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Abstract
Numerous product quality scandals are caused by low-quality inputs. When input
quality is not perfectly observed by downstream firms, upstream firms often have
moral hazard problems. If vertical integration does not directly eliminate the moral
hazard problems, does vertical integration still improve product quality? If so, under
which conditions? We find that given the precision of monitoring technology used
by downstream firms, when the level of public monitoring is very high or very low,
downstream firms have no incentive to integrate upstream firms; when the level is
intermediate, downstream firms have incentives to integrate and vertical integration
increases product quality.

Keywords Vertical integration · Asymmetric information · Supply chain · Product
quality · Property right

JEL Classification L15 · L23 · D82 · D86 · Q12 · Q18

We like to thank Birger Wernerfelt, the audiences of 15th Annual International Industrial Organization
Conference (Boston, 2017), The XXXIV Jornadas de Economia Industrial (Barcelona, 2018), TEAM
seminar (Paderborn, 2017), Micro Seminar (Beijing, 2018) for their useful suggestions and feedback.
Author Sanxi Li thanks the National Natural Science Foundation of China (Grant No. 72192801) for
financial support.

B Xinyu Li
xinyu.li.uni@gmail.com

Sanxi Li
sanxi@ruc.edu.cn

Zhan Qu
zhan.qu@uni-goettingen.de

1 School of Economics, Renmin University of China, Beijing, China

2 Faculty of Economics and Business, University of Groningen, Groningen, The Netherlands

3 Faculty of Business and Economics, University of Göttingen, Göttingen, Germany

123

http://crossmark.crossref.org/dialog/?doi=10.1007/s40505-022-00240-4&domain=pdf
http://orcid.org/0000-0001-7239-1555
http://orcid.org/0000-0002-3621-8074


70 S. Li et al.

1 Introduction

Many product quality scandals are caused by poor-quality ingredients supplied by
upstream firms. For instance, in the 2008 Chinese milk scandal, upstream suppliers
adulterated raw milk with melamine, which ruined the product quality of downstream
processors; in the 2013 European horse meat scandal, retailers lost huge amounts
of profit due to their suppliers adulterating beef with horse meat; and in 2014, a
supplier provided expired beef and chicken to McDonald’s and KFC in China, which
caused them a reputation and profit loss. In fashion industry, child labor inputs can
do a lot of damage to the reputation of downstream retailers, however, child labor
cannot be easily monitored by downstream retailers.1 Since downstream firms have
less information on the true quality of their inputs than their suppliers due to imperfect
monitoring or prohibitively high costs of implementing perfect monitoring (Gibbons
2005; Lafontaine and Slade 2007), their suppliers may cheat them by providing low-
quality inputs, which is a typical moral hazard problem.

To address this moral hazard problem, some firms integrate their suppliers. If verti-
cal integrationmeans that the downstreamfirmhas a lower cost tomonitor the upstream
firm’s action, or even replaces the upstream firm to make the decision about quality
provision, vertical integration could improve product quality (Hennessy 1996; Vetter
and Karantininis 2002; Lu et al. 2012). However, such integration will not necessarily
eliminate moral hazard problems if the principal-agent relationship still exists in the
integrated firm. In practice, large integrated firms often hiremanagers to be responsible
for producing inputs for their final products. Hart et al. (1997) and Hart (2003) point
out that while vertical integration with hired managers does not change the informa-
tion asymmetry between the upstream and the downstream firm, it does change the
bargaining power of each party due to the change of ownership of a property. Reimer
(2006) also observes that vertical integration in the pork industry does not eliminate
the moral hazard problem of the integrated supplier. We studied whether vertical inte-
gration still helps to improve product quality when vertical integration does not change
the information asymmetry between the upstream and the downstream firm.

