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Abstract

The effects of food standards on bilateral trade flows remain unclear. Trade the-
ory provides arguments for positive as well as for negative effects. Standards might
exclude farmers especially in developing countries from high value chains due to high
investment costs in order to implement a specific standard. However, standards also
reduce information asymmetries and address changing preferences of modern con-
sumers. Empirical results are also mixed and highly depend on the context and
the applied method. Using descriptive evidence for highly concentrated food export
markets as our point of departure we expect the effect of food standards to differ
for leading exporting countries compared to those which export relatively low vol-
umes of food products. Country pairs which trade relatively more than others are
expected to benefit from standards because investment costs are more profitable.
In contrast, country pairs that trade relatively less do not invest in food standards
and therefore, observe reduced trade flows. The application of quantile regressions
within the gravity framework builds the empirical core as these account for het-
erogeneous covariate effects along the trade flow distribution. By using maximum
residue limits (MRLs) of 39 countries and 27 products from 2005 to 2012 we do find
heterogeneous effects of MRLs on food imports for twelve products.
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1 Introduction

The high concentration of export markets was the point of departure of Melitz (2003)
who abandoned firm homogeneity as one of the core assumptions in trade theory at that
time. Exporting firms are found to have different characteristics than non-exporting firms.
These “happy-few” - as they are called by Mayer and Ottaviano (2007) - account for are
large part of global exports. For example, in 2003 the top one percent of German ex-
porters accounted for 59% of total manufacturing exports, the top ten percent even for
90%. Moreover, exporting firms are more productive, employ more skilled workers, pay
higher wages, and have higher profits on average (Mayer and Ottaviano, 2007, p.18).

This pattern of international trade is also present in the context of international food
exports. As we show in Section 4.1 for a broad range of products, the top five exporting
countries of various products often account for more than 80% of total world exports.
Therefore, the high concentration of export markets is also present in international food
trade and shall be the point of departure for this paper.

Food standards are increasing in terms of relevance and complexity (Jaffee and Hen-
son, 2004; Shepherd and Wilson, 2013). The requirement for exporting countries to meet
the more frequently established food standards of importers is often found to be an ad-
ditional barrier to trade (Otsuki et al., 2001; Ferro et al., 2015). This discussion is often
referred to as the “standards-as-catalyst” vs. “standards-as-barriers” to trade debate
(Anders and Caswell, 2009). The necessity to comply with food standards often has
trade-reducing effects due to high fixed costs. However, empirical findings are mixed. A
meta analyis of Li and Beghin (2012) revealed that empirical results are highly context-
dependent. For example, the agricultural sector is found to be more affected by standards
than other sectors. Moreover, developing countries are more likely to experience lower
exports to markets which impose relatively strict standards. Eventually, the application
of inappropriate methods biases the results as well. On the contrary, standards could
also enhance trade flows by lowering information asymmetries and by addressing new
preferences of consumers to sustainable and organic food products. All in all, drawing
general conclusions about the effect of standards on trade flows is difficult if not incorrect.

High investment costs associated with the implementation of food standards are in
the center of the “standards-as-barriers” view. General economic theory tells us that in-
vestment costs do not influence the decision-making process of entrepreneurs with regard
to the optimal production volume and price in a world of perfectly competitive markets.
Instead, marginal costs - and hence no fixed costs - equal the equilibrium price. In other
words, if fixed costs are found to reduce trade flows by imposing severe barriers to exports
then consequently markets cannot assumed to be perfectly competitive. We will show in
Section 4.1 that this is indeed the case for many agricultural export markets for which -
as a consequence - investments costs then are relevant for entrepreneurs. Standards with
high compliance costs could then reinforce this cycle by increasing fixed costs and hence,
enhance the adverse effects of market concentration on market entry.

The monopolistic nature of exports markets has been established by the so-called ”new-
trade-theory” by Krugman (1979, 1980). If fixed investment costs of standard adoption
impose an additional burden for entrepreneurs to enter export markets, the underlying



2 Literature Review: “Standards-as-catalyst” vs. “Standards-as-barriers” 3

production technology is likely to be characterised by increasing returns to scale. This
implies on the country level that countries, which are already major exporters of a specific
product, are more likely to be able to adopt new food standards of importing countries
than countries with low export volumes. Therefore, the roadmap of this paper is to
demonstrate in a first step that agricultural exports are highly concentrated. We there-
fore argue that increasing returns are likely to characterise the production technology
most accurately. Using this pattern as a starting point, we aim to show that food stan-
dards have heterogeneous effects along the trade flow distribution. Whereas country pairs
with high trade volumes are expected c.p. to experience the “standards-as-catalyst” ef-
fect, country pairs at the bottom of the trade flow distribution with low trade volumes
are expected c.p. to export even less. Thus, the “barriers-to-trade” view would domi-
nate. If this hypothesis was found to be true food standards would further strengthen
the concentration of export markets since their adoption imposes additional fixed costs
of market entry. According to the authors’ knowledge, this potential negative implication
of food standards on the structure of food export markets has been ignored so far. It is
highly questionable whether higher degrees of concentration of export markets is welfare
improving unlimitedly.

The potential heterogeneous effect of standards on bilateral exports is analysed by us-
ing quantile regressions in a gravity framework. According to the stated hypothesis above,
the coefficient of the standard variable is expected to be negative for lower quantiles of
the trade flow distribution and positive for higher quantiles. Moreover, the magnitude of
the coefficient is expected to be smaller at the lower part if the effect is positive in general
or larger if the overall effect is negative. Maximum residue limits (MRLs) are used in this
analysis of food standards. These were purchased from the Homologa database and cover
the period from 2005 to 2012 for 39 countries, see Table 5. In order to account for the
large share of zeros we apply a recently published three-step estimator which is - to our
knowledge - the current research frontier with regard to appropriate methods in gravity
analysis (Figueiredo et al., 2014).

All in all, the contribution of this paper is twofold: first, we provide evidence for the
high concentration of food export markets, and second, we contribute to the literature of
food standards and trade flows. Section 2 summarises the development of the literature on
the effects of food standards on trade flows. Section 3 introduces quantile regressions and
the data set. Descriptive and regression results are reported in Section 4. A discussion
and an outlook concludes the paper in Section 5 and 6.

