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Abstract

How food safety standards a�ect international trade has already
been adressed. Generally, economists try to assess trade losses borne
by exporters when importing countries impose stricter regulations. In
this paper we assess the impact of the Maximum Residue Levels (MRL)
of pesticides on trade of apples and pears. We do not focus on a par-
ticular pesticide but take into account the entire list of substances set
out by the various regulations. The aim is to understand how the sim-
ilarity (or dissimilarity) in regulations can a�ect trade. Indeed, most
studies examine the regulations put in force in the importing country.
We assume that what can be crucial is the di�erence in the tolerance
level of both the importing and exporting country. We build an index
of similarity and introduce it in a gravity equation to assess the im-
pact of di�erences in MRL of pesticides on trade of apples and pears of
seven exporting and seven importing countries. Results suggest that
harmonizing regulations could enhance trade.
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1 Introduction

How food safety standards a�ect international trade has already been adressed
(Henson and Mitullah, 2000; Otsuki and al., 2001a and 2001b; Wilson
and Otsuki, 2003; Wilson and Otsuki, 2004; Moenius 2006). Generally,
economists try to assess trade losses borne by exporters when importing
countries impose stricter regulations. Standards a�ect trade competitive-
ness insofar as they imply a cost of compliance on producers which increase
the price of a product. Then it is a commonly accepted result in the literature
that standards are trade-impeding; at least for agfood trade from developing
countries. However there are some studies that highlight the positive im-
pact on trade. Moenius (2006) has underlined a positive impact of exporters
standards on agfood trade as they can establish trust and reduce search costs

for consumers. Disdier and al. (2008) reports the dual e�ects of SPS and

TBTs in agriculture which can have no impact on trade or even facilitate

it as they carry information and con�dence on the imported products... Fol-
lowing Li and Beghin (2010), the literature shows a wide range of estimated

e�ects from signi�cantly impeding trade to signi�cantly promoting trade.

In this paper we assess the impact of the Maximum Residue Levels (MRL)
of pesticides on trade of apples and pears. We do not focus on a particu-
lar pesticide but take into account the entire list of substances set out by
the various regulations. The aim is to understand how the similarity (or
dissimilarity) in regulations can a�ect trade. Indeed, most studies examine
the regulations put in force in the importing country. We assume that what
can be crucial is the di�erence in the tolerance level of both the importing
and exporting country. An (exporting) country which impose already strict
domestic tolerance level on pesticides residues may have less di�culties to
comply with the requisites of a stringent importer. Its producers have al-
ready coped with the cost of compliance of maintening low residue levels.

Apples and pears present a good case-study as they are products of the
temperated zone involving countries both from developed and developing
areas. They are the main fruits (with oranges) consumed in the US and the
EU. They are easily shipped and represent important levels of trade both in
value and volume. These fruits are also greatly a�ected by contaminants as
pesticides because these substances tend to stay in products even when they
are peeled or washed.

Using a gravity model, we compare the bilateral impact of MRL of pes-
ticides for seven exporters (Argentina, Brazil, Chile, China, the EU, New
Zealand and South Africa) and seven importers (Australia, Canada Japan,
Korea, Mexico, Russia, The US) of apples and pears. These countries have
been chosen on the basis of four non excluding criteria (i) their share in the
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international trade of apples and pears; (ii) the level of their consumption of
these fruits; (iii) their presumed stringency in regulations; (iv) the avaibility
of data on the MRL of pesticides they have set.

The paper is organised as follows. Section 2 presents an overview of the
MRL regulations in force in importing and exporting countries and the pol-
icy state of play in this area. Section 3 deals with the econometric model
and data and presents the results. Section 4 concludes.

2 Maximum Residues Levels of pesticides: an unhar-

monized frame

Pesticide is a generic term which gather substances used to avoid or con-
trol pests. The de�nition of the Food and Agriculture Organization states
that a pesticide is: "any substance or mixture of substances intended for

preventing, destroying or controlling any pest, including vectors of human or

animal disease, unwanted species of plants or animals causing harm during

or otherwise interfering with the production, processing, storage, transport

or marketing of food, agricultural commodities, wood and wood products or

animal feedstu�s, or substances which may be administered to animals for the

control of insects, arachnids or other pests in or on their bodies. The term

includes substances intended for use as a plant growth regulator, defoliant,

desiccant or agent for thining fruit or preventing the premature fall of fruit,

and substances applied to crops either before or after harvest to protect the

commodity from deterioration during storage and transport."

Pesticides are often hazardous substances that cause harmful or deleter
e�ects on human or animal and plant health through exposure or diatary
intake as they tend to stay in the products in which they have been sprayed
even when they are peeled or washed. In order to safeguard consumer health
and to promote good agricultural practices, maximum levels of residues of
pesticides have been set worldwide. Public authorities regulate these levels
based on scienti�c prediction of dietary intake of residue of pesticides or for
some countries and substances they set them at some default level on behalf
of the precautionnary principle.

