a decision
variable for the supplier. We model the firm’s demand as being linear in both price and quality. The
linear demand form has been widely used to study demand functions composed of more than one ele-

ment (e.g., Banker et al. 1998, Kaya and Ozer 2009, Tsay and Agrawal 2000). The structure is suitable
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for our purposes since our goal is to capture the general demand effect of quality on the firm’s and the
supplier’s decisions; we acknowledge that more complex models can be utilized to further depict the
consumer perspective.

The firm’s (F') profit function for the base case (B) is given by

mp = D[(p—w) —7]
= (K —ap+dq)[(p—w)—r]. (2)

Here p — w represents the firm’s existing margin and r is the per-unit premium the firm offers the
supplier in order to increase her environmental quality level.
After the firm decides on the premium, the supplier (S) sets the quality level, ¢, to maximize her

own profit function below

I} = D[(w—m)+ (r—cq)] — yq*,
= (K —ap+dq)[(w —m) + (r — cq)] — yq". (3)

Here w—m represents the supplier’s existing margin, cq is the supplier’s additional unit cost of quality,
and yq? is the supplier’s investment cost to build quality, . We model the investment cost as a quadratic
function. Thus, our assumption is that the effort to improve environmental quality has diminishing
returns (see Savaskan and Wassenhove 2006, p. 242).

For the cost-sharing dynamic (CS) the firm shares the supplier’s investment cost to build quality,

yq?, in order to improve her environmental quality level. Specifically, the firm’s profit function is
mes = (K —ap+dg)[(p—w) —r] = (1 =)yd’,

with 0 <~ <1 and 1 —+ representing the portion of the supplier’s investment cost the firm is willing
to incur. If v =1, then the model setup for cost sharing and the base case are identical. The supplier’s

profit function is given by
25 = (K —ap+dg)|(w —m) + (r—cq)] = vyq*.

Under cost sharing, the change to the base case sequence of events is that the firm determines the
portion of the supplier’s investment cost that he is willing to share, 1 —~, before determining the per-
unit premium that he is willing to pay the supplier. In §4.2, we analyze the firm’s and the supplier’s
decisions for a given ~; in §4.3 we examine how our results change when the firm selects his profit-
maximizing v*. The first case represents a setting in which neither party is the dominant entity in
the supply chain, and thus, v is determined through some exogenous negotiation. The second case
represents a setting in which the firm is the dominant entity in the supply chain, and thus, sets the

portion of the quality investment cost that he is willing to share with the supplier.?

3 Competitors within an industry often source from the same suppliers. Therefore, a firm could be hesitant to develop the
capabilities of a supplier if a competitor may benefit. In our model, we ignore the potential free-riding issue that could
exist if a firm were to develop the capabilities of a common supplier. Incorporating this aspect, while likely insightful,
would require us to add firm competition to our setup and would make the current model intractable.
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For the quality competition dynamic (C), a second supplier is introduced to the base case. The
supplier is identical to the existing supplier except that her unit cost of quality is higher than the
existing supplier. To capture this difference, we define her unit cost factor as ¢ with ¢ > ¢. We model the
supplier quality competition similar to Jiang and Wang (2010) in that (1) we consider the suppliers’
cost difference, ¢ — ¢, as the measure of competitive intensity, with the competition strengthening as the
difference decreases and (2) the competitor is only used to incentivize the existing supplier to increase
her effort. Hence, our focus is not on which supplier wins the competition, but instead, on how the
threat of competition impacts the existing supplier’s quality decision.*

Supplier 2’s profit function is given by
2 = (K —ap+dg)[(w—m) + (r — ég5)] — yg5- (4)

The base case sequence of events change as follows under the competition dynamic. After the firm
determines the premium that he is willing to offer, the two suppliers compete in a static game of
complete information; i.e., they make their quality proposals simultaneously without observing the
other’s action. Supplier i’s strategy is to set environmental quality level ¢;. After the two suppliers
compete, the firm then sources from the supplier with the maximum environmental quality level.
Since the existing supplier has a lower cost, she always earns the firm’s business. Thus, Equation (4)
represents supplier 2’s potential profit. For reference, Table 1 summarizes our notation.

Next, we analyze our problem by characterizing the subgame perfect Nash equilibrium for each
dynamic. By backwards induction we solve for the supplier’s equilibrium quality level, the firm’s choice
of premium, the firm’s cost-sharing portion (only in §4.3), and the resulting profits for each dynamic;
the detailed analysis is deferred to Appendix A. Results found in the appendix and the online appendix
are referenced as A.x and O.x here. We augment our analysis with a numerical study; the results are

cited throughout the main text and the details of the analysis can be found in Appendix D.

4. The Firm’s Strategy

We divide our analysis of the levers available to the firm for improving the supplier’s quality into
three subsections. First, we analyze the firm’s use of a premium and the supplier’s need for a premium
under the base case equilibrium. Second, we examine when opportunities exist for the firm to introduce
either cost sharing (for a given «) or supplier competition to improve the supplier’s quality. Finally,
we consider how our cost-sharing results change when the firm can set an optimal 4* to maximize his
profit. We focus on the quality outcomes from the firm’s and the supplier’s decisions. Understanding
these outcomes establishes a foundation for examining when and how GreenBlue should promote the

use of MIQ in §5. See Appendix A for the equilibrium derivations and results.

4 Since ¢ and ¢ capture the difference in margin between the two suppliers, we assume that the two supplier’s have the
same existing margin, w — m. Introducing a second supplier with a different existing margin would only complicate the
analysis without adding to our insights.
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Table 1 Notation
Decision Variables

r  Per-unit premium offered by the firm to the supplier to improve environmental quality; > 0
v Portion of the supplier’s investment cost the supplier pays when the firm shares costs; 0 <~ <1

q Environmental quality level produced by the supplier; ¢ >0

Demand Parameters

K Base market potential
a Consumers’ price awareness effect on demand; a >0
p  Firm’s price; p >0

d Consumers’ environmental quality awareness effect on demand; d > 0

Cost Parameters

w  Current unit wholesale price paid by the firm to the supplier; w >0

m  Supplier’s unit manufacturing cost (before investing in quality); m >0

¢ Quality-driven unit cost increase to supplier; ¢ >0

¢ Quality-driven unit cost increase to second supplier (competition setting only); ¢ > ¢

y  Supplier’s investment cost factor to build quality ¢; y > 0

Consolidated Terms

6  Market demand potential minus the firm’s price effect; 8 = K — ap with 6 >0
p  Firm’s existing margin (before investing in a premium); p=p —w with p>0
@ Supplier’s existing margin (before investing in quality); ® =w —m with @ >0

To simplify notation, we define § = K —ap, p =p — w (firm’s existing margin), and & =w — m
(supplier’s existing margin). In the appendices, we present general results for p and &. In our numerical
analysis, to demonstrate how the division of the supply chain margin between the firm and the supplier
impacts our results, we fix the total supply chain margin to 1 by setting p =1 and m = 0. Hereafter,
references to the firm’s or the supplier’s margins are with respect to their existing margins, before a
premium or quality investment is made; references to the firm’s choice of premium or the supplier’s

choice of quality are with respect to equilibrium levels unless stated otherwise.

4.1. Unit Premium

Figure 1 illustrates the supplier’s equilibrium quality level for the base case, ¢}, with respect to her
margin, . Comparing ¢} with respect to @ demonstrates how quality changes as the supplier’s (the
firm’s) portion of the supply chain margin, @, increases (1 — @, decreases). To show how consumer
demand can influence the resulting quality level, we present g% for both a low (Figure 1(a)) and a
high (Figure 1(b)) consumer environmental quality awareness, d. To provide a frame of reference, we
include the optimal quality level for the centralized solution, ¢¢.,,-

The firm can offset the supplier’s unit cost of quality by providing a premium. Analytically, we find
that when the firm provides a premium, ¢} remains constant in @ while the size of r} is decreasing
in @ (Proposition A.1). Graphically this implies that the firm offers the supplier a premium for any
range of the supplier’s margin in which ¢* > 0 and constant in & (see Figure 1(b)).

The next proposition demonstrates the conditions under which the supplier requires a premium to

invest in quality and the firm utilizes a premium to increase quality. We divide the proposition into
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Figure 1 Environmental Quality With Respect to the Supplier’'s Margin

Note: The following values were used to generate Figure 1, £ = 1.00, a = 0.60, p =1.00, y = 0.50, and ¢ = 0.25. The cases
represent when the supplier does (Case 1) and does not (Case 2) require a premium to invest in environmental quality.

two parts. First, we consider the supplier’s best response; then we analyze the firm’s premium decision.