2 Literature Review: “Standards-as-catalyst” vs. “Standards-as-barriers”

A significant part of the empirical trade literature attempts to provide more detailed in-
sights into the discussion of “standards-as-catalyst” vs. “standards-as-barriers”. As men-
tioned in the introduction, standards might either be trade-enhancing or trade-reducing.
This section provides an overview of the existing literature which investigates the effect
of standards on trade flows.

One source of complexity is related to the heterogeneity of standards. Standards might
be public or private, voluntary or mandatory and different with regard to the reason of
implementation. Mandatory standards are set up by public authorities. Voluntary stan-
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dards, which are usually more restrictive, are often established by standard development
organizations, consumer organizations, or by individual firms. However, voluntary stan-
dards might also be de facto mandatory (Mangelsdorf et al., 2012). Whereas standards
were mostly introduced due to environmental and health reasons, more recent standards
tend to increase the range of objectives by including social, sustainability, and welfare is-
sues. Henson and Humphrey (2010) provide an overview of different types and definitions
of standards.

Within the overall topic of food standards and their effects on trade flows and overall
welfare, a classification into different subgroups is certainly helpful. First, a significant
part concentrates on public standards like MRL and the associated changes of trade flows.
Second, an other set of studies focuses on private standards like “GlobalGAP”, “Natur-
land”, or the “Unilever Sustainable Agriculture Code”. Third, the effect of standards can
also be analysed by looking at small-scale farmers and their participation in high-value
supply chains and the changes of their (socio-)economic status. Apart from the high de-
gree of heterogeneity of standards, the comparability of studies is also limited because of
differences of the corresponding research context. Many papers focus on a limited set of
countries and products which might increase the economic and statistical significance of
the obtained results, but reduce - on the other hand - external validity. Finally, method-
ological approaches became more sophisticated during the recent years. Various empirical
challenges like the high share of zeros in the dependent variable and heteroskedasticity
have been addressed. Nevertheless, Swann (2010) provide an excellent overview of the
existing empirical literature. Although the effect of standard is highly context-specific,
the authors concluded that international standards tend to have positive or neutral effects
on imports. In contrast, domestic mandatory standards are more likely to reduce trade
flows. Additionally to the overview by Swann (2010), this paper provides an overview of
relevant studies in Table 1 from which the reader can immediately identify the underlying
research context. This list already indicates the high degree of heterogeneity with respect
to the direction of the effect of standards on trade flows. A subjective subset of the studies
will be discussed below.

Otsuki et al. (2001) analysed in a very influential study the impact of new harmonised
aflatoxin standard set by the EU on food products imported from a set of African countries
by estimating a gravity equation. They found that African exports of edible groundnut
and groundnut oil were constrained by MRLs on aflatoxin set by EU member countries
during 1989 and 1998. Xiong and Beghin (2012) argue that the analysis conducted by
Otsuki et al. (2001) has two limitations: the MRL variable does not have a time dimen-
sion, i.e. it only uses cross-sectional variation. This makes it indistinguishable from the
country-level multilateral-resistance terms or fixed effects. Second, they deleted all zero
entries which implies a sample-selection bias (Heckman, 1979). In addition, ignoring zeros
does not allow to study the extensive margin of trade, that, the creation of new bilateral
trade partnership. In other words, all estimates are conditioned on the fact that trade
already takes place. Nothing could be said on implications for new trade. The objective of
Xiong and Beghin (2012) is to examine the effect of harmonisation and tightening of EU
MRLs on aflatoxins in 2002 on African exports of three groundnut products by accounting
for sample selection bias, the “multilateral resistance” terms and the heterogeneity across
firms. They found that EU MRLs have no significant impact on groundnut exports from
Africa across all preferred methods of estimation. Second, domestic supply conditions
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in Africa are crucial in order to determine trade volumes and the propensity to trade
in groundnut products. (Roy, 2013) adds an additional aspect by arguing that African
exports of groundnut had already declined before the harmonisation by the EU took place.

The high relevance of the chosen method is also highlighted by Ferro et al. (2015)
who create a restrictiveness index of MRL pesticide for 61 importing countries. By ap-
plying the two-step Heckman procedure as done by Helpman et al. (2008), the authors
find evidence in the first stage that more stringent MRL reduce the probability to export
due to higher fixed costs. However, once the sample selection bias and the share of ex-
porting firms are controlled for, standards have no effect on trade flows. In addition, the
first-stage effect is stronger for the BRIC-countries than for non-BRIC countries. Exports
from low income countries are more negatively affected by product standards than those
from higher income countries. Ceteris paribus, countries export to destination markets
which have the lowest fixed costs, i.e. less restrictive MRL standards. The effect of food
safety standards on China’s exports is also analysed by Chen (2008) who find a statis-
tical significant negative effect. According to their estimates, the effect is even stronger
than imposing tariffs. Further evidence for trade-reducing effects due to more restrictive
standards is - among others - also provided by Yue et al. (2010), Drogué and DeMaria
(2012), and Melo et al. (2014) who all focus on the effects of MRL on European imports.
Whereas Wilson et al. (2003) also found that standards affect trade flows negatively, the
authors also provide evidence that harmonisation of standards is trade-enhancing.

Next to the effects on trade flows, standards might have other potential benefits (Hen-
son and Jaffee (2008), Henson and Humphrey (2009), Henson and Humphrey (2010)).
Chiputwa et al. (2013) conducted a survey among small-scale coffee producers in Uganda.
In order to avoid the sample-selection bias the authors applied propensity score match-
ing and find evidence that the Fair Trade certificate increases the economic status of the
farmers. Masood et al. (2014) investigated the effect of the private standard GlobalGAP
on banana exports to the EU. As a result GlobalGAP certification is found to be trade-
enhancing which seems to contradict with a significant part of the empirical literature. In
a different empirical approach Mangelsdorf et al. (2012) investigated the effects of stan-
dards of one exporting country (China) on food trade to the EU. OLS in combination
with different sets of country-, year-, and product-dummies yield a statistical significant
and positive coefficient for the time period 1992-2008.2 All in all, the effect of standards
on trade flows remains unclear and requires further research.

