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Abstract
Does tariff liberalization cause regulatory chill by putting downward pressure on health, safety, and environmental standards?
Or does it cause a race to the top as governments seek to use standards as nontariff barriers to trade? There remains remark-
ably little empirical evidence to answer these long-debated questions. We seek to address this lack by analyzing annual
country-by-industry data on notifications of changes in sanitary and phytosanitary standards by world trade organization
members. Our results suggest that the impact of increased trade pressure depends on whether domestic producers are likely to
gain or lose from a change in standards. Regulatory chill is the dominant response in most countries, but countries in which
producers can adapt to standards relatively cheaply appear to race to the top. Consequently, tariff liberalization encourages
divergence in standards across countries.

Keywords: health, safety, and environmental standards, political economy of trade, race to the top, sanitary and phytosanitary
measures, trade liberalization.

1. Introduction

The impact of trade liberalization on health, safety, and environmental (HSE) standards is one of the most con-
tested and enduring themes of the globalization debate. On the one side are those concerned that the competitive
pressures caused by trade liberalization will place a downward pressure on standards, leading to so-called regula-
tory chill or even a race to the bottom.1 On the other side are those concerned that HSE standards will be raised
as protective barriers, causing a race to the top in standards and undermining the trade-promoting effects of tariff
liberalization.2

The use of HSE standards is regulated in the world trade organization (WTO) Agreement on sanitary and
phytosanitary (SPS) Measures under which countries are allowed to set their own regulations to protect human,
animal or plant life, or health. Despite guidelines on permitted standards under the SPS framework,3 they are
among the most controversial aspects at the intersection between trade and regulation. The debate frequently
centers around claims that rich markets use standards to protect against competition from producers in poorer
countries. Examples of alleged barriers to emerging-economy exports include European Union (EU) limits on
aflatoxin levels which restrict market access for African cereal and nut growers (Otsuki et al. 2001); or US drug
residue standards on food products from major Asian exporters (Tran et al. 2012) and processing standards on
seafood affecting mainly developing countries (Anders & Caswell 2009). The most famous and long-running SPS
disputes, however, are probably those between the US and EU over the EU’s restrictions on hormone-treated beef
(Charlier & Rainelli 2002; Kastner & Pawsey 2002), and genetically modified foods (Hanrahan 2010).4

Trade-impacting HSE measures, which are a subset of so-called “non-tariff measures”, or more pejoratively,
“non-tariff barriers” to trade, have also been dealt with in a number of studies since the early 2000s focusing
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either on the relationship between trade and environmental quality (Antweiler et al. 2001; Frankel & Rose 2005)
or the impacts of SPS measures and other non-tariff measures on trade flows (Peterson et al. 2013). Our study
contributes to the much smaller empirical literature on the political economy of HSE measures. We are aware of
only three papers that specifically investigate the impact of tariff liberalization on standards (Damania et al. 2003;
Ederington & Minier 2003; Baylis et al. 2012).

Ederington and Minier (2003) examine environmental compliance costs within US manufacturing industries.
They find strong evidence that environmental standards (measured as a reduction in the cost of complying with
environmental regulations) respond endogenously to trade pressures. Damania et al. (2003) study the link
between corruption, trade openness, and fuel quality standards. They find that more corrupt countries have lower
standards, but that this correlation is moderated by trade openness. One interpretation of their results is that
trade openness encourages convergence across countries in HSE-related product standards.5 In terms of subject,
the closest study to ours is Baylis et al. (2012) which examines the response of European SPS notifications to tariff
liberalization in the seafood industry. They find an increase of changes in notifications in SPS standards in
response to negotiated tariff liberalization in the industry.

