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Abstract
This paper empirically estimates the trade effects of technical barriers to trade (TBT) based on all TBT
notifications from 105 World Trade Organization (WTO) countries during 1995–2008. The paper adopts a
modified two-stage gravity model to control for both sample selection bias and firm heterogeneity bias. It was
found that a country’s TBT notifications decrease other countries’ probability of exporting, but increase their
export volumes. The result can be explained by the TBT’s differential effects on the fixed and variable cost
of export, and consumer confidence. It was further found that (i) a developing country’s TBT have significant
effects on other developing countries’ exports, but no significant effects on the developed countries’ exports,
(ii) a developed country’s TBT have significant effects on the exports from both types of countries, and
(iii) exports from developed countries are affected by a developed country’s TBT more seriously than a
developing country’s TBT.

1. Introduction

The multilateral negotiations under the World Trade Organization (WTO) have suc-
cessfully liberalized trade, especially with the large scale and widespread tariff
reductions. However, non-tariff barriers (NTBs) have arisen to substitute the tradi-
tional trade protection, namely tariffs. Among various forms of NTBs, the so-called
technical barriers to trade (TBT), which mainly include standards and technical regu-
lations, are relatively new, but have become more and more important.1 TBT are
introduced for a range of reasons (for example, for environmental protection, safety,
national security and consumer information), and they vary from country to country in
terms of their magnitude and product coverage. If TBT are set properly, they can
promote trade, but they can also be used as an excuse for protection when they are
set at a high level. The WTO’s TBT Agreement tries to ensure that the imposed
standards and technical regulations “do not create unnecessary obstacles to trade.”2

The first objective of this paper is to empirically examine how TBT affect trade at the
global level.

All WTO members are required to keep each other informed of their new or
changed regulations each year through the WTO. Table 1 shows the TBT notifications
made by WTO members every year from 1995 to 2008. There are several observations.
First, TBT are widespread and significant. A total of 105 WTO members made 9,913
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TBT notifications to the WTO during that period. Second, although TBT are in general
rising, there exists a large variation (yearly changes) even at the aggregate level. The
total number of TBT notifications reached an earlier peak at the number 794 in 1997,
but then dropped to 538 in 2001, and finally rose to the new height at 1,251 in 2008.
Third, developed countries were the main users of TBT in the earlier years, but in
recent years developing countries introduced roughly equal number of TBT as the
developed countries. The TBT introduced by these two groups of countries could be
different and these two groups of countries could be affected by the same TBT differ-
ently in their exports to the TBT adopting countries. The second objective of this paper
is to empirically examine the differential effects of TBT on the developing and devel-
oped countries.

Given the increasing importance and the complexity of TBT, researchers have
started to pay attention to understanding the effects of TBT on trade. Most studies ask
whether TBT promote or restrict trade, and find that TBT generally restrict trade flows.3

Unlike those studies, the main focus of the present paper is on how TBT affect trade
and whether there is any difference in their effects on the developing and developed
countries. To this end, the heterogeneous-firm approach of Melitz (2003) and Helpman
et al. (2004) is used to empirically investigate and understand the TBT impacts on
bilateral trade. When Country A imposes TBT, it raises both the fixed cost and variable
cost to exporters of other countries who want to sell their goods to Country A because,
for example, exporters have to improve their product quality to meet the new stand-
ards, which raises the variable production costs. In addition, exporters have to make
material investment in inspection equipment, quarantine process, and the coordination
of technique experts to pass the examination, imposing a high fixed cost for exporting
to the TBT imposing country.4 Hence, the cost-raising aspect of TBT reduces both the
export extensive margin (i.e. the number of exporting countries) and intensive margin
(i.e. the export volume or value of each exporting country). However, TBT inform the
consumers that the imported products have met specific standards (health, safety, and
others) and have passed the regulations, which promotes imports because consumers
become more confident about the products. In this case, TBT help correct market
failure because of incomplete information. This information-revealing aspect of TBT
raises consumers’ demand, thereby raising both the extensive and intensive margins.
Therefore, how trade is affected by TBT becomes an empirical issue.

Conducting such an empirical study at the global scale, however, seems implausible
because the Melitz (2003) model is based on firm-level export decisions, whereas the
available trade data in most countries are at country level (or industry level at most).5

Fortunately, Helpman et al. (2008) have developed a methodology that makes the
mission of the present paper possible. Sufficiently abundant bilateral trade data have
the capacity to capture heterogeneous firms’ decisions. Because of the existence of
fixed cost of export, only a subset of firms finds it profitable to serve foreign markets.
Some find it profitable to serve all markets, whereas others find it profitable to serve
only some export markets. Therefore, one can infer the characteristics of a firm from its
market behavior. Technically, this is done using a two-stage gravity model. Following
such a procedure, predicting the impact of TBT on firms’ export decisions (extensive
margin) through the changes in their international trade value (intensive margin)
becomes possible. The present study is based on TBT notifications of all countries to
the WTO and bilateral trade data from 1995 to 2008. TBT are found to reduce the
export extensive margin (i.e. the export probability), but raise the export intensive
margin. Furthermore, developed and developing countries are found to be different
with regard to their TBT effects on other countries, as well as how they are affected by
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TBT of other countries. Specifically, TBT of a developed country reduce the imports
from all countries. In contrast, TBT of a developing country reduce the imports from
other developing countries, but have insignificant effects on the imports from devel-
oped countries. TBT of a developed country reduce the extensive margin of all other
countries, but increase their intensive margin. In contrast,TBT of a developing country
have no significant effects on either the extensive margin or intensive margin of exports
from developed countries.

