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Abstract
This paper assesses how cross-country differences in public mandatory food standards
affect trade, prices and product quality upgrading in the agri-food sector. We estimate
different gravity-type models that exploit the bilateral difference in maximum residue
limits (MRLs) over the period from 2005 to 2014 for 145 products across 59 countries.
Our findings show that cross-country differences in MRLs restrict trade. However,
conditional on trading, they increase product prices—even when we adjust prices for
quality—with null effects on estimated product quality. These effects are pronounced
for South–North trade but not for exports to the South.

Keywords: agricultural trade, trade margins, NTMs, maximum residue limits, product
quality

JEL classification: F14, Q17, Q18

1. Introduction

How standards affect bilateral trade flows is topical in the agricultural trade
literature. As many countries have reduced their use of tariffs and other quan-
titative restrictions, standard-like non-tariff measures (NTMs) have become
important alternative trade policy instruments. In agricultural markets, food
safety standards shape trade flows and determine who is successful in many
high-value export markets. As a result, they are often seen as non-tariff barri-
ers to trade, with different political economy implications (Swinnen, 2016).
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836 D.-D. D. Fiankor et al.

Unlike tariffs that operate as pure taxes on imports, standards affect both
imports and domestic production.1 Hence, they can have positive (negative)
effects on trade depending on whether their demand-enhancing effects, if any,
dominate (falls short of) their trade-cost effect (Xiong and Beghin, 2014).
Empirical findings depict standards as either catalysts or barriers to trade
(Disdier, Fontagné andMimouni, 2008; Maertens and Swinnen, 2009; Disdier
and Marette, 2010; Peterson et al., 2013; Curzi et al., 2018; Fiankor et al.,
2020). But they may also have no effects on trade (Xiong and Beghin, 2012;
Schuster and Maertens, 2015). Thus, despite the increasing number of empir-
ical studies, the effect of standards on agri-food trade remains ambiguous and
heterogeneous (Santeramo and Lamonaca, 2019).

A limitation in this literature is the almost exclusive focus on the direct trade
effects of standards while ignoring other welfare effects (Olper, 2016). For
example, in agricultural markets, standards address market failures (Beghin,
Maertens and Swinnen, 2015) and reduce the incidence of acute illnesses
among farmers (Asfaw, Mithöfer and Waibel, 2010). Standards are linked to
quality upgrading in the food industry (Gaigné and Larue, 2016), yet empirical
evidence is rather rare in the agricultural trade literature. With growing inter-
est, recent studies are either regional (Olper, Curzi and Pacca, 2014; Raimondi
et al., 2019) or use firm-level data for specific countries (Curzi et al., 2020;
Movchan, Shepotylo and Vakhitov, 2020). Moreover, the standards and trade
literature has failed to assess the existence and magnitude of any such qual-
ity upgrading effect of regulatory heterogeneity (i.e. different country-specific
standards for the same product) on trade.2 Our paper contributes to filling this
research gap.

In agriculture, chemical use is important to protect crops and enhance
yields. But, depending on exposure levels chemicals can pose unacceptable
health risks. As such, many governments and the Codex Alimentarius Com-
mission (Codex for short), have established maximum residue limits (MRLs)
to regulate their use. Besides, MRLs on chemicals substances (e.g. pesticides)
are becoming crucial in the debate on the environmental sustainability of food
systems. The use of chemical pesticides in agriculture contributes to pollu-
tion (soil, water and air) and biodiversity loss and can harm non-target plants,
insects and birds (European Union [EU] Commission, 2020). As a result, the
restrictiveness of this type of food standards can only increase in the near
future, calling for a better understanding of their trade and economic effects.3

1 To ensure consistency with the General Agreement on Tariffs and Trade (GATT) Article III on
national treatment, public regulations on food safety must apply to both imports and domes-
tic production. Nevertheless, importing countries imposing the standard may do so only when
domestic producers have achieved compliance or find it easier than foreign exporters to comply.
In which case, the standard will still be biased towards domestic production.

2 The first attempt ismade at the firm level by Fernandes, Ferro andWilson (2019) who proxy quality
with prices measured as unit values. But, as we will discuss later in the empirical framework,
prices may not proxy quality perfectly.

3 In the recent publication on ‘Farm to Fork Strategy’, the EU Commission announced the intro-
duction of new restrictive regulation on the use of pesticides with the aim to improve the
environmental sustainability of food systems.
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Trade, price and quality upgrading effects of agri-food standards 837

This paper assesses how differences in country-specific MRLs affect trade,
prices and product quality upgrading. We estimate unobserved product qual-
ity at the country–product–year level following Khandelwal, Schott and Wei
(2013).4 This approach follows the idea that conditional on price, a variety
imported in higher volumes is assigned higher quality. That is, if varieties of
a product from countries i1 and i2 sell at the same price p, the country that
offers a higher quality faces a higher demand from importing country j. To
achieve our objectives, we exploit the bilateral difference in the MRLs set by
59 countries for 145 agri-food products over the period from 2005 to 2014. In
doing so, we provide new insights into other welfare effects of MRLs, but also
further clarity on their direct trade effects.

Our empirical analyses are set within a product-level structural gravity
framework. Consistent with the heterogeneous firms literature (Melitz, 2003;
Helpman, Melitz and Rubinstein, 2008), we find that regulatory heterogeneity
hinders trade at the extensive and intensive margins and reduces conditional
export sales. In a second step, we show that conditional on exporting, stan-
dards increase product prices and quality-adjusted prices but have null effects
on estimated product quality. Hence, our paper decomposes for the first-time
observed product price changes induced by MRLs into quality and quality-
adjusted price components. We also explore the heterogeneity of these effects
across different trade routes. The trade-reducing and the price-raising effects
are strongest for South–North trade, followed by North–North trade, but do
not matter for exports to the South.

Our work extends the existing literature in three ways. First, using MRL
data to study the price and quality upgrading effects of standards adds to
existing works that measure standards using notifications to the World Trade
Organisation (WTO) on Sanitary and Phyto-Sanitary (SPS) measures (Curzi et
al., 2020; Movchan, Shepotylo and Vakhitov, 2020). Using these notifications
to construct frequency indices, coverage ratios or define standard dummies
have limitations (Peterson et al., 2013). For instance, these counts of noti-
fications (i) do not always allow the researcher to identify product-specific
regulations, (ii) are unilateral which makes it difficult to compare stringency
of standards between countries5 and (iii) only capture the prevalence of stan-
dards but fail to measure their strictness. Using MRL data, we overcome these
limitations. MRLs are continuous measures of relative stringency set on spe-
cific products and thus comparable across country pairs.6 For instance, if two

4 Quality is estimated as the residual from a demand-side ordinary least squares (OLS) regression
that controls for product characteristics, the elasticity of substitution between products and the
incomes and price indices of the importing countries. Quality is considered any attribute that
raises consumer demand other than price.

5 Indeed, MRLs are also country-specific measures and by construction do not have a bilateral
dimension. However, the stringency levels across country–pairs can be compared easily resulting
in a bilateral measure.

6 By focusing on MRLs, we provide precise estimates on the effects of a specific standard but lose
the generality of studies using counts of SPS notifications, which cover a broad range of policy
instruments. However, many notifications in these databases are also related to MRLs.
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countries i and j set an MRL of 0.01 and 0.50 parts per million (ppm), respec-
tively, on product k, then it is clear that standards in i are stricter than in j.
MRLs are also typical of most food quality standards and fundamental to both
public and private standards. The limits set for product–pesticide pairs also
vary across countries (see Table 1). Thus, another novelty of our paper is that
while the existing literature focuses on how unilateral measures imposed either
by the importer or the exporter affect product quality upgrading, we consider
a case where for the same product both countries set standards that differ from
each other.

Second, standards may be endogenous to trade volumes. A specific case
is made for MRLs in Shingal, Ehrich and Foletti (2020). But, many empiri-
cal exercises carried out within gravity-type models ignore the problem (e.g.
Tran, Wilson and Anders, 2012; Winchester et al., 2012; Arita, Beckman and
Mitchell, 2017; Kareem, Martínez-Zarzoso and Brümmer, 2018). Following
Baier and Bergstrand (2007), we minimise endogeneity concerns by includ-
ing in our estimations a host of country–product–time and country–pair fixed
effects. The latter are better measures of bilateral trade costs than the standard
set of bilateral varying gravity variables (Egger and Nigai, 2015; Agnosteva,
Anderson and Yotov, 2019). Our empirical estimates also show that failing
to control for this source of endogeneity overestimates the trade effects of
MRLs.

Third, many countries in the South are tropical and suffer from severe pest
and disease pressure. As such, the average effects we estimate across all coun-
tries may hide interesting heterogeneous effects. We explore how the estimated
effects vary across different trade routes, i.e. South–South, North–North,
South–North and North–South. There is limited evidence on trade route-
specific effects of standards. Known exceptions include Disdier, Fontagné and
Cadot (2015) who considers only South–South and North–South trade and
Xiong and Beghin (2014) who consider only South–North and North–North
trade. We consider all four trade routes (see also Ferro, Otsuki and Wilson,
2015; Santeramo and Lamonaca, 2019).

