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Abstract

This paper uses a structural gravity model based on Anderson and vaoojVinc
(2003) to quantify and test the hypothesis that EU harmonization of égodhtions
increases EU bilateral trade. Using a self-constructed degtabfzat identifies
processed food products at a detailed level covered by harmonjzatrr results
suggest that bilateral exports subject to harmonized food regulat®2$3% greater

than bilateral exports not covered by harmonized food regulations for 1998. The paper
also estimates a tariff equivalent of trade costs ths¢sfrom non-harmonized food
regulations which ranges between 73% and 97%. Both of these eféegtaicross

food sub-sectors.
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1. Introduction

One of the most, important factors that has facilitated trad#he food industry
between existing European Union (EU) members is the progressmeval of
technical barriers to trade (TBT). Previous analysis ofcthrapletion of the Single
Market in the existing EU15 countries suggests that the removid@té may be of
great significance. The European Commission (1997) calculateduhag the first
phase of the White Paper’s food specific program (1985-1986) over 87%easElut

trade in manufacturing has been affected by TBTs across EU member state

The principal mechanisms to eliminate TBTs in the EU haliedreon “mutual
recognition”, whereby a product lawfully produced and sold in anyhef EU
member states must be given free access to all other EkktsmaHowever, the
European Commission has used the harmonization of technical regsilas a
strategy to eliminate obstacles to EU trade where the mugaabnition principle

failed.

With respect to harmonization of food regulations, the EU has soagf@ntove
TBTs through agreement on a common set of legally binding recemtsnthat are
stipulated in the form of detailed directives for a single ayugrof products.
Sometimes referred to as the “old approach”, this harmonization @ppnaa mainly
been applied to food products or sub-sectors to which the nature of thegusies

extensive product-by-product or even component-by-component legislation
carried out by means of detailed directives. These direcpvegide a list of a
particular industry-specific legislation that is harmonized at the EU \atlethe aim

of achieving an internal market in which products may circulegelyf. Trade of
products that is regulated by the “old approach” should be subjectbd trdatest
degree of the Single Market since this approach dates back to the early 70's.

The goal of this paper is to incorporate TBTs in trade models ahtht impact of
harmonization of technical regulations on bilateral EU trade, witticpar reference
to the food industry for which compliance to harmonized regulatiossvere. This
paper fills the gap in the empirical trade literature that treditionally neglected

TBTs in explaining trade flows.
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The study uses a self-constructed database, for 1998, describednitorBst al
(2001) that identifies at a very detailed level the productsatieatovered by relevant
harmonization initiatives of technical regulations. In particu@arallow a direct link
to the available trade data, EU harmonization initiatives areifigenby relevant EU
Directives that are translated to the corresponding 8-digiff tare codes of the
European Combined Nomenclature (CN) trade classification. THe ingidence of
the harmonization of food regulations is captured by coverage rdiaisate
constructed for ten processed food sub-sectors of twelve EU ceurResults are

reported for the food industry and for each sub-sector separately.

The model we use to measure the impact of the EU harmonized fomrsts on
trade is the so-called gravity model. To place theoretical foiomdah our empirical
estimations, we follow the gravity model of Anderson and van Wincoop (2003).
These authors show that to provide a correct estimate for captimeneffects of
trade-enhancing or reducing barriers, a theoretically-groundediusalienodel is
needed. For empirical work, such structural model has the advaritagethe
functional form of the equation is clearly defined with minimunsspecification. An
additional advantage of using a structural model is its abiitgalculate a tariff
equivalent of other trade barriers that may arise from not hammgnwith food

regulations.

The paper is organized as follows. In section 2, we survey some miethieus work.

In section 3, we derive the gravity model of international trade=atet the incidence
of the harmonization of technical regulations. In section 4, we presame

preliminary data results and discuss some methodological isslegdr to the
guantification of food regulations. In section 5, we present and intéhgre¢sults of
the gravity estimates. In section 6, we compute the trade cdsbdfregulations
expressed in a tariff equivalence. In section 7, we provide sonsichtinferences

and in the final section we conclude.
2. Related Literature

Several empirical studies that have gauged the impact of negglaind standards on
trade, for both manufactured and agricultural goods, have been case studies
particular countries and/or covering particular commodities usirg a@atparticular

types of regulations. Two issues may emerge from this erapwiork. First of all,



the level of aggregation of sectors may play a significant iol¢he degree of
information that is revealed from regulations. In the literaturgh wost studies
employing high aggregated data of sectors at the 3 or 4-éigd, lit is usually
assumed that all trade within a particular sector is afidayeregulations while only
trade within a sub-category is actually affected. To thenéxteat the effect of
regulations may vary across sub-sectors of a particular seofmortant information
on its measurement may be hidden when using highly aggregaeedSaaondly,
studies addressing a cross-country analysis may encounter somengrobtbe data
measurement because methods of administration, requirements ampiingam
techniques may be different across countries. In our study, we cotitenthese
issues of data aggregation and measurement may be addressect@diistarough
our analysis. We investigate the consequences of the harmonizatiechoical
barriers to trade with data that are collected at the higpessible level of
disaggregation (i.e., 8-digit CN) and, because of dealing with Ebhdrazation of

technical regulations, are uniformly applied to each EU member state.