PROPOSITION 1.A. [Supplier] Under the base case, if 4 < £ (Case 1), then the supplier requires a
premium to invest in quality; otherwise, if% > £ (Case 2), then she always invests in quality, with or

without a premium.

Whether the supplier requires a premium to invest in quality hinges on the tradeoff between the

d
7

C

relative market awareness of quality (i.e., §) and the supplier’s unit cost impact of quality (i.e., £).
As shown in Figure 1, when the supplier’s portion of the supply chain margin is low (i.e., Case 1), the
supplier does not invest in quality unless the firm offers her a premium to increase her margin. As the
market opportunity (i.e., d) increases, however, her requirement of a premium to invest is restricted
to lower values of w. Instead, as the market opportunity outweighs the supplier’s unit cost impact of
quality (i.e., Case 2), the supplier can justify investment, even if the firm does not offer her a premium.

Next, we consider when the firm utilizes a premium to increase the supplier’s quality under the base

case. When deciding whether or not to offer the supplier a premium, the firm faces a tradeoff between

a potential market opportunity and reducing his margin.’

PRroOPOSITION 1.B. [Firm] Under the base case, the firm offers a premium to the supplier to invest
i quality when either:
(i) The supplier will not invest without a premium (Case 1), there exists an v >0 such that the firm
incurs a higher profit paying a premium versus doing nothing (i.e., r=0, ¢=0), and @ > %;’2‘”.

(ii) The supplier will invest without a premium (Case 2) and @ > ety

5 We define the do nothing case (DN) as when both the firm and the supplier do not invest; i.e., r =0 and ¢ =0.
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First, consider Case 1, when the supplier does not invest in quality unless the firm offers a premium.
As shown in Figure 1, although the supplier’s margin is low under Case 1, this does not guarantee
that the firm will offer her a premium. As @ decreases, the size of the premium, 7}, that the firm must
offer the supplier to incentivize her to invest in quality is increasing (Proposition A.1). Hence, when
the supplier’s margin is very low, there can be a misalignment of incentives as the firm may find it too
costly to support the supplier when she needs it most and as shown in Figure 1, g3 =0.

Second, consider Case 2, when the supplier invests in quality with or without a premium from
the firm. For this case, the firm weighs further encouraging investment versus leaving the supplier to
invest on her own. The conditions under which the firm and the supplier invest, however, are once
again misaligned. The supplier’s willingness to invest in quality is increasing in @. However, as seen
in Proposition 1.B(ii), while the firm may find it profitable to further encourage the supplier with a
premium, his willingness to invest is limited to cases in which he captures a larger portion of the supply
chain margin (i.e., p > &; Lemma A.2) and a market opportunity exists (i.e., d is high). Therefore, as

shown in Figure 1(b), under Case 2 the firm offers the supplier a premium only when & is low.

4.2. Cost Sharing and Supplier Competition

Next, we incorporate cost sharing (for a given v) and supplier competition into our analysis. Note
that for extreme cases, supplier competition may not always increase quality. Specifically, if there is
a large difference between the two suppliers’ unit costs (i.e., ¢ and ¢), then cases may occur in which
competition does not influence the existing supplier’s quality performance. To ensure that competition
produces nontrivial results, we assume that the new supplier is competitive in terms of costs and
restrict our analysis to cases in which, d(2¢—¢) +y >0 (Lemma A.1).

First, we examine when the supplier requires a premium and when the firm uses a premium to
increase quality. Figure 2 adds to Figure 1 the equilibrium supplier quality for both dynamics. Although
cost sharing and supplier competition introduce new incentives for the supplier to invest in quality, the
firm may still find it beneficial to offer the supplier a premium under these dynamics. Similar to the
base case, under cost sharing and supplier competition, when the firm offers the supplier a premium,
q* remains constant in @& while the size of r* is decreasing in & (Proposition A.1; see Figure 2).

The supplier’s need for a premium is identical under the base case and cost sharing (Proposition
A.2); the firm’s use of a premium is very similar (Proposition A.3 and Lemma A.2). The key difference
between the base case and cost sharing is the extent to which the firm is willing to utilize a premium
under cost sharing. As shown in Figure 2(b), the firm is willing to offer the supplier a premium for a
lower & under cost sharing than under the base case (Lemma A.3). This result highlights the potential
benefits a firm can incur by developing his supplier’s capabilities. By sharing costs, the firm reduces
the supplier’s investment cost, increases her ability to generate a high quality level, and thus, increases

the impact of his premium investment. Cost sharing helps the firm to discover opportunities to increase
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Figure 2 Environmental Quality With Respect to the Supplier’s Margin: Supplier Competition and Cost Sharing

Note: Figure 2 adds to Figure 1 the equilibrium quality levels for supplier competition and cost sharing. The following additional
values were used to generate Figure 2, ¢ = 0.55 and v = 0.50.

demand with a low margin supplier that do not exist under the base case. This result is somewhat
counterintuitive given that the firm already incurs a portion of the supplier’s cost under cost sharing.
When we examine how a premium is used under supplier competition, we find that both the supplier’s

strategy and the firm’s strategy are simplified as compared to the base case and cost sharing.

PROPOSITION 2. Under supplier competition: (i) The supplier always invests in quality, with or

P ~(= -2
without a premium. (ii) The firm offers a premium to the supplier if d(pe_“) > 2“(6d+§y)+c 9

When suppliers compete, the supplier does not require a premium to invest in quality. As long as
a comparable second supplier is introduced (i.e., Lemma A.1 holds), the existing supplier is forced to
compete and invest in quality; i.e., ¢ > 0. The firm may still offer the supplier a premium to encourage
further investment. However, he only does so when his margin is sufficiently larger than the supplier’s
(i.e., p> w; see Lemma A.2) and a market opportunity exists (i.e., d is high).

Next, we examine how the supplier’s equilibrium quality levels under the base case, cost sharing,
and supplier competition change with respect to the model parameters. As shown in Figure 2 and
discussed in Proposition 3, the supplier’s quality is nondecreasing in both her margin and consumers’

environmental quality awareness.

PROPOSITION 3. The supplier’s equilibrium quality levels under the base case, qy, supplier compe-
tition, g, and cost sharing, qf.g, are such that

(i) ¢, &g, and qf are nondecreasing in @ and nondecreasing in d,

(i) q5s > qp for ally, 0<~ <1, and ¢ > q3,

(ii8) Qeent = Q5

(1) Qs — Qoont (@6 — Qhont) 18 increasing in & and decreasing in «y (¢); furthermore, qhg > GEons

(9% > qEent) s attainable.
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Proposition 3 highlights how the supplier’s quality increases when either her ability to invest or her
opportunity to profit improve. Take, for example, the base case. The gap between ¢, and ¢} (see
Figure 1) represents the double marginalization effect and the resulting inefficiency that can occur
when a firm and a supplier make decentralized decisions. When the firm captures the majority of
the supply chain margin (i.e., @ is low), the inefficiency is exacerbated. The firm as the downstream
partner, prefers not to help a low margin supplier. The double marginalization effect begins to dissipate
as the supplier’s margin increases. When @ is high, the supplier acts as if she is the single decision
maker and sole entity in the supply chain. Consequently, the supplier’s environmental quality level is
increasing in her share of the supply chain margin for ¢}, as well as ¢/, and ¢ 5. Regarding consumers’
environmental quality awareness, as d increases, the greater the demand opportunity and thus, the
greater the incentive for the supplier to increase her quality.

Cost sharing and supplier competition always produce a higher quality level than the base case. In
the base case, the firm can only use a premium to motivate the supplier, and does not have an additional
‘carrot’ (i.e., cost sharing) or ‘stick’ (i.e., competition) to increase the supplier’s quality. Under cost
sharing and competition, quality levels such that q¢tg > q¢.,, and ¢ > q¢.,; are even possible when
the supplier has a high margin. As @ increases, the supplier has more flexibility to increase her unit
cost to improve quality. Cost sharing reduces the size of the margin the supplier must make to recoup
her investment in quality. Competition forces her to deplete her higher margin in order to produce a
high ¢} and retain the firm as a customer. Numerically, we find that g% > ¢}, for 75.7% of the cases
tested; qfg > qhon: for 28.7% of the cases tested.®

We emphasize that under all three dynamics, in equilibrium, the firm never uses a premium to induce
the supplier to produce a quality level greater than the centralized solution (Lemma A.4). Either the
size of the premium needed is too large or the supplier captures too much of the supply chain margin
for the firm to financially justify offering a premium to achieve a quality level that high. Only when
the supplier is motivated to invest on her own in quality and the firm does not find it beneficial to
offer a premium, does ¢¢. > q&.,; OF ¢Eg > Qfren; OCCUT.