The rest of the paper proceeds as follows. Section 2 reviews the related
literature. Section 3 discusses the different pathways through which MRLs
may affect trade, product prices and product quality upgrading and highlights
the necessary theoretical predictions needed to interpret our empirical findings.
In Section 4, we discuss our empirical strategy and describe in detail how
we measure our dependent variables. A detailed description of the data is in
Section 5. We present our results in Section 6. Section 7 discusses our main
findings and offers policy recommendations. Section 8 concludes.

2. Literature review

In this section, we review the empirical literature on MRLs and agricultural
trade with a focus on studies that use the gravity model. Our review covers
the various indices that have been used in the literature to measure regulatory
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840 D.-D. D. Fiankor et al.

heterogeneity of MRLs. We then review the standards and product quality-
upgrading literature.

The first group of studies on the MRL-trade effect considers how importer-
specific MRLs affect imports from other countries. For example, Otsuki,
Wilson and Sewadeh (2001) estimate the effects of changes in aflatoxin stan-
dards on groundnut trade from 1989 to 1998. They find that a 10 per cent tighter
aflatoxin standard in Europe will reduce edible groundnut imports from Africa
by 11 per cent. A decade later, Xiong and Beghin (2012) use a theory consis-
tent version of the gravity model and find no evidence that EU MRLs reduce
groundnut exports from Africa. Tran, Wilson and Anders (2012) find negative
effects of chloramphenicol standards set by Canada, the EU15, Japan and the
USA on the probability of trade and the volume of trade for third countries.

The second group of studies compare standards in an importing country to
an international benchmark. In 2014, Li and Beghin proposed an exponential
aggregation index to quantify protectionism in NTMs. An importer’s MRL
is deemed protectionist if its stringency exceeds the corresponding science-
based limit established by the Codex. Since then many studies have used
the Li and Beghin (2014) index to assess how national MRLs relative to the
Codex affect trade. Xiong and Beghin (2014) find thatMRLs imposed by high-
income Organisation for Economic Co-operation and Development (OECD)
and developed countries enhance import demand but hinder foreign export sup-
ply. Kareem, Martínez-Zarzoso and Brümmer (2018) find that tomato—but
not lime, lemon and orange—exports from Africa are negatively affected by
EUMRL regulations. Curzi et al. (2018) find that EUMRLs affect in particular
imports from developing countries, while they facilitate EU exports.

The last group of studies measure relative stringency of MRLs between
countries. Winchester et al. (2012) define a dissimilarity index such that if
standards in the exporting country are stricter than those in the importer, the
index takes the value of zero. This reflects that the dissimilarity does not rep-
resent a barrier to the exporter. Their results show that stricter pesticide limits
for plant products in one country relative to other countries reduce exports
to the country maintaining the standard. Drogué and DeMaria (2012) con-
sider the specific case of apples and pears to show that differences in MRLs
between countries can hinder trade. They used a similarity index, first proposed
by Vigani, Raimondi and Olper (2012), defined as a distance associated with
Pearson’s correlation coefficient. In Ferro, Otsuki andWilson (2015), country-
level restrictive MRLs decrease trade at the extensive margin, but often do not
affect the intensive margin. Their bilateral asymmetry measure simply nor-
malises a country’s MRL regulation for a product–pesticide pair in year t to
be between 0 and 1 relative to the maximum and minimum MRLs for that
same product–pesticide pair in all other countries. In a follow-up application
of the index using firm data, Fernandes, Ferro and Wilson (2019) find that an
increase in the stringency of importer standards, relative to the exporter, low-
ers firms’ probability of exporting, deters exporters from entering newmarkets,
and induces market exit. Hejazi, Grant and Peterson (2018) adapted the Li and
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Trade, price and quality upgrading effects of agri-food standards 841

Beghin (2014) exponential index to measure standards relative to other coun-
tries that set their own MRLs. Their results suggest significant reductions in
bilateral fresh fruit and vegetable trade.

On the effects of standards on product quality-upgrading, very few stud-
ies exist in the agricultural trade literature. With increasing interest, recent
studies focus on the EU or use firm-level data for specific countries. Olper,
Curzi and Pacca (2014) investigate the relationship between the diffusion of
EU standards and product quality upgrading in the food industry. They repli-
cate the procedure in Khandelwal (2010) to estimate quality and show that
the diffusion of EU voluntary standards boosts the rate of quality upgrading.
Using a dataset of EU geographical indications (GIs), Raimondi et al. (2019)
find that GIs increase export prices. This is consistent with the idea that con-
sumers perceive GI products as higher quality. But, using prices as a proxy
for quality, Fernandes, Ferro and Wilson (2019) find a negative but statisti-
cally insignificant effect of MRL dissimilarity. This was contrary to their a
priori expectation that more stringent MRLs in the destination country will
lead to the import of higher quality products. Curzi et al. (2020) focus on
Peruvian firms and how specific trade concerns raised on NTMs affect their
product quality upgrading. They find that only the most restrictive standards
result in product quality upgrading. Movchan, Shepotylo and Vakhitov (2020)
introduce NTMs into a model with heterogeneous firms and test their model
predictions on food-processing firms in Ukraine from 2008 to 2013. More
regulations on inputs in upstream industries lead to exports of higher quality
products while mandatory certifications affect quality negatively. Both Curzi
et al. (2020) and Movchan, Shepotylo and Vakhitov (2020) measure quality
following Khandelwal, Schott and Wei (2013). Except for Fernandes, Ferro
and Wilson (2019), all these studies focus on country-specific standards and
do not consider regulatory heterogeneity between countries.

3. Conceptual and theoretical discussion

3.1. Maximum residue limits and trade

Following Krugman (1980) more recent theoretical models (e.g. Melitz, 2003;
Helpman, Melitz and Rubinstein, 2008) have incorporated firm heterogeneity
to show that productivity differences across firms are an additional source of
comparative advantage. The theoretical predictions of these models imply that
the introduction of a food safety standard imposes extra costs that affect trade at
the intensive and extensive margins.7 The fixed cost component of the standard
is expected to affect mainly the extensive margin since only productive firms
that meet the fixed costs imposed by the standard would export. As predicted
by the Abel-Koch (2013) model, this prohibitive nature of fixed costs will lead
to zero trade between some country pairs. The variable cost component would
affect both extensive and intensive trade margins. When variable costs are low,

7 Note that in the Krugman (1980) model, all export variations are on the intensive margin because
all firms export to all destinations.
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842 D.-D. D. Fiankor et al.

each exporting firm exports more (i.e. the intensive margin) and new firms
enter the market (i.e. the extensive margin), and vice versa. Thus, while we
expect public standards to reduce the extensive margin, their impact on the
intensive margin of trade is a priori ambiguous (Fontagne et al., 2015).

Focusing on MRLs as a product standard, there are different sources of
trade disruptions that can arise due to differing limits across countries. For
instance, farmers producing according to good agricultural practices (GAP)
approved for their domestic market—whether that is a national standard or
the Codex—cannot be sure that their GAP compliant and domestically legal
products will be granted access to other countries (Yeung et al., 2018). This is
because different countries set national residue limits with varying stringencies
for same product–pesticide pairs (see Table 1). To guarantee market access,
producers incur information costs to acquaint themselves with standards in
their target markets. Depending on how dissimilar standards are between coun-
tries, producers will have to invest in improved infrastructure, research and
development, use higher-quality inputs, or change freight modes. The asso-
ciated costs can increase remarkably depending on how many markets the
producers intend to export to or how often the destination country changes
their tolerance levels.

The number of MRLs regulated also varies across countries. What happens
when an MRL is missing from a national list. For example, in 2014, Canada
had no established residue limits for Bifenthrin and Endosulfan use in tea pro-
duction (Table 1). In such cases, does the importer have a default tolerance
level that applies, or does the importing country reject shipments that contain
these residues (Yeung et al., 2018)? Such a lack of transparency increases the
cost of trading; even more so for developing country producers because they
are mainly located in tropical areas with high pest and disease pressure and
have weaker institutional capacities to set standards. Nevertheless, developed
countries are not spared the trade effects of regulatory heterogeneity. Ameri-
can exports of pears and apples to the EU declined when the EU introduced
lower standards for chemicals applied to preserve their appearance in 2008
(Hejazi, Grant and Peterson, 2018).

To meet stricter importing country MRLs, producers face sunk costs and
higher marginal costs. As a result, we expect differences across national
residue limits to affect both trade margins. The introduction of a new limit
on a particular pesticide or the tightening of an existing limit will impose extra
costs for producers, especially in countries where existing public regulations
are weak. This includes fixed costs of investing in new production techniques
or adjustments to existing ones. Only firms with productive capacities to over-
come this fixed cost will export to the market imposing the standard. Thus, in
line with the predictions of the heterogeneous firm literature, we expect stricter
MRLs to affect the extensive margin and induce market exit. The standard will
also impose higher variable costs (e.g. costly inputs, recurrent costs of quality
control and product testing), which will affect export volumes and varieties to
the product-destination market maintaining the stricter standard.
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Trade, price and quality upgrading effects of agri-food standards 843

3.2. Maximum residue limits, product quality and prices

3.2.1. Standards, competition and product quality
Traditional theories of international trade neglect the existence of product
quality differences across countries, but extensions of the firm heterogene-
ity literature incorporate horizontal and vertical quality differentiation across
firms as a key driver of firms’ export performance (Hallak, 2006; Kugler and
Verhoogen, 2011; Crozet, Head and Mayer, 2012). Successful exporters use
higher-quality inputs and more skilled workers to produce higher-quality out-
put that sell at higher prices. Since standards define product characteristics and
specify a level of quality, they are features of differentiated product markets.