This present paper has four distinguishing features. First, TBT represent one of the
most difficult non-tariff measures to quantify, as argued by Deardorff and Stern (1998).
The present paper is the first to use all TBT notifications of individual countries to the
WTO to measure the degree of TBT and analyze the TBT effects on trade at the global
level.6 This complements the existing studies that focus on some firms, some industries,
or some countries. Second, the TBT effects are compared based on whether the TBT-
imposing country is a developed or developing country and whether the exporting
countries are developed or developing countries. Third, a modified two-stage gravity
model is used to estimate the TBT effects on trade, correcting the potential selection
bias and firm heterogeneity bias. As a result, how TBT affect trade through extensive
and intensive margins can be explained. Fourth, we use country-level TBT data to
examine TBT effects on a country’s total imports, as compared with TBT and trade at
industry-level. Different industries are affected by TBT differently; thus, investigating
how a specific industry’s TBT affect the industry’s trade is important. However, country-
level TBT and country-level trade are chosen in the current study for two important
reasons. On the one hand, from 1995 to 2008, approximately 70% TBT notifications fail
to specify the coverage of the harmonized commodity description and coding system
(HS) products. Thus, using TBT notifications with industry information would result in
loss of many data. On the other hand, although TBT of one industry affect the industry’s
trade, they also affect trade of other industries if they are substitutes or complements.
Therefore, exploring the effects of all TBT on a country’s total trade is important.

The current study fits in the growing literature on TBT and trade. The above
description regarding the features of the present paper provides a clear distinction
between this paper and other papers in the literature, as mentioned below. Using the
World Bank survey data (firm-level in some developing countries), Maskus et al. (2005)
estimated the cost increase in developing countries for complying with the stricter
developed countries’ product standards. Chen et al. (2008) used the same survey data
to examine the impact of adapting to foreign standards on export decision and export
market diversity. These two papers study the TBT impacts on trade using firm-level
data from a small sample of countries with focus on the standards. Unlike these papers,
the present study uses country-level bilateral trade data on all TBT in all WTO member
countries.

Without the availability of firm-level data, some researchers use bilateral trade data
of some industries in some countries to examine the marginal effects of some types of
TBT on exports. For example, Chevassus-Lozza et al. (2005) investigated the impact of
EU’s import qualification on trade of agricultural products between the new and old
EU members. With the similar empirical strategy as Chevassus-Lozza et al. (2005),
Essaji (2008) examined the effects of the US technical regulations in agriculture, mining
industry, and manufacture industry on the US trade pattern. Some other papers use the
firm-heterogeneity model more explicitly and completely. Czubala et al. (2009) studied
the impact of the EU standards on African exports of textiles, clothing, and footwear.
Portugal-Perez et al. (2009) extended the above analysis to study electrical products.
Shepherd (2007) studied the impact of EU product standards on their import of
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textiles, clothing, and footwear sectors. All these papers model the export decisions of
a firm (positive or zero value) using the Heckman procedure (Stage 1 in our model),
and so correct for sample selection bias, but do not follow Helpman et al. (2008) to
correct firm heterogeneity bias (Stage 2 in our model).

Baller (2007) analyzed the effects of regional TBT liberalization agreements in
electronic communication and medical machinery industries between the Organisation
for Economic Co-operation and Development (OECD) members and non-members
on trade from countries in and outside the agreements. Xiong and Beghin (2011)
studied the influence of the EU aflatoxin maximum residue limit (MRL) on African
exports of groundnut products. Similar to the current paper (in methodology), these
two studies also use the Helpman et al. (2008) model in their heterogeneous firm
framework; however, they examine only the trade effect of some special TBT in a small
number of countries, as opposed to the general TBT at the global level used in the
present paper. Chen and Mattoo (2008) extended Baller’s (2007) analysis by using a
larger dataset covering trade of 42 countries at the SITC 3-digit level of manufacturing
industries from 1986 to 2001.7

All aforementioned studies found evidence on the negative (or insignificant, in one
case) effects of both the extensive and intensive margins. In contrast, the present paper
finds positive effects on the intensive margin. There are two possible reasons for the
difference in the findings between the current study and theirs. One is the coverage:
those studies covered only a small set of countries for some sets of products, whereas
the current study includes (almost) all countries and all products. The second possible
reason is the methodology: the current study follows Helpman et al. (2008) in using the
two-stage estimation procedure, whereas most of other studies did not.