Finally, when we compare the performance of the two dynamics, we find that the conditions under

which cost sharing generates a higher quality level than competition are restricted.
LEMMA 1. ¢}g—q¢ is increasing in ¢, and decreasing in v and c; furthermore, q&g > qf s attainable.

Numerically we find that ¢ > g&g for 84.9% of the cases tested (see Table A.3, Appendix D.1).
Only when the firm fully or almost fully subsidizes the supplier’s investment cost (i.e., v is low) or the
second supplier introduced under competition is not competitive on cost (i.e., ¢/c is high) does cost

sharing generate a higher quality level than supplier competition.” Although cases can occur in which

6 A total of 796,250 cases were tested; see Appendix D.1 for the values used. The median & = 0.80 when ¢5g > q&en, and
0.35 when q¢&g < qéent; the median & = 0.65 when ¢& > q&en: and 0.20 when ¢& < q&ens-

" Lemma 1 follows from our results that g/, is nonincreasing in ¢ and ¢&g is nonincreasing in v (Lemma A.5).
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Gtg > q& when the supplier’s margin is low, typically cost sharing generates the highest quality level

only when @ and d are high (see Figure 7 in Appendix D for a graphical example).

4.3. Firm Determines His Portion of the Shared Investment Cost

Next, we examine how our results change when the firm can set an optimal v* to maximize his profit.

Recall that under cost sharing, the firm shares portion 1 — of the supplier’s investment cost to build

quality and he determines v before deciding on the premium that he is willing to offer the supplier.
We find that if the supplier requires a premium to invest in quality (i.e., Case 1) and the firm offers

a premium, then the firm’s optimal strategy is to fully subsidize the supplier’s investment cost.

PROPOSITION 4. Under cost sharing

(i) If% < £ (Case 1) and the firm’s optimal strategy is to offer a premium, then the firm maximizes
his profit by setting v* = 0. This strategy also produces the highest achievable quality level under cost
sharing and these conditions.

(i) If 4 > £ (Case 2) and the firm’s optimal strategy is to offer a premium, then his profit is
decreasing in 7.

(iii) If 4 > < (Case 2) and the firm’s optimal strategy is not to offer a premium, then his profit is
unimodal in . The firm may mazimize his profit by offering the supplier full, partial, or no subsidy

for her investment cost.

Figure 3 replaces ¢f¢ in Figure 2 with the firm’s choice of 4* and the resulting cost-sharing equi-
librium quality level, ¢f.¢(7*). First, consider Case 1 and Figure 3(a). Consistent with our previous
findings, when @ and d are very low, the size of the premium the firm must offer the supplier to
incentivize her to invest in quality is very high. Therefore, he does not offer a premium and similarly,
he does not subsidize the supplier’s investment cost; i.e., v* = 1. As a result, the supplier does not
invest in quality. For higher values of either @ or d (under Case 1), if the firm is willing to offer the
supplier a premium, then the firm’s optimal strategy is to fully subsidize the supplier’s investment cost
with v* =0 (Proposition 4(i)). By fully assuming the supplier’s investment cost, the firm increases the
effectiveness of his premium investment in the supplier and thus, the supplier’s quality level.

The firm’s optimal cost-sharing investment is less straightforward under Case 2. The firm’s equi-
librium premium strategy depends on the cost-sharing investment cost, v (Lemma A.6). In addition,
the firm’s profit is decreasing in v when he offers a premium (Proposition 4(ii)) but is unimodal in
~ when he does not offer a premium (Proposition 4(iii)). Therefore, under Case 2, the firm’s optimal
cost-sharing investment may be to fully (i.e., v* =0), partially (i.e., 0 <~* < 1), or not (i.e., v*=1)
subsidize the supplier’s quality investment, potentially coupled with a premium or no premium offered
to the supplier. Consider four possible ranges of & values for Case 2 labeled in Figure 3(b). (1) For
low @ values, the firm continues to fully subsidize the supplier’s investment cost and to offer her a

premium. (2) As the supplier’s margin increases, however, the firm no longer offers her a premium.
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Figure 3 Environmental Quality With Respect to the Supplier’s Margin: The Firm Selects an Optimal +*

Note: Figure 3 replaces g% ¢ in Figure 2 with the firm’s choice of 4* and the resulting equilibrium quality level, g%« (v*).

Still, the supplier’s higher margin (relative to the previous case) along with v* =0 ensure that ¢ g(7*)
is nondecreasing in @ (similar to our findings for the given 7 case in §4.2). (3) For higher values of @,
the supplier’s margin is too large and for a range of the supplier’s margin, v* is increasing in @ and
as a result, ¢g(7*) is nonincreasing in @. (4) Finally, when @ is very high, the supplier captures most
of the supply chain margin and thus, the firm does not subsidize her investment cost as v* =1 and
q&5(v*) =q5. See Table A.4 in Appendix D.1 for the complete numerical analysis.

When the firm determines his portion of the shared investment cost, the quality level under cost
sharing is rarely greater than the centralized solution as the firm sets v* and the premium to maximize
his profit, not necessarily quality.® Furthermore, we find that when the firm sets v* and & is high, since
qs(y*) is either nonincreasing in & or equal to ¢j, cost sharing no longer produces a higher quality
level than competition. Only when @ is low and ¢%¢(y*) is increasing in @ do we find select cases in
which q}4(7*) > ¢& (see Figure 3(b)).?

Our focus in §4 has been on environmental quality. However, to formulate GreenBlue’s strategy in
85, we also need to consider the firm’s and the supplier’s profits for each dynamic. Figure 4 illustrates
the median firm profit, supplier profit, and environmental quality across all cases tested. As shown, the
firm benefits the most when suppliers compete since competition produces the highest quality and thus,
firm profit. However, since competition forces the existing supplier to reduce her margin to generate a
high quality, it also produces the lowest supplier profit. This suggests that while recommending MIQ
as a tool to create competition between suppliers may help to improve quality, this often may not be

a feasible strategy for GreenBlue who is also concerned with firms’ and suppliers’ financial health.

8 For 0.1% of the 868,660 cases tested, q&g(7") > @ien:. Unlike the given « case, q&g(7*) > ¢&en: When & is low and
q&5(7™) is increasing in @. For these cases the supplier’s investment cost, y, is high but her unit-cost of quality, ¢, is low.

9 For 8.0% of the 868,660 cases tested, qig (") > q&:. For these cases, the median & = 0.21, competition is less effective
(i-e., ¢/c is high), and a market opportunity exists (i.e., d/8 is high).
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Figure 4 Median Firm Profit, Supplier Profit, and Environmental Quality

Note: For each dynamic, the median values of 868,660 cases tested are presented. The results shown are for the case in which the
firm solves for v*.

5. GreenBlue’s Strategy

Next, based on our findings from §4, we develop insights into when and how GreenBlue should promote
the use of MIQ. A large portion of GreenBlue’s potential customers are large firms with extensive
market power. Therefore, we focus on the case in which the firm solves for v*. Due to the complexity
of our analysis, we present primarily numerical results.

We first define GreenBlue’s objective function. Defining a nonprofit’s objective function can be
difficult since nonprofits often have multiple goals (Steinberg 1986, Weisbrod 1998). Within the non-
profit literature, a nonprofit’s objective function is often modeled as a linear combination of different
goals (e.g., Harrison and Lybecker 2005, Liu et al. 2010, Steinberg 1986). For example, Harrison and
Lybecker (2005) model a nonprofit hospital’s objective function as a linear combination of the hos-
pital’s profit and quality of care. Conversely, within the political economy and strategy literatures,
activists’ objective functions are often modeled around a single goal (e.g., Baron 2001, Baron and Dier-
meier 2007, Lenox and Eesley 2009). For example, Baron (2001) model an activist’s objective function
to minimize a firm’s pollution levels. We combine these approaches to define GreenBlue’s objective
function. GreenBlue is a pragmatic nonprofit that prefers to work with firms to solve environmental
problems. Therefore, although GreenBlue’s objective as an activist is to improve the environmental
quality of products, it will only do so if the firm and the supplier do not incur losses in profits.

We define GreenBlue’s objective function as the maximum quality level between the base case, cost
sharing, and competition. We add constraints to our model to ensure that both the firm and the
supplier earn profits greater than or equal to their profits under the do nothing case. If under the
parameter set tested, either the firm or the supplier earns a profit for a firm-supplier dynamic less than

its profit for the do nothing case, then we consider that dynamic infeasible and not a valid method for
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using MIQ. If instead, the constraints hold and quality is maximized, then an opportunity exists for
GreenBlue to promote the firm’s use of MIQ with the quality-maximizing dynamic.