3 Data and Methods

The gravity model is well known as one the biggest successes in empirical trade analysis.
The major benefits are the high explanatory power, availability of data, and established
standard practices that facilitate research. The essence of the gravity model is that it
accounts for bilateral interaction in which size and distance effects enter multiplicatively.
Nevertheless, three empirical challenges need to be addressed in the context of gravity
models. The high share of zeros of the dependent variable, the often heteroskedastic na-
ture of trade data, and country-pair fixed effects bias ordinary least squares estimates.

2Because of the different empirical approach this study is not listed in Table 1.
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The gravity model will be estimated by a specific quantile regression procedure which
has three-steps and was developed by Figueiredo et al. (2014). The public standard of
maximum residue limits (MRLs) will be employed for food imports of various countries.

3.1 The restrictiveness index

MRLs are often used in the literature of “standards-as-barries” vs. “standards-as-catalyst”.
One obvious advantage is that MRLs are simple quantities - in contrast to most other
standards - and therefore, could be directly included in regression analysis. Their inter-
pretation is inverse: higher values of MRLs imply a higher tolerated amount of residues
in food imports and hence less strict standard. However, there are additional problems
which require the transformation of MRL-data into a restrictiveness index. Although
all residues are expressed in mg/kg, the de facto stringency of the same value might be
different for different residues. For example, a MRL of 50 for residue A might be as strict
as a MRL equal to 0.01 for residue B.

Ferro et al. (2015) developed a restrictiveness index which is normalised between zero
and one and defined for the importing country j, product p in time t as:

Restrictivenessj,p,t = 1
N(a)

N(a)∑
n(a)=1

MAXp,a,t −MRLj,p,a,t
MAXp,a,t −MINp,a,t

(1)

MAXp,a,t refers to the maximum MRL of product p, pesticide a in year t across all
importing countries. Values closer to unity imply stricter standards and hence, the index
does not require an inverse interpretation as MRLs do.

3.2 Method: quantile regressions

“Rightly or wrongly, 95 percent of applied econometrics is concerned with averages.”

(Angrist and Pischke, 2009, p.203)

Estimation methods of the gravity equation have been improved in many waves.
Whereas early approaches only estimated cross-sectional data sets with standard OLS
(e.g. McCallum (1995)), more recent developments emphasise the necessity to control
for multilateral resistance by including for example country-fixed effects (Anderson and
van Wincoop, 2003). Helpman et al. (2008) (henceforth HMR) developed a two-step pro-
cedure to accommodate the high share of zeros which are often present in trade data sets.
Figueiredo et al. (2014) combine the approach of HMR and quantile regressions. The
latter builds the core of this paper since they allow us to analyse whether the effect of
standards on trade flows differs - either in sign, magnitude, or statistical significance - at
different parts of the trade flow distribution.
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Equation 2 states the gravity equation in its log-linearised version. Bilateral trade
flows Xi,j,p,t from country i to country j in year t of product p are proportional to the
product of two masses, which are often proxied by the GDP of the exporting country i and
the importing country j, and adversely proportional to the distance of both masses, i.e. to
the distance of both countries. However, the usage of GDP as a proxy for a country’s mass
is less justified the more disaggregated the underlying data are. Since we analyse trade
flows of products up to the six-digit level, the economic size of a country (i.e. its GDP)
could be completely unrelated to its supply capacity of a six-digit agricultural product.
The argument holds vice versa for the demand side, i.e. for Mjt. Therefore, we conduct
the analysis using GDP as a proxy as well as the production volume of product p in time
t of the exporting country i. The data is obtained from FAOSTAT. Since product-specific
consumption data are not directly availabl, we compute the simple sum of production
minus exports plus imports to proxy the demand side.

Vector Ωi,j,t represents various proxies for trade costs, e.g. dummies which equal one
if both countries share a border, whether both trading countries share a colonial history,
or whether the spoken language is identical to one of the European languages. The
restrictiveness index is included as a single variable as well as in form of an interaction
term with product dummies Dp.

lnXijpt = β(τ)0 +
P∑
p=1

β(τ)pRjpt ×Dp + β(τ)P+1Rjpt + β(τ)P+2Mit + β(τ)P+3Mjt

+ β(τ)P+4lnDistij + β(τ)P+5ln(Tariffijpt + 1) + β(τ)Ωij + µp + ηi + νj + λt + εijt
(2)

Therefore, we are able to detect product-specific effects of the restrictiveness index on
bilateral exports. Interpretation needs then to be based on the partial effect:3

∂lnXijpt

∂Rjpt

= β(τ)p + β(τ)P+1

Finally, importer- and exporter-fixed effects are included as well as year- and product-
fixed effects in order to control for multilateral resistance. We assume that multilateral
resistance, that we control for by using country fixed effects, does not change over the
relatively short period of time to reduce the loss of degrees of freedom due to a large
number of fixed effects.

Quantile regressions will be applied within the gravity framework as these allow to
distinguish between heterogeneous effects of covariates at different parts of the distribu-
tion of the dependent variable. MRLs are frequently applied in related empirical research.
MRLs are adopted to control for aflatoxin contamination of food supply. Aflatoxins are
naturally occurring in mycotoxins that are produced by various species of fungi in agri-
cultural commodities. For example the fungi Aspergillus flavus appears in soil, wheat,
and hay and especially grows with high temperature and a humid climate. Aflatoxins are
toxic and among to the most carcinogenic substances. The lethal intake of the aflatoxin

3Standard errors are required for a statistical interpretation of the partial effects. These can be
obtained by applying the delta-method. This has not been done yet.
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B1 lies between 1-10 mg/kg of the bodyweight of an adult.

Only few studies are available that apply quantile regressions in the context of food
standards. By using data of Vietnamese pangasius farmers Hansen and Trifković (2014)
applied quantile regressions in order to analyse the influence of standards on income of
relatively poor farmers compared to relatively rich farmers. As a result the authors find
that only farmers between the 50% and 85% quantiles benefited from standards in terms
of per capita consumption expenditures. Whereas poor farmers were excluded, the income
effect for the very rich farmers was negligible.