Based upon the data collection of measuring different typesgafatéeons, we may
distinguish the mainstream literature into three categories finst category, the
studies of Leamer (1990), Harrigan (1993), Trefler (1993) and Havenaamharsby
(2000) use crude indicators of non-tariff barriers (NTB) in inveBtigatheir trade
impeding effect. The effect of regulations translated into TB3 simplicitly
incorporated in the data. The work of Leamer (1990), Harrigan (1993) afidrTre
(1993) relies on data of trade barriers that come from a conmmigkanventory of
NTBs from the United Nations Commissions on Trade and Development (UNCTAD).
This database consists of indicator variables of about 20 differpas t9f NTBs
presented at the 8 or 10-digit level tariff line. These variatiegories of NTBs are
then aggregated into four broad categories of price, quantityityq(ag., quality
standards) and threat (e.g., price monitoring) measures. The redultseir
investigation are somewhat mixed and may be due to the moddiicgiami or the
level of data aggregation. For countries member of the Orgamzafi Economic
Cooperation and Development (OECD), Leamer (1990) and Harrigan (fle@®at
the effect of NTBs on trade is not substantial. In contrastlefr€l993) finds that,
when treated endogenously in the econometric model, NTBs do have raeliege

on imports of the United States (U.S.). Trefler's view that §§™Bich as regulations,



should be set endogenously is rooted in the literature of endogenoustinote
predicting that trade liberalization plays a role in the sptth domestic NTBs.
Haveman and Thursby (2000) construct NTB coverage ratios for agricuhadréded
products that are collected at the 6-digit Harmonized TarifteygHS) level. Their
primary result indicates that NTBs reduce agricultural and foadet more than
tariffs.

In a second category of literature, Swann and Temple (1996) and Md&aRS®)
discuss the hypothesis that country-specific standards adtdikiers-to-trade while

the bilateral harmonization of standards promote trade. Both papessdoche trade
impact of voluntary standards rather than on TBTs as a resultalicétations. In
particular, they investigate domestic and institutional standaadsatk produced by

the coordinated efforts of standard setting bodies. Their datafcoméhe Perinorm
database that classifies counts of the number of standards byynalutte 3 or 4-

digit level! Both papers show evidence that bilaterally shared standards promote trade

but fail to find that the numeours country-specific standards act like baoitesle.

A third category of literature examines the impact of adfical TBTs. Otskuket al.
(2000) suggest that technical regulations in developed countries wtensht
considerable obstacle to exports of developing countries and colleat thuzit
precisely investigate the impact of the European harmonizatiohatdxah standards
on food sub-sectors. This data is obtained from a Food and Agriculturaligatan
(FAO) survey of mycotoxin standards on food combined with infoonagixtracted
from an EU Directive. The level of the stringency of food standarexpressed in
the maximum allowable contamination. Their results show that H&tozin
standards are a major barrier to African exports of driedsfand nuts. Calvin and
Krissoff (1998) estimate the tariff equivalence to technicglliaions in the apple
sub-sector. They compare cost, insurance and freight CIF priddsSo apples in
Japan with wholesale prices of Japanese apples. They assuntbethaice gap
consists of the tariff and TBTs equivalent tariff rates. Theg that the equivalent

tariff rate of technical regulations is higher than the actual tariff rate

With the exception of these couple recent studies, the impact of TBF been

neglected in the empirical literature on food trade. For exanholéy, empirical

! Perinorm is a bibliographic database that conatdislnational and international standards and
technical regulations.



models of Henry de Frahan and Tharakan (1999) and van Berkum and yjan Me
(1999a) have neglected TBTs as a possible determinant of the Europdantér- as
well as intra-industry trade. The empirical model of Sun and Koo (20f@#)n from

the previous two models has also neglected TBTs to explain muustry trade
between the U.S. and its major trading partners. In their sanvélye application of
trade and growth theories to agricultural, van Berkum and van M8§9p) fail to
mention trade barriers, in particular TBTs, as key deternsriantrade in a sector of

which trade is heavily distorted by these barriers.
3. The Gravity Model

In line with the literature examined in the previous section, tinergé approach to
measure the impact of NTBs is based on the so-called gravityl moithernational

trade. Typically in a log-linear form, the model considers thatvtieme of trade
between country pairs is promoted by their economic size or inaooheonstrained
by their geographic distances. The advantage of using the gnasitgl is that many
econometric refinements are possible. However, a possible drawbdtiati the
micro-foundations of the gravity model can be easily reconcileth fseveral
theoretical underpinnings including the Hecksher-Ohlin, Ricardian temimabr

monopolistic competition framework.

To place microeconomic foundation on the empirical estimation, we foHewnodel

of Anderson and van Wincoop (2003) who reconcile a theoretical-groundedygravit
model that emerges from a general equilibrium model. Theested reader is
directed to that paper for an in-depth consideration of the gravity Imddee we
simply outline the salient features of the model and incorpdnaténtidence of the
harmonization of technical regulations. To write the standard grawitdel in log-
linear form, Anderson and van Wincoop (2003) derive the exports of coultdry

countryj of sectork as®

2 For a recent survey of the gravity theory, seenbea (2002, 2003).

% The Anderson and van Wincoop (2003) model caryebsiextended to a set of many differentiated
goods. One of the key features of the Andersonvand/Vincoop (2003) model and most other
theoretical-derived gravity models (e.g., Deardd98) is that consumers regards goods as being
differentiated by the location of production, knoasmthe “Armington assumption”. In a framework,
with an assumption that each country is endowel aiie good, the standard specification from which
a gravity equation usually departs is a constagstiglity of substitution (CES) functional form. dn
framework, where the Armington assumption entéi& tach country is specialized in an unique set of
goods, the departing CES functional form assumatspiteferences are CES across goods within a
sector (i.e., each sector has a distinct aggreg@tgoods) and assumed to be Cobb-Douglas across
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and ywk is the world output for sectdr yi is the output in countriyfor sectork, g is

the expenditure in countiyfor sectork, tj is the trade cost factoPy andPj are
price indices referred to as “multilateral trade resistsinas it depends positively on
trading barriers with all trading partners; angl is the elasticity of substitution

between foreign sectoks

In empirical specifications, the unobservable trade cost fagtpis usually captured
by a increasing function of a distance-dependent variable and @tiertdarriers. We
add the incidence of trade-related regulation costs that aose differences in
domestic regulationd\H, in the trade costs function and an additional set of other
controls, Z, which we motivate below. Hence, the trade cost function - usually

expressed in its multiplicative form - is written as:

i = ()™ NHOP#) [Tz, ik 3)
and in log form:
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whered; stands for the bilateral distance between coungnyd countryj, NH is the
trade cost that arises from differences in food regulationstbatot harmonizegj
takes a value between 0 and 1 and incorporates the reduction in thedsidhat

arises from the harmonization of food regulations for each dector

Combining equations (1) and (4), the stochastic form of the gravity nfodel

estimation is written as:

In Xik = ajjk + Bl In Vik + Bz In 6k tt In dij + (Dpijk + A Hijk + (Gk -1) In Py +
(ok-1) In ij + gk )

sectors. In both frameworks, the solution to the&s@inctional form subject to a budget constraint
yields identical results (with or without the substk). The reader is referred to the recent work of
Anderson and van Wincoop (2004).



whereaijkx = (1-ox) In NH — In y, f1andpz are unitaryz = (1- ox) d, ® = (ok -1) In

NH andA = (1-oy) In Z. Obviously, the better substitutes countries’ goods are #®r on
another, the higher value 6f, the greater is the extent to which bilateral trade flows
is constrained by trade costs. Given some value for the élasticsubstitution ),

the estimation of equation (5) permits a direct identificationhef ttade cost that
arises from not harmonizing with technical regulations: NH p EW(ok -1)]. In

section 6, we return to this issue.

The empirical specification of the gravity model is based on equdt) and the

general form of our estimating equation is written as:
Xijk = oij + frYyi + 2y + 0 dj + X+ &g (6)

wherexi is the volume of exports (expressed in logarithm) from courtwycountry
J of sectork, y; andy; are approximated by the level of income (logarithm of gross
domestic product, GDP) in countryand countryj, respectively,d; is the distance
(expressed in logarithm) between the trading centers ofheduntriesgij, defines
the error term anX’ is a set of characteristics that include multilateralstasice

effects, other geographic characteristics, bilateral priogsthe harmonization of

food regulations, which are detailed as follows:

Multilateral Resistance Effects or Remotenddany authors, in particular Hummels
(2001), Rose and van Wincoop (2001), Minondo (2002), Anderson and van Wincoop
(2003) and Eaton and Kortum (2003), include importing and exporting country
specific dummiesg; and g, to correct for multilateral trading resistance factés,

and P, as defined in equatiq@).*

As an alternative, we also attempt to capture this multilaiexde resistance effect in

a theoretical measure referred to as remoteness and approached by:

* The estimation of the stochastic form of equa@nsubjected to a number of condition (depending
on the number of countries and sectors) definedqumation (2) requires a non-linear estimator of a
complex system. Because such an empirical measataeguires some customs programming, many
authors have opted for using country-specific duesmi

® The theoretical work of Deardorff (1998) enriclies basic gravity model by including the weighted
distance of each country’s alternative tradingmeng in addition to bilateral distances to which he
refers as “remoteness”. In the more recent grait@sature, the empirical proxy variable for
remoteness has been difficult to interpret.
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where the remotenedg;, of countryi to trading partney is given as the ratio of the
weighted distance between countrgnd countryj divided by the weighted average
distance between countryand all trading partner§, other tharj, the weights being
given by the GDP of the trading partners. This new remoteness measurecieexpe
give a negative sign since for a given distance from other camihiria greater
bilateral distance reduces trade while for a given bilathstdnce, a greater distance

from other countries increases trade.

Adjacency and Languag&he gravity model can easily be appended with various
institutional, cultural or historical characteristics. Typigallhe gravity studies on
European trade add a dummy variable to indicate whether the twaieswsitare a
common language and another dummy to indicate whether they share arcéanoh
border. In our sample, with the exception of Belgium and Austria, thosedtbber
countries that share a common language also share a common land Wéeder
therefore use an alternative specification of including a dun#hy,for countries
sharing a common border and language and a durAiyfor countries sharing a
common border but not a common language. We anticipate that the si§hsantl

AN be positive.

Bilateral Prices Although generally ignored in the empirical gravity literatuseith

the exception of Bergstrand (1985, 1989) and Anderson and van Wincoop (2003) - the
model should theoretically also take into account price competitiveeessise of the
heterogeneous competition that characterizes trade flows. Welena measure of

competitiveness based on the relative unit labor cmitsﬁk , between the exporting

and importing countries,andj of sectork, namely:
ruIcijk = (ule, /3 Aule, )/ (U|Clk/2h;th ulc, ) (8)

whereulc, andZ, denote respectively the unit labor cost of countpd the share of

countryh in total exports of sectdrfrom countryi. We use the average bilateral trade
flows during the period 1995-1998 as the weighting factor. A reldtige in the



competitiveness of the exporting country should decrease its expatsherefore
anticipate that the sign ofilc be negative.

Coverage Ratio of Harmonized Food Regulatidnur model, the harmonization of
food regulations is measured by an export-weighted coverage ggatip,between
countryi and country for sectork. We anticipate that the sign @ be positive. The
construction of the export-weighted coverage ratio as well aspioits coefficient

and measurement are further discussed in section 4.2.

Sector-specific Dummy Variablds regressions that run over sectdts=(1, ..., K,
there may still remain some sector specific effedtserefore, we also include
separate dummies for each 3-digit seatigrto mitigate the potential bias that might

arise from differences across sectors.
4. Data and Methodology
4.1. Trade Data

Trade data come from the Comext database of Eurostat and actembkt the 8-digit
level of the European CN trade classification and at the 4-digCENrevision 1
industrial classificatiofi.Our sample covers ten NACE sub-sectors: meat (151), fish
(152), fruits & vegetables (153), oils & fats (154), dairy & cheds&&), grain (156),
sugar (1583) & cacao (1584), tea & coffee (1586), condiments (1587) and
miscellaneous food products (bread - 1581, biscuits - 1582, homogenized food - 1588,
food n.e.c. - 1589). Our data set comprises bilateral exports for 1998 didnof the
individual twelve EU member states excluding Austria and Swede&adb of the
fourteen EU member stattsOur sample therefore includes 1560 observations
(12*13*10).