We find that, even though vertical integration does not eliminate moral hazard
problems, it still can improve product quality via a price mechanism. To illustrate
this mechanism, imagine a relationship between an upstream and a downstream firm.
Suppose the upstream firm can produce either a low-quality input for the downstream
firm at no cost or a high-quality input at some cost and the final product quality is fully
determined by its input quality. The downstream firm has an imperfect test technology
that gives a false report sometimeswhen the input quality is low. For low-quality inputs,
the upstream firm has positive outside options because other downstream firms may
value input quality less. The presence of outside options weakens the upstream firm’s
incentives to provide high-quality inputs (McMillan and Woodruff 1999; Hansman
et al. 2020). While vertical integration does not change the information asymmetry, it
gives the downstream firm ownership of the inputs, so the downstream firm can set any
price for inputs tested to be of low-quality and forbid the upstream firm from selling
inputs outside. Here, vertical integration can be interpreted as the exclusive dealing

1 We are grateful to a referee for pointing out this motivating example.
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contract (Besanko and Perry 1993), one that can only be implemented via vertical
integration. The property right of the inputs enlarges the contract space, in which the
integrated downstream firm can set a lower price for a low-quality input than before.
Hence, vertical integration reduces the cost of producing a high-quality product for
the downstream firm. This result is in line with what Holmstrom and Milgrom (1991)
demonstrate, that muting incentives over low-quality production is necessary to ensure
that the upstream firm is engaged in high-quality production.

Whether the downstream firm integrates the upstream firm depends on the rela-
tion between the private monitoring and the public monitoring. In our study, private
monitoring and public monitoring work in the same direction to induce high-quality
products. To some degree, one substitutes the other. However, these two kinds of mon-
itoring focus on two different stages of production. The private monitoring is targeted
on the input quality and the public monitoring on the final product quality. The substi-
tution effect is different from that of Vetter and Karantininis (2002), where the private
and the public monitoring are both targeted on the input quality.

We find vertical integration occurs only when the level of public monitoring is inter-
mediate. When the level of public monitoring is too high or too low, the upstream firm
produces high-quality or low-quality inputs respectively, nomatter whether integrated,
which makes vertical integration not profitable. When the level of public monitoring
is intermediate, the integrated upstream firm shifts production from low-quality to
high-quality, which makes vertical integration profitable.

Similarly, if the level of public monitoring is not too low, the interest of the down-
stream firm in vertical integration may vary with its level of private monitoring.
Compared to a low level of private monitoring, a high level of private monitoring
may lead the downstream firm to induce the upstream firm to produce high-quality
inputs but less likely to integrate. Advancing the private monitoring technology could
substitute vertical integration to improve product quality, providing a rationale for the
observation that increased use of information technology is associated with substan-
tial decreases in vertical integration (Hitt 1999). Our findings provide a perspective
to understand why firms may take different approaches to deal with the moral hazard
problem of their suppliers.

Our study advances the literature on the relation between vertical integration and
product quality. First, we provide a new explanation for why vertical integration could
improve product quality. Existing studies demonstrate vertical integration improves
product quality via changing the bargaining power of the upstream and the downstream
firm over the surplus of quality upgrading (Hart et al. 1997; Hart 2003), facilitating
transfers of knowledge between producers and suppliers (Atalay et al. 2014), ormuting
the incentives on providing low-quality inputs in a multitask environment (Holmstrom
and Milgrom 1991; Holmstrom and Tirole 1991). In our model, vertical integration
gives the downstream firm a right to replace the market to price low-quality inputs,
empowering the downstream firm to weaken the upstream firm’s incentives to produce
low-quality inputs if desired, leading to product quality upgrading.

Second, our study offers insight into conditions under which product quality can
be positively associated with vertical integration. Empirical studies record contra-
dicting evidence on whether vertical integration improves product quality. While
Michael (2000) and Jin and Leslie (2009) find integration improves product qual-

123



72 S. Li et al.

ity, Bradach (1998) and Kosová et al. (2013) observe there is no quality difference
between integrated and non-integrated firms. This contradiction is probably caused by
not controlling the levels of private and public monitoring. Since firms have different
reasons to choose vertical integration (Coase 1937; Bresnahan and Levin 2012; Gib-
bons 2005; Lafontaine and Slade 2007; Hansman et al. 2020), high-quality products
are not necessarily associated with vertical integration. Our study offers the conditions
on private and public monitoring under which vertical integration improves product
quality. With these conditions in mind, consumers know when to believe product
quality is positively associated with vertical integration.

The rest of the paper proceeds as follows. The next section introduces the model,
which is analyzed in Sect. 3. The conclusions are presented in Sect. 4.

