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Abstract

I present a model of international trade that features heterogeneous firms and asym-
metric information on the quality of products, which is known to producers but un-
known to consumers. The presence of asymmetric information leads to adverse selection
whereby high-quality firms exit and only low-quality firms survive. The model shows
that adverse selection also affects export participation as only firms with the lowest
quality are able to export. For this reason, trade can lead to a reduction in welfare if it
causes an average product quality reduction that is too substantial. I study the effects
of two instruments: minimum quality standards, which force out firms with the lowest
quality, and quality certifications, which allow firms to signal to consumers that their
quality is higher than a certain threshold, upon payment of a fixed cost. Both instru-
ments can improve welfare if the increase in prices associated with the higher-quality
goods is small enough. Furthermore, I study how the two instruments interact with
countries’ openness.
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1 Introduction

Asymmetric information on the quality of products often justifies government interventions
on regulations, labels, and product standards that have the objective to protect consumers
(Leland, 1979; Donnenfeld et al., 1985). Such regulations are a key point of contention
in modern trade agreements, as legislators have to balance legitimate concerns for product
safety with the protectionist side of such standards (Baldwin et al., 2000; Grossman et al.,
2021). While the consumption of a product can provide consumers with information about
part of its quality, it is often the case that some quality features cannot be learned upon
consumption because it is generally prohibitively expensive to do so. For instance, consumers
generally lack the expertise or the equipment required to distinguish between GMO and non-
GMO food products. Furthermore, information about the quality of most food products may
require information on the actual production processes, such as the environmental and social
sustainability of certain practices. A solution to the presence of asymmetric information is
the implementation of public and private instruments such as minimum quality standards
and quality certifications. The goal of this paper is to study the welfare effects of the two
instruments in an international trade context.

Minimum quality standards guarantee that all products in a market are above a certain
quality level (Gaigné and Larue, 2016a). Quality certifications, communicated to consumers
via a proper label, guarantee that a product has a quality above a certain threshold (Bonroy
and Constantatos, 2015). While minimum quality standards are generally imposed by a
public authority, quality certifications can be also issued by private agencies. In the food in-
dustry, minimum quality standards regulate several aspects, from pesticide use (Ferro et al.,
2015) to the dry curing of meats.! Along these minimum quality standards, institutions
like the EU also issue certifications for products that attain a certain quality level, such

as certification for organic farming. However, there are also private agencies that provide

'For instance, the US require prosciutto to be dry cured for at least 2 years, while the EU allows for a
shorter time.



quality certifications such as those for animal welfare (Olper et al., 2014). I find that both
instruments can improve welfare. Furthermore, I study how trade can exacerbate the nega-
tive effects of asymmetric information and how the two instruments interact with a country’s
level of trade openness.

The main contribution of the paper is to study the welfare effects of asymmetric infor-
mation and regulations on product standards in a model of heterogeneous firms a la Melitz
(2003). The model is best exemplified by applying it to the the food processing sector, which
is rife with minimum quality standards and quality certifications. Furthermore, the sector
is constituted by heterogeneous firms that produce differentiated products (see Gaigné and
Le Mener (2014) and Gaigné and Larue (2016b) for a review of the evidence).

There are three key assumptions to clarify from the start. First, firms differ in terms
of their quality, which is modeled as a demand shifter: in the case of perfect information,
higher-quality firms have larger sales. Although the trade literature has extensively discussed
the determinants of firm-product quality, such as productivity (Feenstra and Romalis, 2014;
Gaigné and Larue, 2016a; Manova and Zhang, 2017), the goal of this paper is to examine
the role of asymmetric information when firms are heterogeneous in quality and, hence, I
abstract from the sources of quality heterogeneity and take the quality distribution as given.?
Furthermore, the assumption accounts for the growing evidence that heterogeneity on the
demand side is the main source of firm size heterogeneity (Hottman et al., 2016).

Second, firms with higher quality also pay higher marginal costs, which is a feature
present in Feenstra and Romalis (2014) and Gaigné and Larue (2016a). This implies that
high-quality firms sell products with higher prices. The theoretical literature also considers
the presence of a fixed cost of quality (Gaigné and Larue, 2016a). For simplicity, the baseline
model abstracts from such a fixed cost, and I have verified in an extension that the main
result of the study also holds when fixed costs are proportional to product quality.

Introducing asymmetric information in a general equilibrium model with monopolistically

2In most papers, there is a one-to-one mapping of productivity into quality (Feenstra and Romalis, 2014).



competitive firms requires an additional key assumption that allows for a simple character-
ization of the equilibrium, in contrast to the literature in industrial organization and game
theory on asymmetric information (see Gavazza and Lizzeri (2021) for a recent review).? I
assume that in the presence of asymmetric information, varieties are perceived by consumers
as being only horizontally differentiated. Hence, consumers do not realize that higher prices
signal higher quality.* In an important extension in Appendix 5.4.5, I relax this assump-
tion and allow for some imperfect price signaling; by charging higher prices, higher-quality
firms can obtain a larger demand shifter than the baseline model. I show that the welfare
effects of minimum quality standards and certifications are only affected quantitatively by
the presence of a signaling technology.’

The presence of asymmetric information leads to the well-known phenomenon of adverse
selection (Akerlof, 1970): low-quality firms stay in the market because they sell cheaper prod-
ucts, and high-quality firms exit because their products are more expensive and consumers
fail to realize that they are of higher quality.® Adverse selection also affects the selection
of firms into export markets. In fact, only low-quality firms, i.e., the firms with the least
expensive products, are able to export. As trade reallocates production from non-exporters
to exporters and exporters are of low-quality, the average domestic quality declines. As a
result, trade can actually reduce welfare when the reduction in quality more than offsets the
reduction in prices. This is the opposite outcome of the perfect information case, in which

trade forces out low-quality firms and welfare always improves.

3In my model, any strategic interactions between firms are assumed away as it is standard practice in
models of monopolistic competition. This is a convenient feature since strategic interaction among firms can
lead to multiple equilibria as discussed in the works of Wolinsky (1983, 1984), Schwartz and Wilde (1985),
and Overgaard (1993).

4Esponda (2008) introduces a notion of behavioral equilibrium in which consumers fail to account for
selection and do not realize that higher prices also imply higher quality. Gavazza and Lizzeri (2021) also
argue that an equilibrium under adverse selection requires a potentially unrealistic amount of sophistication
on the part of consumers.

5Price signaling interacts with the two instruments in different ways. First, price signaling magnifies
the welfare benefits of minimum quality standards. Second, price signaling and quality certification are
substitutes: the welfare benefits of certifications are diminished in the presence of price signaling.

6The presence of horizontal differentiation across varieties partially mitigates the consequences of adverse
selection, relative to a case of vertically differentiated homogeneous goods. In fact, consumers are willing to
purchase even more expensive products because they exhibit love for variety.



A minimum quality standard forces the lower-quality firms out of the market and allows
the entry of higher-quality firms, which is welfare improving. However, the new high-quality
firms have higher prices than the exiting low-quality firms, and consumers do not distinguish
between the quality of the two. In fact, the budget share of low-quality goods remains higher
than the budget share of high-quality goods. As a result, the standard leads to an increase
in the average price that can offset the increase in quality and, thus, reduce welfare. The
positive effect of the standard dominates if the elasticity of marginal costs with respect to
quality is small enough, which leads to a smaller increase in the average price.

The welfare effects of certifications depend on the costs associated with obtaining the
certification and on the quality threshold guaranteed by the certification. I model the costs
of the certification as a fixed cost as in Bonroy and Constantatos (2015). Intuitively, the
higher the fixed cost, the lower the welfare benefits of the certification. The threshold, or
certification standard, has a twofold effect on welfare. On the one hand, increasing its value
increases the average quality of firms with a certification. On the other, this also creates a
hollowing out of medium-quality firms and a polarization of quality around the minimum
quality and the certification quality. In a closed economy, the optimal threshold tends to
minimize the quality polarization, allowing medium-quality firms to certify their products.