Standards may also affect product quality and prices through their effects
on industry structure. For instance, the theoretical model of Abel-Koch
(2013)—who considers the economic effects of NTMs in a Melitz (2003)
framework—predicts that standards reduce competition and product variety
in the destination market imposing the standard. Due to the increased pro-
duction costs—e.g. associated costs of meeting the standards in a target
importing country, or segregating crops for different markets—standards will
induce market-exit for lower quality firms. Surviving exporters may exploit
the reduced competition in this new market environment and pass on the extra
costs of production to consumers as higher product prices. But the investments
and quality improvements required to comply with stricter standards may be
rewarded with increased consumer willingness to pay a ‘quality premium’.
The theoretical literature on minimum quality standards offers further insights
into the underlining mechanisms. The models of Leland (1979) and Shapiro
(1983) suggest that standards will induce price increases due to the increased
costs of producing higher quality products. But there is a second possibility. By
excluding low-quality exports, standards may limit the scope for product qual-
ity differentiation, but instead, induce an increase in price competition. This
will occur if mandatory compliance with the public standard induces firms that
until the introduction of the standard were producing ‘low-quality’ to improve
their quality. In this case, the difference in quality between surviving firms
reduces after the introduction of the standard. This will cause an increase in
price competition and, as a consequence, a reduction in quality-adjusted prices.
This mechanism is consistent with the theoretical model of Ronnen (1991).

3.2.2. Maximum residue limits, trade and product quality
SPS measures, which are rife in the agri-food sector, are less about protecting
domestic producers and more about ensuring product quality and consumer
health (Murina and Nicita, 2017). Thus, the proliferation and the increasing
relevance of agri-food standards imply that farmers have to decide the quality
and not just the quantity they produce (Korinek, Melatos and Rau, 2008). As
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844 D.-D. D. Fiankor et al.

such recent work has extended the quality upgrading literature to the agri-food
sector (Curzi and Olper, 2012; Movchan, Shepotylo and Vakhitov, 2020). Fol-
lowing Fernandes, Ferro and Wilson (2019), we extend this nascent literature
to MRLs.

The level of residues in a food crop determines its quality in terms of pesti-
cide contamination. Thus, citrus fruit with a residue limit of 8 ppm of carbaryl
may be considered high quality in the USA, Canada, and by the Codex but
low quality in Vietnam, Japan and the EU (see Table 1).8 Food crops that are
produced under strict MRLs may indicate a higher level of sophistication of
the production process and, hence, higher product quality.9 Theoretical mod-
els (see, e.g. Kugler and Verhoogen, 2011) typically treat product quality as
an outcome of conscious investment decisions. This is true also for agricul-
tural production where standards can be seen as a ban on cheaper technology
(Vandemoortele and Deconinck, 2014). To meet the higher quality levels
imposed by stricterMRLs, farmers need to upgrade their farm-level production
technologies to include inter alia expensive inputs and specialised human cap-
ital. For instance, they must avoid using some pesticides completely and deter-
mine correct pre-harvest intervals. Thus, meeting importer-specific MRLs
will reduce information asymmetries, which in turn enhance quality claims
(Fernandes, Ferro and Wilson, 2019).10 The differences in MRL regula-
tions across destination markets will also affect the final marketing options
for producers and may lead to a redistribution of market shares among sur-
viving exporters in certain sectors. For instance, Gaigné and Larue (2016)
are theoretical model studies how restrictive (quality) standards affect firms’
export behaviour and market structure. Introducing vertical differentiation in
a firm heterogeneity trade model, they show that as quality standards prolif-
erate, some domestic and foreign firms will exit the market, which leads to
reallocation of market shares towards more productive firms.

Yet, unlike the effect on trade, theoretical expectations on the effects of
standards on quality and (quality-adjusted) prices are less definite and often

8 The 8-ppm limit falls below the maximum allowable limit required in the USA, Canada and the
Codex but falls above the maximum allowable range in Vietnam, Japan and the EU.

9 Whether these differences in residue limits across countries imply higher food safety and bet-
ter health outcomes is contested. Winter and Jara (2015) argue that divergence in limits across
countries does not necessarily lead to improvements in food safety. Handford, Elliott and Camp-
bell (2015) also argue that because agricultural and food safety policies diverge across countries,
MRLs will differ for different pesticides and markets although these limits are still safe. Chemical
use is core to agricultural production but their use must be regulated. However, the standard set
by the public regulator may be stricter than needed to counteract the externality, thereby disguis-
ing protectionist intents (Fischer and Serra, 2000). Winter and Jara (2015) argue that this is the
case for MRLs as violative residue limits are rarely of health significance.

10 Consider the case of producers adopting higher importing country standards. This helps them
to counter claims about the poor product quality that are typically associated with firms in their
geographical locations (Fiankor, Martínez-Zarzoso and Brümmer, 2019). For example, through
third-party certifications, suppliers must document their agricultural practices (e.g. how much,
and which pesticide was applied and when), which serve as useful documentation to debunk
claims of inferior quality by importers. Thus, even for producers in developing countries stan-
dards increase the credibility of their quality claims (Hatanaka, Bain and Busch, 2006; Fiankor,
Martínez-Zarzoso and Brümmer, 2019).
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ambiguous (Fontagne et al., 2015; Curzi et al., 2020). So, even though MRLs
are fundamental to both public and private food standards, the extent to which
consumers respond to them as a quality indicator is an empirical question.

4. Empirical framework

We study the standards, trade, price and quality relationship using structural
gravity-type models. The gravity equation—one of the most successful empir-
ical relationships in international economics—relates bilateral trade between
exporting and importing countries to bilateral trade costs and exporting and
importing country characteristics. In this section, we specify our econometric
model and describe the different measures of the dependent variable.

4.1. Econometric specification and identification strategy

Our benchmark estimation model is the following product-level gravity
equation, wherein we model bilateral trade costs as a constant elasticity of
substitution (CES) function of the product and time-varying country–pair
difference in MRLs (MRLijkt) and tariffs (Tariffijkt):

lnXijkt = ψikt +λjkt +αij +β1MRLijkt +β2ln(1+ Tariffijkt)+ εijkt (1)

where i is the exporting country, j is the importing country, k is the product and
t is time. Our parsimonious specification includes a host of exporter-product-
time (ψikt), importer-product-time (λjkt) and exporter-importer (αij) fixed
effects. These fixed effects control for all country and product-specific time-
varying effects (e.g. production, expenditure, incomes, population and other
country-specific variables) and country–pair-specific time-invariant effects
(e.g. bilateral distance, common language and contiguity). Hence, in princi-
ple, our model can only identify the effect of variables that are country–pair
varying over time. Since these fixed effects eliminate many confounding fac-
tors as possible, we are confident our estimation captures a pure trade cost
effect. In line with the structural gravity literature, ψikt and λjkt also control
for multilateral resistance (Anderson and van Wincoop, 2003). εijkt is the error
term, which we cluster at the country pair–product level. We are primarily
interested in β1, which reflects the effect of differences in product-specific
MRLs between countries on different measures of trade, prices and quality.
The inclusion of αij implies that identification of β1 is achieved from changes
in bilateral differences in MRLs over time.

4.2. Definitions of the different measures of Xijkt

The dependent variable in equation (1) varies depending on the specific
research question. It represents for each importer-exporter-product-time: the
(i) extensive margin (ii) intensive margin (iii) product of both trade margins
(iv) value of trade conditional on exports (v) import prices expressed as unit
values (vi) quality and (vii) quality-adjusted prices. Here, we discuss these
different measures.
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846 D.-D. D. Fiankor et al.

5. Measures of the intensive and extensive trade margins

Although now armed with solid micro-foundations, estimating conventional
gravity equations with total trade flows as the dependent variable may be mis-
leading if the extensive and intensive trade margins respond differently to trade
costs (Feenstra and Ma, 2014). Some studies in the literature have accounted
for both trade margins using mainly the Heckman two-step procedure. How-
ever, this suffers two limitations; the incidental parameter problems of the first
stage Probit equation in panel data contexts and the fact that the procedure
only works well in bilateral trade equations when true exclusion restrictions
exist (Helpman, Melitz and Rubinstein, 2008). Others have also used direct
approaches to decompose the impact of trade policies on the extensive and
intensive trade margins. These include measures such as the number of prod-
ucts exported within a certain industry, counts of categories that exceed a
certain size, or exports concentration indices (see, e.g. Cadot, Carrere and
Strauss-Kahn, 2011; Persson and Wilhelmsson, 2016). These simple counts,
although transparent, are limited by the assumption that all products have the
same economic weight.