2 Model

We investigate whether vertical integration improves product quality. We assume that
a downstream firm buys inputs from an upstream firm and turns them into final prod-
ucts with a one-to-one production technology. The production technology implies the
quality of final products is fully determined by input quality.

The upstream firm can produce either a low-quality input with zero cost or a high-
quality input with cost C . For a low-quality input, the upstream firm has a positive
outside option S, which comes from the fact that other firms may value a low-quality
input more than the cost of it. There are two reasons for the positive outside option.
One reason is that other firms might have different production technology to use this
low-quality input to produce other goods. For instance, eggs that are not so fresh
cannot be used to make Steak Tartare, but they can be used for baking because the
freshness of eggs do not impact the quality of baked goods too much. The other reason
is that other firmsmight have a lowermoral standard on the input. For instance, textiles
produced by child labor or forced labormight be purchased by clothmanufactures who
hold lower standards of human right protection. While input quality cannot be directly
observed by the downstream firm, it can infer the input quality via an imperfect test.
When the quality of an input is high, the test is always correct; when the quality is low,
the test has a probability of t ∈ (0, 1) to report it low but a probability of 1− t to report
it high. We call this test private monitoring and say the level of private monitoring is
high if t is big. Besides the downstream firm’s private monitoring, a public agency
tests the quality of final products. This test is also imperfect in the sense that it always
reports high-quality products correctly but reports low-quality products correctly with
a probability of q ∈ (0, 1). We call this test public monitoring and say the level of
public monitoring is high if q is big. If a product is tested to be high-quality, consumers
would like to pay R > 0 for it and otherwise 0. We assume consumers’ willingness
to pay for a high-quality product exceeds its cost, R > C , which implies producing
high-quality products is socially desirable.

In short, the game proceeds as follows. First, given the private monitoring, the
downstream firm provides a take-it-or-leave-it offer to the upstream firm, this offer
stipulates a pair of prices, (PH , PL), for inputs tested to be high-quality and low-
quality. Second, if the upstream firm accepts this offer, the downstream firm gets
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inputs according to the contract and turns them into final products. Third, a public
agency tests the quality of final products and informs consumers of the results. Finally,
consumers make purchase decisions.

3 Analysis

3.1 Benchmark: non-integration

We first consider the situation where vertical integration is not available. The down-
stream firm can offer a contract to induce the upstream firm to produce a high-quality
or a low-quality input. Given the stipulated prices (PH , PL), the upstream firm has
the following payoffs.2 The upstream firm’s profit under non-integration is denoted
by πnu and we know

πnu =
{
PH − C if a high-quality input is produced

(1 − t)PH + t PL if a low-quality input is produced

To induce the upstream firm to produce a high-quality input, the price difference
between two kinds of inputs must be large enough, i.e. PH − PL ≥ C

t . Since the
upstream firm has an outside option S for the input tested to be low-quality, the
downstream firm must offer PL = S and PH = S + C

t to induce it to produce a high-
quality input. When a high-quality input is produced, the profits for the downstream
and the upstream firm are denoted by πh

nd and πh
nu . We know

πh
nd = R − PH = R − S − C

t
(1)

and

πh
nu = PH − C = S + C

t
− C (2)

respectively. To induce the upstream firm to produce a low-quality input, the down-
stream firm will simply offer PH = PL = S. Let π l

nd and π l
nu denote the profits of the

downstream and the upstream firm respectively when a low-quality input is produced.
We know

π l
nd = (1 − q) R − S (3)

2 We assume out the possibility that the downstream firm can write a contract with the upstream firm
based on the test results of final product quality. As, in most situations, the final product quality is not only
influenced by the input quality but also by the downstream firm’s effort that is often not observed by the
upstream firm. Hence, the downstream firm also has a moral hazard problem if the payment to the upstream
firm is based on the test of the final product quality. In the double moral hazard situation, the contract based
on the final product quality is unlikely to be accepted. Even though in our simple model the downstream
firm does not influence the final product quality, we still assume that the downstream firm can only write
the contract based on the result of his private test on the input quality.
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and

π l
nu = S (4)

From Eq. (3), we can see the downstream firm may earn a lot by selling low-quality
products to consumers when the level of public monitoring is low.