Our paper explores government responses to trade liberalization with respect to HSE. Our empirical analysis
is guided by a simple political economy model we develop. Central to our model is the idea that changes in
domestic standards may be beneficial for producers in some countries but harmful for producers in others,
depending on their efficiency at meeting the product standards. Resulting from those relative efficiencies, domes-
tic producers may have comparative advantage in either high- or low-standard products. Via the political market,
these differences lead to heterogeneous responses to trade liberalization across countries. This basic idea draws
heavily on the models of Gulati (2008) and Swinnen and Vandemoortele (2011).6 Both models assume that the
government can substitute tariffs with other measures and thereby create distortions to support interest groups.
While Swinnen and Vandemoortele (2011) look at standards in a general sense, Gulati (2008) focuses on the
environment and uses a pollution tax as a possible substitute for tariffs. In both models, changes in standards
affect the marginal producer and consumer surplus in different ways and the political forces exerted by producers
and consumers are opposed and theoretical models cannot unambiguously predict whether producer or con-
sumer interests will drive the choice of politicians. The resulting predictions about the impact of tariff liberaliza-
tion on standards are therefore ambiguous.

Our model follows Gulati (2008) and Swinnen and Vandemoortele (2011) in allowing for heterogeneity across
countries in whether domestic producers benefit from increases in HSE standards. However, we assume that the
ability of consumers to successfully engage in collective action is hampered by a strong freerider problem and by
asymmetric information between policy makers, producers, and the general public (Sturm 2006). Additionally,
the general uncertainty about the environmental or safety benefits of standards makes it less likely that consumers
will find it optimal to be as informed about the scientific evidence on standards as producers or policymakers.
Therefore, as opposed to producers, consumers will struggle to form an organized special interest group that
seeks coordinated government action. Producers will find it decisively easier to form powerful lobbies and seek
government support, in particular when they are threatened with increased competition, for example, once tariffs
are liberalized or, more generally, trade pressure is increased.7

Our model thus assumes that government’s response to increased trade pressure will be determined by pro-
ducer interests alone, that is, to buffer the losses that might incur to producers as trade pressure increases. As
producers in some countries benefit from higher standards, whereas producers in others lose, our model predicts
that governments will change their standards in light of new information about HSE concerns more often if their
producers benefit from higher standards (and conversely less often if their producers lose from higher standards).
These heterogeneous responses lead to the emergence of high-standards and low-standard countries. Further-
more, we assume that trade pressures further increase the weight placed on producer interests and amplify the
differences across countries in the propensity to change standards. In such a setting, trade liberalization will
encourage a divergence in standards across heterogeneous countries. Our model predicts that there will be a race
to the top among high-standard countries, while low-standards countries will be stuck at the bottom.8

In order to test our hypothesis, we first identify “high-” and “low-standards” importing countries among
WTO members on the basis of their average rate of notification and then examine the impact of tariff changes
on SPS notification rates in each group, employing a conditional Poisson count-data model.9
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Indeed, our findings indicate that trade pressures induce a divergence in the rate of change of SPS standards. In
countries in which producers lose from standard changes, that is, those with already low rates of standard change,
tariff liberalization leads to even lower rates of notification, while the opposite is true of members with high under-
lying notification rates. This indicates that there is a regulatory chill in the first group of countries and a race to the
top in the latter. Furthermore, we find the chilling effect among already low-notifying countries is stronger than the
upward effect on standards among high notifiers.10 Our results thus support Porter’s (1999) claim that the impact
of trade openness on environmental standards are strongest for the countries who are stuck at the bottom.

2. A simple model

The contribution of the current paper is principally empirical and we do not claim to improve upon the many
sophisticated political-economy models of trade and environmental standards already in the literature. Rather,
the objective of our model is to capture in the simplest way possible the intuition underlying concerns on both
sides of the debate on trade and HSE standards. Above all, the model presented here motivates our empirical
approach and helps the reader to contextualize our results.

We begin by assuming there are national standard-setters (regulators) in every country, i. In each country,
the regulator’s objective function is a weighted sum of the welfare of producers and that of the rest of society
(ROS). The regulators frequently receive information about the expected net benefit to the ROS of a given change
in standards in a certain industry, j. This benefit is usually in the form of avoided harm, such as reduced disease
outbreak in humans, plants, or animals.