International harmonization of MRL does not exist at a global level. Even
if the Codex Alimentarius has �xed levels, they are not statutory. National
authorities keep the sovereignity in �xing these limits. Therefore these legal
limits can vary widely from a country to another. An e�ort has been made
by the European Union in 2005. The Commission has decided to �xed the
same limits over the territory which were previously �xed at national levels.
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The problem of non harmonization of food safety regulation and its possible
impact on trade has already been questionned. Wilson and Otsuki (2003)
have estimated that adopting the Codex standard on A�atoxin B1 would
raise world cereals and nuts exports up by US$ 38.8 millions.

Regarding pesticides residues, there are as many regulations as countries.
In its harmonized regulation the EU lists 1242 active substances for which
MRL have been set up. But the number of pesticides registered and the
level of MRL varies greatly from a country to another. Some countries have
adopted very severe rules with MRL well below the Codex settings and a
zero-tolerance as default value (when the pesticide is not registered in the
country legislation). This is the case of the Russian Federation which was
the targets of complaints for the stringency of its standards. While other
countries have decided to adopt international standards set up by the Codex.
This is for example the case of Chile.

Here we compare the level of MRL of pesticides for two fruits (apples
and pears) in seven importing countries (Australia, Canada, Korea, Japan,
Mexico, Russia, the United States) and seven exporting competitors (Ar-
gentina, Brazil, China, Chile, The European Union, New Zealand, South
Africa). We assess the impact of this non harmonisation in regulation and
how it a�ect trade of these two fruits. We assume that concerning MRL, it is
not the absolute level which imports but the relative one, that is to say the
di�erences in legislation. For example, Russia is well known to have �xed
MRL at levels so low that exporters failed to meet them repeatedly.

Another important di�erence is the list of substances registered in regu-
lations. Some countries (eg. the US or the EU) have a very detailed list while
other have prefered to limit the number of pesticides but set a zero-tolerance
for those which are not registered. Argentina has 108 limits for apples and
92 for pears. If a pesticide is not listed then the Codex limits apply, other-
wise the rule is that of zero-tolerance. In Australia, MRL in apples are set
for only 175 pesticides and 160 for pears. If a pesticide is not registered a
zero-level tolerance is applied. In Brazil 175 MRLs has been set for apples
and 12 for pears. In Canada limits are set for 93 substances in apples and
83 for pears in the absence of MRL a 0.1mg/kg default limit applies. Chile
applies the Codex values (with 103 MRLs set for apples and 91 for pears).
China has 57 limits for apples and 66 for pears. In the EU the list contains
526 active substances and the default value is 0.01mg/kg. Japan has settled
down 391 MRL on apples and 767 on pears. When a MRL is not registered
a 0.01mg/kg limit applies unless it is one of the 68 substances that do not
pose adverse health e�ects. Korea imposes 236 limits for apples and 210 for
pears. If a limit is not set for a product, the Codex standard shall apply,
otherwise the limit for the most similar product applies. If none of these
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solutions are applicable, the lowest limit for MRLs of pesticides shall apply
(equal to 0.01 mg/kg). Mexico has 72 levels for apples 105 for pears, default
value is equal to 0. New Zealand has 112 limits for apples and 107 for pears.
Codex MRL are recognised for imported food, Australian MRL recognised
for food imported from Australia. If no MRL exists, a default MRL of 0.1
mg/kg applies. In Russia limits are set for 124 pesticides for apples and 122
for pears. In 2008 Russia signed two bilateral memorandums with the EU
and Chile. They stipulate that 'if there is no Maximum Residue Level for

pesticide residues, nitrates and nitrites speci�ed for a certain type of product

in the Russian legislation, the MRL for the most similar product included in

the same commodity group (as de�ned in the Codex Alimentarius) applies,

and that if there is no MRL for the commodity group, the MRL of the Codex

Alimentarius applies. If there is no MRL of the Codex Alimentarius, the

MRL of the country of origin applies'. In South Africa there are limits for
130 pesticides in apples and 107 in pears and when no level is set, the Codex
applies. The US apply limits for 799 pesticides in apples and pears, a zero-
tolerance limit is set when a substance is not registered (See Table 1).
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Table 1: Number of pesticides registered in countries' regulations

Nb. of pesticides Nb. of pesticides Rule when a pesticide

registered for apples registered for pears is not registered

Argentina 108 92 1- Codex
2- Zero-tolerance

Australia 175 160 Zero-tolerance

Brazil 175 12 Codex

Canada 93 83 Default limit of
0.1 mg/kg

Chile 103 91 Codex

China 57 66 ?