The two instruments interact with a country’s openness in different ways. Let us first
consider the minimum quality standard. I consider the optimal harmonized standard between
two countries. Since trade reduces the average quality in the market, the optimal standard
is larger with trade relative to the autarky case. However, reductions in trade costs are
associated with a smaller optimal quality standard. The reason for this lies in an interesting
property of standards in a trade context. In fact, a quality standard can create trade because
it causes the entry of high-quality firms both in the domestic and in the export market.”
Since reductions in trade costs allow some higher-quality firms to begin exporting, one of

the advantages of the minimum quality standard becomes less relevant. This is a conclusion

"This occurs even when trade costs are prohibitively large and they generate zero trade flows in the
market allocation.



reached also by Macedoni and Weinberger (2019b), but in the context of perfect information.

The relationship between quality certification and trade costs is opposite that of minimum
quality standards. In fact, since trade forces the exit of some medium-quality firms, the
optimal certification standard is lower than the autarky case. Furthermore, the certification
standard exhibits a non-monotone, V-shaped relationship with respect to trade costs, which
reflects the trade-off previously discussed. At low levels of trade costs, the main benefit
of certifications is to promote entry of higher-quality firms. Hence, starting from low trade
costs, their further reduction causes a lowering of average quality, which increases the optimal
certification threshold. In contrast, starting from high trade costs, a reduction in them
causes the certification standard to decline to mitigate the exit of medium-quality firms.
These results show that explicitly modeling asymmetric information can reveal heterogeneous

effects of policies and, thus, shed light on their effectiveness.

Related Literature. Following the work of Akerlof (1970), early studies examined the wel-
fare effects of minimum quality standards in a sector (Leland, 1979; Shapiro, 1983; Ronnen,
1991; Crampes and Hollander, 1995). This literature showed that, under some parameter
values, standards can improve welfare. My paper extends this line of research along two
dimensions. First, I consider the effects of standards in the current workhorse trade model
of monopolistic competition and firm heterogeneity. Second, I consider the effects of asym-
metric information in trade and examine how standards are related to trade costs. This
second avenue is motivated by the fact that current “deep” trade agreements also involve
product standards which traditionally have been considered just a domestic policy.®

The international trade literature has examined the effects of asymmetric information
and adverse selection since the 1980s (Mayer, 1984; Bond, 1984; Donnenfeld et al., 1985;

Donnenfeld, 1986; Bagwell and Staiger, 1989).° Several policies have been suggested to

8 A related line of research considers the effects of regulations in the presence of heterogeneous consumers.
In fact, Shapiro (1983) notices that a quality standard may harm those consumers who prefer low-prices,
low-quality goods.

9The works of Baldwin et al. (2000), Fischer and Serra (2000), and Atkeson et al. (2014) examine the



reduce such a negative externality. For instance, Bagwell and Staiger (1989) find that an
export subsidy can compensate the high-quality firms and allow them to export when adverse
selection generates insufficient entry of such firms. The work of Donnenfeld et al. (1985) is, to
my knowledge, the first that examines the effects of minimum quality standards when quality
is known for domestic production but not for imports. My paper expands such literature
as it examines the consequences of asymmetric information in the Melitz (2003) model of
heterogeneous firms and monopolistic competition. An additional contribution is the study
of quality certifications.

The paper also contributes to the literature that provides rationales for regulations and
product standards. Trade models often justify the presence of regulations with ad hoc
externalities (Mei, 2017; Parenti and Vannoorenberghe, 2019; Grossman et al., 2021).19 The
assumption of ad hoc externalities has the disadvantage of always justifying the presence of
a minimum quality standard. However, confirming the results of the literature (Donnenfeld,
1986; Gaigné and Larue, 2016a), I show that when asymmetric information is explicitly
modeled, such standards do not always improve welfare. Furthermore, private action is
still possible in the presence of market frictions and, thus, assuming an ad hoc externality
ignores the strategies heterogeneous firms can follow in response to the externality, such as
the quality certifications modeled in this paper.

My model is closely related to the work by Gaigné and Larue (2016a, b) who also study
the effects of quality standards in a Melitz model with heterogeneous firms. The key differ-
ence between my paper and that of the two authors is that in their paper, consumers have
full information on product quality, while in my baseline model, consumers do not know
the quality of firms’ products. Hence, my paper extends the previous results by adding the
channel of asymmetric information. The paper is also closely related to the review of the

effects of certifications and labels by Bonroy and Constantatos (2015). My model comple-

effects of regulations in the context of models of oligopoly.

10 Another rationale explored in the literature is misallocation of production across heterogeneous firms
that charge variable markups (Macedoni and Weinberger, 2019q, b). T abstract from such channel as I assume
constant markups.



ments the authors’, as it extends the analysis of certification to a market organization with
a continuum of firms, each producing products with different quality levels. While Bonroy
and Constantatos (2015) offer a comprehensive analysis of the effects of certification and
labeling, my paper focuses solely on their effects in the presence of heterogeneous firms.'! A
further contribution is to examine the effects of trade on the optimal certification standard.!?
My model shares some similarities with Disdier et al. (2020) as both papers feature
a Melitz model of trade with asymmetric information on firm quality. While the focus
of my paper is on the welfare effects of minimum quality standards and certifications, the
objective in Disdier et al. (2020) is to predict how a minimum quality standard affects export
performance. Furthermore, the authors’ paper features a signaling technology which allows
firms to fully communicate their quality to consumers upon payment of a fixed cost - which
distinguishes such technology from the certification technology examined in this paper.
The paper is organized as follows: I begin with a closed economy model in section 2, in
which I show the welfare effects of quality standards and quality certifications. Section 3
studies the interaction between asymmetric information, quality standards, quality certifica-

tion, and countries’ openness in a model with two-symmetric countries. Section 4 concludes.

2 Closed Economy Model

I consider a closed economy model in which L consumers enjoy the consumption of vari-
eties of a differentiated good. There is a mass of atomistic firms that are monopolistically
competitive. Firms differ in their quality which is modeled as a demand shifter denoted

by z. Quality is drawn from a distribution with support [b, oo, pdf g(z), and CDF G(z).'®

"Bonroy and Constantatos (2015) survey the effects of certification and labels on market structure, show-
ing that the certification can reduce welfare if it exacerbates market distortions due to imperfect competition
(Zago and Pick, 2004; Baltzer, 2012). The authors also discuss the effects of alternative cost schemes for
quality inspection, as well as the difference between socially optimal standards and industry-set standards.

I2There is a parallel literature that studies the role of reputation in the presence of asymmetric information
on product quality (Grossman and Horn, 1988; Falvey, 1989; Chisik, 2003; Cagé and Rouzet, 2015; Zhao,
2018; Zhong, 2018; Bai et al., 2019). My paper complements this literature as it shows that even in the
absence of reputation externalities, minimum quality standards and certifications can improve welfare.

13Heterogeneity in quality modeled this way is also a feature of Macedoni and Weinberger (2019a, b).



Higher-quality firms have higher marginal costs. Firms pay a fixed cost fg in labor units to
enter and discover their quality draw. Labor is the only factor of production, and I normalize

the wage to one. Free entry drives expected profits to zero.

2.1 Benchmark

As a benchmark, this section briefly outlines a model with perfect information. Consumers
have CES utility with a quality shifter as in Kugler and Verhoogen (2012), Hallak and

Sivadasan (2013), Feenstra and Romalis (2014), and Gaigné and Larue (2016a):

o
o—1

U= | )T 1)

where g(w) is the quantity consumed of variety w and o > 1 is the elasticity of substitution.