4.2. Data on the Harmonization of TBTs

To measure the incidence of harmonization of technical regulatiortbei food
industry, we use a self-constructed database that is extfaatedgrevious work of

Brentonet al (2001). The product classification of the database follows the dktaile
CN (1998) classification of the EU to allow a direct link to tregle data. This work

® The Statistical Classification of Economic Actigi in the European Community (NACE) is the
industrial classification used by the Statistic#fic2 of the European Communities (Eurostat).

’ Austria and Sweden are omitted due to missing xfzda to individual EU member states; however
exports to the EU as one region are available.iBel@nd Luxembourg are treated as a single trading
entity. Bilateral trade is recorded in 1000 of euro

10



identifies the specific CN product codes that are covered by réhevant

harmonization initiatives of technical regulatidhs.

We assume that for those products that are subject to the impdioemf the “old
approach” remaining trade barriers that may arise from diffsgs in technical
regulations are eliminated. There is, however, a possibility tteatharmonization
process might still leave obstacle to trade. However, weigaitEc that remaining
barriers for sectors regulated by the old approach are at anwommi First, “old
approach” products should be subjected to the greatest intensigrikdtrmtegration
since this approach dates back to the early 70's. Second, a study Biiropean
Commission (1998) assessing the effectiveness of different instrsirteemémove
TBTs shows that on a five-point scale from low to high, trade obstirall products
subject to the “old approach” ranges between a scale of (4) fohwieasures are
implemented, but some barriers renjaand a scale of (5) for whicmeasures are

successful and all significant barriers are removed

We extract 1284 specific 8-digit CN product codes from the 1@teeleNACE food
sub-sectors. Table 1 gives the frequency of 8-digit CN product codesing each of
the 10 food sub-sectors as well as the frequency of 8-digit CN proddes being
subject to EU harmonization of food regulations within each sub-sédi.table
suggests that the number of products by sub-sector that are salpactmonization
vary substantial. For example, the harmonization of regulations inestirs such as
oils & fats (154), sugar (1583) & cacao (1584), comprises a high coverage of products
while the harmonization of technical regulations in sub-sectors sunfoat notably
meat (151) covers a few number of products. From this tablenpisssible to infer
the importance of the harmonization of food technical regulationsafcn sub-sector
because of the missing link between the number of products regubgted

harmonization initiatives and trade volumes.
[TABLE 1]

Our model captures the incidence of harmonization of food technicalatiegs
through trade coverage ratios that are calculated for each ctobb-ae follows. In the
dataset, the incidence of harmonization of TBTs is signaled byaybindicator

variable,p;, taking the value of 1 if the “old approach” applies against thateldl

8 Each EU Directive that stipulates a harmonizaiittiative identifies the scope of products or sub-
sectors to which it is pertained.

11



trade of product and O otherwise. These indicators are aggregated to form a trade
coverage ratiogix, applicable between countryand country for sub-sectok. The
coverage ratio of the sub-sectois then defined agii = Yk Wi p1 Wherep, = max
(o) and) e Wy = 1. If the weights are proportional to the level of bilataeade, then
the coverage ratio is equal to the percentage of a sub-sector cdwerdte
harmonization of technical regulations. Following Leamer (1990), we hosee

export, weighted coverage ratios for each of the member states.
4.3. Other Data

To this dataset, we add a number of other variables that are arycessstimate the
gravity model. Following the conventional method in the gravity liteeat we

measure distances between member states with the direxit @rele distance
between the economic centers, i.e., capital cities. This slatiatained from the web

service http://www.indo.com/distance/Gross capital formation, gross domestic

product, population and unit labor costs by sub-sector are obtained frokethe
Cronos database of Eurostat. For values of unit labor costs unavélabtane sub-
sectors in 1998, we approximated the 1998 missing observations by usavgthge
growth rate of observations before and after 1998. In case unitdabbralues are
unavailable for consecutive years, we assume that the unit ladogroegh rate at
the sub-sector level is identical to the country’s growth ratlkeeatotal manufacturing

level.
4.4. Preliminary Data Analysis

Table 2 shows trade ratios covered by harmonized food regulatissksector and

an aggregate of all sub-sectors for each country's exports ElUH® in 1998. The
country trade coverage ratios indicated in boldface are for thgsees that are
unusual low or high compared to the EU trade coverage ratio otibisestor. By

this definition, the first column of Table 2 indicates that 62% of intra-EU trade in food
manufactures are affected by harmonized technical regulationsa@g Greece and
Portugal have the highest trade coverage ratios of around 70% wimieakeand
Spain have the lowest trade coverage ratios of around 46%. The tradsgeonagios

for the remaining countries are close to the level of the EU-15 as a whole.

[TABLE 2]

12



Among trade coverage ratios for sub-sector and countries, we not@argiabs
variation. Across sub-sectors, the EU trade coverage ratiosso& dats (154) and
sugar (1583) & cacao (1584) are the highest while those of meatdfbinusual
low. It is evident that the importance of these trade coverds i@so reflects the
sub-sectoral composition of exports of each of these countries to the EU. A reasonabl
observation is that across countries and sub-sectors, the figggessthat exports of
Germany to the individual EU-15 member states are generallyaathared by
considerable high trade coverage ratios in sub-sectors, notablyIféatfish (152)
and fruits & vegetables (153). Exports of Spain and Portugal also revesz
similarities in their trade coverage ratios with however, sowergences in fruits &
vegetables (153) and condiments (1587).