EU 526 526 Default limit of
0.01 mg/kg

Japan 391 767 Default limit of
0.01 mg/kg

Korea 236 210 1- Codex
2- Limit of most similar
group of product
3- Default limit of
0.01 mg/kg

Mexico 72 105 Zero-tolerance

New Zealand 112 107 1- Codex recognised
for imported food
2- Australian MRLs recognised
for food imported from Australia.
3- Default limit of
0.1 mg/kg applies

Russia 124 122 1- Codex
2- Memorandum with
Chile and the EU
3- MRL of the most similar product
4- MRL of the country of origin

South Africa 130 107 Codex

USA 799 799 Zero-tolerance
Source: Homologa and national regulations

2 Model speci�cation and data

We investigate the in�uence of MRL of pesticides on import �ows of seven de-
veloping and developed countries. Countries in the sample have been chosen
on the basis of four non-exclusive criteria (i) their share in the international
trade of apples and pears; (ii) the level of their consumption of these fruits;
(iii) their presumed stringency in regulations; (iv) the avaibility of data on
the MRL of pesticides they have set. Apples and pears are a good case-study
as they are products of the temperated zone involving countries both from
developed and developing areas. They are the main fruits (with oranges)
consumed in the US and the EU. They are easily shipped and represent im-
portant levels of trade both in value and volume. Tables 2 and 3 present
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trade of apples and pears in 2009.

On the apples global market few players are involved. China, the EU,
Chile and the USA capture the lion's share of 75 percent of the apples world
exports. In 2007 the US was the �rst world provider of apples with US$
651 million and 6.6 million tons of apples sold followed by the EU (US$ 605
million of extra-EU exports).

Concerning the import side, the EU and Russia distinguish themselves
as they represent almost half of the total imports of apples. In 2007 the �rst
apple trade partner of the EU27 was the Federation of Russia with US$ 287
million of exports.

Table 2: Trade in apples in 2009

Main Exporters Value Quantity Main Importers Value Quantity

$US Mo 1000 tons $US Mo 1000 tons

Italy (EU) 758.06 798.3 United Kingdom 640.42 523.02

France (EU) 695.08 693.22 Germany (EU) 621.93 668.84

USA 651.29 663.47 Russian Federation 453.23 931.23

China 512.65 1019.8 Netherlands (EU) 366.91 358.42

Chile 489.11 774.56 Spain (EU) 260.51 258.91

Netherlands (EU) 354.35 378.26 Mexico 247.96 219.81

Belgium (EU) 268.11 342.05 Belgium (EU) 210.88 227.63

New Zealand 265.3 322.49 USA 210.53 206.6

South Africa 212.66 334.34 Canada 178.7 180.49

Poland (EU) 173.29 449.73 Lithuania (EU) 91.93 172.38
Source: COMTRADE

Table 3: Trade in pears in 2009

Main Exporters Value Quantity Main Importers Value Quantity

$US Mo 1000 tons $US Mo 1000 tons

Netherlands (EU) 319.28 320.01 Russian Federation 314.25 379.15

Argentina 271.29 454.71 Germany (EU) 224.98 177.67

Belgium (EU) 264.19 284.49 United Kingdom (EU) 159.23 130.01

Italy (EU) 226.88 180.23 USA 146.28 107.69

China 161.71 405.29 Netherlands (EU) 138.80 138.63

USA 157.93 155.07 France (EU) 130.58 128.80

South Africa 118.39 174.95 Italy (EU) 117.20 112.44

Spain (EU) 91.36 96.41 Brazil 98.05 137.44

Chile 74.92 119.72 Mexico 88.39 85.85

Rep. of Korea 49.18 19.98 Canada 83.12 79.19
Source: COMTRADE

In order to assess the impact of the pesticides residues standards on trade
of apples and pears, we build a gravity model. The use of gravity equation al-
lows us to not impose pre-established hypothesis on the direction of trade and
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to use econometric techniques. Gravity modeling has been already widely
used to estimate the e�ect of regulations on hazardous substances on trade.
For example, Wilson and Otsuki (2004) have used gravity modeling to assess
the impact of regulations on MRLs of pesticides of 11 OCDE countries on
banana trade from 21 developing countries. They include in their equation
a direct measure of the food safety standard using the level of the MRL
of the hazardous substance imposed by the importing country. We assume
here that aboslute level do not matter. But what is important is the relative
level between the exporting and importing country. If a country imposes
stringent rules on its producers they will bear a cost to comply with these
rules. This cost will certainly a�ect their price-competitiveness but at the
same time they will be more capable to access a country which also imposes
tight rules. This argument has been supported by Harris and al. (2002)
who have evidenced that stringent environmental regulations do not have a
signi�cative impact on trade.