According to our knowledge, quantile regressions have not been applied in combina-
tion of food standards with trade flows before. Quantile regression do not only allow to
disentangle the overall effect of standards on trade flows at different parts of the trade
flow distribution. These are also beneficial from a methodological point of view due to
their property of being mean invariant to monotone transformations. Ultimately, we aim
to identify a certain threshold of European imports at which the effect of standards on
trade flows changes from negative to positive.

Two empirical challenges of the gravity model have not been addressed yet: (i) the
large share of zeros and (ii) the large number of fixed effects. In addition, unobserved
heterogeneity is less straightforward to control for if quantile regressions are applied. With
non-linear panel models, standard differencing is not feasible because conditional quantiles
are non-linear whereas the conditional expectation is linear. Figueiredo et al. (2014)
propose a three-step estimation procedure which accounts for all three shortcomings if
panel data is available. Unobserved heterogeneity is represented by αi in Equation 3.

ln(yit) = αi + X itβ + ηit (3)

I In the first step, the large share of zeros is accounted for by estimating the probability
π of observing trade flows.

π(αi,Xit) = Pr (Yit > 0|αi,Xit)

The estimated probability π̂ is used to construct the subset:

J0 = {(i, t) : π̂(αij,Xit) > 1− τ + cN}

II The second and third step is adopted from Canay (2011). He proposes a quantile
regression model with fixed effects in order to combine the benefits of quantile regres-
sions (account for heterogeneous covariate effects) and panel data (inclusion of fixed
effects to control for unobserved covariates). Canay shows that the corresponding
estimator is consistent and asymptotically normal if T → ∞. In this case, the data
is transformed in a way that eliminates the fixed effects beforehand when these are
treated as location shift variables, i.e. assuming that fixed effects affect quantiles
equally.
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The individual fixed effects are computed as α̂i = 1
T

∑T
t=1(Yit −X itβ̂

0) where β̂0 is
the OLS estimator of β obtained from the within estimation of Equation 3 on the
subset J0.

III Let Ŷit ≡ Yit − α̂i and estimate β̂(τ) via a standard quantile regression.

β̂(τ) = argmin 1
Tn

T∑
t=1

N∑
i=1

[
ρτ
(
Ŷit −X ′

itβ
)]

(4)

For the third step the command qreg is used in STATA. The do-file of the three-step
estimator is downloaded from the personal homepage of Erik Figueiredo.

3.3 Data

The data source for MRLs is the Homologa database. The dataset encompass the years
2005 to 2012, 39 countries, 190 pesticides, and 90 products. Table 5 lists all included
countries per year. In total we chose 27 products on the basis of the number of observa-
tions, see Table 4.

Homologa reports MRLs for every member of the EU separately until 2010. For 2011
and 2012, Homologa only reports the MRLs for the EU in general. Hence, we merged the
data in such a way that each member of the EU imposes the MRLs of the EU in 2011
and 2012 although these are not explicitly stated. However, the EU sets MRLs for some
residues that were not accounted for by the members states before and vice versa. In other
words, there are residues in some EU member states until 2010 which are not reported
for 2011 and 2012. As a general rule, the EU sets 0.01 mg/kg as a default starting in
2009. Consequently, we have replaced missing values of EU-members with this default
value of 0.01 mg/kg for the years 2009, 2010, 2011, and 2012. Furthermore, we replace
missing values for non-EU countries with corresponding default values as provided by Ho-
molaga in a separate pdf-file.4 Missing MRL observations are not replaced by zero since
this would imply a complete ban of the product. Instead, missing values were replaced
by the maximum value of other countries for this particular product-residue pair. This
procedure implies that the restrictiveness indices differ across EU member-states even
for the years 2011 and 2012 because those use also maximum values of previous years of
residues that might not be explicitly stated by the EU. Finally, we deviate from Ferro
et al. (2015) by not equating the ratio within the summation sign of the index to unity if
MRL = MRLmax = MRLmin since this replacement procedure makes the index systemat-
ically stricter.

Remaining data are of standard gravity-nature. Hence, per capita GDP data are taken
from the Worldbank, distance and other proxies for the accessibility parameters are taken
from CEPII.

4 Results

The concentration of agricultural export markets is the underlying rationale to apply
quantile regressions. We argue that the effect of MRLs on exports differs along the trade

4This pdf-file is available upon request.



4 Results 11

flow distribution. Therefore, the heterogeneity of this effect should be more pronounced
the more agricultural export markets are concentrated. This section provides descrip-
tive evidence for high concentration of export markets for a broad range of products.
Eventually, regression results are provided.

4.1 Descriptive Results

Food export markets are highly concentrated. Table 6, 7, and 8 in the Appendix show
export shares per country of total world export values of the year 2012 for twelve dif-
ferent products. For example, Mexico accounts for almost 50% of total world exports of
avocados. The top five leading exporting countries export around 80% of global avocado
exports. This findings holds for most products. The export market of almonds is espe-
cially concentrated since the USA export more than 70% of all global almonds exports
in 2012. Moreover, China exports more than 70% of global garlic exports. The share
of the top five leading exporting countries is close or above 80% for almonds, asparagus,
avocados, cherries, garlic, and pears. Especially exports of cherries and pears originate
from a small set of (Easter-European) countries.

4.2 Regression results

All results are reported in Appendix B in Tables 9, 10 when GDP is used as masses and
Tables 11 and 12 when consumption and production volume are included instead of GDP.
The estimated equation is provided in Section 3.2 (Equation 2). All empirical specifica-
tion include importer-, exporter-, product-, and year-fixed effects. However, these are not
reported in the tables due to space constraints.

Most coefficients of the standard gravity variables are estimated as expected. Hence,
except production all proxies for the masses are statistically significant with a positive
sign. Distance and tariffs enter negatively across all quantiles. The magnitude of the
distance coefficients declines with higher quantiles whereas the effect of tariffs is stable
for the three higher quantiles. Interestingly, an increase in tariffs increase expected trade
flows c.p. for the lowest 20% of the trade flow distribution. For the GDP specification,
colonial history is not stastistically significant, whereas border, language, and religion en-
ter positively with declining magnitudes for higher quantiles. As an interesting side-effect,
we already conclude that proxies for trade costs have heterogeneous effects on bilateral
trade flows. This is support our general motivation that trade impeding factors are less
relevant for country pairs that trade relatively more than others, i.e. country pairs that
are at the upper part of the trade flow distribution.