The principal conclusions to be drawn from Table 2 are the ovarpbiriance and
the variation across countries as well as sub-sectors in déine shtrade covered by
the harmonization of regulations applied to the food industry. We atsgnize that
this share is not only affected by differing national regaregtibut also by the level

and composition of export volumes

To assess the overall importance of EU harmonized food regulati@osp@arison
between Tables 1 and 2 provides an additional insight on matching the
methodological validity of two different indicators of regulationsmeby, trade
coverage indicatordTable 2) andrequency measureflable 1) - defined as the
number of products that are regulated by harmonization for a partifmdd sub-
sector. In their survey of methodologies for quantifying NTBs #mdrin the
agricultural and food sectors, Beghin and Bureau (2001) note that frequeasyres
are a poor proxy to capture the incidence of regulations. Wdem from these two
tables that the importance of harmonized regulations in sub-sduwdbnsahges from
low (meat (151) and fish (152)) to high (oils & fats (154) and s@fs83) & cacao
(1584)) is reflected from the figures in both tables with theepttan of condiments

(1587). This result suggests a high correlation between these two variables.
5. Econometric Results
5.1. Estimation

The dataset contains some zero-trade values for some countriesf @wat 1560

observations, we recorded 85 zeroes. Among the different procedudesitavith

13



zero values in the dependent variable (Frankel, 1997), we address$loeededata
for the dependent variable by employing an iterated maximketinood estimation
of the Tobit model (Greene, 1997). To avoid missing values, in our dates&iwest

treshold ofin(xjx) and Inpj) are taken as zero.

Usually, a theoretical-consistent gravity equation such as m@ddeimposes the
restriction that the elasticity of exports with respect to lmihorter's and exporter's
incomes be equal to unity, .65 = f>= 1 (Anderson and van Wincoop, 2003). In our
model, we also allow for non-unitary income elasticities byrestng 1 andf,. In
this case, an endogeneity concern arises between GDP's and esipoet the error
term, gk, is presumably correlated with andyj.9 In all subsequent regression, we
replace the predicted values of the GDP's from a regressioavenak endowment
measures that are used as instruments. The set of instrunee($ ore GDP's from
the previous two years - this should be sufficiently to capture thabidy from
cyclical or temporary disturbances, (2) the current population andg3jross capital
formation, as a proxy variable for investment, from the currentpaadious two
years. The regression of the GDP for each country is dstinfiar the period 1990 to
1998.

5.2. Results

Table 3 reports the results of the impact of harmonization of foadatémns on EU
trade using variants of equation (6). First, we estimatenaatd form of equation (6)
that ignores sector-specific dummies (model a). Second, we eskl $kector-specific
controls to investigate the bias incurred when omitting them éihtod Third, we add

the constraint that income elasticities of both the importing apdrérg countries

are unitary (model c). Finally, we omit the remoteness vari&leand relative unit
labor costsrulcik, and replace them with country-specific dummies that approximate
the multilateral resistance terms (model d).

Our results are largely consistent with our expectations. IreTakall the coefficients
have the expected signs; their standard errors are relatvelsrid the overall fit is
high. The estimated importing and exporting income elasticitie§ @l 0.84
respectively, are very similar to those obtained in the conventioaaityg literature

(Feenstra, 2002).

° The error termg;, , affects exports of countiywhich in turn are part of income which are equal to
imports from country j which are part gf ¥he error ternay, affects incomes;yand y.

14



[TABLE 3]

The coefficients of the distance variable of between - 1.50 to - &t62much larger
from previous studies where the consensus estimate is -0.6. Chen (20@Q3} s thuf
reported distances that are much lower than the —0.6 general atrstesity could be
explained by the use of different transport modes. For exam@d@98, 57% of total
intra-EU trade went by land whereas most global trade goes by sea (Chen, 2000)

The other geographic variable’;( AL andAN) are also highly significant with the
expected signs. On average, a 1% increase in the relative distant®er trading
partners R;) reduces exports by 22%. Exporting and importing countries that @hare
common language and bordéil | see their bilateral trade to increase by a factor of
1.41 (exp(0.35)) and 1.52 (exp(0.42)) while countries that share a common tiarder
do not share a common languadd) see their bilateral trade to increase by a factor
of 1.3 (exp(0.27)) and 1.4 (exp(0.32)). Omitting the remoteness variable, in model (d),
increase the impact &L andAN on EU bilateral trade.

The strong significance of relative unit labor costdc{y) indicates an important
export price determinant. On average, a 1% increase in relativelabor costs
reduces exports by 0.7 %. As a diagnostic check not reported héuwes \at
coefficients in model (d) do not change when we include the relativéabor costs,
rulcix. Its coefficient of -0.12 is not statistically significant wheountry-specific
control variables are included. This result might be due to a sulmstiteffect
between these control dummy variables and the relative unit lasts that are

country-specific in addition to be sector-specific.

We find a significant and positive effect of harmonization of foaplilegions on EU
bilateral trade. This result confirms our hypothesis that haamatan of EU food
regulations increases intra-EU trade of food manufactures. Thécmodt of the
trade coverage ratios range from a low of 1.06 to a high of 1.2@eficent of a
trade coverage ratio of 1.26 suggests that bilateral exports orseactbject to EU
harmonized food regulations are 253 percent greater than for bilatgralts in
sectors not subject to EU harmonized food regulations (2.53 = exp(1.26)€l). Th
narrow range of these four results suggests that this effect is not amesiine to the

choice of the functional form of the gravity equation. However, we derebghat
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model (b) and (d) perform better than the other ones in terms ajvérall log-
likelihood value reported in the bottom of Table 3.