We define GreenBlue’s optimization problem as follows.*°

max Zp
De{B,C,CS}

st. Th(rh,qph) > Th(r=0,g=0)xp
115, (1%, ) > T5(r = 0,9 =0)zp
qpTp > Zp

.’,CDE{O,l}&ZDZO

Figure 5 illustrates GreenBlue’s quality-maximizing strategy when we compare the performance of
each dynamic with respect to the supplier’s margin, @, and the relative market awareness of envi-
ronmental quality, d/f. Comparing & with respect to d/ helps us to show how GreenBlue’s strategy
changes as both the supplier’s influence and consumers’ sensitivity to quality change. To present a

complete picture, we delineate when the firm does or does not offer the supplier a premium.

2.5

d/e

0.0 1.0

w
Figure 5 GreenBlue’s Equilibrium Strategy With Respect to & and d/0

Note: The values used to generate Figure 5 are identical to those used for Figure 3 but with d taking values from [0.00,1.00]. The
abbreviations represent Base Case (B), Cost Sharing with (CSp) and without (CS) a premium, Competition with (Cp) and
without (C) a premium, and Do Nothing (DN).

As shown in Figure 5, promoting MIQ as a tool to create competition between suppliers is Green-
Blue’s preferred strategy only when the relative market awareness of quality is very high and there
exists a dominant entity in the supply chain (see Table A.5 in Appendix D.2). For these cases, the
10 We do not model GreenBlue’s potential revenue or cost from distributing MIQ. Our focus is strictly on how GreenBlue

should encourage firms interact with suppliers through the MIQ platform. GreenBlue maintains and administers the MIQ
platform and thus, has the ability to promote the proper usage of MIQ by partner firms.
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existing supplier does not incur a loss in profit due to competition since d/6 is high. When the firm
captures most of the supply chain margin (i.e., & is very low), the firm offers a premium to offset the
supplier’s unit cost of quality. When instead, the supplier captures most of the supply chain margin
(i.e., @ is very high), the supplier acts as if she is the single decision maker in the supply chain and her
incentive to improve quality and thus, demand increases. Therefore, the firm does not offer a premium.

For a wide range of @ values, GreenBlue’s preferred strategy is to encourage the firm to share costs
with his existing supplier and create an incentive for her to invest in quality. Although cost sharing
can increase environmental quality while ensuring that the firm and the supplier do not lose profits,
it rarely generates a higher quality level than supplier competition. For example, numerically we find
that for cases in which GreenBlue’s preferred strategy is cost sharing, the supplier’s median quality
level is 0.25 for cost sharing and 0.28 for cost sharing with a premium. For these same cases, median
quality levels of 0.58 and 0.39 are achievable under supplier competition (see Table A.5 in Appendix
D.2). However, competition is an infeasible strategy for these cases since the supplier incurs profits less
than she would under the do nothing case. Furthermore, alignment between GreenBlue’s objective to
maximize quality and the firm’s objective to maximize his profit typically does not occur under cost
sharing. Only when d/6 is very high and the supplier’s margin is low (in the C'S region) do we find
that cost sharing maximizes both quality and the firm’s profit. In contrast, when supplier competition
is GreenBlue’s preferred strategy, it always aligns GreenBlue’s and the firm’s objectives.!!

When the supplier’s margin is very high, cost sharing is not an effective strategy since the firm is
unwilling to share costs due to the supplier capturing most of the supply chain margin. As previously
shown in Figure 3, the firm sets 4* =1 and as a result, ¢ 5(7*) = ¢5. Competition can be an effective
strategy, but only when there exists a market opportunity (i.e., d/6 is high) that helps the supplier to
offset her cost due to competition. Instead, for a majority of the cases, GreenBlue’s preferred strategy
when @ is high is to recommend the base case (without a premium) and to let the existing market
incentives drive the supplier’s quality decision and use of MIQ. Finally, if both the supplier’s margin
and the relative market awareness of quality are low, then GreenBlue’s strategy is to not promote
MIQ); i.e., the do nothing case. Under these conditions, GreenBlue cannot influence quality since the
market opportunity is not strong enough to justify investment by the firm and/or the supplier.
Cost-sharing Competition Dynamic: Of the three firm-supplier dynamics examined, supplier
competition almost always induces the highest quality level. However, from GreenBlue’s perspective,
recommending that a firm use MIQ as a tool to create competition between suppliers is typically not
a feasible strategy since it can hurt suppliers’ profits. To identify ways for GreenBlue to incentivize
the high quality levels that can occur when suppliers compete, we examine a new dynamic that incor-

porates both cost sharing and competition. Under this new dynamic, labeled cost-sharing competition

' GreenBlue and the firm’s objectives align for only 11.8% of the 868,660 cases tested. For 2.6% of the cases tested,
alignment occurs due to cost sharing. This occurs when d/6 is very high; i.e., the median d/6 > 4.0.
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(C'SC), the two suppliers compete on quality, but with the firm offsetting the quality investment cost
of the existing supplier to ensure that she does not incur a decrease in profits due to competition.

The sequence of events for cost-sharing competition is as follows. First, the firm determines the
portion of the existing supplier’s investment cost, 1 —ycsc, that he is willing to share. Second, the firm
decides the per-unit premium, r¢gc, that he is willing to pay the winner of the competition to offset her
unit cost of quality. Third, the two suppliers compete in a static game of complete information. After
the two suppliers compete, the firm then sources from the supplier with the highest quality level; i.e.,
qtsc(Vese)- See Appendix C for the structural form of ¢f g for a given r. A key difference between
cost-sharing competition and cost sharing is that the firm does not solve for v{.¢~ to solely maximize
his profit. Instead, he is constrained by the fact that the supplier cannot earn less than she does under
the do nothing case. For the parameter set tested, we consider cost-sharing competition infeasible if
a Y&ge € [0,1] cannot be found such that both the firm and the supplier earn profits greater than or
equal to their profits under the do nothing case.

Figure 6(a) adds to Figure 3(b) the firm’s choice of 7}, ¢ and the resulting quality level, ¢¢. o (Vase),
under cost-sharing competition. Figure 6(b) illustrates how GreenBlue’s equilibrium strategy from

Figure 5 changes when GreenBlue promotes cost-sharing competition as a potential way to use MIQ.
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Figure 6 Environmental Quality and GreenBlue’s Equilibrium Strategy: Cost-Sharing Competition

Note: Figure 6(a) illustrates the firm’s choice of 7% s~ and the resulting g% so(v&sc) for the values used to generate Figure 3(b).
Figure 6(b) demonstrates GreenBlue’s equilibrium strategy when cost-sharing competition is an option. The values used are
identical to those used for Figure 5, with the additional abbreviation Cost-Sharing Competition (C'SC'). The hatched region in
Figure 6(b) highlights when the firm does not incur an increase in profit due to cost-sharing competition.

Numerically we find that GreenBlue’s preferred strategy is cost-sharing competition for 21.3% of the
868,660 cases tested (see Table A.6 in Appendix D.2). Cost-sharing competition is not an alternative
for cases in which GreenBlue’s strategy is supplier competition since it cannot induce quality levels
greater than those under competition. Instead, GreenBlue should promote cost-sharing competition

primarily for cases in which the relative market awareness of quality is high and it previously promoted
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either cost sharing without a premium (16.0% of the cases tested) or the base case without a premium
(3.6% of the cases tested). Recall that under cost sharing, when the supplier’s margin is high, the firm is
not willing to share a large portion of the supplier’s investment cost. As a result, the supplier’s quality
is either nonincreasing in @ or equal to g5 (see Figure 3). Conversely, under competition, although
the supplier’s quality is nondecreasing in her margin (Proposition 3), the supplier’s profit is often less
than her profit under the do nothing case. By recommending cost-sharing competition, GreenBlue can
incentivize the higher quality levels that occur when suppliers compete while ensuring that the supplier
does not incur a decrease in profit. As shown in Figure 6(a), the supplier’s quality under cost-sharing
competition is often equal to or just less than the quality level achieved under competition.

Notice in Figure 6(b) that GreenBlue’s preferred strategy is cost sharing and not cost-sharing com-
petition for a range of & values when d/6 is high. Recall that ¢f.¢(7*) can be increasing in & for a
range of the supplier’s margin where the firm does not offer a premium but does fully or almost fully
subsidize the supplier’s investment cost (see Figure 6(a)). Within this range, the supplier’s quality
under cost sharing can be greater than her quality under supplier competition (see footnote 9), which
we know is greater than or equal to her quality under cost-sharing competition. Therefore, in this
region, GreenBlue’s preferred strategy is cost sharing since it produces the highest supplier quality.