This pattern is less clear if production and consumption are used as proxies. Here,
colony has a negative effect and the estimates of border, language, and religion are less
robust.

However, we are mainly interested in the partial effect of the restrictiveness index.
The partial effect is computed as the simple sum of the coefficients of the restrictiveness
index itself and the interaction term with the product dummies.
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Table 2 reports partial effects for both settings, i.e. when GDPs are used and con-
sumption and production. The composition of products in the table differs because some
products dropped out of the regression. Interaction terms in gray indicate that their es-
timated coefficients support our hypothesis, i.e. that MRLs affect trade flows negatively
at the lower part of the trade flow distribution and positively at the upper part. We in-
terpret coefficients that are positive across all quantiles but lower in magnitude for lower
quantiles compared to higher quantiles to be also in-line with our hypothesis. This holds
vice versa for coefficients that are always negative across all quantiles.

Our hypothesis is supported by twelve different products in the GDP specification:
almonds, apricots, asparagus, cherries, garlic, grapefruits, oranges, peaches, pears, pota-
toes, raspberries, and wheat. For example, trade flows of garlic are negatively affected
especially for the lowest 20% and positively for the upper 40%. Interestingly, the garlic
food export market belongs to the most concentrated food markets, see Table 8. If al-
monds, oranges, potatoes, and raspberries are concerned, the trade-reducing effect due to
MRLs declines for higher quantiles.

The interaction terms of cherries, grapefruits, and pears are statistically significant for
three of the four quantiles. Cherries and pears belong to the twelve products for which we
find the hypothesised pattern. In both product markets the top five exporting countries
account for almost 100% of global total exports. Leading exporters for cherries and pears
are the Republic of Moldova and Kyrgyzstan.

Results are different in the second specification when production and consumption are
used as proxies. Here, eight of the 27 products are in-line with the hypothesis: apples,
asparagus, barley, garlic, grapefruit, oranges, peaches, and tomatoes. Since the standard
gravity variables are less robust in this specification, we consider the former specification
using GDP to be more reliable.

Overall, the statistical significance of the restrictiveness index itself as well as of of
many interaction terms is low. Nevertheless, we can conclude that estimation results
highly differ across products. Twelve out of 27 products are in-line with our hypothesis.
Eventually, our hypothesised effect is especially pronounced for cherries and pears which
are mainly exported by two former Soviet-countries. Both products have the highest
degree of market concentration of all analysed products.
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Table 2: Partial effects:: β(τ)p + β(τ)P+1

Quantiles 0.2 0.4 0.6 0.8
GDP

R Almonds -1.737 -1.697 -1.112 -1.054
R Apples 2.044 0.902 0.577 0.135

R Apricots 0.171 0.273 0.315 0.735
R Asparagus 0.421 0.028 0.36 1.105

R Avocados 0.103 -0.273 -0.43 -0.269
R Bananas 0.593 0.567 0.524 -0.017

R Barley 2.244 -0.098 0.233 -0.063
R Cherries 1.68 3.534 1.707 2.417

R Garlic -1.85 -0.05 0.072 0.642
R Grapefruits 0.415 1.221 0.741 1.552

R Millet 1.671 0.581 0.643 0.813
R Olives 2.484 1.066 0.804 0.799

R Onions 1.58 0.725 0.744 0.911
R Oranges -1.881 -0.346 -0.12 -0.169
R Peaches -0.532 -0.5203 -0.247 -0.4012

R Pears 1.8214 3.103 1.866 2.623
R Pineapples 1.792 0.833 0.687 0.397

R Potatoes -1.271 0.098 -0.055 -0.228
R Raspberries -0.844 0.308 -0.074 -0.245

R Rice 0.81 0.171 -0.202 -0.4239
R Tea 0.162 -0.006 0.005 0.049

R Tobacco -0.206 -0.046 -0.183 -0.3686
R Wheat 0.835 0.812 0.934 2.253

Consumption and Production

R Almonds -0.3686 -0.5878 -0.3135 -1.1647
R Apples -0.1716 -0.2938 0.098 0.145

R Asparagus -0.0674 0.1622 0.109 0.376
R Bananas 0.1664 0.1212 0.039 -0.26

R Barley -1.9876 0.1052 0.304 0.024
R Cherries 4.0554 2.4642 1.324 0.558

R Garlic -0.9536 -0.1348 -0.4354 -0.384
R Grapefruit -0.5806 -0.126 -0.248 0.006

R Millet 0.6594 0.0482 0.279 0.309
R Onions -0.2226 -0.3068 -0.37554 -0.442

R Oranges -1.2946 -0.5518 -0.3279 -0.037
R Peaches -0.7376 -0.2118 -0.16 -0.409

R Pears 7.0144 2.4092 1.45 1.5
R Potatoes 1.3874 0.6422 0.511 0.652

R Raspberries 0.3894 0.5282 -0.027 0.202
R Tea 0.1374 0.1392 0.131 0.075

R Tobacco 0.2484 0.2402 0.11 -0.123
R Tomatoes 0.5624 0.2242 0.477 1.452
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5 Discussion

As mentioned in the introduction, the landscape of standards is highly heterogeneous.
Isolating a clear and robust effect of standards on bilateral trade flows remains difficult.
This final Section aims to put our results into the context of the current research frontier
and to discuss possible solutions.

5.1 Standards and market concentration: direction of causality?

In the previous Section we have shown first that pears and cherries originate from the
most concentrated markets of all analysed products. Second, the expected heterogeneous
effect of food standards on bilateral trade flows is specially prevalent on these markets.
Third, the interaction terms (not the partial effect) of both products are - in contrast to
most other interaction terms - statistically significant for three out of four quantiles.