2. The Impacts of TBT on Trade

The Gravity Model and Data

Gravity models are widely used to estimate trade volumes. It is generally agreed that
bilateral trade volumes (or values) are determined by the economic size of the trading
countries and the multilateral resistance, which includes trade policies, bilateral geo-
graphical distance, common borders, the proximity of language, the membership of free
trade zones, and others (Anderson and van Wincoop, 2003). Accordingly, we use the
following gravity model to estimate the effect of TBT on bilateral trade flows.

ln ln ln ln
ln

EX TBT gdp gdpijt i j t jt it jt( ) = + + + +( ) + +
+

−α α α β γ γ
γ

1 1 1 2

3 ddist contig comlang colony
smctry

ij ij ij ij

ij ijt

+ + +
+ +

γ γ γ
γ μ

4 5 6

7 (1)

In equation (1), the dependent variable is EXijt, which is the value of country i’s
export to country j in year t. Our key explanatory variable is TBTjt–1, which represents
the importing country’s (country j) introduction of TBT in year t - 1. We also include
a set of control variables: gdpit and gdpjt are the gross domestic production level of
country i and country j in year t, respectively; distij is the geographical distance between
the two countries; contigij, comlangij, colonyij, and smctryij are dummies, representing
respectively the existence of common borders, common official language, colonial
history (i.e. whether countries i and j had colonial ties in the past), and whether the
trading partners have belonged to the same country group.8 Since our analysis is based
on panel data, we use the year fixed effect (at) to control for the determinants of trade
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values that only change with time. In addition, we use the importing country fixed effect
(aj) and exporting country fixed effect (ai) to control for those time-invariant country
characteristics.

There are a number of issues that require a discussion. The first issue is how to
measure TBT. Bora et al. (2002) provided a review of various approaches to quantify
non-tariff measures, including TBT. Conventionally, there are two approaches, which
are the frequency index and coverage ratio. In Bao and Qiu (2010), we have applied
those approaches to the study of China’s TBT impacts on China’s imports.9 Different
from those approaches, in the present paper, we use a country’s total number of TBT
notifications to the WTO in every single year as the quantitative measures of the
country’s TBT.

The second issue is the use of multilateral resistance variable. As pointed out by
Anderson and van Wincoop (2003, 2004), a correct specification of a gravity model
should include the multilateral resistance variable. In our setting with panel data, the
multilateral resistance can be captured by the importer/year and exporter/year fixed
effects. However, inclusion of these fixed effects will result in the drop of all time-
variant country variables such as GDP and only bilateral, time-invariant variables will
remain. Unfortunately, our TBT variable is not a bilateral time-invariant variable, but
a country specific general variable and time variant. Thus, the TBT variable will also be
dropped automatically if we introduce the multilateral resistance variable. For this
reason, we use exporter fixed effect, importer fixed effect, and year fixed effect, instead
of exporter/year and importer/year fixed effects. Many existing studies in the literature
avoid using such multilateral resistance variables; and we are no exception. For
example, Helpman et al. (2008) also used country fixed effect and year fixed effect
instead of country/year fixed effects in their estimation of trade flows.

The third issue is that TBTjt may take the value zero for some countries in some
years. Hence, we use ln(1 + TBTjt–1) instead of ln(TBTjt–1) in our model.

Finally, an importing country may introduce more TBT when it faces more import
competition. This will result in the reverse causality problem when we try to analyze
the effects of TBT on trade. To partly solve this possible reverse causality problem, we
use the lagged TBT (one year before t) rather than TBT in the same year as trade flows.

With regard to the data sources, we obtain bilateral trade data from United Nations
Commodity Trade Statistics Database (Comtrade database), which is available from
http://comtrade.un.org/db/, and the TBT notification data from the WTO’s TBT Annual
Reviews of the Implementation and Operation of the Agreement. For the control vari-
ables, the GDP data can be found from the US Department of Agriculture Economic
Research Services International Macroeconomic Data Set, and other bilateral relation-
ship data can be obtained from the CEPII database (the Centre d’Etudes Prospectives
et d’Informations Internationales in France database). In model (1), the unit of EXijt is
current year US dollar, the unit of GDP is billion US dollars of the year 2005, and the
unit of distance is kilometer. Note that we do not use constant year dollar for EXijt

because Comtrade provide current dollar value of trade statistics and we control for
year fixed effect in our model which can partly control for inflation.

Our study covers 105 countries and regions from 1995 to 2008. These 105 countries
are those available in the WTO’s TBT notification database, which includes 41 devel-
oped countries and 64 developing countries.10 They represent 85% of the global trade
and in this sense our study largely exhibits the TBT effects on global trade. The 14-year,
105-country sample gives us 152,880 observations (105 ¥ 104 ¥ 14).

Table 2 presents the descriptive statistics of the relevant variables, and Table 3 gives
the Pearson coefficients between different variables. In Table 3 (and also Tables 4 and
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5), ln gdp_ex and ln gdp_im are the log value of the exporting country’s GDP and the
importing country’s GDP, respectively. We observe that there is no significant corre-
lation between the TBT notifications and the other control variables in column (1),
which, together with the large sample characteristics of the dataset, indicates that there
is no multicolinearity to bias our estimation.