Following Feenstra and Kee (2008), we use a theoretically founded decom-
position of overall trade into the extensive and intensive margins considering
the economic weight of the products. This measure is very similar to a count of
the exported varieties within a certain industry, but appropriately weights cate-
gories of goods by their overall importance in exports to an importing country.
The extensive margin (EMijkt) is the fraction of all products k exported from
country i to country j, where each product is weighted by the importance of
that product in total exports to j in year t. The intensive margin (IMijkt) is the
bilateral trade flow from i to j relative to the average world export to j in the
same product category. The product of the two margins equals the ratio of
exports from i to j relative to country j’s total imports, i.e. it measures the rel-
ative export performance of each exporter in sector k of the importing country
in year t. We move to Appendix A, the detailed description of the methodol-
ogy used to measure both trade margins. As a fourth measure of the dependent
variable, we consider the absolute value of exports of product k from country
i to j in year t.

6. Measures of price, quality and quality-adjusted price

The final bit of our analyses relates the differences in national standards to
prices and quality of imports. Critical to this part of the analyses is how
we measure unobservable ‘product quality’. It is standard in the agricul-
tural trade literature to use prices (measured as unit values) to proxy quality
(Fernandes, Ferro and Wilson, 2019; Bojnec and Fertő, 2017). For each
HS6 digit product k, the bilateral trade data records the total nominal value
of imports in US dollars from a given exporter, as well as the quantity in
tons. Taking the ratio of trade values and trade quantities, we obtain so-called
unit values, i.e. pijkt = vijkt/qijkt. Information on unit values can be particularly
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noisy because the trade data may contain measurement errors at the disag-
gregated product level. Noise in the price data would also affect our quality
estimates. To deal with potential outliers in the price and quality estimations,
we exclude extreme unit values within the 1st and 99th percentiles. We also
drop annual growth rates within the 1st and 99th percentiles. Finally, we drop
the estimated quality values within the 5th and 95th percentiles. This data
cleaning procedure eliminates 3 per cent of our observations. While unit val-
ues are available for a wide range of products and countries, they may not be
precise proxies for quality. Prices may also reflect higher production costs,
exchange rates or market power. Our approach follows Khandelwal, Schott
and Wei (2013) and recovers quality directly from observed trade data.11 The
intuition behind the Khandelwal, Schott and Wei (2013) approach is sim-
ple: conditional on prices, varieties with higher quantities (market shares) are
assigned higher quality.12 We assume quality is any attribute that raises con-
sumer demand other than price. After estimating quality q̂ijkt, we obtain the
quality-adjusted price component as the observed log prices less estimated
quality, i.e. lnp̂ijkt = lnpijkt − lnq̂ijkt. That is the difference in product prices
for the same level of quality. See Appendix B for a detailed description of the
quality estimation procedure.

As an initial exploratory analysis, we plot the Epanechnikov kernel density
estimates of our quality estimates and unit values for the first and last years of
our panel.13 The results presented in Figure 1 reveal that the average quality
and price of imports increased over the study period. Compared with prices,
the average quality did not change by much. The extent to which this is driven
by cross-country and product differences in MRLs over time is one goal of this
paper.

6.1. Estimation procedure

We estimate the benchmark model in equation (1) using OLS.14 Aggregating
the unit of analysis from theHS6 to the HS2 digit level allows for enough varia-
tion in our dataset to compute the trademargins. And because the trademargins
are defined conditional on trade, there are no zeroes in the trade matrix. Also,
zero-value traded products do not have a price and are excluded from the price
and quality estimations. To control for heteroskedasticity, we compute robust

11 While this method was originally applied at the firm–product–country–year level, subsequent
applications have also been done at the product–country–year level, see e.g. Curzi and Pacca
(2015), Breinlich, Dhingra and Ottaviano (2016). The limitation, however, is that different produc-
ers or firms may produce different qualities. Lack of farm/firm level trade data implies that our
quality estimates reflect the average quality of exports from a country in a specific product.

12 For instance, suppose bananas from Ecuador and Colombia are equally priced, but Colombia’s
market share in destination market j is 20per cent and Ecuador’s is 10per cent, the quality esti-
mate for Colombia will be higher. If bananas from Colombia were more expensive, then we
would need to control for the price difference and this would reduce the quality estimate for
Colombia.

13 Here, we include only importer-product pairs that are present in both 2005 and 2014. We compare
prices over time by regressing the log of unit values on country–product fixed effects before
plotting the residuals.

14 To deal with the high-dimensional fixed effects in our model specifications, we use the user-
written commands reghdfe and ppmlhdfe of Correia (2016) in Stata.
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Fig. 1. Distribution of prices and estimated product quality of imports. (a) Prices (unit values). (b)
Estimated product quality.

standard errors clustered at the importer-exporter-product level. For analysing
observed trade values, controls for zeroes are important to avoid sample selec-
tion bias. Eighty-four per cent of our observed trade values at the HS6 digit
level are zeroes. In this case, we use the Poisson-pseudo-maximum likelihood
(PPML) estimator (Santos Silva and Tenreyro, 2006). This estimator’s log-
linear objective function allows us to specify equation (1) in its multiplicative
form without log-transforming the dependent variable and accounts for het-
eroskedasticity. In all cases, we exclude singletons because maintaining them
in linear regressions where fixed effects are nested within clusters might lead
to incorrect inferences (Correia, 2016).

The endogeneity of the standards–trade relationship is established, yet
few studies address it empirically. Our approach improves upon the exist-
ing empirical strategy. Including the complete set of three-way fixed effects
in equation (1) minimises endogeneity concerns arising from omitted vari-
able biases, selection and initial conditions (Baier and Bergstrand, 2007).
The dyadic fixed effects (αij) control for the unobserved heterogeneity that
is specific to each trade flow, e.g. time-invariant observed and unobserved
factors that drive both changes in MRLijkt and bilateral trade. This is impor-
tant especially in cases where standards are set for political economy reasons;
e.g. countries are more likely to set stringent standards to protect domestic
sectors in which they face competition from cheaper imports. The country–
product–time fixed effects capture (un)observable time-variant and invariant
country-specific and product effects such as domestic institutions, compara-
tive advantages, production and consumption patterns whose exclusion may
bias β1.

7. Data

MRLs are the highest level of a pesticide residue that is legally tolerated in
or on food or feed when pesticides are applied correctly. To protect con-
sumers from adverse health risks, governments set MRLs measured in ppm
on pesticides and veterinary drugs. Each MRL addresses a specific substance
(i.e. pesticides, fertilisers or certain chemicals) in a specific commodity in a
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specific country. They are mandatory regulations that condition market access.
Non-compliance can lead to export rejections or complete import bans. As an
international benchmark, the Codex sets MRLs that are considered in many
studies (e.g. Li and Beghin, 2014; Curzi et al., 2018) as the social optimum.
However, the WTO agreement on SPS measures allows countries to deviate
from this benchmark in the presence of scientific evidence based on risk assess-
ments. Countries take advantage of this provision to set their own national
MRLs. In some cases, the differences in the limits set across countries can be
minor, but often, they vary substantially (Table 1). We show in Figure 2 the
averageMRL values set by different country groups across all products. Devel-
oped countries in the North set very stringent standards, relative to developing
countries in the South. Of the countries in the North, the EU especially sets
very low MRL values. These findings are expected; developing countries are
usually standard-takers. MRLs have also become stricter over time. Across all
country groups, established residue limits were higher in 2005 compared with
2014. This is further confirmed in Figure A1, which also shows substantial
variation in MRLs across countries over the sample period. In our empirical
analysis, we exploit these variations in MRLs across countries and products
over time as a predictor of trade flows, product prices and estimated product
quality.

Due to data availability, the MRL dataset we use covers the period from
2005 to 2014 for 59 countries and 145 agri-food products identified at the HS6

Fig. 2. Average MRLs by importing country groups in 2005 and 2014.
Source: Homologa database.Notes: Values are the averagemaximum residue limits set by the importing
country in year t. An MRL value of 0 is the strictest. The values for the EU are the average across all
EU Member States in 2005, but the harmonised value for the EU in 2014. The North is defined as
all countries classified as high income by the World Bank income classifications, including the EU
Member States.
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digit level. We match the MRL data with HS6 digit trade data from United
Nations (UN) Comtrade. The products include six-digit HS products under
the following two-digit HS groups: HS07–10, HS12, HS14, HS17 and HS18
(Table A1). The sample of importers and exporters includes all countries that
establish an MRL and are captured in the Homologa database (Table A2).
However, our empirical analysis includes only countries that are present for
more than half of the length of the panel. Thus, countries of the Gulf Coopera-
tion Council are dropped since they only begin to appear in the dataset in 2012.
There are differences in the MRLs for the EU Member States because until
2009 they set country-specificMRLs. Countries are heterogeneous in the prod-
ucts and pesticides they regulate. For products, this ranges from an average of
70 in Indonesia and Mexico to 128 in the USA and for pesticides a minimum
of 66 in Thailand to a maximum of 758 in the Netherlands (Table A3).