Regulators in all countries receive the same information at the same time. For example, regulators may receive
new information about the outbreak of a disease such as avian influenza, or a new World Health Organization
report on the carcinogenic effects of a certain pesticide residue.11 Each regulator individually makes a binary
choice whether or not to make the change in standard, every time they receive this information.12 The regulator
in country i will change the standard in industry j if the weighted net benefit of the change is positive.

The net benefit to the ROS of a change in standard in industry j is a random variable Uj. The cumulative dis-

tribution function (CDF) for Uj is Fj(Uj). The support of the CDF is Uj, �Uj

� �
. Draws of the random variable, ujt,

are made at a rate, which can vary by product. When a draw is made, all countries learn ujt at the same time.
Let there be two types of country, L and H. Producers in type L countries are relatively inefficient at adapting

to changed standards, hence such changes cause a relatively large increase in unit costs. For producers in type L
countries, the net benefit from a change in standard is negative, νl < 0. On the other hand, producers in type H
countries are relatively efficient at adapting to new or higher standards, such changes cause a relatively small
increase in their unit costs. Since changing standards is less costly for producers in type-H than type-L countries,
producers in type-H countries can benefit from a new or higher standard when they are competing with pro-
ducers in type L countries – because it “raises rivals” costs.14 In type H countries, the net benefit to producers
from a change in standard is positive, νh > 0.

Recall that the regulator’s objective function is a weighted sum of the welfare of domestic producers and that
of the ROS. Denote the weight the regulator places on producer welfare as wijt (with the weight placed on the
ROS welfare normalised to one). As discussed in the introduction, there are two sides in the discussion on the
impact of trade liberalization and standards, with arguments supporting both the race to the bottom and the race
to the top hypothesis. Both effects, race to the bottom, and race to the top, are ultimately driven by producer inter-
ests and reflect the intuition that regulators place greater weight on the welfare of producers when they are
experiencing trade pressure.15 To formalize this assumption mathematically we define

wijt = λ 1 + 1ijkα
� � ð1Þ

where 1ijk is an indicator that producers in country i and industry j are experiencing trade pressure at time t;
λ > 0, and α > 0 are constants.
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Note that the function wijt is the same for all countries, while the value of the function (and hence the actual
weight applied) varies by country, product, and year (from λ to λ + α) in accordance with whether producers in
that particular country and industry are experiencing trade pressure at that point in time. When producers are
facing trade pressure (from factors such as reduced tariff protection and currency appreciation), the regulator
places greater weight on their welfare.

With the relevant terms thus defined, the necessary and sufficient condition for the regulator to change the
standard in light of new information arriving at time t is:

ujt +wijtνk > 0, k= h, l ð2Þ

Hence at any given time, t, we will see variation across countries in regulators’ responses to the common
information revealed about the benefits of a change in standards to the rest of society. This variation across coun-
tries is due to variation in whether producers benefit or lose from a change in standards, and whether producers
are under trade pressure at the time.

To understand the empirical implications of this simple model, first consider the situation in which producers
in a given country and industry are not under trade pressure. In this case, wijt = λ. The probability that the regu-
lator in a type H country changes the standard when new information about the value of such to the ROS arrives

is P0
h = Pr ujt > −λνh

� �
= 1−Fj −λνhð Þ. The probability that the regulator in a type L country changes the standard

when new information about the value of such to the ROS arrives is P0
l = Pr ujt > −λνl

� �
= 1−Fj −λνlð Þ . Since

νl < 0 < νh, it follows that P0
h−P0

l = Fj −λνlð Þ−Fj −λνhð Þ� �
> 0. Hence, we obtain.

Proposition 1. In the absence of trade pressures on producers, regulators in type H countries are more likely
than those in type L countries to change standards. Given producers in neither country are experiencing trade
pressure, the probability that a type H country will change standards in light of new information exceeds that
of a type L country by Fj(−λνl) − Fj(−λνh).

Given the assumption that both types of countries receive the same information (at the same rate) about the
benefits to the ROS of a change of standard, we obtain.