As in Wilson and Otsuki (2004) or Otsuki and al. (2001a, 2001b) we in-
troduce a direct measure of standards to take into account the (dis)similarity
in regulations. We assume that similar regulations enhance trade while dif-
ferent regulations impede trade. We then decide to build an index based
on the MRL of pesticides set by each country under scrutiny on apples and
pears to assess the impact of these regulations on trade. The main di�erence
from previous studies is that we compute our index based on all pesticides
found in those regulations and not just one or two main substances. The
basic model has the following speci�cation:

lnXk
ijt = β0 + β1 ln (GDPit) + β2 ln(GDPjt) + β3 ln(POPit) + β4 ln(POPjt)

+β5 ln(Distij) + β6MRLk
ijt + β7 ln(Tarifk

ijt) + β8Transpit + β9Langij

+β10Borderij + εk
ij

Where i stands for exporter, j for importer, k for product and t for the
time. The time period covered by our estimation starts from 2000 and ends
in 2007. In our model k is de�ned at the 6 digit-level of the 1996 harmo-
nized system. This level of deseggregation does not cause any problem as
apples and pears are homogeneous products and are de�ned at this level
(080810 for apples and 080820 for pears). Importing countries are Australia,
Canada, Republic of Korea, Japan, Mexico, Russian Federation and USA,
while EU27, Argentina, Brazil, Chile, China, Mexico, New Zealand, South
Africa are the exporting countries.
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Xk
ij is the yearly exportation of product k from country i to country

j. Data are obtained from the United Nations database on trade (COM-
TRADE). They are in US dollar.

GDPi and GDPj are the real Gross Domestic Products (in 2000 constant
US dollars). GDPs measure the potential import demand and export supply
of country i and country j, hence the coe�cients of β1 and β2 are expected
to be positive. GDPs come from the World Development indicators (WDI)
of the World Bank (WB).

POPit and POPjt are the number of inhabitants of country i and coun-
try j in year t. These data are from the WDI of the WB. They measure the
respective size of the country and the sign of β3 and β4 is not a priori de�ned.

Distij is the distance between the capitals of country i and country j.
This variable is a proxy of the trade cost and β5 is expected to be negative.
Distances come from the Centre d'Etudes Prospectives et d'Informations In-
ternationales (CEPII)

MRLk
ij measures the (dis)similarity between regulations on pesticides

residues in force in country i and country j for product k. MRLk
ij is the

distance corresponding to the Uncentered Pearson's correlation coe�cient
and it is computed as :

MRLk
ij = 1 − ( 1

n

n∑
p=1

(
xk

ip

σ
(0)
i

)(
xk

jp

σ
(0)
j

))

where n is the number of pesticides registered, xk
ip is the MRL of the

exporting country i for pesticide p and product k σ
(0)
i =

√√√√ 1
n

n∑
p=1

xk
ip

2 and

σ
(0)
j =

√√√√ 1
n

n∑
p=1

xk
jp

2. The (0) means that sample means are set equal to 0.

The Uncentered Pearson's correlation coe�cient lies in the range [-1,1],
the corresponding distance falls between [0,2]. A value of MRL equal to 0
means that the two compared samples are mostly similar.

Something must be said on the building of the MRL database. As pointed
out in the �rst section, regulations are very dissimilar between countries and
n is di�erent from one country to another. We decide to choose to introduce
in the index all the pesticides found in the regulations analysed. A total of
n = 749 pesticides are regitered. But if some pesticides are common to all
regulations, it is not the case for all. Then when a pesticide do not appear in
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a country list the default value applies. When no default value is available
we consider the pesticide as authorized by the national regulation and then
decide to arbitrarily attribute it a value of 75 (the maximum value found in
all regulations).

Vigani and al. (2010) use a similarity index to investigate how the
(dis)similarity in GMO regulation a�ects bilateral trade. Their study shows
that countries with strong di�erences in GMO regulations trade less suggest-
ing that an international harmonization is needed. The sign of β6 is then
expected to be negative because the lower MRLk

ij the higher the similarity
between country i and country j regulations. Values of the index of similar-
ity are reported in tables 4 and 5.