The inverse demand function for variety w is:

p(w)” 2)

2(w) )
the quality-adjusted price. Notice that U = Pp_il.

l1-0o i-0o
where P, = [ Jco <p(w)> dw} is the price index in the benchmark model and % is

Since firms differ in their quality z, I substitute the argument w above with z.'* The
marginal cost increases in quality and equals z®, with o € (0,1). The restriction on the
parameter a guarantees that higher-quality firms enjoy higher revenues because the quality-

adjusted price is declining in quality. Firms pay a fixed cost of production f in labor units.!®

4 An alternative framework is that of Hallak and Sivadasan (2013), in which firms differ both in terms of
quality and productivity. While the qualitative results of standards would be similar, the quantitative effect
would differ as the authors’ model features a distribution of firms of different sizes at the same quality level.

15In Appendix 5.4.7, I consider a model extension in which quality increases the fixed costs of firms. I
show that this assumption only affects the results quantitatively. For instance, minimum quality standards
can still improve welfare and, furthermore, the presence of fixed costs related to quality magnify the benefits
of the standard. When high-quality firms pay higher fixed costs, there is a tougher selection on them with
asymmetric information. Hence, instruments that mitigate the information distortion have larger welfare
implications.



Profit maximization yields the standard pricing equation:

Firm profits are increasing in quality and equal:

o—1
L(o —1) Slo=1)(1—a) _ f (4)

7'('(2) = O_Upplifcr

Setting profits to zero yields the market quality cutoff z;:

* o7 PL-o (CE=yeem]
2=\ o=t (5)

Only firms with 2z > 27, survive in the market allocation.

2.2 Information Asymmetries

Let us now consider the case in which the information on product quality is only known to
firms and not to consumers. While firms offer vertically differentiated varieties where higher-
priced goods have higher-quality, consumers only observe horizontally differentiated varieties
with varying prices. Since the model is static, consumers cannot adjust their behavior
even if they learn the quality of products upon consumption. For this reason, the model
is mostly representative of environments in which the identification of the quality of the
product is prohibitively expensive because it, for instance, requires investigation over the
production processes (i.e., working conditions, emissions, organic farming, etc...). In these
cases, government regulations are typically advocated for.

As consumers do not distinguish the quality draws across firms, their demand depends

on the average quality in the market (Akerlof, 1970). The inverse demand shifter for each



variety is the same and is equal to the average inverse demand shifter in the market Z;,:

- [ / zW(z)dz] ” (6)
weN
(o—1)

where 2z = is the inverse demand shifter under perfect information for variety z, p(z) is
the pdf of the quality distribution, conditional on being supplied in the market, namely that

firms with quality z are active. The ex-ante utility of the representative consumer is then:

o—1

Vet = [ G 7)

The inverse demand function for variety w is:

q(w) = (8)

1
where P, = [ L, (w)lf"dw] =7 is the price index under information asymmetries. Notice

el
that the average quality Zz;, does not enter the demand function. A higher average quality
shifts up the demand for all goods equally and, consequently, has no effect on the demand

for a single good. The ex-post utility is:

Ui = | [ Gty =as] ™ = [ [ saresoreal] "o

and takes into account the actual quality of products. The difference between the ex-ante
utility and the ex-post utility captures the negative externality that the asymmetric infor-
mation generates.

The solution to the firm’s problem is analogous to the benchmark model as prices equal
a constant markup over the marginal cost (3), which is increasing in z. However, higher z
does not increase the demand for firm 2z’s products, since consumers do not have information

on product quality. As a result, high-quality firms are equivalent to high-cost firms. This is

10



summarized in the fact that profits are declining in quality:

—f (10)

which is in stark contrast with the profit equation (4) under perfect information. Setting

the profits equal to zero determines an upper cutoff for quality 27 :

o= (M) ()

1—0o
o
07 P,

Hence, only firms with z € [b, 27 ] survive in the market. This is the well-known phenomenon
of adverse selection, whereby the presence of information asymmetries leads to the exit of
high-quality firms in favor of low-quality firms. In fact, in the case of perfect information,
the market selects out low-quality firms and only firms with high enough quality, above the

cutoff z*.. survive in the market.

pi?

The equilibrium cutoff is pinned down by the zero expected profit condition:

fI0,2,) = e (12)

where:

(2 2*) = / <(§)(01)a _ 1) 9(2)d> (13)

With the equilibrium value of the cutoff, we can derive the other general equilibrium vari-
ables of the model: the mass of entrants, the price index, and the ex-post utility of the

representative consumer. I leave these derivations to Appendix 5.1.1.

2.3 Minimum Quality Standards

The government chooses a value of z,,, > b, such that only firms with quality z > 2.,
are allowed to stay in the market. I abstract from the costs associated with the quality

inspections and the enforcement of this policy which would inevitably reduce its welfare

11



benefits.'® The zero-profit condition becomes:

fImin, 2min) = fE (14)

A minimum quality standard allows a more lenient selection on higher-quality firms. In

fact, by comparing (14) with (12), J(2min, 2

= J(b,25,). J(Zmin, 25n), defined in (13), is

? 7a

*
mn’

Because z,,;,, > b, 27 . > 2! with strict inequality

min a)

declining in z,,;, and increasing in z
if 2,i, > b. This means that the quality cutoff is higher under a minimum quality standard
than in the market allocation.

The welfare effects of the minimum standard can be summarized as:

Proposition 1. A minimum quality standard has an ambiguous effect on welfare and its

welfare benefits decline with the elasticity of marginal costs with respect to quality.

*
ia)

As the there are no closed form expressions for the quality cutoff =} , the welfare effects
of minimum quality standards cannot be characterized analytically in a tractable manner.
Hence, I rely on numerical methods to substantiate Proposition 1. For convenience, I assume
that quality is Pareto distributed with shape parameter x and shift parameter b.17. I restrict
the parameter space so that k > (0 — 1)(1 — «). I leave the derivations to Appendix 5.2.
It is convenient to write the optimal level of the minimum quality standard as relative to
the lower bound of the quality distribution b, namely z,,;,/b. If this ratio equals one, the
minimum quality standard is ineffective.'®

By increasing the lower and upper bound of quality allowed in the market, both the

average quality and the average price increase. The increase in the average quality is welfare

16 Although the theoretical implication of inspection and enforcement costs are trivial since they unambigu-
ously reduce the welfare benefits of quality standards, their quantitative implications are crucial to decide
on the implementation of a standard. Furthermore, absent any inspection and enforcement costs, it would
be optimal for governments to apply exact quality scores to products and, thus, eliminate the negative con-
sequences of asymmetric information. Only the presence of large inspection and enforcement costs prevents
governments from implementing this policy.

1"The assumption that the underlying distribution of firm characteristics is Pareto is a common one in
the trade literature and follows Helpman et al. (2004) and Chaney (2008).

18Tn the numerical exercise shown in the main text, I normalize b to one so that both minimum quality
standard z,,;, and the certification standard are expressed as relative to b.

12



improving, but such an effect can be more than offset by the increase in prices. In fact,
the minimum quality standard does not alter the relative consumption across varieties: con-
sumers continue to purchase higher volumes of cheap, low-quality varieties relative to the
expensive, high-quality ones. Whether or not welfare improves with the minimum quality
standard depends on whether the average quality effect dominates the price effect. Figure
1 shows that a minimum quality standard can increase welfare under some values for the
parameters of the model. For low levels of the standard, the benefits from higher average

quality outweigh the costs associated with higher average prices.