There are 47,317 zero observations, amounting to 30.95% of the sample data, as
some countries do not trade with some others in some years. This large number of
null data could make the ordinary least squares (OLS) estimation inconsistent.
Simply abandoning the zero trade data will cause sample selection bias and will over
estimate the impact of TBT on trade values. Helpman et al. (2008) attributed the
absence of trade to exporting firms’ self selection behavior. They developed a model
of international trade with heterogeneous firms to predict positive as well as zero
trade flows across pairs of countries. Their model yields a generalized gravity equa-
tion that accounts for asymmetric trade flows, zero trade observations, and the
overlooked extensive margin from new firms entering export markets. The estima-
tion of their generalized gravity model does not require firm-level data and can be
implemented via a two-stage modified Heckman procedure. We adopt this method to
estimate the TBT effects on trade.

The two-stage model is captured by the two regression equations (2) and (3) given
below.

Stage 1: The sample selection model for export probability (Probit estimation)

EXdummy TBT GravityControlsijt i j t jt ijt ij= + + + +( ) + +−α α α β γ μln 1 1 tt (2)

Table 2. Descriptive Statistics of the Key Variables

Variables Mean Std Dev. Min Max

ln EX 16.0269 3.8371 0.0000 26.6303
ln gdp 3.8714 2.2105 -1.2958 9.5853
ln dist 8.7465 0.8476 4.0877 9.9010
ln (1 + TBT) 1.0506 1.3035 0.0000 5.6560
contig 0.0190 0.1367 0.0000 1.0000
comlang 0.1360 0.3428 0.0000 1.0000
colony 0.0161 0.1259 0.0000 1.0000
smctry 0.0099 0.0990 0.0000 1.0000

Table 3. Pearson Coefficients between Each Pair of Variables

(1) (2) (3) (4) (5) (6) (7) (8) (9)

(1) ln EX 1
(2) ln gdp_ex 0.5890 1
(3) ln gdp_im 0.3896 -0.1412 1
(4) ln dist -0.2555 0.0603 0.0122 1
(5) ln (1 + TBT) 0.1891 -0.0635 0.4816 0.0714 1
(6) contig 0.1821 0.0193 0.0392 -0.3755 0.0069 1
(7) comlang 0.0362 -0.0976 -0.0778 -0.1383 -0.0078 0.1375 1
(8) colony 0.1325 0.0734 0.0764 -0.0344 0.0064 0.0517 0.2103 1
(9) smctry 0.0904 -0.0475 -0.0331 -0.3048 -0.005 0.4158 0.1621 0.0565 1
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Stage 2: The trade flow equation [non-linear least squares (NLS) estimation]

ln lnEX TBT GravityControlsijt i j t jt ijt

i

( ) = + + + +( ) +

+
−α α α β γ

θη
1 1

ˆ
jjt ijt ijt ijtz* ln{exp[ ( * *)] 1}+ + − +δ η εˆ ˆ (3)

where g is a vector of coefficients, ˆ ( ˆ ) ( ˆ )η ϕijt ijt ijtz z* * *= Φ is the inverse Mills ratio, and
ˆ ˆzijt ijt* = ( )−Φ 1 ρ , in which ρ̂ijt are the estimates from the Probit regression in stage 1.

The first stage, equation (2), is the sample selection model, whereby the dependent
variable is a dummy variable representing the existence of country i’s exports to

Table 4. Effects of TBT on Trade

Country level data Industry level data

(1) (2) (3) (4) (5)

EX_dummy ln EX ln EX EX_dummy ln EX

Probit NLS Polynomial Probit Polynomial

ln gdp_ex 0.028 1.0795*** 1.036*** 0.707*** 0.267***
(0.0714) (0.0904) (0.0897) (0.0108) (0.0245)

ln gdp_im 0.803*** 0.0342 -0.142 0.505*** 0.656***
(0.0773) (0.154) (0.152) (0.0102) (0.0240)

ln dist -0.414*** -0.746*** -0.701*** -0.634*** -0.509***
(0.0178) (0.0742) (0.0717) (0.00122) (0.00946)

contig -0.501*** 0.935*** 1.107*** 0.228*** 0.123***
(0.103) (0.168) (0.151) (0.00606) (0.00983)

comlang 0.362*** 0.470***
(0.0279) (0.00292)

colony -0.141 1.014*** 0.926*** 0.254*** 0.183***
(0.121) (0.110) (0.0996) (0.00757) (0.0125)

smctry 0.170 0.677*** 0.501*** 0.528*** 0.301***
(0.127) (0.189) (0.173) (0.00690) (0.0148)

ln(1 + TBT) -0.0216*** 0.0303*** 0.0279***
(0.0061) (0.00754) (0.00759)

CR -0.0000176 0.000368**
(0.0000808) (0.000163)

η̂ijt* -1.442*** 0.135 1.980***
(0.183) (0.218) (0.0180)

d 1.973***
(0.160)

ẑijt* 6.305*** 7.176***
(0.466) (0.0435)

ẑijt*2 -1.010*** -1.530***
(0.166) (0.0153)

ẑijt*3 0.0474** 0.118***
(0.0202) (0.00174)