Table 4 : Values of the index of similarity MRL for apples

Apples Argentina Brazil Chile China EU New Zealand South Africa

Australia 0.58 0.91 0.89 0.83 0.91 0.68 0.91
Canada 0.76 0.88 0.87 0.81 0.89 0.79 0.89
Japan 0.84 0.90 0.84 0.80 0.28 0.71 0.86
Korea 0.51 0.90 0.87 0.80 0.59 0.47 0.87
Mexico 0.55 0.97 0.95 0.89 0.76 0.71 0.97
Russia 0.17 0.96 0.95 0.82 0.80 0.46 0.94
USA 0.69 0.93 0.91 0.86 0.86 0.75 0.92

Table 5 : Values of the index of similarity MRL for pears

Pears Argentina Brazil Chile China EU New Zealand South Africa

Australia 0.46 0.90 0.90 0.84 0.93 0.60 0.92
Canada 0.85 0.87 0.87 0.83 0.91 0.85 0.89
Japan 0.64 0.84 0.83 0.79 0.40 0.57 0.85
Korea 0.47 0.90 0.89 0.82 0.87 0.41 0.89
Mexico 0.99 0.86 0.86 0.85 0.99 0.98 0.86
Russia 0.15 0.96 0.95 0.83 0.82 0.43 0.95
USA 0.66 0.91 0.91 0.88 0.95 0.72 0.92

For the need of our analysis we compute another index we note DMRL
which evaluates the di�erences between regulations. The expected sign of
the β coe�cient should also be negative in this case. But contrary to the
precedent index this one is a measure of the di�erence in the tolerance level
imposed by national regulations, i.e it is a proxy of the stringency of regula-
tions.

DMRLk
ij = 1

n

n∑
p=1

(xk
ip − xk

jp)
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DMRL > 0 means that the exporter's regulation is less stringent than
the importer's one and DMRL < 0 indicates a more stringent importer's reg-
ulation. Data on MRL come from a private source: http://www.homologa.com/
Directory of Registered Plant Protection Products and their allowed Maxi-

mum Residue levels in food.

Tarifk
ij is the applied ad-valorem customs tari� impose by country j on

imports from country i. β7 is expected to be negative.

Transpi is an index measuring the country i or j 's degree of trans-
parency and corruption. Nothing can be said a priori on the sign of β8.
Data come from www.transparency.org

Langij is is a dummy variable equal to 1 if i and j share a common
language and 0 otherwise.

Borderij is a dummy variable equal to 1 if i and j share a common bor-
der and 0 otherwise.

Sharing a common language means that there are some cultural links
between countries which is favorable to trade, hence the sign of the corre-
sponding coe�cient β9 should be positive. Sharing a common border is also
expected to have a positive impact on trade since border countries are ex-
pected to trade more and β10 should be positive.

Finally, εk
ij is the error term that is assumed to be normally distributed

with zero mean.

Our sample has 10510 observations, 3625 are non zero observation and
6885 are zero observation, some of these zero maybe due to rounding errors
or incompleteness of COMTRADE data, but other may re�ect the absence
of trade between importing and exporting countries.

3 Estimation results

In order to �nd the best estimator, we used 6 di�erent methods of estimation:
the Truncated Ordinary Least Squares (OLS),the Poisson Pseudo Maximum
Likelihood (PPML), the Negative Binomial Regression (NBR), the Zero In-
�ated Poisson model (ZIP), the Zero in�ated Negative Binomial (ZINB) and
the Hurdle Double Model (HDM). The Truncated Ordinary Least Squares is
an OLS estimator applied only to positive observations. But OLS su�er from
a lot of econometric problematic issues. Among them, the log-linearization of
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the variables can lead to biased estimations in presence of heteroskedasticity
as suggested by Santos Silva and Tenreyro (2006). PPML can help dealing
with heteroskedasticity but yield to biased estimates when zero trade obser-
vations are frequent (Xiong and Beghin, 2010). The second issue is that of
the presence of too much zeros. The NBR improves the underprediction of
zeros in the PPML by increasing the conditional variance without chang-
ing the conditional mean. But the presence of zeros may come either from
roundings or from what is called self-selection (Xiong and Beghin, 2010).
Self-selection occurs when the complete lack of trade between country pairs
is due to a lack of resources or to distances, di�erences in specialization,
seasonality, etc. To overcome this issue, zero-in�ated or Hurdle models may
be used. The former uses binary and count process to model the zero counts
whereas the later separate the modeling of zeros from that of counts. More-
over these models help dealing with the issue of overdipersion (i.e when the
variance of occurences exceeds their mean).

We focus here on three di�erent processes ZIP, ZINB and HDM because
of the large proportion of zeros in the data. As previously said, in the ZIP
zeros are produced by di�erent process. Zero-in�ated models consider the
existence of two latent groups, the �rst one having strictly zero counts and
the second one having a non-zero probability of having counts other than
zero. Zero-in�ated models are two-step models. The �rst step uses a binary
model and the second step a count model. The binary model can be esti-
mated using either a probit or a logit while PPML or NBR can be used for
the count model (including zeros).