Figure 1: Minimum Quality Standard and Welfare
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The figure plot the value of the utility of the representative consumer under the baseline scenario of asymmetric information and
under the case of a minimum quality standard. Both values are normalized by the utility attained under perfect information.
The main parameters used are: « = 0.3, k =4, 0 =4and L=b= f = fp = 1.

The key parameter that controls the welfare effects of the standard is «, which is the
marginal cost elasticity with respect to quality. The larger the value of «, the lower the
welfare benefits of the standard, which can even be welfare reducing. Figure 4 in the appendix
shows the relationship between welfare and the minimum quality standard for alternative
values for a. Higher o implies a higher increase in prices due to the entry of high-quality
(and high-price) firms. Figure 5 in the appendix shows that the higher «, the higher the
increase in P, after the imposition of the standard. The figure also shows that the standard
increases the mass of entrants, but such a positive effects declines with a.

Finally, I consider the effects of changes in the lower bound of the quality distribution

b. Higher b implies a quality distribution which is shifted towards higher values. However,

13



b only has a level effect on the productivity distribution: it does not affect how changes in
minimum quality standard affect welfare. As a result, although for higher levels of b the
optimal minimum quality standard z,,;, is higher, the optimal level of z,,;, /b is independent

of b. Details are in the Appendix 5.4.6.*

2.4 Quality Certifications

In this section, I examine the welfare effects of quality certifications. Firms with high enough
quality can pay an extra fixed cost K that guarantees that the quality level of the product is
above a certain threshold z,, and such information is successfully conveyed to consumers with
a proper label. The fixed cost represents, for instance, the costs required for the inspections
from a government agency or a private one.2’ This way of modeling the quality certification
is in line with the survey by Bonroy and Constantatos (2015), although I abstract from
per-unit costs of inspection.?!

The utility of the representative consumer becomes:

a—1

Ve = [ / . ugl) o+ | Gatle) (15)

WEN et

where €);, is the set of varieties produced without the certification and €2, with the certifi-
cation. The shifters z;, and Z. represent the average quality, conditional on products being
in the sets 2, and €2, and are defined by (6).

In this case, the firm z faces two alternative demand functions depending on whether the

fixed cost K is paid:

w € Qm (16>

19T also show that changes in the level of b do not affect the welfare effects of quality certifications, which
I discuss in the next section.

20To obtain the certification for organic farming, US firms cannot use prohibited materials for three years.
This constitutes another example of the fixed cost K required to obtain the certification.

21Here I consider the simplifying case in which the certification only offers one quality threshold, although
there are examples in which certifications cover multiple quality thresholds, such as for energy efficiency. See
Bonroy and Constantatos (2015) for a discussion of the optimal number of thresholds.

14
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ct

1
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where the price index is P, = [fw zZ0 1 p(w) 7 dw + fwcht 20 p(w)dw| 7. Since

€O, Tra
here there are two sets of varieties, the terms Z;, and Z,; do not cancel out in the demand
functions, in contrast to the previous section.

The pricing equation is the same as (3) and profits are:

Lo =1z )

Tia(2) = — ia —f if z € Q, (18)
U"Pclt
L -1 oc—1z0—1
e(2) = (J e 121,,2“ o f K if 2 € Qu (19)
ct

Setting the two profit functions (18) and (19) to zero yields the quality cutoffs:

Lo —1)7 'z

*V(o—1la _ ia

(%ia) g (20)

(Z* )(U—l)a _ L<O- — 1)0—12103;:1
; 07 Py (f + K)

(21)

However, in this case, the sorting of firms is not entirely determined by the two cutoffs.

* 22
"

Consider the case in which 7m.(2z,) > m(2,) and 2}, > = This means that obtaining the

certification is profitable for a firm with quality equal to z, and for higher levels of quality
than z, the certification is always preferred.

In this case, there are two possible sorting patterns that depend on the level of z,, which is

*

. there are two distinct sets of firms: firms with

chosen by the certification agency. If z, > z

*

*] are with certification. The

z € [b, %] are without certification, and firms with z € [z, 2
certification allows some high-quality firms to enter the market since firms with z € [z, %]
were not producing in the market allocation. This occurs at the expense of some medium-

quality firms that are forced out of the market. In fact, I prove, in Appendix 5.3, that 2},

declines with the certification. The certification, thus, causes a hollowing out of medium-

22In Appendix 5.3, I show the derivations and discuss all sorting cases.
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quality firms and the polarization of quality in the market. The quality polarization does not
occur if z, < 27 . In this case, the set of firms that do not have the certification is z € [b, 2]
and the set of firms that do have the certification is z € [z,, 2]

As for the case of a minimum quality standard, I rely on numerical methods, assuming

that quality is Pareto distributed, to illustrate the welfare effects of quality certifications:

Proposition 2. Quality certification can improve welfare for appropriate choices of certifi-

cation standard z, and fized certification cost K.

The certification allows some high-quality firms to enter, which raises average quality.
However, this is achieved with the payment of a fixed cost, which is, on the other hand,
welfare reducing. Furthermore, the entry of new firms squeezes the set of firms without
certification, forcing those with the higher quality out of the market.

Figure 2 shows a hump-shaped relationship between the minimum quality certification z,
and welfare. Hence, for some values of z, and K, the certification can improve welfare. The
optimal level of 2z, balances the benefits of promoting entry of higher-quality firms with the
negative effect of forcing out the medium-quality firms with no certification. The optimal z,
tends to avoid an increase in quality polarization, so that the optimal set of firms without

certification is [b, z,], and the optimal set of firms with certification is [z, 2%]. Figure 2 also

shows that the positive effect of certifications depends on having a sufficiently low K .23

3 Two Country Model

In this section, I study the relationship between asymmetric information and trade, and show
how minimum quality standards and certifications interact with trade costs. I consider a

model with two symmetric countries, in which exporting requires a variable iceberg trade cost

23Figure 6 in the appendix shows the relationship between the welfare effects of the certification and a.
Higher values of a magnify the benefits of the certification as they limit the entry of the most expensive
firms. The effects of a minimum quality standard in the presence of certification are qualitatively similar to
the case discussed in section 2.3.
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Figure 2: Certification and Welfare
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The figures plot the value in the utility of the representative consumer (relative to the case of perfect information without
the option of certification) for alternative parameter values described in the figures. The main parameters used are: k = 4,
b=f=fg=1 a=0.3, and 0 = 2.5. When varying K, zg = 5. When varying z4, K = 5.

7 > 1 as well as a fixed cost f which is identical to the fixed cost for domestic production.?*

3.1 Information Asymmetries and Trade

I assume that consumers do not distinguish between the average quality sold in the domestic
economy and the average quality of exporters. For this reason, both domestic varieties
and foreign varieties exhibit the same inverse demand shifter which is the average inverse
demand shifter in the market z;, computed in an analogous way to the closed economy model
Zig = [fweg z%u(z)dz

closed economy model and the two country model. Such an assumption seems reasonable

g _
o

~'. This assumption allows for the closest comparison between the

in the case of two symmetric countries: consumers need to know which firms select into
exporting in order to distinguish between the average quality across sources.