Taking our empirical approach seriously would imply that standards enhance the con-
centration of the export markets of cherries and pears. In combination with the second
finding that pears and cherries are the most concentrated markets in our analysis implies
that this effect is self-enforcing: standards increase market concentration and the more
concentrated food markets are the stronger is the effect of stricter standards on market
concentration. However, further research is required to prove this argument. Maybe it
is not market concentration itself that led to the empirical finding but rather specific
characteristics of the major exporting countries, e.g. the quality of public institutions.

5.2 Limitations of gravity

A significant share of empirical trade analysis relies on the gravity framework. Although
highly useful and popular, the gravity model is silent about welfare effects of trade pol-
icy measures. It builds upon the (often justified) assumption that lower bilateral trade
flows imply a loss in welfare. However, this assumption might especially be questionable if
standards are concerned. Especially MRLs are implemented to protect consumers’ health.
Hence, lower exports might be acceptable as long as consumers of the importing country
face lower risks due to food consumption (Beghin et al., 2015).

This argument is not only valid for consumers’ health but also for other objectives
of standards like environmental aspects, animal welfare, or social working conditions.
Alhtough changes in exports remain highly relevant, economists need to account for these
potential positive external effects of standards to contribute to the debate. This would
imply to go beyond gravity.

5.3 Some words on quantile regressions

Large trade volumes are concentrated among few exporting countries. Our approach
attempts to identify different effects of standards on trade flows at different parts of
the trade flow distribution. We expect a different effect for the few leading exporting
countries than for the remaining countries. By default, these leading exporters are only
very few. Consequently, it is questionable and requires further research whether sufficient
observations are available which allow us to identify an effect at all by applying quantile
regressions.
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6 Conclusion

Starting from the stylized fact that food export markets are highly concentrated we ap-
plied quantile regressions in the gravity framework to provide empirical support for the
hypothesis that standards affect trade flows positively for higher quantiles and negatively
for lower quantiles. The regression analysis is conducted for 27 different products from
2005 to 2012 of 39 countries. Coefficients of twelve products are in-line with our hypoth-
esis: almonds, apricots, asparagus, cherries, garlic, grapefruits, oranges, peaches, pears,
potatoes, raspberries, and wheat. We do not report standards errors for the partial effects
yet and hence, statistical inference is only possible for the interaction terms themselves
but not for MRLs overall.

Pears and cherries originate from the most concentrated markets of all analysed prod-
ucts. The expected heterogeneous effect of food standards on bilateral trade flows is
specially prevalent on these markets. The interaction terms (not the partial effect) of
both products are - in contrast to most other interaction terms - statistically significant
for three out of four quantiles. Instead of thinking in a one-way causality framework, we
argue that the effect of standards on market concentration is self-enforcing since a higher
degree of market concentration enhance the effect of standards on market concentration.
However, further research is required to make this argumentation more robust. As a
corner stone, a theoretical model will be developed for future versions of this paper to
illustrate the above explained mechanism.

As a side effect, we find that various proxies for the accessibility parameter have hetero-
geneous effects as well. The trade impeding effect is less pronounced for higher quantiles.

Furthermore, we want to include a discussion about a welfare maximising degree of
food export market concentration. If the analysis of the effect of food standards on
trade flows is narrowed to changes in trade volumes crucial elements will be ignored. If
future research reveals that standards contribute to higher concentration of food export
markets and hence, to lower competition, one needs to address potential negative effects
for consumers due to lower competition as a consequence of stricter food standards. Until
now, only the production side is subject of the analysis.
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Appendix A: Literature notes and descriptives

Table 3: Notes for the literature overview of Table 1.

a Chad, Egypt, Gambia, Mali, Nigeria, Senegal, South Africa, Sudan, Zimbabwe

b
Austria, Belgium, Denmark, Finland, France, Germay, Greece, Ireland, Italy, Luxembourg
The Netherlands, Portugal, Spain, Sweden, United Kingdom, Norway

c STIC Reveision 2, “cereals and cereal preparations” and “fruits, nuts and vegetables”

d SITC Revision 1, edible groundnuts (05172), groundnut oil (4214), shelled groundnut (2211)

e
The authors find a positive effect for developed countries and a negative effect for developing
countries. In addition, leading exporters benefited from HACCP whereas small-scale
producers faced a negative effect.

f
The number of included importing countries varies. The EU-15, USA, and Japan
among others are always included.

g The comtrade commodities are garlic (070320), onions (070310, 071220), and spinach (070970, 071030).

h
17 developing countries are included: Argentina, Bulgaria, Chile, Czech Republic, Honduras,
India, Iran, Jordan, Kenya, Mozambique, Nigeria, Pakistan, Panama, Poland, Senegal,
South Africa and Uganda.

i EU, USA, Canada, Japan, Australia

j EU27, Argentina, Brazil, Chile, China, Mexico, New Zealand, South Africa

k Australia, Canada, Republic of Korea, Japan, Mexico, Russian Federation and USA

l The direction of the effect highly depends on the corresponding country pair.

m The corresponding commodity codes are (081330) for dried apples, (200970) for apple juice, and (200840) for pears.

n
The importing countries are: US, Mexico, Canada, Colombia, Brazil, Netherlands, United Kingdom, Spain
Hong-Kong, China, Japan, Saudia Arabia, Arab Emirates, India, and Russia.

o
The authors esimated two models: the first applies an aggregated index of stringency whereas the second index
is disaggreagted into its different dimensions, namely phytosanitary regulations, maximum residue limits,
good agricultural practice (GAP), and quality standards.

p
Apart from the GAP-index which is found to have a positive impact, the disaggregated indexes are not
statistically significant.

q
The exporting countries are: Argentina, Brazil, Chile, Colombia, Costa Rica, Ecuador, Guatemala, Honduras,
Mexico, Panama, Jamaica, St. Lucia, Cameroon, Cote d’Ivoire, Morocco, South Africa, China, India, Indonesia,
Philippines and Taiwan.