The speci�cation of the ZIP model is:

Pr(Xk
ijt = x | zk

ijt) =



Φ(zk
ijtγ

k) + (1 − Φ(zk
ijtγ

k))exp(−exp(zk
ijtβ

k))
if x = 0

(1−Φ(zk
ijtγ

k))exp(−exp(zk
ijtβ

k)exp(zk
ijtβ

kX))

x!

if x > 0

Where Φ(zk
ijt) is the probablity of zero trade �ows due to exporters' self-

selection behaviour, exp(−exp(zk
ijtβ

k)) is the probability of drawing a zero

from a Poisson process with parameter exp(zk
ijtβ

k).
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The speci�cation of the ZINB is:

Pr(Xk
ijt = x | zk

ijt) =



Φ(zk
ijtγ

k) + (1 − Φ( α−1

α−1+exp(zk
ijtβ

k)
)α−1

if x = 0

(1 − Φ)
Γ(Xk

ijt+α−1)

Xk
ijt!Γ(α−1)

( α−1

α−1+exp(zk
ijtβ

k)
)α−1

(
exp(zk

ijtβ
k)

α−1+exp(zk
ijtβ

k)
)xk

ijt

if x > 0

The Hurdle model is "a modi�ed count model in which the two pro-

cesses generating the zeros and positives are not constrained to be the same"
(Cameron and Trivedi, 1998). Mullahy (1986) states, "The idea underly-

ing the Hurdle formulations is that a binomial probability model governs the

binary outcome of whether a count variate has a zero or a positive realiza-

tion. If the realization is positive, the "Hurdle is crossed", and the condi-

tional distribution of the positives is governed by a truncated-at-zero count

data model." In other words the HDM only distinguishes whether or not
trade between countries occurs and given that two countries are trading,
how large is the volume of trade. In our case, positive trade is generated
by a Zero Truncated Negative Binomial Regression (ZTNBR). In HDM we
have separate equations to predict zero trade and positive trade, this allows
the process predicting zero to be di�erent from the process that determines
positive counts.

Results of the gravity model estimations are reported in tables A.1 to
A.4 in appendix. Estimations have been made both on pooled and cross-
section data. Results from the OLS are reported in column (2), PPML in
column (3), NBR in column(4), ZIP in column (5), ZINB in column(6) and
HDM in columns (7) and (8). We perform a Vuong test to choose the best
speci�cation between the PPML and the ZIP and between NBR and ZINB.
The result of the test is always in favour of the zero-in�ated process.

The coe�cient of the GDP of exporting and importing countries are pos-
itive and signi�cant (p-value<0.001), the signs of the coe�cients are positive
for POPi but change regarding the speci�cation for POPj . As expected, the
coe�cients of Dist and Tarif are negative and signi�cant in all regressions
except OLS while those of Border and Lang are positive (see Table A1).
Focusing on the variable of interest, we �nd in all estimation that the coe�-
cient MRL is negative and strongly signi�cant. This means that increasing
the similarity in regulations has a positive impact on trade of apples and
pears. Finally, the coe�cient of the transparency index is not always signif-
icant but negative in all regressions what could suggest a negative impact
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on trade. The MRL − β's coe�cient is what is called a semi-elasticity, it
measures the relative change in X for a given change in MRL. Following the
result obtained with the ZIP model (Table A1) a reduction of the similarity
index of 0.1 would cause a trade increase of 6%. It is also interesting to see
that the impact on trade of an increase in the similarity is greater than a
decrease of tari�. The continous decline of tari�s in the agfood sector has
decreased their importance and increased the one of standards.

Table A2 reports the results using the alternative index DMRL. This
coe�cient is negative but lacks of signi�cance. This result suggests that de-
creasing the stringency in the importers regulations would not a�ect trade
too much. Then the strategy would not be an augmentation in the tolerance
level of stringent regulations, but rather an harmonisation of regulations.
That second solution being more i�cult to implement.

Moving to the results of the cross-section estimates (Table A4) we �nd
negative β coe�cients for the standard gravity covariates, distance and tar-
i� as for our variable of interest MRL. Table A5 reports the estimations
with our alternative variable DMRL, even in this case the coe�cient is still
negative but lack of signi�cance.

4 Conclusion

The impact of MRL of pesticides on trade has been widely studied. But
the focus is often put on trade from developing countries a�ected by the
strigency of developed countries regulations. Moreover, in all studies only
one or two main substances are taken into account whereas the list of pes-
ticides settled down in the regulations are often impressive as it is the case
for apples and pears.

The aim of our analysis is also to understand the role of pesticides MRLs
regulations on trade. We focus on apples and pears which are fruits mainly
traded between developed countries because it is a fruit from the temperated
zone. We are interested in the way (dis)similarity in regulations can a�ect
trade. In a �rst step, we build an index of similarity between exporters and
importers regulations. This index is based on the values of MRL for all the
pesticides found in the regulations of countries under scrutiny. Then we in-
troduce this index as an exogeneous variable in a gravity equation.