Corollary 1. In the absence of trade pressures, type H countries will change standards more often than type L
countries. In other words, type H countries have a higher underlying rate of change of standards.

Consider next the situation in which producers in a given country and industry are under trade pressure. In
this case, wijt = λ + α. The probability that the regulator in a type H country changes the standard when new

information about the value of such to the ROS arrives is P1
h = Pr ujt > − λ+ αð Þνh

� �
= 1−Fj − λ+ αð Þνhð Þ . The

probability that the regulator in a type L country changes the standard when new information about the value of

such to the ROS arrives is P1
l = Pr ujt > − λ+ αð Þνl

� �
= 1−Fj − λ+ αð Þνlð Þ. Since (λ+ α)νl < λνl < 0 < λνh < (λ+ α)νh, it

follows that P1
h > P

0
h > P

0
l > P

1
l . This leads to.

Proposition 2. In the presence of trade pressures on producers, the propensity of regulators in type H countries
to change standards exceeds that of the propensity of regulators in type L countries by more than it does in the
absence of trade pressures.

From which follows

Corollary 2. If producers in a type H and type L country are all under trade pressure, the rate of change in
standards in the type H country will exceed that in the type L country by more than it does when producers in
both countries are free of trade pressure.
Proposition 3. In the presence of trade pressures on producers, regulators in type H countries are more likely
to change standards than they are in the absence of trade pressures.
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Corollary 3. The rate of change in standards in type H countries will increase when producers come under
trade pressure.
Proposition 4. In the presence of trade pressures on producers, regulators in type L countries are less likely to
change standards than they are in the absence of trade pressures.
Corollary 4. The rate of change in standards in type L countries will decrease when producers come under
trade pressure.

Until now, we have not specified whether the changes in standards lead to increases or decreases in standards.
We now make one additional, relatively uncontroversial assumption that changes in standards on average lead to
stricter standards.16 With this additional assumption we have,

Proposition 5. Type H countries will have higher standards than type L countries and trade pressures lead to
further divergence between the level of standards in type L and type H countries.

3. Data

Our empirical analyses utilize country-product-year panel data of all 98 countries, which have reported SPS notifica-
tions in 69 product types (at 2-digit, chapter level, HS codes) to the WTO over the period from 1996 to 2010.17

Under WTO rules, every member has the right to set its own allowable level of risk in the conduct of setting its
SPS policy and standards; however, they are required to report new or changed SPS measures to the WTO when
the standard is different from international standards and will “have a significant impact on trade”. To increase
transparency, these notifications are compiled by the WTO and available through the SPS Information Management
System.18 Member countries report both “regular” notifications, which reflect new or changed permanent regulatory
measures and “emergency” measures which are meant to be temporary restrictions due to an outbreak event or
while gathering evidence to make a regular notification. Countries may also report “trade facilitating” notifications,
although these are rare.19 No emergency notifications and only 274 regular notifications from 1996 to 2010 were
marked as trade facilitating. Given that notifying trade facilitating measures is very rare and that these measures
potentially function very differently from the vast majority of measures, we exclude them from our analysis.

Table 1 contains the number of emergency and regular notifications for the top 10 most notified products
from all countries. In sum, there are 8,487 notifications in all categories from 1996 to 2010. As we expect, given
the nature of SPS measures, notifications are heavily skewed toward food and agricultural products. The top
10 chapter level product codes are all in this sector and account for over 75% of the total number of either type
of SPS notification (termed “All” in the table). For the emergency notifications, over half occur just in HS-1 and
HS-2, which are live animals and meat, respectively. To account for this heterogeneity, we condition out country-
HS code effects in our estimation. Summary statistics for the complete sample for all relevant variables are given
in Tables A2 and A3. Tables report all relevant variables for high and low standard countries.

Tariff data (AHS/Applied, BND/Bound, and MFN ad valorem equivalent rates) at the chapter level in the har-
monized system (HS) were downloaded from UN TRAINS via the World Integrated Trade System for all coun-
tries for the years 1996 to 2010. Tariff Binding Overhang was calculated by taking the difference between the
bound and applied tariff for each country/year/product observation.