Different contracts induce different input quality. To decide which contract to offer,
the downstream firm compares its profit of inducing a high-quality input with that
of inducing a low-quality input. The comparison gives us πh

nd ≥ π l
nd if and only if

q ≥ C
t R . The comparison can be summarized as follows.

Proposition 1 Under non-integration, there is a cutoff value for public monitoring,
q∗
n = C

t R . When the level of public monitoring is higher than the cutoff, i.e., q > q∗
n ,

high-quality products are produced; otherwise, low-quality products are produced.

A lower level of private monitoring t yields a higher cutoff q∗
n = C

t R . For a given value
of public monitoring q, a higher cutoff q∗

n = C
t R is associated with a larger likelihood

of low-quality goods being produced. If t is smaller than C
R , the cutoff q∗

n > 1 and
the downstream firm always produces low-quality goods. We are not interested in this
scenario, thus we assume that C

t R < 1. Proposition 1 means strong public monitoring
induces high-quality products under non-integration.

3.2 Integration

We now consider the situation where vertical integration is available. In our model,
vertical integration has two crucial implications. First, it does not eliminate the infor-
mation asymmetry on input quality between the upstream and the downstream firm.
After integration, the downstream firm still cannot perfectly observe input quality.
Given the monitoring technology is still imperfect, the moral hazard problem contin-
ues. Second, under vertical integration, the downstream firm is the owner of inputs
produced by the integrated upstream firm, thus has a right to decide how to price these
inputs. In particular, it can set any price for an input tested to be low-quality after
integration.

When vertical integration is available, the first stage of the game we have described
changes to the following: given its private monitoring, the downstream firm provides
a take-it-or-leave-it offer to the upstream firm, which stipulates whether there is a
vertical integration or not, and what corresponding prices (PH , PL) are for inputs
tested to be high- and low-quality. The rest remains as before. According to the level
of public monitoring, we have two cases under vertical integration.

3.2.1 Case 1: The level of public monitoring is high, i.e., q > q∗
n .

From Proposition 1, we know under non-integration when the level of public mon-
itoring is high enough such that q > q∗

n , high-quality inputs are produced and the
upstream firm earns a profit πh

nu = S + C
t − C . Hence, to accept vertical integration,

the upstream firm must earn no less than it, resulting in the participation constraint.
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Under integration, to induce a high-quality input, the downstream firm must set its
price such that PH ≥ PL + C

t , which is the incentive compatibility constraint. Though
the downstream firm can set PL = 0 because it has the ownership of the input under
integration,3 however, due to the participation constrain it must then at least offer
PH = S + C

t . Let πh
id denote the profits of the integrated downstream firm for pro-

ducing high-quality products. We have

πh
id = R − PH = R − S − C

t
. (5)

To induce a low-quality input, the downstream firm offers a contract PH = PL =
S+ C

t −C . Let π l
id denote the profits of the integrated downstream firm for producing

low-quality products. We have

π l
id = (1 − q)R − PL = (1 − q)R − S − C

t
+ C . (6)

By comparing equation (5) with equation (6), we have πh
id > π l

id since q > q∗
n = C

t R .
Hence the downstream firm will induce the upstream firm to produce a high-quality
input under integration.

Lemma 1 When the level of public monitoring is high, q > q∗
n = C

t R , the downstream
firm will induce the upstream firm to produce high-quality inputs under integration.

This result illustrates that when the level of public monitoring is high, the integrated
downstream firm behaves the same as under non-integration, inducing the upstream
firm to produce high-quality inputs. In this situation, vertical integration does not
change product quality.