2 The importing countries are: Belgium, Luxembourg, France, Germany, the Netherlands, UK, Canada, Japan,
New Zealand, Switzerland, and the US.

s SITC Revision 1, code 0513.

t
EU (treated as one entity), Argentina, Australia, Brazil, Canada, China, Japan, New Zealand, Russia
and the United States.

u
HS 6-digit commodities for fruits (080810 and 080820), vegetables (070110, 070190, 070200, 070930, and 070960)
and cereals-grains (100300,100510, 100590, 120510, and 120590).

v The authors calculated several heterogeneity indexes. All of them had no effect on trade flows, except MRL.

w See Table B for a list of exporting and importing countries.

x These are plant products ranging from HS-06 to HS-12.

y
The authors provide evidence for trade enhancing effect due to higher demand and, simulatenously,
trade reducing effects due to reduced supply. This is interpreted as one reason for the mixed results
in the corresponding empirical literature.

z The exporting countries are: Kenya, Sri Lanka, China, India, Indonesia, Vietnam, Argentina, and Iran.

aa
The importing countries are: France, Germany, United Kingdom, Italy, Spain, Portugal, Austria, Ireland,
Belgium, Denmark, Greece, Holland, Sweden, and Finland.
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Table 4: List of included products

HS Code Product HS Code Product
080211 Almonds 080810 Apples
080910 Apricots 070920 Asparagus
080440 Avocados 0803 Bananas
1003 Barley 100820 Millet
070320 Garlic 080540 Grapefruit
0806 Grapes 071120 Olives
070310 Onions 080510 Oranges
080930 Peaches 080820 Pears
080920 Cherries 1201 Soybeans
080430 Pineapple 1001 Wheat
0902 Tea 1006 Rice
0701 Potatoes 24 Tobacco
081020 Raspberries 0702 Tomatoes
080711 Watermelons

Table 5: List of importing countries that are included and added over time in the
Homologa data base.

2005 2006 2007 2008 2009 - 2012
Argentina + Chile + Colombia +Egypt +Singapore
Australia + Israel + Russia +India +Ukraine
Brazil +Malaysia + South-Africa
Canada +Mexico
Chile +New Zealand
China +Thailand
EU (diff. countries)
Japan
South Korea
Norway
Switzerland
Taiwan
Turkey
USA
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Table 6: Exportshares of the five leading exporters by product in 2012 (1),
Source: Comtrade.

Countries Export share: X i
p/X

world
p Countries Export share: X i

p/X
world
p

Almonds Apples
USA 73% USA 15.56%
Spain 10.56% China 13.75%
Australia 2.8% Italy 13.42%
Netherlands 2.08% Chile 10.44%
Germany 2% France 9.9%
Sum 90.41% Sum 63.07%

Apricots Asparagus
France 27.58% Peru 32.93%
Spain 17.85% Mexico 21.62%
Italy 12.01% USA 14.81%
Turkey 10.63% Netherlands 8.9%
Greece 6.41% Spain 4.34%
Sum 74.47% Sum 82.7%
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Table 7: Exportshares of the five leading exporters by product in 2012 (2),
Source: Comtrade.

Countries Export share: X i
p/X

world
p Countries Export share: X i

p/X
world
p

Avocados Bananas
Mexico 46.14% Ecuador 26.34%
Netherlands 10.21% Belgium 16.24%
Chile 8.37% Colombia 10.4%
Peru 7.16% Costa Rica 8.94%
Spain 7.12% Guatemala 7.82%
Sum 79% Sum 69.74%

Barley Cherries
Australia 17.36% Rep. of Moldova 45.64%
France 17% Kyrgyzstan 23.42%
Russia 11.43% Ukraine 20.52%
Argentina 10.74% Armenia 10.08%
Ukraine 8.84% India 0.123%
Sum 65.33% Sum 99.78%

Table 8: Exportshares of the five leading exporters by product in 2012 (3),
Source: Comtrade.

Countries Export share: X i
p/X

world
p Countries Export share: X i

p/X
world
p

Garlic Grapefruits
China 71.66% USA 19.58%
Spain 9.44% Netherlands 15.89%
Argentina 6.63% China 13.34%
Netherlands 3.08% Turkey 13.32%
France 1.95% South Africa 11.47%
Sum 92.89% Sum 73.59%

Millet Pears
Canada 13.67% Kyrgyzstan 72.23%
USA 10.85% Rep. of Moldova 14.92%
Bolivia 10.47% Malaysia 3.78%
France 6.93% Bahrain 2.88%
China 6.67% Ukraine 1.66%
Sum 48.58% Sum 96.15%
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Appendix B: Regression results

Table 9: Regression results using GDP as masses - standard gravity variables..

VARIABLES 0.2 0.4 0.6 0.8
lnGDP Importer 3.726*** 2.401*** 2.241*** 2.447***

(0.705) (0.210) (0.178) (0.312)
lnGDP Exporter 1.297** 0.444*** 0.411*** 0.678***

(0.512) (0.151) (0.128) (0.224)
lnDist -1.339*** -1.300*** -1.153*** -0.892***

(0.0522) (0.0165) (0.0141) (0.0246)
lnTariff 1.269*** -0.644*** -0.671*** -0.660***

(0.378) (0.111) (0.0947) (0.166)
Colony 0.192 0.0111 -0.0466 -0.0975

(0.144) (0.0460) (0.0392) (0.0686)
Contig 1.595*** 1.493*** 1.326*** 1.111***

(0.127) (0.0416) (0.0355) (0.0622)
Comlang off 0.356*** 0.306*** 0.247*** 0.198***

(0.116) (0.0375) (0.0319) (0.0559)
Religion 0.155 0.206*** 0.170*** 0.0156

(0.114) (0.0364) (0.0309) (0.0541)
Constant -26.50*** -6.110*** -4.491** -8.547**

(7.500) (2.247) (1.906) (3.338)
Observations 85,776 106,591 108,224 108,338

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Table 10: Regression results using GDP as masses - restrictiveness and interaction.