Finally, from a profit perspective, we find that the firm can often benefit from cost-sharing com-
petition. For 72.8% of the cases in which GreenBlue’s preferred strategy is to promote cost-sharing
competition, the firm’s profit is actually higher than his profit under his previously preferred strategy
(see the non-hatched C'SC region in Figure 6(b)). These cases occur for higher values of d/6, when
the firm can markedly increase his demand by offsetting the supplier’s investment cost. The firm’s
profit does not typically decrease under cost-sharing competition in part because the firm’s strategy
for sharing costs is not to develop the supplier’s capabilities (as previously seen in §4.3), but instead,
only to stabilize the supplier’s profits enough to ensure that she does not incur a loss in profits.'? As
shown in Figure 6(a) (see Table A.6 in Appendix D.2), v¢ o is greater than v* and the firm typically
shares less than half of the supplier’s quality investment cost. We should emphasize that the use of
cost-sharing competition is restricted to cases when d/6 is high. There must be a market opportunity
for the firm to incur additional costs to offset the supplier’s decrease in profits due to competition. If
instead, d/@ is low, then a ycsc € [0,1] cannot be found such that both the firm’s and the supplier’s

profits are greater under cost-sharing competition than the do nothing case.'3

12 Also for this reason, GreenBlue’s preferred strategy is rarely for the firm to offer the supplier a premium under cost-
sharing competition; see Table A.6 in Appendix D.

'3 Cost-sharing competition is often not feasible. For 60.9% of the 868,660 cases tested, a yi&gc cannot be found that
ensures both the firm and the supplier earn profits greater than or equal to their profits under the do nothing case.
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6. Managerial Insights and Conclusion

Today there are almost 84,000 known chemicals in commercial use in the United States, with over 500
new chemicals introduced each year (U.S. Environmental Protection Agency 2014). For an alarming
number of these substances, we are still unsure of their health and environmental impacts (Layton
2010, Rizzuto 2013). In the United States, even as public awareness of environmental hazards increases,
proper regulations for monitoring and controlling chemical usage are still not in place. As Dr. Richard
Denison, senior scientist at the Environmental Defense Fund, noted, “by failing to identify, let alone
control, the long and growing list of chemicals in everyday products that we now know can harm
people and the environment, [the U.S. Toxic Substances and Control Act] has forced states, businesses,
workers and consumers to try to act on their own to address what should be a national priority” (Safer
Chemicals Healthy Families 2010). Due to this lack of regulatory guidance, an opportunity exists for
nonprofits to play an influential role in shaping firms’ chemical management policies.

In this paper we examine Material 1Q (MIQ), a new decision-tool developed by GreenBlue that

helps suppliers to safely share sensitive toxicity and compliance data with their customers. As Green-
Blue takes MIQ to market, it must determine when and how to promote the use of MIQ. We study
GreenBlue’s problem in two parts. First we investigate under what market and economic conditions
a firm can utilize a per-unit premium, firm-supplier cost sharing, or supplier quality competition to
improve a supplier’s environmental quality. Based on our findings, we then develop insights into Green-
Blue’s strategy for promoting the use of MIQ. Our analysis yields valuable insights into how firms and
nonprofits can improve the environmental performance of supply chains.
The firm’s strategy: Our findings demonstrate how the division of the supply chain margin between
a firm and a supplier influences the levers the firm can use to entice the supplier to invest in quality. For
example, consider the base case, when the firm relies solely on a premium to incentivize the supplier to
invest. We find that the supplier’s quality level is nondecreasing in her margin. The firm’s strategy is
to offer the supplier a premium only if he captures a majority of the supply chain margin and a market
opportunity exists for improved quality. If the supplier’s margin is low and an opportunity does not
exist, then the firm does not invest in the supplier (due to the size of the premium he would need to
offer) and the supplier does not invest in quality. If instead, the supplier captures a large portion of the
supply chain margin, then her decisions begin to mimic those of a single decision-maker attempting
to increase demand and the firm does not need to offer her a premium. The firm can let the supplier
invest on her own in quality, with her investment size increasing in the market opportunity.

Establishing a new dynamic between the firm and the supplier can help to improve the supplier’s
quality but with some limitations. For example, consider cost sharing.** The firm’s use of a premium

under cost sharing is similar to the base case. Only if he captures more of the supply chain margin than

1 We focus our cost-sharing insights on the case in which the firm determines his portion of the shared investment cost.
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the supplier and a market opportunity exists, does the firm benefit by offering the supplier a premium.
The key difference between the two dynamics is the extent to which the firm invests in the supplier
under cost sharing. If the firm offers the supplier a premium, then his optimal cost-sharing strategy
is to also fully subsidize her investment cost in quality. By aggressively investing in the supplier, the
firm develops her capabilities, and as a result, increases the effectiveness of his premium investment.
Cost sharing, however, is less effective when the supplier’s margin is high. Unlike the base case, the
supplier’s quality under cost sharing is no longer always nondecreasing in her margin. Instead, as the
supplier’s margin increases, the firm either decreases his portion of the shared investment cost or when
the supplier captures a large portion of the supply chain margin, does not share costs. As a result, the
supplier’s quality level is close to or equal to her quality level under the base case.

Similar to the base case, under supplier competition, the supplier’s quality level is nondecreasing in
her portion of the supply chain margin. Unlike the base case and cost sharing, however, as long as the
new supplier introduced is competitive on costs, the existing supplier always invests in quality. The
firm may still benefit by offering the supplier a premium when her margin is low but the investment
is only to further incentivize her to invest in quality. In general, the supplier’s quality level is higher
under competition than either the base case or cost sharing since competition forces the supplier to
sacrifice her margin to invest in quality. In particular, when the supplier’s margin is high, she has more
flexibility to invest in quality and as a result, cases can occur under competition in which the supplier
produces a quality level greater than the centralized solution. The key risk to supplier competition is
the potential negative impact that it can have on suppliers’ margins and thus, financial health.
GreenBlue’s strategy: From GreenBlue’s perspective, a firm using MIQ as a tool for creating com-
petition between suppliers is often not a feasible strategy since it can hurt suppliers’ profits. Only
when consumers’ awareness of quality is high and there exists either a dominant firm or supplier in
the supply chain should GreenBlue recommend supplier competition as a strategy. Instead, if a firm
captures enough of the supply chain margin such that he is willing to share costs with the supplier,
then GreenBlue should recommend the firm use MIQ as a platform for collaborating with an existing
supplier to improve quality.'® Conversely, if the firm is unwilling to share costs with the supplier due to
her high margin, then GreenBlue should recommend the firm let the existing market incentives drive
the supplier’s quality decision and use of MIQ.

Neither of the strategies mentioned above produce quality levels as high as those found under
competition. Therefore, we investigate ways in which GreenBlue can promote the use of competition
without hurting suppliers’ profits. If the firm is willing to share costs with his existing supplier to ensure

that she does not realize a decrease in profits due to competition, then GreenBlue should recommend

15 We recognize that in our setting, there are additional challenges to collaboration that deserve further study. For example,
the sizes of the firms and the suppliers may make collaboration difficult. In a survey of 45 firms conducted by the authors
and GreenBlue, we found that 44.8% (6.3%) of companies with revenues greater (less) than $1B are currently participating
in collaborative chemicals management partnerships.
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a combined strategy of supplier competition and cost sharing when the market awareness of quality is
high. That is, when consumers are particularly sensitive to the chemicals in their products, GreenBlue
should recommend a firm help his suppliers to implement MIQ so that they may compete as part of the
marketplace. Interestingly, the firm can often incur an increase in profits from this combined strategy
since his portion of the shared investment cost is often not substantial but can induce quality levels
comparable to those realized under competition. A combined strategy, however, is not feasible when
the market awareness of quality is low, as a division of the supplier’s investment cost that mutually
benefits both the supplier and the firm cannot be found.

GreenBlue is in a unique position in that it has an opportunity to influence the dynamic between
firms and suppliers with MIQ. Our model illustrates both the potential benefits and risks that a
nonprofit can face as it attempts to improve the environmental performance of a supply chain. For
example, we find that although supplier competition can be very effective in improving a supplier’s
environmental performance, promoting its use may damage the financial health of a supply chain. An
analogous situation occurred in the 1990s when stricter standards for nutrition labels were put into
effect. The cost of complying with these standards pushed a number of smaller firms, who lacked the
resources to compete, out of business (Moorman et al. 2005).