The expression for the ex-ante and ex-post utility of consumers is analogous to the closed
economy case, and so is the solution to the consumer problem. Similarly, prices equal a
constant markup over the marginal cost, which is increasing in z. I denote the destination

with subscript 7 = D, X for domestic and export markets. As in the closed economy model,

24 Allowing heterogeneity between fixed costs for export and for domestic sales does not alter the results.
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profits are declining in quality:

L(U — 1)0_1 l-0 ,—(c—1a _

m(2) = S / (22)

where 7p =1 and 7x = 7. Setting the profits equal to zero yields the cutoff 27, :

Lo — 1)o-i7i-o) &5
Ziia = ( ( T ) (23)

o pl—oc
07 P

*

Hence, only firms with z € [b, 27,,] survive in market j. The export cutoff is declining in the
trade costs: only firms with the lowest quality can export, as they have low enough prices.
The higher the trade costs, the lower the average quality exported. This is in stark contrast
to the benchmark case of perfect information where only high-quality firms can export.?
Furthermore, if trade costs are large enough, no firms export. In particular, if 2% ;, < b,
the export cutoff is so low that no firm is able to make a positive profit by exporting.
This provides an additional explanation to the puzzle of zero trade flows between countries
(Baldwin and Harrigan, 2011).26 The presence of zero exports from a country to a destination
can be due to the presence of asymmetric information: when a destination lacks information
about the quality of products coming from a certain origin and trade costs are large but

finite, zero trade flows can occur.

We can express the export quality cutoff as a function of the domestic quality cutoft:

i = ZhiaT @ (24)

The equilibrium cutoffs are determined by substituting (24) into the zero expected profit

251 consider a model with perfect information and trade in Appendix 5.4.1.

26Tn a standard model with perfect information, monopolistic competition, and heterogeneous firms, the
presence of zero trade flows is rationalized with infinite trade costs or by setting an upper bound to the
productivity distribution.
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condition, which is given by:

f [‘](b7 Z*D,ia) + J(b’ z;(,ia)} = fE (25)

When a country opens to trade, the average quality in the economy declines. In fact, by

comparing (25) to (12), J(b, 2} ,,) < J(b, 2},). Since Since 2Z > 0, we can conclude that
Zhia < Zig- As in a standard model with perfect information, trade reallocates production
from small non-exporting firms towards large exporting firms. While in the case of perfect
competition, the reallocation is from low-quality to high-quality firms, in the case of asym-
metric information, trade reallocates production from high-quality firms to low-quality firms.
I leave the derivations of the other equilibrium variables to Appendix 5.4.2.

Under perfect information, trade always improves welfare relative to autarky, and reduc-
tions in trade costs always improve welfare. Panel (a) of Figure 3 illustrates this result. As

trade increases the average quality, the utility of the representative consumer increases. In

contrast, the effects of trade on welfare can be summarized by the following proposition:

Proposition 3. In the presence of asymmetric information, trade has an ambiguous effect

on welfare.

I rely on numerical methods to illustrate the result since the presence of asymmetric
information causes the analytical results to be highly intractable. On the one hand, trade
reduces prices, as the surviving firms are low-quality, low-price producers. On the other
hand, as stated in Proposition 77, trade reduces the average quality. At low levels of trade
costs, the first effect dominates and trade improves welfare (see Panel (b) of Figure 3). At
relatively higher values of trade costs, trade reduces welfare as the loss in quality dominates

the efficiency gains.?”

2TNotice that at values of trade costs 7 greater than 1.4 in the Figure, the economy reverts back to autarky
as explained in the main text.
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Figure 3: Trade and Welfare
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The figures plot the value in the utility of the representative consumer under trade as a function of the iceberg trade cost
7 and under autarky, for the case of perfect information and the case of asymmetric information. Quality is assumed to be
Pareto distributed with shape parameter x = 4 and shift parameter b = 1. The main parameters used are: L = f = fg =1,
o =2.5,and a = 0.3.

3.2 Trade and Minimum Quality Standards

The governments of each country impose a harmonized minimum quality standard z,,;, such
that only firms with z > z,,;, are allowed to stay in the market. For simplicity, I assume
that the standard is harmonized: both countries choose the same level of the standard to
maximize the ex-post utility of consumers.?® The quality cutoffs for the domestic and export

markets are defined by (23) and (24). The standard affects the zero expected profit condition:
/ [J(Zmim Z*D,ia) + J(Zmim Z}k(,ia)} = /& (26)

Since J is declining in z,,;,, the imposition of a minimum quality standard allows for some
higher-quality firms to start producing and exporting as both cutoffs 27, ;, and 2%, increase.
As we previously discussed, if trade costs are large enough, the export cutoff 2% ;, could be
lower than b, and for this reason, exports are zero. The positive effect of z,,;,, on the cutoff
2 i 18 such that the standard has an effect of ¢rade creation. By allowing the production of

firms that have higher-quality and are more expensive, the standards facilitate exports and,

28The objective is to study how the standards interact with trade openness. Political economy considera-
tions are beyond the purpose of this paper.
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thus, can allow for positive trade flows across two countries.?

The relationship between trade and the optimal minimum quality standard can be sum-

marized by the following proposition:

Proposition 4. The optimal standard under trade s larger than the standard in autarky.

Furthermore, the optimal standard increases with trade costs.

I use numerical methods to illustrate the proposition in Figure 9 of the appendix. This
result is due to the fact that under trade, the average quality is lower than in autarky. As
only low-quality firms are able to export, labor is reallocated from high-quality firms to low-
quality firms, exacerbating the distortion solved by the minimum quality standard. Hence,
trade calls for a higher optimal standard. Even though the standard is higher under trade
than in autarky, a reduction in trade costs is associated with a reduction in the optimal
level of the standard. One of the benefits of the minimum quality standard is to promote
the exports of some higher-quality firms. This benefit becomes less important when trade
costs fall, since this allows some high-quality firms to begin exporting. Thus, the optimal

standard declines.

3.3 Trade and Quality Certifications

In this section, I consider the effects of certifications in the context of trade. I restrict the
attention to the case in which only domestic firms can apply for the certification. Hence,
home firms can apply to the home certification and foreign firms can apply to the (identical)
foreign certification. This is reflective of environments in which there are implicit barriers
for exporters, which could be due to lack of knowledge of the certification agency of the
destination or other impediments (see, for instance, Iodice (2020)).

Leaving the derivations to Appendix 5.4.4, the relationship between quality certifications

and trade are summarized in the following proposition:

29Tn Figure 9 of the appendix, I plot the optimal level of the minimum quality standard under trade and
find that trade occurs even at levels of trade costs, such that in the original market allocation no exports
were concluded (see Panel (b) of Figure 3 for 7 > 1.4).
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Proposition 5. The optimal level of the quality certification is lower with trade than in

autarky, and it exhibits a V-shaped relationship with respect to trade costs.

I illustrate the proposition using numerical methods in Figure 10 of the appendix, I plot
the optimal level of z,, relative to its corresponding value in autarky, against the level of
trade costs 7. Recall that the optimal z, is low enough to incentivize medium-quality firms
to distinguish themselves from low-quality firms by paying the fixed cost of certification. As
trade forces some medium-quality firms out of the market, the optimal z, declines as well to
a lower value than autarky.

Let us now discuss the fact that the optimal z, exhibits a V-shaped relationship with
respect to trade costs. Starting from high levels of trade costs, a reduction in trade costs
also reduces the optimal z,. This is due to the fact that lower 7 forces some medium-quality
firms out of the market, and the optimal certification allows medium-quality firms to pay for
the fixed cost of certification. In contrast, starting from low levels of trade costs, a further
reduction in them increases the optimal z,. This is because, at low levels of trade costs, only
low-quality firms are able to survive in the market allocation. As a result, the objective of
the certification standard z, is to promote entry of higher-quality firms, which is possible

only with higher values of the standard.

4 Conclusions

This paper presents a model of heterogeneous firms in which product quality is known to
producers and unknown to consumers. By the well-known adverse selection mechanism,
low-quality firms are the only firms able to sell their products in the market allocation. In
addition to that, I show that adverse selection affects export selection, as only low-quality
firms are able to export.