N 152,880 105,563 105,563 5,658,510 2,112,584
Pseudo or adj. R2 0.453 0.988 0.776 0.499 0.523

Notes: Exporter, importer and year fixed effect. The Comlang variable is excluded variable in all second
stage specifications; Robust standard errors in parentheses (clustered by country pairs).*p < 0.10; **p < 0.05;
***p < 0.01. CR is the coverage ratio (%) of TBT. Industry fixed effect in columns (4) and (5) are added.
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country j in year t, and the independent variables are the same as those in regression
equation (1), which consist of the TBT notification variable and the standard control
variables in any gravity model, all together denoted by vector GravityControlsijt. Since
the dependent variable is a 0–1 dummy, we can identify the probability of one country’s
export to another and the effects of TBT on the extensive margin of trade. The second
stage, equation (3), is the trade flow equation, whereby the dependent variable is the
log value of country i’s exports to country j in year t. There are two important points to
make. On the one hand, the vector GravityControlsijt in equation (3) is obtained from
that in equation (2) by excluding one variable, Comlangij (common language), for the
exclusion restriction purpose.11 On the other hand, we construct two variables using the
estimates of the Probit model as additional regressors in the second-stage estimation.

Table 5. Differential Effects of TBT on Trade by Country Groups

Exporting
countries

Stage 1 (Probit estimation) Stage 2 (NLS estimation)

All Developed Developing All Developed Developing

(1) (2) (3) (4) (5) (6)

ex_dummy ex_dummy ex_dummy ln EX ln EX ln EX

ln gdp_ex 0.0284 -0.854*** 0.437*** 1.080*** 10.51*** 0.556***
(0.0714) (0.157) (0.0813) (0.0904) (1.881) (0.147)

ln gdp_im 0.803*** 0.700*** 0.897*** 0.0315 -6.305*** -0.352*
(0.0774) (0.146) (0.0956) (0.153) (1.536) (0.202)

ln dist -0.414*** -0.221*** -0.558*** -0.746*** 1.005** -0.446***
(0.0178) (0.0317) (0.0180) (0.0742) (0.493) (0.102)

contig -0.501*** -0.568*** -0.443*** 0.934*** 5.927*** 1.398***
(0.103) (0.123) (0.124) (0.168) (1.226) (0.190)

comlang 0.362*** 0.0398 0.449***
(0.0279) (0.0617) (0.0313)

colony -0.141 0.00787 -0.263* 1.014*** 0.598*** 1.343***
(0.121) (0.165) (0.141) (0.110) (0.149) (0.184)

smctry 0.170 0.240 -0.0211 0.677*** -1.796*** 0.831***
(0.127) (0.194) (0.145) (0.189) (0.544) (0.233)

ln(1 + TBT) -0.0130* -0.00108 -0.0148* 0.0290*** 0.00935 0.0392***
(0.00720) (0.0132) (0.00894) (0.00851) (0.00961) (0.0130)

im_devped -1.482*** -0.930*** -7.786*** -1.888*** -68.98*** 32.98***
(0.184) (0.320) (1.017) (0.629) (17.14) (1.246)

ln(1 + TBT)
*im_devped

-0.0258** -0.0542** -0.0154 0.00774 0.578*** -0.00758
(0.0126) (0.0225) (0.0153) (0.0142) (0.121) (0.0201)

η̂ijt* -1.440*** -11.40*** -1.181***
(0.183) (2.196) (0.189)

d 1.972*** 11.43*** 2.371***
(0.160) (2.190) (0.162)

Observations 152,880 59,696 93,184 105,563 47,409 58,154
Pseudo or

adjusted R2
0.453 0.507 0.427 0.988 0.827 0.707

Notes: Exporter, importer, and year fixed effect. The Comlang variable is excluded variable in all second
stage specifications; Robust standard errors in parentheses (clustered by country pairs). *p < 0.10; **p < 0.05;
***p < 0.01.
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One is the inverse Mills ratio, which will be used to correct for the sample selection bias
in the standard Heckman procedure, and the other is an expression that controls for
unobserved firm heterogeneity, that is, the effect of trade frictions and country charac-
teristics on the proportion of exporters. This allows us to estimate the TBT effect on the
intensive margin using the sample of all country-pairs with positive trade flows.

Helpman et al. (2008) show that a transformation of equation (3) that will give
consistent estimates is

ln lnEX TBT GravityControlsijt i j t jt ijt

i

( ) = + + + +( ) +

+

−α α α β γ

θη

1 1

ˆ
jjt ijt ijt ijt ijtz z z* * * *+ + + +ˆ ˆ ˆ2 3 ε (4)

where the polynomial in ˆ ˆ ˆz zijt ijt ijt* * *= + η is an approximation of an arbitrary and
increasing function of the latent variable zijt.

Regression Results

We follow Helpman et al. (2008) to estimate the above TBT models through a two-
stage procedure. The first column in Table 4 reports Probit estimates of equation (2)
using the Maximum Likelihood method. The second column reports the estimates of
equation (3) using NLS and the third column provides the polynomial results of
equation (4) using OLS.