Trade data for imports and exports was taken from UN COMTRADE for each country as a reporter and the
world as partner. Exchange rate is a trade-weighted average index relative to the currencies of trading partners.
The index value for 1995 was 100 for all countries. Higher values of the index indicate appreciation of the
exchange rate relative to that of trading partners.

Finally, note that we treat the EU as a single country whose currency is the Euro and gross domestic product
(GDP) is the weighted average of that of the member states. SPS notifications, tariff rates, and trade flows for the
EU used were those available directly from the data sources. The results are also robust to either including indi-
vidual member states or excluding the EU members from the analysis altogether.20
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4. Descriptive analysis

Before proceeding with our formal econometric analysis, it is worth checking if the basic tenets of our model
appear to be broadly supported in the data. Our first task is to identify the H- and L-type (high- and low-notify-
ing) countries in our sample.

We classify countries with an average notification rate of 0.1 notifications per year and HS-2 code as “high
notifiers”. Using the 0.1 cut-off, a little over one quarter of the countries in the sample classified as high notifiers
(with the remainder “low notifiers”), and just under four-fifths of the total number of notified changes in SPS
standards in our dataset attributable to high notifiers.21

Figure 1 shows the 0.1 dividing line between high- and low-notifiers (along with two alternative cut-offs) on a
histogram of the average number of SPS notifications in the sample per country.22

Corollary in Section 2 tells us that countries in which producers lose (benefit) from changing standards
should have low (high) underlying notification rates, and hence producers in low (high) notifying countries will
be more likely to lose (gain) from SPS changes.

Figure 2 provides some support for this prediction. The left half of Figure 2 shows that for low notifiers
imports in an industry tend to be higher on average following a year in which there was a notified SPS change in
that industry.23 For high notifiers – depicted on the right hand side of Figure 2 – the opposite is true. Their
industry-average imports are lower following a year in which a SPS rule change was notified in that industry.
Altogether, Figure 2 suggests that countries in which producers gain from changes in SPS standards have a higher
underlying notification rate (and countries in which producers suffer from changes in SPS standards have a lower
underlying notification rate).

Corollary 3. (4) says that the rate of change in standards in type H (L) countries will be highest (lowest)
when producers are under trade pressure. To get an idea of whether these predictions are broadly supported
in the data, Figure 3 graphs the average change in tariff over the three years prior to a notification or not in
that industry.24 The left hand side of the figure once again summarizes the data for low notifiers. For this
group of countries, SPS notification years tend to follow years in which tariff liberalization has been least
intense. The opposite is true for high notifiers. Hence, the graph provides initial support for the predictions
of Corollaries 3 and 4.

5. Econometric approach

From the perspective of the imperfectly informed econometrician analyzing notifications of SPS standards
changes, Equation (2) in Section 2 becomes

Table 1 Top ten HS codes (1996–2010)

HS code Brief description Regular Emergency All

2 Meat and edible meat offal 712 699 1,411
1 Live animals 678 686 1,364
4 Dairy prod; birds’ eggs, natural honey 520 369 889
5 Products of animal origin, n.e.s or included 255 290 545
8 Edible fruit and nuts; peel of citrus fruit 501 41 542
23 Residues and waste from the food industry 240 205 445
7 Edible vegetables and certain roots and tubers 328 37 365
12 Oil seed, oleagi fruits, misc. grain, seed 299 9 308
6 Live tree and other plant; bulb, root; cut flowers 271 26 297
3 Fish and crustacean, molluscs & other aquatic invert. 272 24 296

Top ten total 4,076 2,386 6,462
All total 5,928 2,559 8,487
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pr ΔSPSijt
� �

= pr ujt + λνk + λνk1ijtα > 0
� �

: k= l,h ð3Þ

where pr(ΔSPSijt) is the probability that an SPS standard change is made for country i in (2-digit HS code) indus-
try j and year t; and the terms inside the parentheses on the right-hand side are as defined for Equation (2).