The econometric results show, as expected, that similarity is trade en-
hancing. That is to say that increasing the similarity of regulations would
lead to an increase in the value of trade. This result is interesting because on
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the apples and pears market developed countries compete with developing
or emerging ones. Stringency in regulations of developed markets increases
the competitiveness of developed exporter and reduces the one of developing
exporters like China or South Africa. First, it is hardly plausible that devel-
oped countries increase the level of tolerance of residues in the future. It is
often di�cult for producers of developing countries to respect the standards
set out in developed markets. Second, even if a producer succeeds in com-
plying with the requisite imposed in the importing country, the low level of
standards in force in its country could be harmful to its reputation.

Finally the results also suggest that the impact on trade of food safety
standards is now more signi�cant that the impact of tari� which have de-
clined continuously.
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Appendix

Table A1: Estimations on pooled data with variable MRL

OLS OLS PPML NBR ZIP ZINB HDM HDM
+FE +FE +FE +FE +FE +FE +FE

GDPIMP 0.117* 11.186** 13.814*** 10.209*** 10.701*** 8.240*** 3.499 8.178***
[0.062] [2.442] [3.424] [3.383] [2.178] [0.728] [3.344] [0.734]

GDPEXP -0.961*** 3.572** 4.511*** 4.326*** 4.387*** 3.839*** 2.555*** 3.834***
[0.061] [0.849] [0.707] [0.444] [0.509] [0.532] [0.674] [0.518]

POPIMP 0.772*** -4.691 19.796*** -10.315*** 3.160* -9.182*** 13.090*** -9.227***
[0.084] [4.348] [5.653] [3.073] [1.751] [1.781] [4.735] [1.743]

POPEXP 1.010*** 18.343* 4.94 7.758 9.571*** 18.091*** -6.915 18.322***
[0.052] [8.089] [6.362] [6.908] [3.064] [4.576] [4.868] [4.586]

DISTANCE 0.183** -0.547 -0.989** -1.356*** -0.592** -0.679*** -0.518* -0.642**
[0.081] [0.393] [0.441] [0.132] [0.286] [0.264] [0.280] [0.259]

TARIFF -0.183*** -0.165** -0.146** -0.157 -0.132** -0.123** -0.003 -0.121***
[0.017] [0.053] [0.064] [0.140] [0.056] [0.049] [0.073] [0.046]

SIMILARITY -0.959*** -0.28 -0.556*** -0.251 -0.620*** -0.428** -0.017 -0.419**
[0.168] [0.427] [0.166] [0.565] [0.221] [0.181] [0.698] [0.198]

CORRUPTION 0.015 -0.042 -0.052 -0.087*** -0.049 -0.069** -0.017 -0.067**
[0.021] [0.050] [0.034] [0.015] [0.055] [0.030] [0.025] [0.030]

CONSTANT -0.018 -620.646*** -885.254*** -322.48 -602.827*** -462.521*** -254.865* -464.364***
[1.911] [116.806] [165.975] [255.273] [88.546] [62.638] [151.924] [63.561]

Observations 3625 3625 10510 10510 10510 10510 10510 3625

R-squared 0.228 0.422

Robust standard errors in brackets * signi�cant at 10%; ** signi�cant at 5%; *** signi�cant at 1%

FE = Fixed E�ects

Table A2: Estimations on pooled data with variable DMRL

OLS OLS PPML NBR ZIP ZINB HDM HDM
+FE +FE +FE +FE +FE +FE +FE

GDPIMP -0.037 10.949** 13.847*** 9.720*** 10.363*** 7.696*** 3.364 7.647***
[0.062] [2.624] [3.009] [2.902] [2.192] [1.047] [3.394] [1.060]

GDPEXP -0.470*** 3.681*** 4.607*** 4.404*** 4.452*** 4.017*** 2.529*** 4.017***
[0.069] [0.778] [0.790] [0.559] [0.515] [0.549] [0.649] [0.537]

POPIMP 1.186*** -4.373 19.184*** -10.957*** 2.568 -10.523*** 12.719*** -10.551***
[0.083] [3.979] [3.531] [2.821] [3.204] [1.872] [4.701] [1.848]

POPEXP 0.502*** 15.854 5.841 5.949 9.666*** 16.890*** -7.274 17.176***
[0.060] [8.393] [5.967] [6.028] [3.112] [4.494] [4.765] [4.533]

DISTANCE 0.344*** -0.294 -0.725** -1.368*** -0.335 -0.549*** -0.374 -0.510**
[0.077] [0.317] [0.345] [0.115] [0.244] [0.209] [0.281] [0.211]