In our second-stage estimation, the magnitude and significance of the coefficients
obtained in polynomial specification in column (3) are very similar to that of the NLS
estimation in column (2), indicating that our estimation is not very sensitive to the
functional form specifications. Most control variables are significant and have the signs
consistent with the existing studies and theories. The supply ability of exporting coun-
tries measured by their respective GDP has a positive and significant effect on bilateral
trade value. The importing country’s GDP has a positive effect on trade (although it is
not significant when the estimation is done using NLS and polynomial). If the trading
partners are closer to each other, share a common border, have colonial history, or
belong to the same country group, their bilateral trade is larger. The variables that
impact export value (intensive margin) are not exactly the variables that impact export
probability (extensive margin). As we can see from column (2), higher demand capac-
ity of the importer, shorter distance, common language will increase the probability of
country i’s export to country j. However, common border reduces the probability of
trade, which is also found by Helpman et al. (2008), who attribute this to the effect
of territorial border conflicts that suppresses trade between neighbors. Whether the
two countries have a colonial tie with each other and whether they belong to the same
country group does not have significant impact on trade probability.

We now turn to our core variable, i.e. TBT. In the presence of fixed export costs, firms
make two decisions with regard to international entry, whether to enter the foreign
market (via exports) and if yes, how much to export. As Helpman et al. (2008) pointed
out, despite the fact that the theoretical model has firm heterogeneity, we do not need
firm-level data to estimate the gravity equation. This stems from the fact that the
features of marginal exporters can be identified from the variation in the characteristics
of the destination countries. That is, for every country i, its exports to different coun-
tries vary according to the characteristics of the importing countries. As a result, there
exist sufficient statistics, which can be computed from aggregate data, to predict the
value of exports of heterogeneous firms. Since TBT raise both fixed costs and variable
costs of exports, they reduce both the number of exporters entering the international
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market (extensive margin) and the total value of export by each exporter (intensive
margin). However, TBT also have the information revelation or quality assurance
feature, which raises consumers’ confidence and hence boosts demand. This tends to
have a positive effect on the intensive margin. As we can see in Table 4, in general,TBT
significantly reduce the probability of exporting in stage 1 owing to the fixed compli-
ance cost as we expected [column (1)]. However, TBT significantly raise the export
value in stage 2 [columns (2) and (3)]. This finding implies that the negative cost-raising
effect is dominated by the positive information-revealing effect.12 It is also possible that
TBT raise the fixed costs of export relatively more than the variable costs. In any case,
we will expect that the exporting countries experience a reallocation of resources
towards the remaining exporters.

We summarize the above analysis in Result 1 below.

Result 1. An increase in a country’s TBT notifications to the WTO reduces other
countries’ export extensive margins to this country (i.e. the probability of exporting),but
raises other countries’ export intensive margins to this country (i.e., the export values).

Robustness Checks

In this subsection, we discuss the robustness of our results established in the previous
subsections. Generally, we find that Result 1 is robust.

First, we try different periods of lagged TBT. TBT are importing country specific. It
is very unlikely that an importing country’s TBT, which apply to imports from all other
countries, are set in response to unexpected large bilateral imports from a particular
exporting trade partner. Therefore, we do not expect any serious endogeneity problem
and so in the previous subsections we use 1-year lagged TBT to correct for any
potential inverse causality between TBT and trade. Using lagged independent variable
to circumvent the endogeneity problem is common, although not perfect, in the literat-
ure. For example, Fernandes (2007) examined whether increased exposure to foreign
competition generates productivity gains for manufacturing plants, and she used lagged
tariff to address the issue that the government may raise current protection in response
to lobbying by firms in less productive industries. Following Fernandes (2007), Njikam
and Cockburn (2011) examined whether trade liberalization fosters total factor pro-
ductivity growth in the manufacturing sector in Cameroon and they control for the
endogeneity of trade policy using one-period lagged liberalization variables. Topalova
and Khandelwal (2011) adopted the same approach in examining the Indian case.

As one-period lagged TBT may not completely solve the endogeneity problem, it is
useful, as a robustness check, to try to use more-period lagged TBT as they are less likely
to be affected by current trade flows. Using two-period lagged TBT, we obtain the same
qualitative result stated in Result 1:TBT have negative (-0.0174) and significant effects
on extensive margins, and positive (0.0201) and significant effects on intensive margins.

Second, we try industry level data. Recall that Result 1 is obtained based on the
country-level TBT data and country-level bilateral trade flows. Obviously, TBT are
defined at industry or product level in any country. An industry’s TBT affect imports of
the industry and some related industries, but not necessarily all other industries. There-
fore, it might be more accurate to use industry-level TBT and industry-level trade data
in our regression analysis. We did not do this in the previous subsections mainly
because of the lack of data. In the period of 1995–2008, about 70% of TBT notifications
did not specify their coverage of HS products.13 Hence, running a regression based on
the remaining 30% of the data is likely to result in severe bias. Nevertheless, it is still
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interesting to have a robustness check with industry-level data based on this small
sample. To this end, following the literature (see Bao and Qiu, 2010), we first use TBT
notifications at HS4 product level to construct and calculate the TBT coverage ratios at
HS2 product level and then regress the industrial-level bilateral trade flows on this
coverage ratio.14 The empirical analysis shows that TBT coverage ratio has a negative,
but not significant, effect on export extensive margins (the first stage result, as shown in
column 4 in Table 4), and positive and significant effect on export intensive margins
(the second stage result, as shown in column (5) in Table 4). This basically confirms
Result 1.