In a survey of 45 firms conducted by the authors and GreenBlue (see Appendix §0.2 for the survey
results), small, private suppliers were found to follow the poorest chemicals management practices.
This suggests that as small suppliers incur costs to improve their chemicals management practices, a
scenario similar to the nutrition label example may occur. These findings further support our analytical
results that as a pragmatic nonprofit, GreenBlue may need to take a less aggressive approach in trying
to improve the environmental performance of suppliers. Instead of recommending that firms use MIQ
to solely create competition between suppliers, GreenBlue may want to focus on the more modest
improvements that can occur when firms and suppliers work together in a collaborative relationship.
Appendix A: Equilibria
In this section, we discuss the detailed analysis regarding the firm’s and the supplier’s equilibrium
strategies for the base case, cost sharing, and supplier competition dynamics. The firm’s and the
supplier’s equilibrium profit functions are available from the authors upon request.

Analysis of the Base Case and Cost-Sharing: The analysis below is for the cost-sharing
dynamic. The base case equilibrium can be found by setting v = 1. We solve for the equilibrium r*
and ¢* by backward induction. We start the analysis from the last stage; i.e., the supplier’s quality

investment decision given r. The supplier’s problem is:
maz, Ug.g = (0+dq)[w + (r —cq)] —vyq*

The first-order-condition of the expression above is —2q(cd +vy) — ¢ + d(r + &) =0, and the second-
order-condition is —2(cd 4 vy) < 0, which guarantees that the objective function is concave in ¢. Thus,

the supplier’s best response quality given r is
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_00+d(r+w)>+ (5)

2(ed+y7y)

destr) =

Given the supplier’s best response, the firm maximizes his own profit function; max, (64 dq*(r))(p—

—cO+d(r+o)

, .
ledtyy) the firm’s profit function is concave

r)—(1-— 7)yq*(7")2. Note that when ¢f4(r) = q25(r) =

in r as shown below:

M5 = (o) = (5 ) (04 g AU E) ) 1y (Z5EA0 D)

2 52 2 2 2 - 2 2 2 A~ 2 2 2
. d20+cd(—d2p+2d2r+d2o—y0+40 2y0v2 +d2r+d2o—d d . d2(2¢d
where FOC is — & d0+edod pt2d rdd @—yd+40yy) +y(2yby~+d rtd"o—d"py+d’r) o4 SOC is — L 2edtutyy) )
2(cd+y) 2(cd+y)
cd® (p—@)+d>y(py—a)+edyd (1) —0(cd+2yy) (cd+y7)
d?(2cd+y(1+7))

Then the maximizer of this function is 1&g = . Based on these,

we will characterize the firm’s best response for two cases: (Case 1) £ — % >0 and (Case 2) £ — % <0.
Case 1 (£ > % ): Here, the supplier does not build quality unless she receives a high enough premium
from the firm. Under this case, the firm’s profit function is:

. = [ 0B—r) 0<r < <05
cs Hgos r> %

The firm’s best response and the following supplier investment are:

(ro _ cd3(p—@)+d?y(py—@)+edyd(1—7) —0(cd+2yy) (cd+yy) o (reg) = dz(mw)fe@yv%cd))

cs — d2 (2cd+y—+y~y) des\Tos) = 2d(2¢cd+y+yy)

o if ptw>2CU) and d(p+d)? + 2d200 (cd + 2y) — 2d20p(3cd + 2y)

(r*,q") = F462°2 4 dedyf(—1 +24) + 26> > 0 6)

(0,0) otherwise

For the first line of the equilibrium, the first condition ensures that the maximizer r2 ¢ is higher than

the threshold ©=% and the second condition ensures that II&g (g, gos(res)) = Eg(0,0).

Case 2 (i < % ): Here, the supplier is willing to invest in quality even when she is not offered an

. N2
incentive by the firm. The firm’s profit function is (p — r) (9 + d%m) —(1=7)y (%)

for all » > 0. Under these conditions, the equilibrium values are:

o, — cd>(p=&)+d®y(py =) +edyd(1—y)=0(cd+2y7)(cd+yr) 0 (e )_dz(mmf@(zywwcd)
cs d2(2cd+y+yv) ydes\T'cs) = 2d(2cd+y+y7)

if cd®(p—@)+d*y(py — &) —0(cd +2yy)(cd +yy) + cdyb(1 —~) >0

(r.q") = (7)

—cO+di .
(O, 2(cd+y'y)) otherwise

The base case and cost-sharing equilibrium values are summarized in Table A.2.
Centralized Solution: As a benchmark, we study the optimal quality investment in the centralized

system. The objective function of the centralized system would be maz, (6 +dq)(p+& — cq) —yq* with

d(;s+w)—c9> *

the optimal quality g7, = ( 2(cd+y)

Analysis of Competition: The competition dynamic has two stages. First, the firm declares the
unit premium 7 that he is willing to pay, and then the suppliers propose the quality level ¢; that
they are willing to build. The firm selects the supplier with the highest quality proposal and only
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Table A.2 Base Case and Cost-Sharing Equilibrium Results

Case Conditions 5 a5
LS 0(3cd+2y) 1A 8 1B 1 (5 (cdt29)0 —0(2y+3cd)+d? (p+&)
1 p+w> 3 (Cony?) and EL >0 (Conk?) 3 (p @ 3 ) 1d(edty)
otherwise 0
N 0(cd+2y) 2 1 (s ~_ (cdt+2y)0 —0(2y+3cd)+d” (p+o)
) p—w> A2 (Cond,) 3 (P w pP ) 4d(cdty)
otherwise 0 ;(CGL;ILW)
Case Conditions TEs Qs
a3 (p—@)+d%y(py—a)
P+ > 0(3cd+2y~y) (Con““) and EL.T>0 (ConlB~ < d%(:d+y(li:;) = d? (p+@)—6(2yy+3cd)
1 = a2 cs cs = cs + cdyf(1—~)=0(cd+2y~) (cd+yv) 2d(2cd+y(1+7))
i d2 (cd+y(147))
otherwise 0 0
. cd <ﬁ2—w>+d2y(m—w) 2 ()0 2y od)
2 2 dZ (cd 42(p+&) —0(2yy+3cd)
2 E¢s* 20 (Congs) n cdyo (-8 oy (cdtum) 2d(2edty(1+7))
) a2 (cd+y(1+)) 1o o0
otherwise 0 2(cd+y7)

i Es =072y +cd)® —2d°0 ((2y + 3cd)p — (2y + cd)©) + d* (p+ @)
t ELg=d*(p+@)? +2d200(cd + 2y) — 2d?0p(3cd + 2yv) + 4602y ~? + 4dedy6? (—1 + 27) + 2d?6% > 0
t Bds =cd®(p— @) + d®y(py — &) — O(cd + 2yv) (cd + y7) + cdyb(1 —7)

works with her. Here, we assume that the firm prefers the low-cost supplier (supplier 1) whenever he
is indifferent (q; = qz). We also assume that supplier 1 is strong enough to nudge the competition to
the lowest-quality equilibria.

Suppliers’ Competition: First, for a given r, we define quality thresholds ¢, ¢», and ¢} such that

051 (r,qy) = (04+dq)(@+r—cqi) —yq: =0 (8)
HS2(T7(12) = (9+d(j2)(@+T—E(j2)—yq§:0 (9)
¢ = argmaz, 1% (r, q) (10)

Note first that for a given (r,q), II°(r,q) > I1%2(r, q) since ¢ > c¢. By concavity of the supplier profit

function with respect to ¢, we can conclude that q; > ¢, for a given r.

THEOREM A.1. Given premium r, for all qe[max(G,q}), @), (q,q) is an equilibrium of the sup-
plier competition game. In addition, (¢7,[0,q}]) constitutes equilibria when §s < ¢} . In any equilibrium,

supplier 1 is selected by the firm and the minimum quality level built in the market is max(Gz, q}).

Proof of Theorem A.1: Here, we do the proof by considering four cases.

(i) There does not exist an equilibrium where q; > G, is played. Suppose that supplier 1 sets ¢; > G .
Supplier 2’s best response to that would be [0, ¢;]. However, under these conditions, supplier 1 would be
better off with [0,¢y) (where she would generate zero profit instead of incurring a loss) or max(qz, g7)
when ¢, < ¢ (where it is actually possible to earn a positive profit). Similarly, suppose now that
supplier 2 sets ¢z > @;. Supplier 1’s best response to that would be [0, ¢z). Then supplier 2 would be
better off with ¢» € [0, ¢1].