TARIFF -0.122*** -0.172** -0.151** -0.158 -0.142** -0.124** -0.007 -0.121**
[0.016] [0.052] [0.064] [0.135] [0.055] [0.050] [0.075] [0.048]

DIFFERENCE 0.053** -0.043 -0.022 -0.039*** -0.016 -0.021 -0.026*** -0.021
[0.021] [0.023] [0.017] [0.010] [0.013] [0.016] [0.008] [0.016]

CORRUPTION -0.058*** -0.041 -0.05 -0.073*** -0.051 -0.065** -0.018 -0.064**
[0.004] [0.045] [0.033] [0.013] [0.053] [0.028] [0.026] [0.029]

CONSTANT -8.802*** -581.407** -896.006*** -269.137 -589.002*** -410.106*** -239.662 -413.721***
[1.866] [143.470] [145.463] [220.058] [82.072] [64.531] [151.034] [66.209]

Observations 3625 3625 10510 10510 10510 10510 10510 3625

R-squared 0.258 0.43

Robust standard errors in brackets * signi�cant at 10%; ** signi�cant at 5%; *** signi�cant at 1%

FE = Fixed E�ects
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Table A3: Estimations on cross-section data with variable MRL

OLS PPML +FE NBREG + FE ZINB + FE HDM + FE HDM+ FE

GDPIMP 0.19 -0.031 1.966*** -0.392 1.447** -0.395
[0.367] [0.560] [0.431] [0.690] [0.667] [0.697]

GDPEXP -1.362*** 4.550*** 5.774*** 2.993*** 2.265*** 2.956***
[0.193] [1.082] [1.079] [0.498] [0.613] [0.485]

POPIMP 0.283 1.313 -2.035*** 1.37 -1.935** 1.372
[0.459] [0.842] [0.659] [0.871] [0.920] [0.879]

POPEXP 1.770*** -1.990** -3.388*** -1.372** -1.175*** -1.350**
[0.171] [0.919] [0.934] [0.539] [0.451] [0.525]

DISTANCE 0.658*** -0.242 -0.22 0.19 -0.301* 0.205
[0.247] [0.221] [0.269] [0.291] [0.173] [0.289]

TARIFF -0.371*** -0.203*** -0.126 -0.167** 0.053 -0.169**
[0.046] [0.055] [0.133] [0.083] [0.100] [0.083]

SIMILARITY -4.023*** -1.705 -3.870*** -2.949*** -0.897 -2.828***
[0.682] [2.827] [0.857] [0.912] [1.340] [0.886]

CORRUPTION 0.237** 0.351** -0.028 0.418** -0.31 0.417**
[0.093] [0.173] [0.188] [0.191] [0.254] [0.198]

CONSTANT -2.248 -94.566*** -95.388*** -57.953*** -40.319*** -57.410***
[5.722] [11.685] [13.866] [6.602] [7.989] [6.234]

Observations 328 1012 1012 1012 946 328

R-squared 0.516

Standard errors in brackets * signi�cant at 10%; ** signi�cant at 5%; *** signi�cant at 1%

FE = Fixed E�ects

Table A4: Estimations on cross-section data with variable DMRL

OLS PPML +FE NBREG + FE ZINB + FE HDM + FE

GDPIMP 0.296 0.069 -0.105 1.411** -0.118
[0.365] [0.613] [0.822] [0.645] [0.823]

GDPEXP -0.485 4.802*** 3.113*** 4.984*** 3.066***
[0.265] [0.725] [0.407] [1.020] [0.415]

POPIMP 0.513 1.072 0.917 -1.907** 0.936
[0.267] [1.035] [1.079] [0.923] [1.078]

POPEXP 0.808** -2.301*** -1.550*** -2.787*** -1.523***
[0.270] [0.517] [0.439] [0.697] [0.435]

DISTANCE 0.149 -0.137 0.354 -0.268 0.363
[0.487] [0.332] [0.285] [0.209] [0.284]

TARIFF -0.276*** -0.208*** -0.224** 0.041 -0.224**
[0.050] [0.057] [0.099] [0.099] [0.099]

DIFFERENCE -0.078*** -0.014 -0.01 -0.02 -0.011
[0.015] [0.019] [0.014] [0.024] [0.014]

CORRUPTION 0.465* 0.361** 0.35 -0.306 0.352
[0.168] [0.153] [0.245] [0.271] [0.248]

CONSTANT -10.894 -94.639*** -58.945*** -84.258*** -58.267***
[8.547] [10.102] [3.987] [17.130] [3.882]

Observations 328 1012 1012 946 328

R-squared 0.496

Standard errors in brackets * signi�cant at 10%; ** signi�cant at 5%; *** signi�cant at 1%

FE = Fixed E�ects
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