5.3. Results by Food Sub-Sector

An interesting question that arises from this study of harmboizaof food

regulations is whether its effect varies across food sub-secitiis question is
partially motivated by the observation in Table 2 that the tragerage ratios vary
considerably across sub-sectors. Table 4 summarizes the reseltsdrmasub-sector

regressions.
[TABLE 4]

Each sub-sector has 156 observations (12*13). We only report the coeffafi¢nés
trade coverage ratio using the gravity specification of modelafi) (d) that are
outlined in Table 3 and discussed in the previous section. The resuttse of
coefficients of the trade coverage ratios in Table 4 point ongleioonclusion. The
effect of harmonization of food regulations is positive for sub-secidrsre the
harmonization of regulations is highly concentrated (see Table 1)rafge of the
coefficients from high to low is 5.25 for sugar & cacao (1583 & 1584) @97 for
grain mill (156). In sub-sectors were harmonized food regulatienaa@rnumerous
such as in meat (151), fish (152) and fruits vegetables (153) sulrssehe effect of

harmonization on EU bilateral trade is curiously negative.
6. Trade Costs of Non-Harmonized Food Regulations

In section 5, we discussed the magnitude of the coefficient on tleedoaerage ratio

of EU harmonized food regulations in the gravity equation. Recall $extion 3 that

we can use this coefficient to compute a trade cost thasdrm® non-harmonized
food regulationsNH). These trade costs may arise from any other food regulatory
policy barriers between EU member states to which EU potitytechnical
harmonization is not applied.Among others, examples typically to the EU may
include general government policies such as public procurement, adativiest

practices, competition policy, national systems of taxation.

191n the context of this paper, these trade bardezot equivalent to TBTs since for many food-sub
sectors (i) the application of the mutual recogmitprinciple is not captured due to data limitatdzn
(i) country differences in technical regulations aot deemed to be important barriers.
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These trade costs can be expressed as if there werd bevatifreferred to as t@riff
equivalent which means estimating tariffs that would have the samet effethese
other regulatory policy barriers. The estimate of theftagtiivalent ofNH is defined
as:NH = exp /(ok - 1)], whered is the estimated coefficient of the trade coverage
ratio of EU harmonized food regulations. This implies that we neestanate of an
elasticity of substitutiomsy between any pair of countries’ products in sub-sdctor
obtain an estimate of trade barriers. We extracted estingiteslasticities of
substitution from Surret al (2002). These authors report Armington elasticities for
eleven processed food products imported and consumed in France fromowtyic
fish (151), dairy (155) and coffee & tea (1586) are overlapping subrsétin Table

5, we report the tariff-equivalence of trade costs that &ese not harmonizing with

food regulations for these three sub-sectors.
[TABLE 5]

We observe that the tariff equivalent is negative for fish (151) caftte & tea
(1586). The negative tariff equivalent for coffee & tea (1586) is du¢he low
estimate of elasticity of substitution. In contrast, we obserge tariff equivalents of
trade barriers for dairy (155) and an aggregate for all food subrsgd51-158).
Using coefficients of models (b) and (d), the tariff equivalentsdry (155) are
respectively 471% and 171% and those for the entire food sector (151-158nwi
arbitrary elasticity of substitution of 2 are respectively 9@Ba 73%. Messerlin
(2001) computes the tariff equivalents of crude NTBs for the EU1999, the tariff
equivalents of NTBs amount to 100% for dairy and 5% for the proteesel

industry.
7.  Sensitivity Analysis

The results obtained so far are subject to greater doubt thatanidrsl errors would
suggest. However, few studies have addressed the issue aathefhtbis paper so
that suitable comparisons by which to assess the robustnessrestitts presented
here are not available. Two important sources of doubt remain: ewgherestimator

consistency.

7.1. Influential Observations

™ In the gravity model, the CES for the trade substin elasticity is derived from Armington (see
footnote 2).
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The analysis of investigating the residuals, leverage and D&ldes reveals that
there are few problems with outliers. First, we test for D¥lues greater than the
cut-off value suggested by Belsey al. (1980) who claim that DFIT values greater
than 2 times the square root of the number of variables (omittingduhemy
variables) divided by the number of observations deserve gretestiai® Using
this criterion, we detect 43 observations in the total sample frdnichwl6
observations are collided with the exports from Ireland to six rdifiteimporting
countries, 12 observations are collided with the exports from Denmald tivbiother
15 observations are not centered around one particular country: BelgiuRrgnce
(1), Italy (3), the Netherlands (3), Portugal (2), Spain (1), SwedenUBited
Kingdom (1). Another result that emerges from this analydisaisout of these 43
observations with these largest DFIT values, 21 observations beldraglé of meat
products (151). However, no systematic inconsistency appears in dfadesat
products for one particular country.

To proceed, we then express the residuals and leverage statistiesrages with
normalized standard deviations and aggregate them by exporting ctorratlysub-
sectors and sub-sectors for all exporting countries. The aggregsitiuals and
leverage statistics do not reveal any inconsistencies among iesugkicept for the
residuals of the Netherlands, Ireland, Portugal and Denmark and aubssgctors
except for the residuals of the meat (151) and tea & coffee (1&@&kectors.
Instead of deleting these observations one at a time and repbdingw results, we
omit all the observations contained in a single exporting country subasectot?
Because there are four countries and two sub-sectors that deseevattention, we
perform six data adjustments using the gravity specificatianaufel (b) reported in
Table 3. The results are encouraging: the coefficient of tloe ttaverage ratio of
harmonized food regulationgy, varies between 1.05 and 1.14. When this is
measured against the full sample estimate of 1.26 (see Jabledel b) it is clear

that our estimate is not sensitive to the omission of outliers.