3.2.2 Case 2: The level of public monitoring is low, i.e. q < q∗
n.

From Proposition 1, we know under non-integration when the level of public monitor-
ing is low enough such that q < q∗

n , low-quality inputs are produced and the upstream
firm earns a profit π l

nu = S. Hence, to accept vertical integration, the upstream firm
must earn no less than it, which results in the participation constraint. To induce a
high-quality input, the downstream firm must set PH ≥ PL + C

t , which is the incen-
tive compatibility constraint. Under integration, the downstream firm can reduce the
price for low-quality input to PL = 0. In this case, to induce a high-quality input,
the downstream firm sets PH = max{Ct , S + C}. Let πh

id denote the profits of the
integrated downstream firm for producing high-quality products. We have

πh
id = R − max{C

t
, S + C} (7)

3 Even though the downstream has a right to freely price an input tested to be low-quality, it cannot set a
negative price because of the limited liability of the upstream firm.
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To induce a low-quality input, the downstream firm offers PH = PL = S. Let
π l
id denote the profits of the integrated downstream firm for producing low-quality

products. We have

π l
id = (1 − q) R − S. (8)

Under integration, the downstream firm prefers inducing a high-quality over a low-
quality input when πh

id > π l
id , which implies q > max{ 1t − S

C , 1}CR . Let q∗
i denote

max{ 1t − S
C , 1}CR . Notice that q∗

i = max{ 1t − S
C , 1}CR < 1

t
C
R = q∗

n . We have the
following result.

Lemma 2 When the level of public monitoring is low, q < q∗
n = C

t R , there exists a

smaller cutoff value q∗
i = max{ 1t − S

C , 1}CR . If the level of public monitoring is below
the cutoff, the integrated downstream firm will induce the upstream firm to produce
low-quality inputs and otherwise it will induce high-quality inputs.

While this result illustrateswhen the level of publicmonitoring is too low, the integrated
firm continues producing low-quality products, when the level is intermediate, vertical
integration improves product quality.

3.3 The choice on integration

To decidewhether to integrate the upstreamfirm, the downstreamfirmwill compare its
profit under integration with that under non-integration. From Proposition 1, Lemma
1 and Lemma 2, we knowwhich product quality will be offered in different situations.
Once we know the downstream firm’s choice on product quality, we know its profits.
By comparing its profits, we know its choice on integration. With the restriction that
C
t R < 1, we summarize the results above by the following proposition.4

Proposition 2 When the level of public monitoring is intermediate, q ∈ [q∗
i , q∗

n ],
the downstream firm will integrate the upstream firm and switch from low-quality
production to high-quality production; when q > q∗

n , the downstream firm has no
incentive to integrate and produce high-quality products regardless of integration;
when q < q∗

i , the downstream firm also has no incentive to integrate and produce
low-quality products regardless of integration.

Figure1 illustrates the above proposition. To understand the proposition, it is useful
to explore the inequality q∗

i < q∗
n . Under non-integration, to induce a high-quality

input, the downstream firm should set PH = S + C
t such that it satisfies the incentive

compatibility condition and the participation constrain. We can decompose the price
for a high-quality input into three parts, i.e., PH = S + C + (1−t)C

t . The first part is
the price for a low-quality input, which is the outside option S under non-integration.
The second part is the production cost of a high-quality input. The third part is the
information rent that is strictly decreasing in t . Intuitively, a weaker private monitoring

4 Without this restriction, one may observe another special case, in which q∗
n > 1 but q∗

i < 1. The
downstream firm integrates and produces high-quality products when q > q∗

i .
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Fig. 1 Illustration of Proposition
2

q = 0

q∗
i = max{1

t
− S

C
, 1}C

R

q∗
n = 1

t
C
R

q = 1

brings about a greater information rent, which is associated with a higher cost of
incentives. Under vertical integration, the production cost of a high-quality input and
the information rent remain the same as before, but the price for a low-quality input
could be reduced to zero, in principle which makes it cheaper to induce a high-quality
input.

However, to persuade the upstream firm to accept integration, the downstream firm
has to guarantee the upstream firm the same profit as under non-integration. Hence,
vertical integration is a preferred option only when the joint profits of the upstream
and the downstream firm increase after integration. This increase comes from quality
upgrading.Theupgrading cannot happenwhen the level of publicmonitoring is beyond
q∗
n because under this condition the non-integrated firms already produce high-quality
products and there is no room to improve product quality. This upgrading may happen
when the level of publicmonitoring is belowq∗

n , under this condition the non-integrated
firms produce low-quality products.