For the empirical analysis, we encounter missing MRLs for some country–
product–pesticide pairs. To deal with these cases, we follow established
procedures in the literature. First, we replace them with default values where
available, e.g. the EU sets a default value of 0.01 ppm. Second, many coun-
tries defer to Codex standards when no national MRLs are set for a given
product–pesticide pair. See Table A4 for a list of country-specific deferral poli-
cies. If we still have cases of missing MRLs, we replace them with the least
restrictiveMRL value across all country–product–pesticide pairs in the sample
(see also Drogué and DeMaria, 2012; Ferro, Otsuki and Wilson, 2015;
Fernandes, Ferro and Wilson, 2019). To clarify the third step, let us revisit
Table 1. In 2014, China had no limits established for Chlorpyrifos use in
banana production. If it were the case that China has no established defer-
ral policies, we would replace the missing MRL with the least restrictive MRL
value across all countries in the sample for that particular product–pesticide
pair—which in this case is 3 ppm. This last step is necessary because replacing
missingMRLs with 0 implies that a particular chemical is banned in a country.
Dropping missing country-specific chemicals will also make it impossible to
compute a dissimilarity index for country pairs in which one regulates a chem-
ical and the other does not. Limiting our data to only chemicals regulated in all
countries would also imply erroneously that exporters can enter an importing
country without complying with regulations on a chemical that is regulated in
the importing country but not in the exporting country.15

Finally, to allow us to compare the stringency in standards across coun-
try and products over time, we need to compute a measure of bilateral

15 Our original dataset after cleaning (identifying HS6 digit products and manually detecting and
correcting redundancies i.e. different names for the same products) was a sample of 23,232,790
observations on pesticides, products and countries. Out of these number 10,081,121 (i.e. 43per
cent) were missing values. We then replaced countries with default MRL values, deferral policies
and the Codex standards. This step replaced 3,517,363 (15per cent) of the missing values. The
remaining 28per cent (i.e. 6,563,758) were replaced by the least stringentMRL across all country–
product–pesticide pairs. After these steps, the dataset is then collapsed to the HS6 digit product
level.
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asymmetry.16 We adapt the non-linear exponential index of Li and Beghin
(2014) at the product level as follows:

MRLijkt =
1

Npk

∑
pεNk

exp

(
MRLikpt −MRLjkpt

MRLikpt

) (2)

where i is the exporting country, j is the importing country, k is the product,
t is time and p is the pesticide. MRLikt and MRLjkt are the average product
and time-varying MRL set by i and j, respectively. MRLijkt is the product and
time-varying bilateral difference in MRL stringency between country pairs.
The index is unit free, invariant to scale since we measure the MRLs for both
countries in the same units, and the exponential function imposes increasing
marginal difficulty of attaining stricter standards. For further details on the
properties of the index, see Li and Beghin (2014). The original Li and Beghin
(2014) index is calculated relative to the Codex. To fit our purpose, we adapt
their specification following Hejazi, Grant and Peterson (2018) to measure
standards relative to other countries that set their ownMRLs. Where our index
differs from Hejazi, Grant and Peterson (2018) is the time dimension of our
index.

Equation (2) yields an index of the domain [0, e≈ 2.718]. It is normalised
at 1 when the importing and exporting countries set the same standards. It
approaches its upper limit when the importing country sets a much stricter
standard than the exporting country, and vice versa. The index in equation (2)
is an improvement on Li and Beghin (2014) in three ways (see also Hejazi,
Grant and Peterson, 2018): (i) stricter importing country standards will not
necessarily be restrictive if the exporter faces an MRL at home that is stricter
than the level set by Codex or the importer, (ii) since Codex establishes a lim-
ited number of MRLs for pesticides, country comparisons to Codex may miss
important regulatory differences that exist bilaterally and (iii) the index is fully
bilateral allowing us to exploit its time variation to properly identify the trade
effect.

Import tariffs are classical trade policy instruments that countries use to reg-
ulate trade. On average, applied tariff rates have been falling since the 1990s.
This has also coincided with the proliferation of NTMs In our dataset, we
observe similar patterns over our study period. Average applied tariffs fell from
around 11 to 8 per cent, while MRLs became more stringent falling from an
average of 3.89 to 2.39 ppm (see Figures 2 and A2 in the appendix). In our esti-
mations, we control for effectively applied tariffs to account for any potential
trade policy substitution between tariffs and standards. We retrieve tariff data
from the United Nations Commission on Trade and Development (UNCTAD)
via the World Integrated Trading System (WITS). Detailed summary statistics
on all our dependent and control variables are shown in Table 2.

16 For a review of the differentmeasures of bilateral asymmetry used in the literature, see Section 2.
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Table 2. Summary statistics

Variable Mean Std. Dev. Min. Max. N

MRLijkt
HS2 1.171 0.810 0 2.718 100,729

MRLijkt
HS6 1.123 0.813 0 2.718 631,227

Extensive
margin
(EMijkt)

0.008 0.030 8.82e− 09 0.559 100,729

Intensive
margin (IMijkt)

0.720 1.654 1.55e− 09 70.320 100,729

Trade value
(USD)

3.048 70.053 0 19,144.001 631,227

Tariffs (applied
in %)

6.186 28.755 0 800.300 631,227

Unit val-
ues/Prices
(log)

−5.744 1.125 −8.643 −2.487 399,526

Quality (log) 0.041 1.154 −3.135 2.934 399,526
Quality-
adjusted price
(log)

−5.785 1.436 −11.487 0.480 399,526

8. Results

8.1. The effect of standards on trade

Table 3 reports the estimated effects of the bilateral differences in MRLs on
bilateral trade flows. At the extensive margin, column (1) suggests that the
stricter the importing country standard relative to the exporting country stan-
dard, the lower the number of exported varieties. At the intensive margin,
the pattern and sign remain consistent with the extensive margin. Stringent
importing country standards have negative effects on trade at the intensive
margin. The total trade effect in column (3) is also negative and shows that
the standard’s effect on trade is higher, though not by much, on the extensive
margin compared with the intensive margin. This is consistent with the idea
that the MRL-trade effect operates through affecting fixed costs more than
variable costs. Conditional on exports, the effect on observed trade value is
also negative (column 4). In column (5) we estimate the effect of MRLs on
observed trade flows including zeroes using the PPML estimator. For our vari-
able of interest, the coefficient estimates are consistent with those from the
OLS model, but higher in magnitude because by including zero trade flows
we also control for sample selection bias. In all cases, the estimated trade
effects are statistically significant at the 5 per cent level or lower. Note that
the coefficient estimates on EMijkt × IMijkt in column (3) are not equal to the
coefficient estimate on Xijkt in column (4). The former measures the relative
performance of each exporter in an importer-product-year and unlike the latter
do not represent absolute trade volumes.
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Because the dependent variable is in logs and the MRLijkt variable is in lev-
els, the economic interpretation of our results is similar to semi-elasticity.
Quantitatively a stricter importing country residue limit equivalent to an
increase inMRLijkt by 0.1 units at themean—which is an increase of about 9 per
cent—reduces total trade by about 1.36 per cent (0.70 per cent at the extensive
margin and 0.66 per cent at the intensive margin) and observed trade flows in
USD by 0.82 per cent, on average.17

Regarding the other control variable, bilateral tariffs have their expected
negative effect on trade. In column (4), a 10 per cent increase in bilateral tariffs
will reduce observed trade flows by about 2.6 per cent ceteris paribus. Because
the tariff variable is in logs and the MRL is in levels, the two coefficient esti-
mates cannot be compared directly. However, consistent with Fernandes, Ferro
andWilson (2019), we find that both variables have qualitatively similar effects
on trade, but unlike MRLs, the tariff effect is predominantly via the intensive
margin.

If we estimate all the models in Table 3 using traditional country–pair grav-
ity variables—bilateral distance, colony, common language and contiguity—
instead of the country–pair fixed effects our coefficient estimates on theMRLijkt

index are larger. This is consistent with the arguments by Egger and Nigai
(2015) and Agnosteva, Anderson and Yotov (2019) that the bilateral fixed
effects in our specification capture more systematic information about trade
costs than the standard gravity variables. Hence, failure to control for the bilat-
eral dimensions of the dataset leads to an upward bias in the standard-trade
effect. See Table A5 of the appendix.

8.2. The effect of standards on prices, product quality and
quality-adjusted prices

In this section, we estimate equation (1) by replacing the dependent variables
with unit values and their components, quality and quality-adjusted prices.18

The results are presented in Table 4. Conditional on exporting, bilateral dif-
ferences in standards lead to higher prices (column 1). This may indicate that
the increased costs to meet standards stricter than those existing domestically
in the exporting country are passed on to consumers in the importing country
as higher prices. Or, as we show in Table 3, by reducing trade and inducing
non-compliant domestic producers and foreign exporters to exit the product-
destination market maintaining the standard, standards reduce competition in
the imposing country (Abel-Koch, 2013; Gaigné and Larue, 2016). Surviving
exporters and domestic producers exploit this and charge higher prices. As a
result, consumers in the importing country j are either willing to pay a premium

17 The mean MRLijkt at the extensive and intensive trade margin is 1.171, and for observed trade
flows, the meanMRLijkt is 1.123. See Table 2.