VARIABLES 0.2 0.4 0.6 0.8

R 1.919 -0.603 -0.563 -0.404
(1.269) (0.410) (0.346) (0.606)

R Almonds -3.656 -1.094* -0.549 -0.650
(1.836) (0.610) (0.511) (0.895)

R Apples 0.125 1.505** 1.140* 0.539
(2.100) (0.703) (0.598) (1.047)

R Apricots -1.748 0.876 0.878 1.139
(2.007) (0.649) (0.550) (0.963)

R Asparagus -1.498 0.631 0.923** 1.509*
(1.682) (0.535) (0.452) (0.791)

R Avocados -1.816 0.330 0.133 0.135
(1.564) (0.502) (0.425) (0.743)

R Bananas -1.326 1.170** 1.087** 0.387
(1.639) (0.534) (0.451) (0.790)

R Barley 0.325 0.505 0.796 0.341
(1.948) (0.606) (0.512) (0.897)

R Cherries -0.239 4.137*** 2.270*** 2.821***
(1.885) (0.622) (0.530) (0.928)

R Garlic -3.769** 0.553 0.635 1.046
(1.730) (0.557) (0.472) (0.826)

R Grapefruit -1.504 1.824*** 1.304** 1.956**
(1.901) (0.608) (0.515) (0.902)

R Millet -0.248 1.184** 1.206*** 1.217
(1.570) (0.515) (0.437) (0.765)

R Olives 0.565 1.669*** 1.367*** 1.203
(1.702) (0.528) (0.445) (0.779)

R Onions -0.339 1.328** 1.307*** 1.315
(1.837) (0.589) (0.498) (0.872)

R Oranges -3.800** 0.257 0.443 0.235
(1.760) (0.589) (0.500) (0.876)

R Peaches -2.451 0.0827 0.316 0.00281
(1.594) (0.521) (0.441) (0.772)

R Pears -0.0976 3.706*** 2.429*** 3.027***
(2.156) (0.727) (0.620) (1.085)

R Pineapples -0.127 1.436*** 1.250*** 0.801
(1.484) (0.472) (0.397) (0.695)

R Potatoes -3.190** 0.701 0.508 0.176
(1.473) (0.461) (0.389) (0.681)

R Raspberries -2.763 0.911* 0.489 0.159
(1.721) (0.535) (0.449) (0.786)

R Rice -1.109 0.774* 0.361 -0.0199
(1.420) (0.462) (0.390) (0.683)

R Tea -1.757 0.597 0.568 0.453
(1.292) (0.417) (0.352) (0.616)

R Tobacco -2.125 0.557 0.380 0.0354
(1.341) (0.436) (0.368) (0.643)

R Tomatoes -1.084 1.415* 1.497** 2.657**
(2.237) (0.726) (0.613) (1.074)

Observations 85,776 106,591 108,224 108,338

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1



25

Table 11: Regression results using consumption and production as masses - standard
gravity variables.

VARIABLES 0.2 0.4 0.6 0.8
lnConsumption 2.147*** 2.100*** 1.969*** 1.762***

(0.0381) (0.00829) (0.00655) (0.0108)
lnProduction -0.849*** -0.824*** -0.822*** -0.719***

(0.0476) (0.0107) (0.00849) (0.0141)
lnDist -0.647*** -0.790*** -0.724*** -0.582***

(0.104) (0.0229) (0.0182) (0.0304)
lnTariff 0.0829 -0.251** -0.250** -0.272*

(0.561) (0.123) (0.0980) (0.163)
Colony -0.379 -0.387*** -0.376*** -0.457***

(0.272) (0.0601) (0.0479) (0.0799)
Contig 0.139 0.0226 0.0721 0.196**

(0.256) (0.0579) (0.0462) (0.0771)
Comlang off 0.0420 0.131*** 0.110*** 0.117*

(0.219) (0.0485) (0.0387) (0.0645)
Religion 0.150 0.179*** 0.147*** 0.121*

(0.209) (0.0463) (0.0369) (0.0616)
Constant -9.774*** -4.791*** -2.290*** 0.554

(1.770) (0.385) (0.305) (0.506)
Observations 48,016 54,415 55,485 55,763

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Table 12: Regression results using consumption and production as masses - restric-
tiveness and interaction terms.

VARIABLES 0.2 0.4 0.6 0.8
R -0.0466 -0.0588 -0.384 -1.149**

(1.879) (0.409) (0.326) (0.543)
R Almonds -0.322 -0.529 0.0705 -0.0157

(2.946) (0.641) (0.512) (0.853)
R Apricots -0.125 -0.235 0.482 1.294

(2.882) (0.642) (0.514) (0.859)
R Asparagus -0.0208 0.221 0.493 1.525**

(2.418) (0.528) (0.421) (0.700)
R Bananas 0.213 0.180 0.423 0.889

(2.441) (0.539) (0.430) (0.717)
R Barley -1.941 0.164 0.688 1.173

(2.713) (0.576) (0.459) (0.766)
R Cherries 4.102 2.523*** 1.708*** 1.707**

(2.807) (0.615) (0.489) (0.815)
R Garlic -0.907 -0.0760 -0.0514 0.765

(2.701) (0.588) (0.467) (0.777)
R Grapefruits -0.534 -0.0672 0.136 1.155

(2.756) (0.613) (0.490) (0.818)
R Millet 0.706 0.107 0.663 1.458**

(2.457) (0.533) (0.427) (0.712)
R Onions -0.176 -0.248 0.00846 0.707

(3.397) (0.749) (0.595) (0.992)
R Oranges -1.248 -0.493 0.0561 1.112

(2.665) (0.593) (0.476) (0.794)
R Peaches -0.691 -0.153 0.224 0.740

(2.421) (0.531) (0.423) (0.706)
R Pears 7.061** 2.468*** 1.834*** 2.649***

(3.190) (0.718) (0.574) (0.959)
R Potatoes 1.434 0.701 0.895** 1.801***

(2.067) (0.452) (0.360) (0.600)
R Raspberries 0.436 0.587 0.357 1.351*

(2.832) (0.606) (0.475) (0.791)
R Tea 0.184 0.198 0.515 1.224**

(1.967) (0.431) (0.343) (0.571)
R Tobacco 0.295 0.299 0.494 1.026*

(2.038) (0.448) (0.356) (0.592)
R Tomatoes 0.609 0.283 0.861 2.601***

(3.252) (0.713) (0.569) (0.947)
Observations 48,016 54,415 55,485 55,763

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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