The paper shows that two common instruments can partially address the negative ex-

ternality: minimum quality standards force out of the market the low-quality firms, and
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quality certifications allow the entry of high-quality firms. Although the two instruments
can improve welfare in autarky and under trade, their effects differ depending on the level
of trade costs. Lower trade costs call for lower minimum quality standards, but they can
increase or decrease the optimal level of the certification threshold. These results have a clear
implication for policy makers, as in modern trade agreement reductions in trade costs are

often accompanied by changes in the restrictiveness of product regulations and standards.
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5 Appendix

5.1 Closed Economy
5.1.1 Information Asymmetries

In this section, I derive the ex-post utility of consumers and other equilibrium objects in the
case of the closed economy model with asymmetric information. In contrast to the benchmark
case, to evaluate the ex-post utility requires the derivation of the mass of entrants M. To

derive that, let us consider the market clearing condition. First, firm revenues equal:

r(z) =of <%ka>(a_l)a (27)

Market clearing implies that the mass of firms equals:

L

M=—
foR(b, zf)

(28)

where R(b, z},) is proportional to the expected revenues, and is defined as:

R = [ i (Z—*)(U_l)agwdz (29)

z

From the cutoff condition (11), the price index equals:

P = ) (30)
Hence, the ex-post utility (9) becomes:
U = s 0 | D) (] Tl e
L(c — 1)1 b )
- LU(—‘;‘”HH %] (32




where

0z =) = / 500 () (33)

Notice that the average quality Zz;, does not enter the welfare equation since it does not
affect the demand for an individual variety, as previously discussed. Furthermore, in the
ex-post utility, quantity of each variety is weighted by the variety specific quality instead of

the average quality.

5.2 Minimum Quality Standard

In this section, I show the derivations for the effects of minimum quality standards in the

closed economy model. The ex-post utility of the representative consumer can be written as:

o

1 ot o—1
Le=1(oc —1 * oc—1)a U Zmins Z:nm
er—post = L( 1 )(zmzn)( b ( )] (34)
0'0—1 fo'—l

where z7 . is the quality cutoff under a minimum quality standard. Under a Pareto dis-
tribution for quality, with shape parameter x and shift parameter b, the functions J(z, z*),

R(z, 2*), and U(z, z*), defined in (13), (29), and (33) become:

R( *) B é K # Z_* (c—1)a - Z_* —K (36>

2207 z) k+(c—1Da |\ z z

~ Kb (e=1) (e=1)

U 2, 2*) = Z—f{—l—T(l—aJ) — (2* —kt—~(l-a0) 37
=)= T o E (") | (37)

First, for a given z,,;, and the parameters, I find the equilibrium cutoft 2}, by solving
*ins 1 can compute Uey_post (34).
1 l-a
(U—l)"*lL:| T pl-a [ flo—1)(1—a) "
o f fe(—(c—1)(1-a)) ’

the free entry condition (12). Second, given z

Under perfect information, the utility equals: [



Figure 4: Minimum Quality Standard and Welfare
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The figure plots the value in the utility of the representative consumer (normalized to 1 for zy,;, = 1) for alternative parameter

values described in the figure. The main parameters used are: k =4, b= f = fgp = 1.
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The two figures plot the value in the utility of the representative consumer (normalized to 1 for 2z, = 1) for alternative

parameter values described in the figures. The main parameters used are: k =4, b= f = fp =1,and 0 =4

5.3 Quality Certification

In this section, I show the derivations for the analysis of the effects of quality certifications

in a closed economy. Firms with quality z € [b, z%,] without certification earn profits:

o (c—Da
Wia(z) = f —

z

1 (38)



Firms with quality z € [z, 2%,] pay the fixed cost K and earn profits:

mal2) = (f + K) <(—) - 1) (39)

For the clarity of this section, I focus here on the case in which z, > 2}, and leave the other
to the following Appendix 5.3.1.

Having defined the cutoffs, I can characterize the equilibrium equations of the model.
First, the zero expected profit condition, which defines the equilibrium values of the cutoffs

along with the ratio between (20) and (21), is:
FI, zi0) + (f + K)J (29, 25) = [ (40)

This condition shows the effects of the certification on the cutoff z?,. Consider the zero
expected profit conditions (40) and (12): since the function J(b, z},) is increasing in z7, and
J declines with the addition of the quality certification, 2, decreases. Hence, the quality

certification causes the exit of some medium-quality firms, as stated in section 2.4.

The average quality can be represented by the function z(z, z*):

*

Hex) = 2tz (41)

where the conditional pdf pu(z, z, z*) also depends on the bounds of integration, as it equals:

—g(f) = if 2 € [z, 27] (42
= 42

0 otherwise

K Zfﬁ+(0771) — (z* 7'{+(UTA) 7t
Z(z,2") = L_ =1 (‘ () >] (43)



Thus, we can change the notation and let z;, = 2(b, z};) and z» = Z(z,, z%). Taking the

ratio of the two cutoffs (21) and (20) yields:

25 (=D E(Zgazzt) o f
(_) :(zw,z;;)) I 4y

The mass of entrants equals:

L

M = 45
TR %) + (F + KB ) )

From the cutoff definitions, the price index equals:

_ _ 7(f+ K)
Pe 1 _ (*\(o=Da o (.f 46
ct (th) L(U . 1)0’712;*1 ( )
Finally, the ex-post utility becomes:
—1\° o1)? - oo1)? - s
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Figure 6: Certification Standard and Welfare
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5.3.1 Additional Sorting Cases

There are four sorting cases shown in figure 8:

L. If mia(2y) < mat(24) and 2z, < 2
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Thresholds for Certification

Figure 7: Certification Standard, Price Index and Selection
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we have the baseline case described above.

2. If mia(2y) < mat(zy) and 2z, < 2

then the set of firms that do not have the certification

a”?

is z € [b, z4] and the set of firms that do have the certification is z € [z, 2%]. In the

numerical exercises considered, this is the relevant outcome.

If mio(2g) > ma(2g), 24 < 25, and 2%, > 2, then the set of firms that do not have

a’

the certification is z € [b, 2} | and the set of firms that do have the certification is

z € [z}, 25], where 2}, is defined as

. (f+ K )(Z:t)(a;;a — f(z) e (48)

Both the formulation for the zero-profit condition and for the mass of firms change:

fj(bv gim Z;a) + (f + K)j(iw 20757 Z:t) = fE (49)



where J(z, Z, 2*) is defined as

J(2,2,27) = / <<%> o 1) g9(2)dz (50)

and Z;, is the cutoff quality for firms that do not have the certification, and the set of

firms that do have the certification is z € [Z,, Z.|. Similarly, the mass of firms equals:

| L. (51)
o(fR(, Zia, 73,) + (f + K)R(Zg, Zets 24)

where R(z, 2, 2*) is defined as:

Rzze - [ 2 (2—*)(”_”&9<z>dz (52

The other general equilibrium variables are computed the same way described above,

but using the appropriate limits of integration.

I mia(2y) < ma(z2y) and 2, < 27, then the set of firms that do not have the certification

a?
is 2 € {[b, 2}], [z, 23]} and the set of firms that do have the certification is z € [z}, 2}, ].
The other general equilibrium variables are computed the same way described above,

but using the appropriate limits of integration for the set of firms with no certification.