18 The reduction in the number of observations is because the HS3 digit elasticities of substitutions
(σjk) which we use in equation (8) are not available for all importer-product pairs. As a check of
robustness, we replace missing σjk with the importer-specific mean across all products. The
results are in line with our baseline findings.

D
ow

nloaded from
 https://academ

ic.oup.com
/erae/article/48/4/835/5995600 by U

niversità degli Studi di M
ilano user on 09 M

ay 2022



Trade, price and quality upgrading effects of agri-food standards 855

Table 4. The effect of standards on prices, quality and quality-adjusted prices

Priceijkt Qualityijkt Quality-adjusted pricesijkt

(1) (2) (3)

MRLijkt 0.027*** 0.002 0.026**
(0.008) (0.013) (0.012)

Log (1+Tariffijkt) 0.035*** −0.078*** 0.113***
(0.005) (0.008) (0.008)

Observations 399,526 399,526 399,526
R² 0.774 0.436 0.687

Notes: Robust country–pair–product clustered standard errors in parentheses. ***, ** and * denote signifi-
cance at 1 per cent, 5 per cent and 10 per cent, respectively. Importer-product-time, exporter-product-time and
importer-exporter fixed effects included in all regressions. Intercepts included but not reported. Price, quality and
quality-adjusted prices are in logs. All models are estimated using OLS.

for the improved quality or worse off because of the higher product prices. For
tariffs, we do not observe any pricing-to-market effects. Faced with higher
tariffs, exporters pass through the extra cost to consumers as higher prices.

In a second step, we decompose the price effect into a quality (column 2)
and quality-adjusted price (column 3) component. Because the quality-
adjusted price is the net-quality price, it sorts out quality embodied in price.
The empirical findings show that stricter MRLs affect the quality and quality-
adjusted prices of imports positively. Compared with quality-adjusted prices,
the effects on quality are small in magnitude and are not statistically sig-
nificant. This is consistent with the distributions plotted in Figure 1. With
these results, we can assess how much of the variation in import prices is
attributable to pure prices and quality upgrading. The MRL-induced price
increase in column (1) is predominantly due to a pure price raising effect
(i.e. 0.026/0.027= 96 per cent) of the standard and less of a quality-upgrading
effect. On average, a 0.1 unit increase in the MRL index at the mean is associ-
atedwith a 0.02 per cent increase in product quality and a 0.26 per cent increase
in quality-adjusted prices. Bilateral tariffs increase product prices, while a
10 per cent decrease in bilateral tariffs will increase estimated product quality
by 0.8 per cent and decrease quality-adjusted prices by 1.13 per cent.19

Furthermore, we test whether differences in MRLs affect the pricing and
quality strategy differently when the scope for product differentiation is high
(i.e. vertical differentiation) or low (i.e. horizontal differentiation). When two
products are vertically differentiated, consumers would prefer one to the other

19 Different mechanisms may be at play depending on the type of bilateral tariff applied by the
importing country, e.g. specific tariffs are positively correlated with prices and quality while ad
valorem tariffs are negatively correlated with prices and quality. See Curzi and Pacca (2015) for
an empirical test of these two mechanisms in the food sector. Our findings here are a mix of the
two mechanisms, i.e. tariffs affect prices positively and quality negatively. This result is driven
in part by the fact that our analysis is done at the country level and considers multiple products.
Different bilateral tariff regimes apply to these different products across countries over time.
Hence, our tariff measure, i.e. applied bilateral tariffs, which is a combination of ad valorem and
specific tariffs may be driving our findings.
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856 D.-D. D. Fiankor et al.

if they were sold at the same price. With horizontal differentiation, goods are
different but at the same price, some consumers will buy one or the other,
depending on their preferences. Following Khandelwal (2010) we measure
product differentiation using the so-called product ‘quality ladder’. We com-
pute the quality ladder as the difference between the maximum and minimum
values of estimated quality in a product category. Products with values below
themedian are characterised by lower product differentiation (i.e. short-quality
ladder). In our sample, these are mainly fruits, vegetables, nuts, spices and
oilseeds. In contrast, products with values above the median (i.e. the long-
quality ladder) are vertically differentiated. In our sample, these are mainly
coffee, tea, certain fruits (citrus, apples, pineapples, guava, mangoes, banana,
apricots and cherries), certain nuts (cashew, almonds, walnuts, pistachios and
dates) and some vegetables (e.g. onions, salad beetroots, gherkins, sweet corn
and sweet potatoes). The results presented in Table 5 confirm our main find-
ings in both product classes. The price raising effect of bilateral differences in
MRLs and the null effect on quality is confirmed in the two sub-samples. The
homogeneous effects we observe across the two groups show that the products
we consider are mostly horizontally differentiated. Thus, compliant producers
take advantage of the limited scope for product differentiation to charge higher
(quality-adjusted) prices.

8.3. Heterogeneity across country different trade routes

Here we assess the heterogeneity of the standards–trade, standards–price and
standards–quality effect across different trade routes: South–South (i.e. trade
between developing countries), North–North (i.e. trade between developed
countries), South–North (i.e. exports from developing to developed coun-
tries) and North–South (i.e. exports from developed to developing countries).
The results are presented in Table 6. We define the North as high-income
countries. Because the MRL index is asymmetric, the direction of trade is
important.20 North–South and South–South trade flows are rarely studied
in the applied trade literature yet offer important insights into the hetero-
geneity of the standards–trade effect. In a recent meta-analysis of the NTM
and agricultural trade literature by Santeramo and Lamonaca (2019), only
three papers considered South–South or South–North trade and 40 papers
considered North–North and North–South trade.

To allow direct comparisons of the magnitudes of the estimated coeffi-
cients across the different samples, the reported estimates are standardised beta
coefficients. Generally, the findings remain consistent with our baseline. The
bigger the bilateral difference in standards the bigger the trade effect. Hence,
in all but at the intensive margin, the negative effects of standards on trade
flows are larger for South–North trade and do not matter for North–South and
South–South trade. At the extensive margin, the standard-trade effect is only

20 Take the case of Carbaryl use in citrus production (Table 1). For Vietnamese exports to the EU,
the index will be exp[(7−0.01)/7]=2.714. Vietnamese imports from the EU will, however, not
be affected as the index approaches its lower bound, i.e. exp[(0.01−7)/0.01]≈0.
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statistically significant for South–North trade flows, indicating that there are a
lot of less qualified exporters from the South due to the high fixed cost com-
ponent of the standard. The general trend remains the same for observed trade
values. The magnitude of the trade effects is larger for South–North trade com-
pared with North–North trade. This is due to compliance-related costs (e.g.
annual certification renewals, upgrading existing infrastructure or establishing
new ones) and other supply-side constraints such as lower quality of domestic
institutions, trade-related infrastructural deficiencies and limited capacities to
produce. We control adequately for these other constraints using the country
fixed effects in our models. Given these challenges in many developing coun-
tries, segregating crops for different markets based on the different residue
limits is a challenge that can lead to increased border rejections and reduced
trade volumes. The effect of standards on North–North trade is predominantly
via the intensivemargin. So, while standards do not affect the number of differ-
ent crops exported by developed countries, on trading it reduces the volume. In
terms of prices, differences in MRLs lead to increased product prices, but the
effects are only statistically significant for trade between developed countries.
The effects on quality are also not statistically significant across the differ-
ent sub-samples. If we adjust prices for quality, successful exporters from the
South to the North charge higher prices.

8.4. Sensitivity Analyses

Globally, the EU is reputed for setting very strict food safety standards (Curzi
et al., 2018). This is also evident from Table 1 and Figure 2. As a result, this
section checks the robustness of our findings using different sensitivity analy-
ses that focus on the EU. First, we re-estimate our baseline models but exclude
EU trade (Table A6). In all cases, theMRLijkt variable has the expected sign but
the effects are not statistically significant. This implies that our main findings
are driven in most part by EU standards. In September 2008 the EU har-
monised national MRL legislation among its Member States. To see how this
harmonisation affects our findings, we re-estimate our models using the years
post-harmonisation (i.e. 2009–2014) and treat the EU as a single importing
country (Table A7). Our main findings remain unchanged. However, the point
estimates increase in magnitude relative to our benchmark estimations. This
is consistent with Figure 2 where we observe that MRL stringency increased
over time across all regions, but especially in the EU. In a third step, we drop
intra-EU trade from the baseline sample (Table A8). Here again, our main
findings remain qualitatively the same. Finally, we consider only intra-EU
trade over the period from 2005 to 2008 when the Member States had national
MRLs (Table A9). Here, the standards–trade effect is not statistically signif-
icant but we observe statistically significant positive effects on quality and
a decrease in quality-adjusted prices. This confirms that pre-harmonisation,
MRLs induced product quality upgrading among EU Member States. These
robustness checks confirm our main findings, but also highlight the important
role of EU standards.
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9. Discussion

Our empirical findings can be broadly categorised into three sets. First, we
show that an increase in the stringency of standards in an importing coun-
try relative to standards in an exporting country limits trade by reducing the
varieties of goods traded, the value of goods traded and observed trade flows.
These findings are consistent with existing works on MRLs (e.g. Winchester
et al., 2012; Hejazi, Grant and Peterson, 2018; Curzi et al., 2018). In the spirit
of theMelitz (2003) andChaney (2008) typemodels, stringent importing coun-
try standards by raising fixed and variable trade costs induce a selection effect
that discriminates against non-compliant exporting countries.