3. The Differential Effects of TBT on Trade: Developing vs
Developed Countries

We have just shown the TBT effects on trade in all countries on average. However,
different countries may have different TBT and their trade may be affected by other
countries’ TBT differently. Consumers in developed countries may be more concerned
about the health standard of food products while consumers from developing countries
may be more sensitive to prices. Producers from developed countries may have better
technologies and resources to adjust their products to meet the new TBT from the
importing countries than producers from developing countries. Products from devel-
oped countries may have already met the new standards imposed by importing
countries and so are not affected.

To explore whether there are such differential effects, we run three regressions,
respectively, following the same two-stage procedure as in Section 2. First, we introduce
a dummy variable im_devped which equals 1 when the importing country is a developed
country and 0 otherwise. We include this dummy variable and its interaction with
the TBT variable in our regression. The coefficient of the interaction term,
ln(1 + TBT)*im_devped, would enable us to test whether or not the effects of TBT from
developing countries and from developed countries are significantly different. The
results of the two-stage estimation are reported in columns (1) and (4) in Table 5. We
observe that in stage 1 [column (1)], TBT from both developing and developed coun-
tries reduce the probability (extensive margin) of all other countries’ exporting [the sign
of ln(1 + TBT) is negative and the sign of ln(1 + TBT)*im_devped is also negative], but
TBT from a developed country reduce other countries probability of exporting more
than TBT from a developing country [the sign of ln(1 + TBT)*im_devped is negative].
In stage 2 [column (4)], we find that the trade value effects (intensive margin) of
TBT from developing countries and those of TBT from developed countries are both
positive and significant [the sign of ln(1 + TBT) is positive and the sign of
ln(1 + TBT)*im_devped is also positive], but these two effects are not significantly
different [the estimate of ln(1 + TBT)*im_devped is not significant].

Next, we further divide all exporting countries into two groups, developed and
developing countries, and run the regression using data of exporting countries from
each group separately. The regression results for developed countries are reported in
columns (2) and (5) in Table 5, and those for developing countries are in columns (3)
and (6) in Table 5.

When we focus on exporters from developed countries, we observe that they are
affected by TBT from a developing country and TBT from a developed country
differently. On the one hand, from column (2), a developing country’s TBT do not
significantly reduce the developed countries’ export probability [the sign of
ln(1 + TBT) is not significant although negative]; on the other hand, from column (5),
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a developing country’s TBT do not raise the developed countries’ export value either
[the sign of ln(1 + TBT) is not significant although positive]. In contrast, from column
(2), a developed country’s TBT significantly reduce the export probability of other
developed countries [the coefficient of ln(1 + TBT)*im_devped is negative and signific-
ant while the sign of ln(1 + TBT) is negative]; and, from column (5), a developed
country’s TBT significantly raise the export value of other developed countries [the
coefficient of ln(1 + TBT)*im_devped is positive and significant while the sign of
ln(1 + TBT) is positive]. Thus, the effect of a developing country’s TBT and that of a
developed country’s TBT on developed countries’ exports are different significantly in
statistic sense, in both stages.

When we focus on exporters from developing countries, we find that they are
affected by TBT from a developing country and TBT from a developed country
similarly. Based on column (3), we observe that a developing country’s TBT signific-
antly reduce other developing countries’ export probability; and based on column (6),
we observe that a developing country’s TBT raise other developing countries export
value. As the interaction term is not statistically significant in columns (3) and (6), we
know that the corresponding effects of a developed country’s TBT on developing
countries’ export probability and export values are not significantly different from
those of a developing country’s TBT.

We can summarize the above discussions in Table 6 and in the following two results.

Result 2. A developing country’s TBT notification to the WTO does not have significant
effects on developed countries’ exports (both extensive and intensive margins). In all
other cases, a country’s TBT notification to the WTO reduces the other countries’
probability of exporting (extensive margin), but raises the export value of the exporting
countries (intensive margin).

Result 3. A developed country’s TBT notification to the WTO has stronger effects on
other developed countries’ exports (both extensive and intensive margins) than a
developing country’s TBT notification to the WTO. The TBT effects from developed
and developing countries on developing countries’ exports are not significantly
different.