(ii) There does not exist an equilibrium where ¢ < max(gs, q;) is played except when G, < ¢F and is
played by supplier 2. We will consider two sub-cases in this analysis:

—¢q; < @2t Here we consider the cases where ¢ < g>. Suppose that supplier 1 sets ¢; < ¢. If ¢1 < go,

then supplier 1 would be better off if she increased ¢; to g¢s. If ¢; > ¢o, then supplier 2 would be better
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off if she increased ¢,. Now suppose we have gy < @». If q; < g2, then supplier 1 would be better off with
a higher ¢; such that ¢; > go. If ¢1 > g2, we can consider two cases. When ¢; > @, > g2, then supplier 1
has an incentive to decrease q;. When ¢, > ¢q; > ¢o, then supplier 2 will be better off if she increases ¢
such that g > g2 > q1.

— @2 < qi: Here we consider the cases where ¢ < gj. Suppose that supplier 1 sets ¢; < ¢7. If g1 < go,
then supplier 1 has an incentive to increase quality to at least ¢o. If ¢; > ¢o, then supplier 1 has an
incentive to increase to ¢j. Suppose now that supplier 2 sets g» < ¢i. Here supplier 1’s best response
to g2 such that g < g7 would be ¢;. Given that supplier 1 sets g;, supplier 2’s best response would be
[0,4;]. Then (¢7,[0,¢;]) constitutes an equilibrium if g, < g;.

(ili) There does not exist an asymmetric equilibrium such that q; > q_; where both ¢; and q_; lie
in the region [max (G, q;),@1]. I q1 > ¢, then supplier 1 would want to decrease her quality to go. If
q1 < @2, then supplier 2 would want to deviate by decreasing her quality to g¢;.

(iv) For any q such that qelmaxz (G, q7), 1), (¢,q) s an equilibrium. Supplier 2’s best response to ¢
is [0, ¢], and supplier 1’s best response to ¢ is q. Thus, (g,q) is an equilibrium. B

By our assumptions and by Theorem A.1, the quality level at the supplier competition stage for a

given r is:

(11)

o <d(7‘+d))—c€>+ V{d(r + @) +0)2 + dyl(r + @) +d(r + &) —cd
2(cd+vy) ’ 2(y +cd)

LEMMA A.1. If d(2¢ — ¢) +y > 0 holds, then G > q; as defined in Equations 9 and 10; i.e., the

competitor’s position drives supplier 1’s best response to the offered premium r under competition.

Proof of Lemma A.l: ¢, > ¢ automatically holds when we have d(r + @) — ¢ < 0. For the case

d(r 4+ @) — cf >0, the relationship g, > ¢f is equivalent to:

V(d(r +@) +e0)2 +4y0(r + @) +d(r +@) — e o dr+a)—ch

2(ed +y) =" 2(cd+y)
(cd4y)\/(d(r + @) +0)2 + 4y (r + ) + (cd +y) (d(r 4+ &) — ) > (ed + y)(d(r + &) — cb)
(cd+y)V/(d(r +@) +0)% +4y0(r + @) — (€ — &) (d*(r + &) +y0) > 0 (12)

Below we define a simpler yet more restricted version of condition 12:

(cd+y)\/(d(r+ @) +e0)2 — (6 —c)(d*(r + @) +yb)

>0
=d(r+o)[d2c—2¢)+y|+chly+aed) >0

(13)
Note that whenever condition 13 is satisfied, 12 automatically holds. Condition 13 is satisfied for all
w,r >0 values whenever d(2c—¢)+y>0. B

Thus, by our assumption d(2¢ —¢) +y > 0 and Lemma A.1 above, ¢ will be the best response to

any 7 > 0.
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Firm’s Problem: Given the best response from the supplier competition stage, the firm maximizes
his own profit is maz,>o (0 4+ dg:(r))(p—r). Note that the second order condition of the profit function
above is given by:

d>(r + @)% +2dy6*(c*0 + yEr) + d*(r +@)*(3¢c0 + Ey)  d*0(c%0° + 2cyf B + 0B, + 4y(r +w) E)

soc: - (cd+y)(F2)? (cd +y)(E2)°®

_ dP0(r +)(6y(r + o) +e(3ed + 2E5)) <0
(ed+y)(E»)?

where E; = p+ 3r + 40 and Ey = \/(d(r + @) +c0)2 +4yf(r + &). Since all terms in the expression
above are negative (the numerator is negative whereas the denominator is positive), we conclude that
the firm’s objective function is concave. The maximizer of the profit function above is:

. <d2ﬁ2 — (di +cf)? —4y9d})+
—\2(0(ed +2y) +d*(p+ )

(14)

Thus, when suppliers compete, the firm is willing to offer a positive premium if and only if d?p* —

(do +¢0)* — 4yfw > 0. That is, when p and d are substantially high compared to @, y, ¢, and 6. Thus,

d?p? —(di+e0)% —4ybe > 0. The

depending on the conditions, the firm either offers a zero premium or r° = QIS MET )

quality resulting from the supplier competition stage is as follows:
.o , dp+w)—ch

T = =

qC( ) dc Q(Ed—l-y)

_dw—c0+ /(do +e0)% + dybw
B 2(cd+y)

qc(0)

Thus, by our assumptions and by Theorem A.1, the equilibrium premium and quality investment levels

under competition are as follows:

o _ d?p?—(do+e0)?—4y0> o _ d(p+d)—co . 1249 A~ =2 ~
(TC_ SoGat 3w FPETe) 46 = “a(Eity) ) if d°p° = (dio +20)* — dybo > 0

(7‘*761*): o 2 o (15)
(0, do—20++/ (do+c0) +4y9“) otherwise

2(Edty)
Note that the firm offers a positive premium only when d?p? — (dw + ¢0)? — 4yf& > 0 holds, which
means that we must have at least d*p* — (¢f)? > 0. This guarantees that the resulting quality level
under this case will be nonnegative.

Appendix B: Summary of Additional Theoretical Results

PROPOSITION A.1. For the base case, supplier competition, and cost sharing, when the firm offers
a premium to the supplier,
(i) The resulting quality level is independent of the supplier’s margin,

(i) The premium is decreasing in the supplier’s margin.

LEMMA A.2. Under Case 2 (g > £), the firm does not provide a premium unless
(i) p—w> % under the base case,
(ii) p—w> % under cost sharing, and

(iti) p—w > under competition.
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PROPOSITION A.2. [Supplier/ Under cost-sharing, if % < £ (Case 1), then the supplier requires a
premium to invest in quality; otherwise, if% > £ (Case 2), then she always invests in quality, with or

without a premium.

PROPOSITION A.3. [Firm] Under cost-sharing, the firm offers a premium to the supplier to invest
i quality when either:
(i) The supplier will not invest without a premium (Case 1), there exists an r >0 such that the firm

. . . . . . . _ _ d(p+w) 3cd+2
incurs a higher profit paying a premium versus doing nothing (i.e., r =0, ¢=0), and == > ===,

(ii) The supplier will invest without a premium (Case 2) and d(ﬁe_m + y(ﬁzg_d’) > cd+d4m - %(Cdjy”Q}.

LEMMA A.3. Define @™ and &% as the minimum supplier margins for which the firm offers a

premium to the supplier under the base case and cost sharing. Under these dynamics, if the supplier

will not invest without a premium (i.e., % < £) and the firm offers a premium, then Qi < g,

LEMMA A.4. (i) When rg >0, we have ¢ = q% < QGenss
(ii) When 1&g >0, we have ¢fg = qes < Qhonts

(1) When 15 >0, we have ¢ = q@ < @Gont-
LEMMA A.5. (i) ¢} is nonincreasing in ¢, and (i) q5g is nonincreasing in 7.