Second, MRL-induced price increases are driven in most part by quality-
adjusted prices. Estimated product qualities in Table 4 barely respond to
differences in MRLs. This suggests that conditional on trading, country–
product export volumes after controlling for product prices—which form
the basis of our definition of quality—remain unchanged. MRLs are public
mandatory standards and unlike private quality standards, e.g. Fairtrade, UTZ
or Organic, are not directly communicated to consumers. This may explain
the null quality effect. Because lower-quality firms exit the market, surviving
firms take advantage of the reduced competition to exert some form of market
power; they charge higher prices without necessarily increasing their market
shares. The latter effect is also confirmed by the negative effect we see at the
intensive trade margin. Even for compliant exporters, the number of exported
varieties and export volumes decrease. This is consistent with the findings in
Asprilla et al. (2019) that stricter NTMs in a given market reduce the num-
ber of surviving firms and increases their market power, but if anything, only
has a small positive effect on import shares. Comparing the MRL and tariff
coefficients also offers interesting insights. For one, we see that an increase
in both MRL stringency and tariffs have positive effects on prices. But, these
two trade policy instruments affect quality in ways that are not isomorphic
to each other. For MRLs there is a null effect on quality whiles tariffs affect
quality negatively. While stricter MRLs induce a price increase, there are no
associated changes in product quality-upgrading. This is because MRL trade
policy changes affect both home and foreign producing firms Thus, instead
of displacing foreign firms in favour of domestic ones—like the tariff case—
NTMs displace small firms in favour of larger ones, increasing the market
power of compliant firms in the process (Asprilla et al., 2019). For tariffs,
price increases induce reductions in country–product market shares and thus
lower quality. This is because tariffs increase the price of imports relative to
domestic production. This decreases the demand faced by foreign exporting
firms and hence their market shares.

Finally, MRLs hinder export flows from the South more than it does for the
North. This confirms existing works by Xiong and Beghin (2014) and Curzi
et al. (2018). In fact, for North–South trade, tariffs, but not differences in stan-
dards, are significant barriers to trade. It is also insightful to see that the tariff
effects are larger for North–North trade compared with South–North trade.
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Many developing countries are beneficiaries of preferential trading regimes
provided by developed countries.

Overall, differences across national MRLs do not lead to a statistically sig-
nificant effect on estimated product quality. As a consequence, we observe
disruptions to trade and welfare losses to consumers—limited varieties and
lower quantities at higher prices. The exception is for intra-EU trade where
MRLs induce significant increases in quality-upgrading and lower quality-
adjusted prices. The general importance of EU food standards is highlighted
in our various sensitivity analyses. While food safety risks are borderless and
the consequences are easily transmitted across countries, approaches to tack-
ling them are still national in scope. But as Yeung et al. (2018) notes, there is
no discernible gain in food safety from using national MRLs. Taken together,
for the combined effects of heterogeneity in MRL standards, to be welfare
improving, it should translate into relevant and currently unmeasured health
and environmental effects. Future analyses should consider more seriously the
possibility of measuring these kinds of (hidden) benefits.

For policy-making, because regulatory heterogeneity of standards hinders
trade and lead to higher food prices, a move towards regulatory harmonisa-
tion or mutual recognition agreements is a necessary step to dampening these
effects. The idea that harmonising standards will increase trade flows, in the
end, is not far-fetched and has been shown empirically in contributions by
Chen and Mattoo (2008) and Disdier, Fontagné and Cadot (2015), amongst
others. A well-known downside is that the stricter developed country standards
will then become the de facto mandatory standard. Nevertheless, because this
allows producing according to a common benchmark, it can be seen as a cost-
savingmechanism in the long run. A second approach is the need to ensure that
NTMs are appropriate, transparent, science-based and do not overly restrict
trade. For MRLs, this means that there should be a significant incentive for all
countries to strengthen the Codex and ensure that it has the scientific capacity
and resources to develop standards acceptable for most, if not all, countries.

Our study is not without limitations. At the most fundamental level, interna-
tional trade takes place between firms Due to the lack of firm-level transaction
and customs data this paper applies insights from heterogeneous firm mod-
els at the country level. As a result, our estimations ignore productivity and
quality differences across firms within a country. For example, different firms
in country i might be offering products of different quality levels. Lack of
finer trade data implies that we cannot estimate quality for individual firms
in country i, and our quality estimates reflect the average quality of prod-
uct from country i. To test the exact mechanisms underlying our findings,
extensions of our results with firm-level transactions and customs data are
recommended. Our analysis is comprehensive for the sample covered—i.e.
countries that established MRLs at least half the length of our panel—and not
necessarily for all countries. There is room here for further work. It is also
interesting to see how country-specific GAP moderate the effects we report
here. Extensions of our analysis can also consider differences in the type of
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chemical applied in the production process. Our analyses consider all chem-
icals as homogeneous. Yet, recently Hejazi, Grant and Peterson (2018) show
that the effects of MRLs are heterogeneous across chemical classes such as
herbicides, pesticides and fungicides. In future research, it might be interest-
ing to test empirically whether producers in country i already exporting to
country j1 with very strict MRLs find it easier to export to country j2 with rel-
atively laxer standards for product k. As a result, the welfare implications of
MRLs may differ across importing countries depending on the stringency of
their established residue limits.

10. Conclusion

How standards affect trade in agri-food products has been a subject of intense
scrutiny. The rapid increase in the number of published studies assessing the
standards–trade nexus—from about 14 in the year 2000 to about 140 studies in
2017 (Santeramo and Lamonaca, 2019)—is a good case in point. A limitation
of this strand of literature is its predominant focus on the direct trade effects of
standards, whiles ignoring other welfare effects. In this paper, we provide the
first set of empirical evidence on the quality and quality-adjusted price effects
of regulatory heterogeneity in agricultural markets. Specifically, we study the
effects of bilateral differences in MRLs on trade, product prices, quality and
quality-adjusted prices. Our empirical analysis exploits bilateral differences in
MRLs of 59 countries across 145 products over the period from 2005 to 2014
within a structural gravity framework.

We find that regulatory heterogeneity in product standards decreases trade
flows. Conditional on trading, stricter importer MRLs decrease the number
of varieties traded and the volume of observed trade flows. Yet successful
exporters charge higher prices (unit values). This holds even if we adjust prices
for quality. However, we observe only a small but statistically insignificant
effect on estimated product quality. This implies that MRL dissimilarity leads
to higher product prices, but do not induce product quality upgrading. This
may be driven by the reduced competition induced by stricter standards in the
importing country, which surviving firms exploit to exert some form of mar-
ket power. Even so, the increased compliance costs will reduce their trade
volumes. This is supported by the negative effects at the intensive margin.
Exploring the heterogeneity of these findings across different trade routes,
we observe that the trade reducing and price raising effects are strongest for
South–North trade, followed by North–North trade, but do not matter for
South–South and North–South trade. For tariffs, we see that further liberal-
isation will induce quality-upgrading, increase trade volumes and available
product varieties and also lower (quality-adjusted) prices.

The previous section already discusses several potential extensions of our
analyses. However, given our results about the negative and asymmetric trade
effects of MRL heterogeneity, and their failure to trigger a real process of
quality upgrading, future analyses should devote more effort to investigating
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whether and to what extent, stricter MRLs really translate into health and envi-
ronmental benefits. The last point is crucial, especially because the region
currently imposing more stringent MRLs, i.e. the EU, already plans to fur-
ther enhance provisions to reduce the use of chemical pesticides for health and
environmental reasons.21 How this process will be implemented through true
cooperation and the promotion of international standards, vis-à-vis unilateral
initiatives, could matter a lot from a trade and welfare perspective.