Here is a possible explanation for the above comparisons results. On the one hand,
TBT raise the costs to all exporters, from developed and developing countries, because
the exporters have to meet the higher standards and go through the technical exami-
nation procedure; but TBT raise the costs of the developing countries’ exporters more

Table 6. Summary of the Effects of TBT on Trade

Importing
countries

Exporting countries

Developing Developed All

Developing (-, +) (0, 0) (-, +)
Developed (-, +) (-, +) (-, +)

Note: The first sign in the bracket is the effect on extensive margin while
the second sign is the effect on intensive margin. 0 represents no signifi-
cant effect.
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than those of the developed countries, because producers from developed countries
have already produced high standard products and therefore the cost for upgrading
them is not high, but it will take a lot more effort for the producers from developing
countries to bring their products up to the standard. On the other hand, developing
countries’ technical standards are relatively lower than the developed countries, so
TBT imposed by a developing country might influence other developing countries but
not the developed countries, and so TBT imposed by developed countries has stronger
effects than TBT imposed by developing countries. However, since the TBT from
developing or developed countries are already a big cost to developing countries’
exporters, whether the TBT are from a developed or a developing country makes no
significant difference with regards to their impacts on developing countries’ exports.

4. Conclusions

The present study analyzes the TBT effects on trade based on all countries’ TBT
notifications to the WTO in the period of 1995–2008. Using a two-stage gravity model,
we find that generally TBT reduce the export extensive margins, but raise the export
intensive margins. We further find that the TBT effects are different depending on the
country’s economic development level. Specifically,TBT of a developed country reduce
extensive margins of all other countries, but increase their intensive margins. In con-
trast, a developing country’s TBT have no significant effects on either the extensive
or intensive margins of exports from developed countries although they reduce the
extensive margins and raise the intensive margins of export from other developing
countries. We hope that more research studies along this line will be conducted to offer
us a better understanding of the trade effects of TBT necessary for trade negotiations
in the WTO.
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Notes

1. Technical regulations arise from the norms that are set by policymakers and so are compulsory
while standards are only optional. These two types of TBT may have different effects on trade.
While some existing studies focus on standards and some focus on technical regulations, we
consider all types of TBT. For the definitional differences between these two types of TBT, see
“Difference between a technical regulation and a standard” at http://www.wto.org/english/
tratop_e/tbt_e/tbt_info_e.htm.
2. See http://www.wto.org/english/docs_e/legal_e/17-tbt.pdf.
3. Bao and Qiu (2010) have a review of the empirical studies of TBT’s impacts on trade. While
most studies find TBT trade restricting, some find it trade promoting in some sectors in some
countries.
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4. See Baldwin (2001), Fischer and Serra (2000), Ganslandt and Markusen (2001), and Maskus
and Wilson (2001) for more explanations.
5. A direct way to estimate the TBT effects on trade using heterogeneous-firm models is of
course to use firm level datasets. However, firm-level data are available at much smaller scale and
only for some special analysis. The World Bank has surveyed 619 firms in 17 developing countries
and collected data on the impact of product standards on their production costs and export
ability; however, such a dataset is too small and narrow for the present study. Chen et al. (2008)
used the World Bank’s survey data, which provide firm level data but only from a small sample
of countries, to examine the impact of adapting to foreign standards on export decision and
export market diversity.
6. Similar to the current study, Disdier et al. (2008) made use of all TBT notifications to the
WTO. However, they focus on the agricultural product trade, only consider exporters to the
OECD, and construct the TBT variable differently.
7. Though Chen and Mattoo (2008) explicitly mentioned that they adopted the Helpman et al.
(2008) procedure, they did not implement it exactly. Specifically, they did not correct for firm-
heterogeneity in the second stage, which is the important feature that differentiates the Helpman
et al. two-stage model from a standard Heckman model.
8. This variable equals one if countries used to or do belong to the same state or the same
administrative entity for a long period and zero otherwise. Examples include countries that
belonged to the same empire (Austro-Hungarian, Persian, Turkish), countries that have been
divided (Czechoslovakia and Yugoslavia), and countries that belonged to the same administrat-
ive colonial area.
9. Disdier et al. (2008) used three approaches: a dummy to indicate whether a country has TBT
notification to the WTO, the frequency index, and the tariff equivalent.
10. In fact, there are 106 countries in the WTO TBT report database, but only 105 of them have
data available. The data for Qatar are unavailable and therefore dropped. According to the
World Bank’s standards in 2008, countries can be classified to three groups depending on income
per capita. We treat the high income group as the developed countries, and the middle income
and low income groups as the developing countries. By this definition, among our 105 countries
in the dataset, 41 are developed countries and 64 are developing countries.
11. Helpman et al. (2008) controlled for the trade effect of the fraction of exporting firms in the
second stage, which can be consistently estimated from the first stage of the Heckman two-stage
procedure. The parameter identification requires that at least one explanatory variable included
in the selection equation be excluded from the outcome equation. A variable that affects the
probability of observing a non-zero flow between two countries, but not the value, would qualify.
Helpman et al. (2008) used two variables, the regulation cost of firm entry and common religion,
to achieve this objective. They also tried to use the common language variable as the excluded
variable and obtain identical results. We let the common language dummy variable serve this
role.
12. In Bao and Qiu (2010), we found that TBT is more likely to have a trade promotion effect for
products that are more sophisticated and the quality of which is less known to consumers. In
these products, the information-revealing effect is more likely to offset the cost-raising effect.
13. Only 67 WTO TBT-notifying countries have provided some product-level TBT information
for the period of 1995–2008.
14. Details about the construction of the TBT coverage ratios are available upon request from
the authors.
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