7.2. Estimator Consistency

12 The diagnostic checks are based on model (b) Trabie 3.
13 Note that the omission of a particular observat@rone country would lead to changing values for
the remoteness variablgy and the relative unit labor costilciy.
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The different gravity model variants that are estimated aarosstries and sub-
sectors impose the restriction that the effect of harmonizatitecbhical regulations
on EU bilateral is measured by a constant coefficintinvariant across exporters
and sub-sector¥. To test whether this plausible restriction is valid, we decomgpose
into (®; + @) and perform several likelihood ratio (LR) tests, which leagsetéorm
four LR tests based on regression model b in Table 3:

(1) @; againstp
(2) ®k againstd
(3) (@; + dy) againstb,
(4) (@i + @) againstd,

since we rule out a LR test for testing the relaxation of ¢astraints against the
most restricted model ¢ + ®y) againstd). If test (1) or test (2) - imposing one
relaxation of a constraint - is rejected, test (3) or, resprygtitest (4) is no longer
necessary. From this analysis, the four LR tests do rejecagh@mption that our

restricted model is reasonable. Fiealues exceed the critical values in each test.

We therefore replicate the results from Table 3 wherelesmmpose the coefficient
of the trade coverage ratio int®;(+ ®x). The results of these average coefficients are
reported in Table 6. Although there are some variations in the avestigeates of
(d; + ®y) across the different models, these estimates remain positigedition, the
average estimates from models (b) and (d) are very close to rmehrbark estimates

from Table 3.
[TABLE 6]
8. Conclusion

In this paper, we found support for the prediction that the EU harmonizdtiood
regulations has a larger positive effect on intra-EU trade r&wilt suggests that EU
bilateral exports in sub-sectors subject to EU harmonized food tiegglare 253%
greater than EU bilateral exports in sub-sectors not subjdettbarmonized food
regulations in 1998. These results are not overly sensitive to theechb the

functional form of the gravity equation. Results based on regresgiculasector

14 We are not concerned with any importing effectt timderacts with the trade coverage ratio of
harmonized food regulations. Once a sub-sectormmoduct is subject and conformed to harmonized
regulations, importers can not deter it from tligimestic market.

19



separately suggest that this effect of the harmonization of fegalations varies
significantly: the effect of the harmonization of food regulatianpasitive for sub-
sectors where the harmonization of regulations is highly conceatréhis empirical
finding suggests that there are positive trade-enhancing effots the
implementation of EU harmonized regulations in the food industry. Fopdioy,

this provides some evidence to what extent the harmonization appreach i
successfully removing technical barriers to trade and integr&l markets in the

food industry.

The theoretically funded functional form of the gravity equatiooval for the
estimation of tariff equivalents of trade costs of not harmonixitp EU food
regulations. Subject to the sub-sector elasticity of substitbetnween origins, these
tariff equivalents of regulatory policy barriers can be sanpgly large ranging from

73 to 97% for the whole food industry and 171 to 471% for the dairy sub-sector
depending on the functional form of the gravity model. It turns up traptper has
proposed a method to estimate tariff equivalents of trade coateddb regulatory
policy barriers in the manufacturing industry from functional foohgravity models

and applied it for food sub-sectors.

This paper has provided a method based on a gravity model to méasurade
impact of harmonizing food regulations among close trade partnersntrast to the
typical gravity-based approach that attributes departureadad ftows from what the
gravity model can explain to a mix of country or industry-speeifiects, including
NTBs, the approach used in this paper explicitly incorporates asurement of
technical regulation harmonization into the gravity model and careftner isolate
the specific trade effects of such harmonization. However, likayfhieal gravity-

based approach, this approach is still unsuitable to measure thelfiaile impact of
harmonizing food regulations. For example, it ignores the effectsdooractions for
market failures. Consequently, as underscored in the survey of BagthiBureau
(2001), the tariff equivalent derived from such an approach only retleetsrade
volume effects of harmonizing food regulations without welfare int¢ations. With
still the caveat of not capturing the full welfare effectdNaBs, this paper confirms
that combining gravity models with econometric estimates is th@geg@romising

method for identifying the role of regulations in foregone or, in owse caf
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harmonizing regulations, gained trade as anticipated in the concbigioa survey of
Beghin and Bureau (2001).

As with any other preliminary study, the present study suggestg future projects.

Since the estimates of the trade costs that we obtain aye sessitive from
assumptions about the elasticity of substitution, one potentiakiybfegoroject is to
calculate constant elasticities of substitution that emergen fthe theoretical
grounded gravity equation. Another extension of this paper is to exarhateer our

results would change under alternative levels of data aggregaedmaps, the best,
though very data intensive, extension would be to conduct a panel study that evaluates
changes of the impact of harmonization technical regulationstiover Such a panel

study would require information on the timing of the introduction of aiquéar
harmonized regulation as well as a concordance of CN codes betfeeantitime

periods.
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Table 1: Frequencies of Products by Food-Sub-Sector Reguldteby EU
Harmonized Regulations

Food Sub- | Description CN Codes CN Codes s5.t.
Sector Harmonization
(Nace Rev. 1
151 Meat 193 36
152 Fish 242 119
153 Fruits & Veg. 373 289
154 Oils and Fats 82 78
155 Dairy 89 47
156 Grain mill 81 62
1583, 1584 Sugar & Cacao 58 52
1586 Tea & Coffee 15 9
1587 Condiments 35 25
158x% Misc. Foods 116 71
151-158 Food Industry 1284 788

Notes: (a) miscellaneous (158X) consists of théofahg sub-sectors: bread (1581), biscuits (1582),
homogenized food (1588), food n.e.c. (1589). (lk{f€l57) is not considered in our analysis because
of not being a final good.
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Table 2: Trade Coverage Ratios of Food Sub-Sectors subject taJBEHarmonized
Regulations, 1998 (%)

All Meat | Fish | Fruits | Oils | Dairy | Grain | Sugar| Tea &|Con- | Misc.