Figure 8: Quality Certification and Sorting

(a) 1. mia(2zg) < met(2g) and z4 < 27, (b) 2. mia(2g) < met(2g) and 24 < 27,

*
Zet

a

(d) 4. miq(zg) < Tet(zg) and 25, < 2

5.4 Trade
5.4.1 Perfect Information

Following the same structure of the closed economy model, I first briefly outline the outcomes
of trade in the presence of perfect information. I denote the destination with subscript

7 =D, X for domestic and export markets. The price of firm 2 in destination j is given by:

p(z) = 20 (53)

where 7p = 1 and 7x = 7. Firm profits equal:

Le =117 o
— J Z(U 1(1-a) f (54)
o7 P,

mi(z) =



Setting profits to zero yields the market quality cutoff z7:

O—UP1<_U (071;(1700
* pr l1—0
G\ To-ne (55)

We can express the export quality cutoff as a function of the domestic quality cutoft:

2y = zfﬂﬁ (56)
Since 7 > 1, only firms with high enough quality can export. The equilibrium cutoff is

pinned down by the zero expected profit condition:

oo (e—1)(1-a) ) (c—1)(1—)
f/zj{) ((%) B 1) 9(2)dz + f/z;( ((%) - 1) g(2)dz = fg  (57)

combined with the expression (56). Following the proof in Melitz (2003), I compare the
zero-profit condition under trade and under autarky. In autarky, the zero-profit condition

is:

) (c—1)(1—a)
I / ((2—) - 1) 9(2)dz = f (58)

By comparing (58) to (57), we can conclude that zj, > z7;, since the left-hand side of both

pi?
equations is declining in the cutoffs: trade selects out the lowest quality firms that were able

to survive under autarky:.

5.4.2 Information Asymmetries

In this section, I consider the derivations for the model with informational asymmetries and

two countries. Market clearing implies that the mass of firms equals:

M = ' (59)



From the cutoff condition (23), the price index equals:

Pyt = W(Z’D,m)( b (60)

Finally, the ex-post utility becomes:

o

Uea—post = (U . 1>0 Pt M (O, 250 + 7770, 250) )|

o

(61)

5.4.3 Minimum Quality Standard and Trade

To find the value of utility of the representative consumer under trade and a minimum quality

standard, it suffices to substitute z,,;, for b in (59), (60), and (61), to obtain:

L
M = 62
o R 7o) T Blomim 7)) (62)
O_U
Pt =T yee (63)

v Lo — 1)1

—-1\° ~ ~ -1
Uexfpost = (U ) Pa_l |:M <U(2mm7 Z*D,ia) + Tl_gU(zmina Z;{,ia)>:| 1 (64)

g

Figure 9: Trade and Minimum Quality Standard
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The figure plots the value of the optimal quality standard z,,;, normalized by the autarky optimal standard, equal in this
parametrization to 1.155. The optimal standard is evaluated at different values of the iceberg trade cost 7. Quality is
assumed to be Pareto distributed with shape parameter k = 4 and shift parameter b = 1. The main parameters used are:
L=f=fg=106=25,and o =0.3.
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5.4.4 Quality Certifications and Trade

In this section, I show the derivations for the effects of quality certifications in the model

with two countries. By solving the firm problem, and setting firm profits to zero, the quality

cutoffs for domestic sales (z},) and exports (z%) equal:

1
L -1 0'—1—(‘771 o-Da
Z*D — ( (U ) zul ) (65)

o° Pclt_”

2y = zfnfé (66)

where z;, is a weighted average of the average quality of domestic sales and exports:

G(z%)
G(zp) + G(2x)

z(b, z7)) + z(b, z%) (67)

Firms can also pay an extra fixed cost K, which guarantees that the quality level of the
product is above a certain level z,. Firms with z € [z,, 2] possess the certification and 2,

is implicitly defined as:

R N B
- (138)’ (725)

The zero expected profit condition, which defines the equilibrium values of the cutoffs

along with (44), is:
FUI(by 2p) + (b, 2x)) + (f + K) (2, 22) = e (69)

Hence, the introduction of a certification technology causes a reduction in the domestic
and export cutoffs: the certification causes a reduction in the quality sold domestically and
abroad if it is not under the certification umbrella. Substituting (68) and (66) into (69) and
solving the zero expected profit condition pins down the domestic cutoff and, in turn, the

other two cutoffs as well. Given the cutoffs, I can solve for the mass of entrants, price index,

11



and utility of consumers, which equal:

L

= S(F(R(.75) T B ) + (7 + K)R(z. 25) (70)
o—1 _ (. x\(oc—1a o-af
P = () (71)

(c-1)? ~

g (e-1% -
) {M[%" (U(b, zp) + 777U (b, 2%)) + 229, 25) = Ulzg, 254))]

c—1

o—1
er—post = Pct ( o

(72)

Figure 10: Trade and Certification
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Optimal zg for different values of 7. Quality is assumed to be Pareto distributed with shape parameter x = 4 and shift
parameter b = 1. The main parameters used are: L = f = fg =1, 0 = 2.5, « = 0.3, and K = 5.

5.4.5 Price Signaling

In this section, I present an extension to the baseline model in which firms are able to
imperfectly signal their quality to consumers with their prices. In particular, let zg(w)

denote the signaled level of quality for firm w. The ex-ante utility for consumers equal:

Vs ante = [ [ Gy e (73)

where 8 € [0,1]. The shifter applied to quantity g(w) is a Cobb-Douglas aggregation of the

average quality in the market Z;, and the quality signaled by a firm zs(w). If § = 1, price

12



signaling is absent, and the model reverts to the baseline one.

Solving the consumer problem yields the following demand function:
q(w) = P 2, (0) 0 p(w) =2 (74)

l1—0o -0
where P, = [ Loca <ﬂ> dw} is the price index.

zs(w)1=F

Firms have access to the following signaling technology:
z(w) = vp(w)’ (75)

where v and 6 are positive constants. This functional form is a short-hand for the separating
equilibrium discussed in the framework of Wolinsky (1983), in which each price signals a
unique quality level, and higher-quality firms charge higher prices. To ease the notation, I
set v = 1. Notice that this simplification does not affect the results, since v is a constant.

Substituting (75) in (74) yields:
g(w) = Py tp(w) 700 = prrip(w) (76)

where € = 0—60(1—)(0—1), and I restrict the parameter space so that e > 1. The presence of
a signaling technology allows high-quality firms to obtain a larger demand shifter. Since the
price affects both the demand shifter and the quantity demanded conditional on the demand
shifter, the result is that in the presence of signaling technology, the demand becomes less
elastic (€ < o). Hence, in the presence of asymmetric information and a signaling technology,
high-quality firms still sell lower quantities relative to low-quality firms, but the signaling
technology reduces such a difference. That the presence of price signaling makes demand less
elastic is a common feature of price signaling: see Jones and Hudson (1996) for a discussion.

Since the demand (76) is isomorphic to the demand in the baseline framework, it is

straightforward to derive the solution to the firm’s problem and the equilibrium equations

13



of the model. First, the optimal price charged by a firm with quality z equals:

p(2) = z

Substituting (77) into (75) yields:

zs(z)z[ ‘ rzae

e—1

Hence, the ratio of any two signaled qualities equals:

(77)

(78)

(79)

The parameter 6 controls the efficacy of the signaling technology. For § = 1/« the relative

quality signaled through prices is exactly equal to the actual quality of the firms. The profits

of a firm with quality z are given by:

Setting the profits equal to zero determines an upper cutoff for quality 27

. (L@—1y4)@im
“ia =\ T ploos
<P,

The equilibrium cutoff is pinned down by the zero expected profit condition:

25, * (e—1)a
i ((—) - 1) (=)= =

f‘](b7 z;lka) = fE

(80)

Notice that, in terms of equilibrium, this extension is isomorphic to the baseline model with

a lower elasticity of substitution o.
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Market clearing implies that the mass of firms equals:

L

M=
feRr(b, 2,)

(84)

where R(b, z},), as in the baseline model, equals:

R@wﬂzilf(f)glmg@mZ (85)

z

From the cutoff condition (81), the price index equals:

_ fe _
2% 1 _ *\ (e—1)a 86
ia L(E . 1)6,1 (Zw) ( )
Hence, the ex-post utility becomes:
1 ~ 751
Lo=T(e—1) _ U(b, zf)
Ue:v— ost — 1 : (e=Da e 87
post Eﬁfﬁ (zza> R(b, Z;'ka) ( )
where
Oz2) = [ D0l (a)as (85)

Minimum Quality Standard. Let us first consider how price signaling influences the
effects of minimum quality standards. As in the baseline mode, I consider a Pareto distri-
bution for quality, with shape parameter £ and shift parameter b. Even in the presence of
imperfect signaling, the minimum quality standard improves welfare. As shown in Panel (a)
of Figure 11, the hump-shaped relationship between welfare and standard persists at differ-
ent values of 5. A surprising result is that a stronger role for the price signaling technology
(lower () or a more effective price signaling technology (higher 6) is associated with a larger
positive effect of the minimum quality standard. This is due to the fact that in the presence
of price signaling, the increase in prices due to the standard has a less pronounced effect on

welfare, since demand is less elastic. A more restrictive standard has the negative welfare
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effect of increasing the average price because only higher-quality, higher-cost firms remain
in the market. With price signaling, the presence of higher prices signals higher quality and,

thus, the negative welfare effect of the standard is minimized.