Since the upstreamfirmonly earns a profit S under non-integrationwhen the level of
public monitoring is below q∗

n , it will accept integration if its profit under integration is
no less than S. In this case, to induce the upstream firm to produce a high-quality input
under integration, the downstream firm could pay a price PH = C +max{ (1−t)C

t , S}.
Notice that unlike the non-integration case, PH , as well as the cost of incentives
(max{ (1−t)C

t , S}), is now not necessarily decreasing in t , at least not decreasing for a
high t . Comparing it with the price paid for a high-quality input under non-integration,
we find that the downstream firm still has to pay the production cost of a high-quality
input, but it pays the maximum between the information rent and the outside option
value instead of the sum of them. To induce the upstream firm to produce a low-quality
input under integration, the downstream firm pays the same price PL = S as under
non-integration. In this situation, for the integrated downstreamfirm, the cost of quality
upgrading is the price difference between a high-quality and a low-quality input, i.e.,
C + max{ (1−t)C

t − S, 0}, which does not vary with the level of public monitoring.
However, the benefit of improving product quality, i.e. qR, increases with the level
of public monitoring. Hence, only when the level of public monitoring is higher than
the cut-off q∗

i , integration is a preferred option for the downstream firm. When the
level of public monitoring is lower than the cut-off, it is not worth integrating and the
non-integrated firms produce low-quality products.
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It is alsoworthwhile to look at some comparative static of Proposition 2with respect
to q and t . For given values of private monitoring t and outside option S, when we
increase the level of public monitoring q from a very low point, the downstream firm
switches from producing low-quality to high-quality products. The downstream firm
definitely integrates the upstream firm if the level of public monitoring q is moderate
but has no interest in integration if it is very high or very low. A downstream firm with
a certain level of private monitoring may choose differently on integration in different
countries because the levels of public monitoring differ. This result explains why a
firm with the same level of private monitoring may integrate in a country but not in
another.

An increase in t makes q∗
n strictly lower and q∗

i weakly lower. When t approaches
to 1, the interval [q∗

i , q∗
n ] shrinks, which implies integration is less likely to improve

product quality. Consider a given value of public monitoring q that is not too low,5 in
the interval [q∗

i , q∗
n ] for instance. With an improvement of private monitoring t , the

integrated downstreamfirmmayfind integration is not attractive anymore because now
it can induce the upstream firm to produce high-quality products without the help of
vertical integration. In this sense, private monitoring substitutes vertical integration. If
downstream firms have different levels of private monitoring, they may take different
decisions on integration even though they face the same level of public monitoring.
This result explains why in an industry with the same level of public monitoring some
firms vertically integrate but the others do not.

4 Conclusion

This paper investigates the relationship between vertical integration and product qual-
ity. Under the assumption that vertical integration does not eliminate moral hazard
problems, we provide conditions under which vertical integration still can improve
product quality. This improvement comes from downstream firms having a larger
contract space compared to the non-integration situation. When the upstream firm’s
outside option of low-quality input is positive, there is room for the downstream firm
to to enlarge the contract space via integration.

Under above assumptions, we find that there exist two cut-off values of the public
monitoring. When the public monitoring level is in between, downstream firms have
incentives to integrate upstream firms to produce high-quality products. When the
public monitoring level is higher than the high cut-off value, downstream firms have
no incentive to integrate but still produce high-quality products.When the public mon-
itoring level is lower than the low cut-off value, downstream firms have no incentive to
integrate and produce low-quality products. These findings provide a new perspective
to understand why vertical integration may help quality upgrading.

There are several potential directions in which the present article could be extended.
First, our simple model has the advantage of being simple to study how vertical inte-

5 When the level of public monitoring q is lower than C
R , the downstream firm has no interest in integration

regardless of its private monitoring technology. Hence, only when q > C
R , the level of private monitoring

has a chance to influence the downstream firm’s integration choice.
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gration affects product quality. But it may be fruitful to investigate a scenario where a
downstream firm as a monopolist can choose price directly and influence quality indi-
rectly via a contract with an upstream firm. Following the models in Spence (1975)
and Amir et al. (2019), we can study whether the monopolist has a clear cut on quality
choice, as well as whether its choice on quality is in line with social planner’s choice
under non-integration and integration. Second, similar to Spence (1975) it would be
interesting to examine our simple model in a regulatory context by looking for optimal
public monitoring implementation when such monitoring is costly.
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