Table A1. List of products

2-digit HS group 6-digit HS products

HS 07 70190, 70200, 70310, 70320, 70390, 70410, 70420, 70511,
70521, 70610, 70690,

70700, 70810, 70820, 70910, 70920, 70930, 70940, 70951,
70959, 70970,70990,

71040, 71120, 71130, 71220, 71233, 71333, 71340, 71350,
71410, 71420, 71490

HS 08 80119, 80121, 80122, 80131, 80132, 80211, 80212, 80221,
80222, 80231, 80232

80240, 80250, 80290, 80300, 80410, 80420, 80430, 80440,
80450, 80510, 80520,

80540, 80550, 80590, 80610, 80620, 80711, 80720, 80810,
80820, 80910, 80920, 80930, 80940, 81010, 81020, 81030,
81040, 81050, 81060, 81090, 81190, 81310, 81320, 81330

HS 09 90111, 90112, 90121, 90122, 90210, 90220, 90230, 90240,
90411, 90412, 90500,

90610, 90620, 90700, 90810, 90820, 90830, 90910, 90920,
90930, 90940, 90950,

91010, 91020, 91030, 91040, 91050, 91099
HS 10 100110, 100190, 100200, 100300, 100400, 100510, 100590,

100610 100630,
100700, 100810, 100820, 100890

HS 12 120100, 120210, 120220, 120400, 120510, 120600, 120710,
120720, 120740,

120750, 120760, 120791, 120799, 120921, 121110, 121120,
121190, 121291,

121299, 121300, 121490
HS 14 140110
HS 17 170310, 170380
HS 18 180100

Notes: Following Li and Beghin (2014), we detect and address exact redundancies in the dataset. These are cases
where the same commodities have different names e.g. ‘pistachios’, ‘pistachios, nuts’, ‘pistachios: dry’, ‘nuts –
pistachios’.

21 The EU Commission plans to reduce the overall use and risk of chemical pesticides and more
hazardous pesticides by 50per cent by 2030.
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Table A2. List of importing and exporting countries

Argentina, Australia, Austria, Belgium, Bulgaria, Brazil, Bahrain, Cambodia,
Canada, Chile, China, Croatia, Colombia, Cyprus, Czech Republic, Denmark,
Egypt, Estonia, Finland, France, Germany, Greece, Hong Kong, Hungary, India,
Indonesia, Ireland, Israel, Italy, Japan, Laos, Latvia, Lithuania, Luxembourg,
Malaysia, Mexico, Malta, Myanmar, the Netherlands, Norway, New Zealand,
Philippines, Poland, Portugal, Russia, Singapore, South Africa, South Korea, Slo-
vak Republic, Slovenia, Spain, Sweden, Switzerland, Taiwan, Thailand, Turkey,
Ukraine, UK, USA, Vietnam.

Table A3. Average number of regulated pesticides per country

Country/region Pesticides Country/region Pesticides

Thailand 66 Croatia 559
ASEAN 80 Finland 559
Singapore 109 Latvia 559
Indonesia 112 Slovenia 559
Vietnam 163 Bulgaria 559
Egypt 175 Cyprus 559
Colombia 175 Switzerland 563
Malaysia 177 Ireland 567
Chile 227 Denmark 570
India 247 Greece 570
Mexico 266 Estonia 574
Canada 312 Sweden 574
Brazil 316 Malta 578
New Zealand 326 UK 579
Argentina 340 Portugal 583
Israel 342 Czech Republic 584
Codex 343 Slovak Republic 589
South Africa 351 Hungary 625
Hong Kong 353 Poland 627
Ukraine 369 Luxembourg 650
China 403 France 664
Taiwan 406 Germany 665
Australia 435 Belgium 668
USA 448 Italy 671
Russia 486 Austria 706
Korea 490 Japan 707
Turkey 496 Spain 724
Norway 512 The Netherlands 758
Lithuania 559
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Table A4. MRL deferral policies by country

Deferral policy

Country 1 2

Argentina Codex 0.01
Australia 0.01
Bahrain ASEAN Codex
Brazil Codex
Cambodia ASEAN Codex
Canada 0.1
China Codex
Colombia Codex
Egypt Codex EU
EU 0.01
India Codex
Indonesia Codex
Israel Codex
Japan 0.01
Laos ASEAN Codex
Malaysia Codex 0.01
Myanmar ASEAN Codex
New Zealand Codex
Norway 0.01
Philippines ASEAN Codex
Russia Codex
Singapore Codex
South Africa Codex EU
South Korea Codex
Switzerland 0.01
Taiwan 0.01
Thailand Codex
Turkey 0.01 EU
USA 0.01
Vietnam ASEAN Codex
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Table A5. The effect of bilateral differences in MRLs on trade: no bilateral fixed effects

EMHS2
ijkt IMHS2

ijkt EMHS2
ijkt × IMHS2

ijkt XHS6
ijkt

(1) (2) (3) (4)

MRLijkt −0.127*** −0.047 −0.174*** −0.195***
(0.024) (0.037) (0.041) (0.024)

Log (1+Tariffijkt) −0.073*** −0.108*** −0.181*** −0.404***
(0.009) (0.014) (0.016) (0.014)

Colonyij 0.275*** 0.193*** 0.467*** 0.216***
(0.044) (0.073) (0.089) (0.031)

Languageij 0.165*** 0.238*** 0.403*** 0.363***
(0.039) (0.063) (0.076) (0.028)

Contiguityij 0.053 0.598*** 0.652*** 0.999***
(0.046) (0.067) (0.086) (0.027)

Log Distanceijkt −0.704*** −0.925*** −1.628*** −1.037***
(0.015) (0.023) (0.028) (0.012)

Observations 100,279 100,279 100,279 615,616
R² 0.706 0.472 0.626 0.637

Notes: Robust country–pair–product clustered standard errors in parentheses. ***, ** and * denote significance at
1 per cent, 5 per cent and 10 per cent, respectively. Importer-product-time and exporter-product-time fixed effects
included in all regressions. Intercepts included but not reported.
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Figure A1. Variation in MRLs across countries and over time.
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Figure A2. Evolution of tariffs and MRLs over time (2005–2014).
Source: Homologa database and UNCTAD.

Appendix A: Measures of the extensive and intensive margins

We define the extensive trade margin as the worldwide average export overall years to coun-
try j in those HS2 digit categories R where country i exports to j, relative to the worldwide
average export to j overall years t in all categories. Formally, let h2 and h6 be the two-digit
and six-digit level of the HS classification, respectively. Rh2

ijt is the exporting country i’s cat-
egories set exported to j, in year t, and Rh2

jW accounts for the set of world categories exported
to the country j over all the considered years. Defining V̄h2

jW,h6 as the average value of the
world’s exports to country j of the category h6 over time, then the bilateral extensive margin
for industry h2 in year t is given as:

EMijh2,t =

∑
h6εRh2

ijt
V̄h2
jW,h6∑

h6εRh2
jW
V̄h2
jW,h6

(3)

Similarly, let V̄h2
ijh6t be the value of exports of country i to j of the category h6 at time

t, then the bilateral intensive margin in industry h2 compares the export trade values of
country i to country j of products in a certain set of goods in year t with the average export
value of the world to country j for the same set of products.

IMijh2,t =

∑
h6εRh2

ijt
Vh2
ijh6t∑

h6εRh2
ijt
V̄h2
jW,h6

(4)

Hence, it measures country i’s overall market share within the set of categories it exports
to j. A nice property of the decomposition is that the product of the margins equals the ratio

D
ow

nloaded from
 https://academ

ic.oup.com
/erae/article/48/4/835/5995600 by U

niversità degli Studi di M
ilano user on 09 M

ay 2022



Trade, price and quality upgrading effects of agri-food standards 873

of exports from i to j relative to country j’s total imports. Taking the natural logs and using
some algebra, Hummels and Klenow (2005) show that the log of the value of the trade flow
from i to j, ln Xijkt, can be decomposed linearly into:

lnXijkt = lnEMijkt + lnIMijkt + lnXjkt (5)

where the value of j’s imports from the world, Xjkt, is accounted for by the λjkt term in
equation (1).

Appendix B: Estimating quality following Khandelwal, Schott
and Wei (2013)

Consider the following CES utility function, which expresses the preferences of consumers
for a variety n in country j, assuming that consumers’ preferences incorporate quality:

U=

[
∫

νεV
[λ(ν)q(ν)]

σ−1
σ dν

] σ
(σ−1)

(6)

where q(ν)is the consumed quantity of νand λ(ν)is its quality, while σ > 1 is the elasticity
of substitution parameter which is assumed to be constant. Maximising (6) under the usual
budget constraint gives the demand of consumers in country j for product k coming from
country i as depending on the price and quality of the product, prices of substitute products
and on the income of the consumer, yielding:

qijkt = λσ−1
ijkt p−σ

ijkt P
σ−1
jt Yjt (7)

where pijkt andλijkt are the price and the relative quality attributed by country j, to product
k, exported by country i, respectively. The terms Pjt and Yjt account, respectively, for the
importing countries’ price index and income level. Log linearising equation (7) and moving
the endogenous price to the left-hand side of the equation, we can estimate the quality for
each country–product–year as the residual from the following OLS regression:

lnqijkt +σjklnpijkt = αk +αjt + eijkt (8)

where qijkt and pijkt are, respectively, the quantity and the price (unit value) of product k,
exported by country i to country j at time t. αk are product fixed effects that capture differ-
ences in prices and quantities across product categories due to the inherent characteristics of
products. αjt are importer-year fixed effects that account for both the destination price index
Pjt and income Yjt. Estimating (8) separately for each country and HS4 digit industry, the
estimated quality is given as lnq̂ijkt ≡ êijkt/(σjk − 1). We allow the elasticity of substitution
to differ across HS3 digit product classes using data from Broda, Greenfield and Weinstein
(2017).
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