LEMMA A.6. Under Case 2, as vy increases, the firm’s strategies will be one of the five following:

(i) no premium for all v, 0 <~y <1,

(ii) premium for all v, 0 <~y <1,

(iii) premium for 0 <~y <4 and no-premium for ¥ <~y <1 for some 7,

(iv) no premium for 0 <~ <% and premium for ¥ <~ <1 for some 7,

(v) no premium for 0 <~ <4, premium for ¥ <~y <4, and no-premium for ¥ <~ <1, for some %
and 7.
Appendix C: Analysis of the Cost-Sharing Competition Dynamic

Under cost-sharing competition, the suppliers differ not only in terms of their unit quality cost (i.e.,
¢ vs. €) but also in terms of the quality investment cost that they incur. The existing supplier’s cost
becomes yyq? whereas the second supplier still incurs yg2. Given this setup, for a given premium r,
the competition follows similarly to that under the competition dynamic. Thus, the competition stage

results in quality level:

< d(r +&) — ch )* V{d(r + @) +c0)2 + dyf(r + @) +d(r + &) —cd
m
2(cd +yyosc) 2(y +cd)

The left-hand-side term assures that the existing supplier invests at least as much as she would if
she were only considering a cost-sharing agreement (without competition). The right-hand-side term

assures that the incumbent invests enough to win the bid and drive the other supplier out.
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Appendix D: Numerical Analysis

Next, we present our numerical analysis for §4 and §5. First, Figure 7 applies the same parameter set
used to generate Figure 2 to highlight conditions under which ¢%¢ > g5 when v = 0.25 (Figure 7(a))
or ¢=0.15 (Figure 7(b)).
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Figure 7 Environmental Quality With Respect to the Supplier’s Margin
Note: The following values were used to generate Figure 7, k = 1.00, a = 0.60, p=1.00, y = 0.50, d = 1.00, and ¢ = 0.55.

For Table A.3 (given v case), we use the following parameter set: ¢ € [0.05,0.50], ¢ € [0.10,0.55],
@ € [0.05,0.95], and d € [0.05,0.95] all with an increment of 0.075; y € [0.10,1.00] with an increment
of 0.225, a € [0.05,0.95] with an increment of 0.15, and v € [0.00,1.00] with an increment of 0.25.
For Tables A.4 - A.6 we use the following parameter set: ¢ € [0.05,0.50] and ¢ € [0.10,0.55] with an
increment of 0.05; w € [0.05,0.95], a € [0.05,0.95], and d € [0.05,0.95] all with an increment of 0.075;
and y € [0.10,1.00] with an increment of 0.15. Subscript P denotes cases in which the firm offers the

supplier a premium. Term q,s,, represents the highest achievable quality under any of the dynamics.
D.1. The Firm’s Strategy

Table A.3 defines the conditions under which the supplier’s environmental quality is greater under cost
sharing or competition for a given . Table A.4 defines how ¢ ¢ changes with respect to @ when the

firm solves for v*.

Table A.3 Firm-Supplier Dynamic With the Highest Environmental Quality For a Given vy
Total % of
Strategy | Cases Cases @ d/e y c/c
CSp 6,841  0.9% | 0.13 [0.05,0.43] 2.07 [0.29,19.00] 0.00 [0.00,0.75] 4.40 [2.38,11.00]
CS | 113,331 14.2% | 0.65 [0.05,0.95] 1.75 [0.06,19.00] 0.00 [0.00,0.75] 3.20 [1.10,11.00]
[ [ [ [
[ [ [

Cp 101,401 12.7% | 0.13 [0.05,0.43] 2.50 [0.21,19.00] 0.50 [0.00,1.00] 1.73 [1.10,11.00]
C 574,677 72.2% | 0.58 [0.05,0.95] 0.79 [0.05,19.00] 0.50 [0.00,1.00] 2.00 [1.10,11.00]

Note: Values shown are Median [Min, Max]. Total number of cases tested are 796,250.
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Table A.4

How ¢¢¢ Changes With Respect to & When the Firm Solves for v*

&g Total
Case Premium | w.r.t @ Cases &5 w ~*
1 No - 231,709 | 0.00 [0.00,0.00] 0.28 [0.05,0.95] 0.00 [0.00,0.00]
1 Yes | Constant 23,973 | 0.26 [0.00,1.95] 0.05 [0.05,0.28] 0.00 [0.00,0.00]
2 Yes Nondec. 53,756 | 0.35 [0.02,2.42] 0.13 [0.05,0.43] 0.00 [0.00,0.04]
) o Dec. 267,104 | 0.26 [0.00,2.68] 0.58 [0.13,0.95] 0.54 [0.00,1.00]
Nondec. 292,118 | 0.29 [0.00,3.05] 0.80 [0.05,0.95] 1.00 [0.00,1.00]

Note: Values shown are Median [Min, Max]. Total number of cases tested are 868,660. The Premium column denotes cases under
which the firm’s optimal strategy is to offer the supplier a premium.

D.2. GreenBlue’s Strategy
Table A.5 defines GreenBlue’s quality-maximizing strategy by @ and d/6. Table A.6 defines GreenBlue’s

strategy when we incorporate cost-sharing competition.

Table A.5 GreenBlue Strategy
Total % of
Strategy | Cases Cases qGB dMaz w d/o
CSp 58,902 6.8% | 0.28 [0.00,2.42] 0.39 [0.04,2.42] 0.13 [0.05,0.43] 1.65 [0.18,19.00]
CS 339,389 39.1% | 0.25 [0.00,2.72] 0.58 [0.07,3.38] 0.50 [0.05,0.95] 1.13 [0.06,19.00]
Cp 26,283  3.0% | 0.49 [0.10,2.42] 0.49 [0.10,2.42] 0.05 [0.05,0.43] 2.91 [0.29,19.00]
C 54,247 6.2% | 1.03 [0.23,5.06] 1.03 [0.23,5.06] 0.80 [0.35,0.95] 3.40 [0.28,19.00]
B 162,792 18.7% | 0.25 [0.00,2.17] 0.88 [0.19,4.41] 0.88 [0.73,0.95] 1.10 [0.06,19.00]
DN 227,047 26.1% | 0.00 [0.00,0.00] 0.40 [0.04,2.71] 0.28 [0.05,0.95] 0.35 [0.05,4.00]

Note: Values shown are Median [Min, Max]. Total number of cases tested are 868,660. Note that the v* Median [Min, Max] values
for strategies C'Sp and CS are 0.00 [0.00,0.04] and 0.32 [0.00,0.98].

Table A.6 GreenBlue Strategy: Incorporating the Cost-sharing Competition Dynamic
Strategy Total % of Orig. New
Orig. New | Cases Cases qGB qMaz af qGB 7t
CSp CSp | 47,293 5.4% |0.28 [0.00,2.42] 0.39 [0.04,2.42] 0.46 [0.04,1.74] | 0.28 [0.00,2.42] 0.46 [0.04,1.74]
cS CS |200,365 23.1% | 0.18 [0.00,2.72] 0.61 [0.06,2.72] 0.26 [0.01,1.73] | 0.18 [0.00,2.72] 0.26 [0.01,1.73]
CS (CSC | 138,899 16.0% | 0.31 [0.05,2.33] 0.54 [0.07,3.38] 0.29 [0.02,1.32] | 0.54 [0.07,3.38] 0.31 [0.02,1.70]
B B ]130,719 15.0% | 0.22 [0.00,1.95] 0.88 [0.19,4.22] 0.06 [0.00,0.42] | 0.22 [0.00,1.95] 0.06 [0.00,0.42]
B CSC| 31,204 3.6% |0.39[0.10,2.17] 0.90 [0.27,4.41] 0.11 [0.01,0.66] | 0.90 [0.27,4.41] 0.12 [0.00,1.02]
DN DN 224,975 25.9% | 0.00 [0.00,0.00] 0.40 [0.04,2.71] 0.40 [0.01,0.90] | 0.00 [0.00,0.00] 0.40 [0.01,0.90]
Strategy Total % of
Orig. New | Cases Cases w d/e v Yoso
CSp CSp | 47,293 5.4% |0.13 [0.05,0.35] 1.46 [0.18,19.00] 0.00 [0.00,0.03] -
cS CS |200,365 23.1% | 0.50 [0.05,0.95] 0.92 [0.06,19.00] 0.27 [0.00,1.00] -
S (CSC| 138,899 16.0% | 0.43 [0.13,0.80] 1.60 [0.13,19.00] 0.38 [0.00,1.00] | 0.50 [0.00,1.00]
B B 130,719 15.0% | 0.88 [0.73,0.95] 1.00 [0.06,19.00] 1.00 [1.00,1.00] -
B (CSC| 31,204 3.6% |0.80[0.73,0.95] 2.50 [0.21,19.00] 1.00 [1.00,1.00] | 0.86 [0.00,1.00]
DN DN 224,975 25.9% | 0.28 [0.05,0.95] 0.35 [0.05,4.00] 0.00 [0.00,0.00] -

Note: Values shown are Median [Min, Max]. Total number of cases tested are 868,660; 80,424 competition cases are not shown
since competition dominates cost-sharing competition as a dynamic. 98.3% of all the remaining cases are presented. Only cases in
which C'Sp is replaced by CSCp or CSC, CS is replaced by C'SC, or DN is replaced by CSCp are not shown. The ¢ g values
are shown only for cases in which GreenBlue’s optimal strategy is C'SC} for other cases, C'SC' may not be a feasible strategy.
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