Figure 11: Minimum Quality Standard and Price Signaling
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The first figure plots welfare (normalized by welfare under no minimum quality standard) for varying levels of the minimum

quality standard and different values of 8. The second figure plots the optimal minimum quality standard for different values
of 8 and the third figure for different values of 8. The main parameters used are: Kk =4, b= f = fp =1, « = 0.075, 0 = 3.2,
6 = 0.1. In Panel (b), # = 0.1. In Panel (c¢), 8 =0.5.

Quality Certification. The derivations for the case of quality certification are analogous
to the baseline model and are available upon request. As in the baseline model, a quality
certification can improve welfare in the presence of price signaling. Furthermore, the welfare
effects of the certification are larger in the absence of price signaling. In fact, price signaling
and quality certifications are substitutes: they allow a high-quality firm to sell larger quan-

tities relative to the case of asymmetric information. Hence, when price signaling is allowed,
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the welfare effects of quality certifications are diminished (see Figure 12).

Figure 12: Certification and Price Signaling
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The figure plots the value in the utility of the representative consumer (relative to the case of asymmetric information without
the option of certification) for alternative parameter values described in the figure. The main parameters used are: k = 4,
b=f=fg=1,a=03,0=250=0.1, and K = 5.

5.4.6 Changes in the Lower Bound of the Quality Distribution

In this section, I briefly show how changing the level of the lower bound of the quality distri-
bution b leaves the welfare effects of quality standard and certification standard unchanged.
The reason for that is that changes in b only affect the level of the quality distribution and
not the effects of changes in standards. To see this, consider welfare under a minimum qual-
ity standard. First, notice that the ex-post utility (34) does not directly depend on b, since
such term cancels out in the ratio between (37) and (36). However, b affects the level of
the quality cutoff, since it is a shifter on (35). In the zero-profit condition (12), this means
that changes in b affect the level of the quality cutoff for a given z,,;, but not the effects of
changes in z,,;, on z*. Hence, a higher level of b increases the utility but not how a minimum
quality standard or a certification can improve welfare.

In Panels (a) and (b) of Figure 13, I show the welfare effects of minimum quality standards
for different values of b. Panel (b) shows that higher levels of b are associated with higher
welfare, since the quality level is shifted upward. However, when I normalize welfare by its

value in the market allocation (with no minimum quality standard) in Panel (a), there are
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no differences in welfare effects for different values of b. In Panel (¢) and (d) I show the same

pattern for the case of quality certifications.

Figure 13: Welfare for Different Values of b
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Panel (a) and (c) plot welfare (normalized by welfare under no minimum quality standard or certification standard) for
varying levels of zmin (a) and zg (c), and different values of b. Panel (b) and (d) plot welfare with no normalization. The
main parameters used are: k =4, f = fgp =1, @ = 0.3, 0 = 4 for Panels (a) and (b) and k =4, f = fg =1, a =0.3, 0 = 2.5,

K =5 for Panels (¢) and (d).

5.4.7 Fixed Cost of Quality

In this section, I discuss how the main results of the closed economy model with asymmetric
information vary by introducing the assumption that firms pay a fixed cost which is a function
of quality. In particular, while in the baseline model the fixed cost f is independent of the
quality level, in this extension the fixed cost is fz°, with § > 0. The parameter § captures
the fixed cost elasticity with respect to quality. The firms with higher quality pay a higher

fixed cost is a feature of the model of Gaigné and Larue (2016a).
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The solution to the consumer and firm problem is identical to the baseline model, since
fixed costs do not affect the equality between marginal revenues and marginal costs that

determines the pricing equation. The profits of a firm with quality z equal:
Z—(U—l)a . fZ(S (89)

Setting profits to zero yields the quality cutoff 2} :

L — 1 o—1 5+(o‘171)o¢
Z:a = <u> (90)

o pl—o
07 Py

Hence, we can rewrite profits as:

The equilibrium value for 2}, is pinned down by the zero expected profit condition:

e [ ((—)H - (—)) o)z = fr (92

where z,,;, = bin the market allocation and the minimum quality standard in the presence of
government intervention. Under the Pareto assumption for the distribution of firm’s quality,

the zero expected profit condition becomes:

. (e—1)a . —K . -4 . —K
< Zia ) _ < Zia ) < Zia > _ ( Zia >
_ Zmin Zmin Zmin Zmin
Kby h (Z* )6

min ia Ii—i—(O’—l)O&

*
ia)

Given the equilibrium value for z,, I can compute the equilibrium value of the price index
using (90). Then, both the price index and the equilibrium cutoff can be used to compute
the utility of the representative consumer.

I examine the effects of a minimum quality standard using numerical methods as in the
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baseline model. Figure 14 shows that higher values of the elasticity of fixed costs with respect
to quality are associated with larger benefits of the minimum quality standard. If fixed costs
depend on quality, in the presence of asymmetric information, there is a tougher selection
on high-quality firms which not only have the highest prices but also the highest fixed costs.
Hence, the fixed costs exacerbate the adverse selection and, thus, magnify the welfare effects

of minimum quality standards.

Figure 14: Minimum Quality Standard and Welfare with Fixed Costs of Quality
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The figure plot the value of the utility of the representative consumer for different values of the minimum quality standard,
relative to the market allocation (when the standard equals b = 1.). The main parameters used are: 0 =4, a = 0.3, Kk = 4,
and L=b=f=fg=1

Examining the effects of quality certification sits uneasy with this extension because
introducing a fixed cost for certification K complicates the expression for the quality cutoff.
In order to have a tractable expression for the quality cutoff, one needs to assume that the
fixed cost for certification also depends on quality with the same elasticity of the fixed cost,
namely, the fixed cost paid by a firm with certification is (f + K)z°. Although this scenario
is implausible, it provides a conservative case for quality certification: even if certifications
are more expensive for higher quality firms, they can still improve welfare. Unsuprisingly,

in this case higher levels of the fixed cost elasticity o, which increase the fixed cost for the

highest quality firms, are associated with lower welfare gains (see Figure 15).
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Figure 15: Quality Certification and Welfare with Fixed Costs of Quality

1.002

Info

1.001

1

Welfare Rel. to Asymm
o o o
(e} [(e} [(e}
(&) [<e} [<e]
~ o ©

—0=0.2

0.996
4 5 6 7 8 9 10

Certification Standard Zg

The figure plot the value of the utility of the representative consumer for different values of the minimum quality standard,
relative to the market allocation (when the standard equals b = 1.). The main parameters used are: ¢ = 2.5, « = 0.3, Kk = 4,
and L=b=f=fg=1.
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