Equation (3) holds for any point in time at which the regulators receive new information about the benefits
of a change in standard. If we were able to estimate the model for each such instance, a binary dependent variable
model such as Logit would be appropriate. We do not know exactly when such information has arrived. Our data
is annual and potentially aggregates the changes in standards due to multiple information events. The appropriate
model is therefore a count data model. We use the Poisson fixed effects estimator of (Hausman et al. 1984), with
a country-HS-2 code interaction as the conditioning variable (“fixed effect”). One consequence of using a

Figure 1 Histogram of mean sanitary and phytosanitary notifications per HS code and year by country. Vertical lines indi-
cate alternative cutoff points for classification of “high-” and “low-” notifying countries.

Figure 2 For high- (low-) notifying countries notification years tend to be followed by years in which there is relatively low
(high) growth in imports. Notifications and imports measured at the country-HScode-year level.
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conditional estimator is that industry-year combinations for which there are never any notifications dropped
from the estimation. This substantially reduces the number of zeros in our identifying data for the estimation.

As described at the beginning of Section 4, we classify countries as “high notifiers” when their average notifi-
cation rate equals or exceeds 0.1 notifications per year and HS-2 code and the remainder as “low notifiers”.25 We
then regress the number of notifications in a given country, HS-2 code and year on the trade variables: tariff
change and exchange rate change and their interaction the “low notifier” dummy, as well as other controls. In
robustness checks, we also run the complete regression separately for the high- and low-standard samples. Impor-
tantly, our regressions condition out country-HS-2 fixed effects. This conditioning is important to control for
unobserved heterogeneity at the country-product level. It is also important to avoid truncation bias that would
otherwise arise from our method of identifying high- and low-standard countries.

Our approach of effectively splitting the sample based on the sum of the dependent variable means that the
distribution of the dependent variable in each subsample will be trunctated. Such truncation is well-known to
cause bias in coefficient estimates if not adjusted for. However, our dependent variable has a poisson distribution.
This means that the sum of the notifications for a given country-HS-2 code is a sufficient statistic, and hence the
conditional distribution of the notifications in a given year (conditional on the sum of notifications in all years) is
not a function of the sum of notifications across all years. Indeed, the Hausman et al. (1984) Poisson fixed effects
estimator that we employ, works by conditioning out the distribution of the sum of notifications across years for
a given country-HS-2 code. Hence, our estimator conditions out the component of the distribution that has been
truncated. The conditional distribution of the notifications in a given year is unaffected, and our coefficient esti-
mates are not biased – either when we include a dummy based on the total number of notifications – or when
we run the regression on high- and low-standard countries separately.26

As imperfectly informed econometricians, we also cannot directly observe ujt (the value of a change in stan-
dards to the ROS) in Equation (3). Since none of our hypotheses relate to ujt itself, we deal with this ignorance
by simply including industry-by-year effects using conditional likelihood estimation. In this way, we condition
out the effect of any new information about the benefits to society of changing standards (e.g. due to avian influ-
enza outbreaks, release of WHO reports on carcinogenic compounds). Conditioning out HS code-year effects is a
fully sufficient means of controlling for the benefits of a change in standards to the rest of society if the assump-
tion in our model that the benefits to society of a change in standards are the same for all countries is correct.
This is, however, a fairly strong assumption. In order to ensure that our results are not driven by omitted variable
bias, we relax this assumption in our empirical model and include in our specification GDP growth rate and
country dummies. Controlling for GDP growth allows the perceived benefits of higher HSE standards to rise with
income and the number of people they protect.27

Figure 3 For high- (low-) notifying countries notification years tend to follow years in which there is a relatively large
(small) fall in tariffs. Notifications and tariffs measured at the country-HScode-year level.
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The econometrician also cannot directly observe whether producers are under trade pressure. Instead, we
replace the indicator of producer trade pressure (1ijtÞ with the probability that producers are under trade pres-
sure. We model the probability that producers are under trade pressure as a function of the change in tariffs
(lower tariffs make it harder to compete) and the change in exchange rate (an appreciating exchange rate make it
harder to compete).28