& & mill & Coffee| diments| Foods
(151- | (151) | (152) (155)
I\Qetm ber 158) veg. | Fats (156) | “3“2°| (1586)| (1587) | (158X°)
state (153) | (154) (1583
&
1584)

Austria 63.89| 11.32 46.0275.93| 49.41 83.3772.25| 99.86/90.27 |36.69 | 81.2

Bel./Lux. 65.67(19.01| 65.3 |70.29| 97.53 61.3¢ 67.51 99.987.81 |10.77 | 86.9

Denmark |47.75(15.77| 60.03/81.53|99.6 | 62.23| 74.01 97.43 66.92 11.82 78.65

Finland 56.57| 15.0238.53|44.08| 93.46| 49.4015.45(98.02|99.44 | 47.14 | 98.49

France 60.56 15.04 45.59 61.06 91|43 73.83.14|99.5 |41.29 |26.14 | 79.48

Germany |71.63| 19.56| 72.38 78.4494.82| 80.39] 76.16 98.56 68.24 28.45 85.54

Greece 71.42| 3.85 | 22.6568.4 | 98.92| 70.99 57.2f 100|31.43 | 45.41 |88.06

Ireland 62.04| 13.08 42.1332.01|90.71| 50.21/98.22(99.84|9.74 | 3.39 93.12

Italy 65.13|27.82| 33.13 63.13| 97.69| 52.3649.55|99.83| 93.12|4.06 61.27

Netherland$56.89 | 7.23 | 64.98 48.08 98.5 79.483.38|99.35| 51.62| 28.36 | 90.66

Portugal 69.39|8.21 |70.85| 75.04{97.45| 71.07| 75.11 99.98 71.272.76 27.89

Spain 45.36|8.21 |68.09| 24.63/98.46| 54.97| 78.2| 99.61 66.77 21.5 64.9

Sweden 60.87 14.71 46.06 73.21 97|88B.84|67.96| 99.69 54.77| 11.41| 83.49

UK 58.87| 8.44 | 40.11 69.7y 96.25 61.283.89(98.61| 50.12| 17.78| 86.14

EU15 61.81| 14.34 55.6f 59.49 96.f 70/84 63.39 997274 | 25.85 | 86.66

Notes: The coverage ratios indicated in boldfaeefar those numbers that are the lowest or theetirg
compared to EU average coverage ratios by eachsextbr. (a) except for feed (157) (b)
miscellaneous (158X) consists of the following sduotors: bread (1581), biscuits (1582),
homogenized food (1588), food n.e.c. (1589).
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Table 3: Gravity Estimates of the Impact of the Harmonization of Food

Regulations on Intra-EU Trade, 1998

Model a b C d
.95 .94

yi (.05) (.04) 1 1
.84 .84

Y (.05) (.05) 1 1

¢ -1.62 -1.61 -1.50 -1.56

' (.11) (.11) (.09) (.14)
R -.22 -.21 -.22 ]

J (.04) (.03) (.03)

AL .36 .35 42 .69
(.16) (.13) (.13) (.23)
.32 .32 27 .58
AN (.18) (.16) (.16) (.18)
-.70 -.68 -71 -
rulci (.09) (.08) (.08)

) 1.06 1.26 1.25 1.14
Piik (.13) (.16) (.16) (.15)
o -8.62 -8.88  -1053 -11.34

ik (1.51) (1.33) (.71) (.09)
0i, 0 no no no yes
Ok no yes yes yes
R?@ .85 .90 .83 91

Log-Likelihood -3279.86 -3058.75 -3342.17 -2946.14

Observations 1560 1560 1560 1560

Notes: Robust standard errors are in parentheap®’ {s the squared correlation between actual and
predicted values.
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Table 4: Gravity Estimates for Trade Coverage Ratio by Food Sub-Sector, 1998

Model b Model d
NACE Description ~ Coefficient Std. Error R*@ Coefficient Std. Error ~ R*®
151 Meat -2.11 .82 .76 -1.38 .64 75
152 Fish -.69 37 12 -.66 31 a7
153 Fruits & Veg. -1.54 .58 .76 -.15 .56 74
154 Oilsand Fats  4.44 .45 .88 3.21 .55 .82
155 Dairy 1.55 A7 .81 .89 42 .79
156 Grain mill .97 .36 .87 1.09 44 .85
1583, 1584 Sugar & 5.25 52 .92 4.8 .49 .87
Cacao
1586 Tea & Coffee  1.54 A5 .80 1.89 51 .82
1587 Condiments A7 .54 .80 -.16 .56 .81
158%° Misc. Foods 2.40 .54 .78 .55 .53 77
(151-158§ Al .68 24 .76 .55 .25 .67

Note: Models b and d are analogous to the gravagiehspecification of models b and d of Table 3. (a
R is the squared correlation between actual andqieetivalues. (b) miscellaneous (158X) consists of
the following sub-sectors: bread (1581), bisculfs8@), homogenized food (1588), food n.e.c. (1589).
(c) except for feed (157).
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Table 5: Tariff Equivalents of the Cost of EU Non-Harmonized 6od
Regulations (%)

NACE Description  Elasticity of Model b Model d
Substitution®

152 Fish 3.46 -24.5% -23.5%

155 Dairy 1.89 470.6% 171.0%

1586 Tea & Coffee 0.63 -98.4% -99.4%

(151-158§ Al 2.00 97.0% 73.0%

Notes: Models b and d are analogous to the grandgglel specification of models b and d of Table 3.
(a) trade elasticities are obtained from Swetyal. (2000) with the exception of the aggregated food
industry (151-158), see text for further detaits. xcept for feed (157).

Table 6: Average Coefficient of the Coverage Ratio of EU HarmonigeFood
Regulations, 1998

Model a b c d

Notes: See gravity model specifications in Tabfer3nodels (a-d).
(a) [Z, @,]/12 +[Z| (I)k]/lO
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