Our base specification is then

Pr nijtj
X

i
nijt ,Zijt ,Xijt

� �
= f αZit + βXijt + γDLXijt

� � ð4Þ

where nijt is the number of SPS notifications for country i, in (2-digit HS code) industry j and year t;29 Zit consists
of country-varying controls, namely change in log GDP and country dummies; Xijt consists of the variables which
predict whether producers are likely to be under trade pressure, namely the 3-year change in bound simple-
average tariffs and the change in exchange rate (both measured at country-industry-year level). The interaction
between the Xijt variables and the dummy indicating the country is a low notifier, DL, allows the term νk in Equa-
tion (3) to differ between high and low notifiers.30

Finally, we note that it is very difficult to determine the theoretically correct means of estimating the standard
errors of coefficient estimates. To begin with, there is the difficult question of the appropriate level of clustering
for the calculation of robust standard errors. Arguments could be made for clustering by country, year, HS code,
or any two of the three. Secondly, there is the fact that the low-standard dummy variable in the main regression
has been predicted in a first stage regression. In light of the theoretical ambiguity and complexity, we report
bootstrapped standard errors for all coefficients.

5.1. Hypotheses
For the purposes of exposition our formal hypothesis testing focuses on the coefficients for the main and interac-
tion effects of the change in bound tariff rate, but we also show that the predictions hold for the other measures
of import pressure in the regressions.31 Based on Corollaries 2, 3, and 4 in Section 2, we test three empirical
hypotheses:

Hypothesis 0. γ1 = < 0 is our most conservative hypothesis. It tests whether tariff changes place convergent
pressures on standards in high- versus low-standards countries;
Hypothesis 1. β1 > 0 Tests whether tariff liberalization places net downward pressure on standards in high-
standard countries; and
Hypothesis 2. γ1 + β1 < 0 Tests whether tariff liberalization places net upward pressure on standards in low-
standard countries.

By using industry-level bound tariffs, we are – to the best of the authors’ knowledge – the first paper, which
directly tests the impact on environmental or health policies of actual negotiated tariff changes (to which most
theoretical models in the literature speak).32 In studies close to ours, Ederington and Minier (2003) and Baylis
et al. (2012) use applied tariffs. Given the substantial binding overhang in many industries, applied tariff changes
may be driven by factors other than negotiated reductions in bound tariff rates.33 In robustness checks, we show
results for tariff changes based on weighted-average bound tariffs and simple-average binding overhang, though
both of these measures are prone to endogeneity problems, which we discuss along with the presentation of those
results.

6. Results

Estimates from our base specification are presented in column 2 of Table 2. The coefficient on the noninteracted
tariff term (Δ Tariff) – representing the impacts for high-standards countries – is negative and significant. Mean-
while, the coefficient on the interaction between the change in bound tariff and the low-standard dummy is posi-
tive and significant. The magnitude of the interaction terms is such that the net effect of a tariff change in a low-
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notifying country is positive. In the bottom of the table, formal tests confirm that we can reject all three null
hypotheses (H0-H2) at the 1% level.

In terms of magnitude, the coefficient on Δ Tariff suggests that – for high-notifiers – a fall in the ad valorem
tariff rate of 10% would lead to a just under 5% increase in the rate of notification of SPS changes. The propor-
tional impact of a 10% fall in tariff for low notifiers would be much higher – around 19%.

It is important to note that these values refer to the impacts within 2-digit industry codes where a country
has at least one notification during the study period.34 It is also worth noting that the lower base-rate of notifica-
tion for low notifiers means that there is little difference in absolute effect (in terms of number of notifications)
between the two groups of countries. The average number of notifications (per HS-2 code and year, among HS
codes with at least one notification) over the entire study period is 0.75 for high notifiers and 0.21 for low noti-
fiers. Thus, for high notifiers a 1% fall in tariff would lead to an increase in average notifications per HS-2 code
and year of around 0.04 for high notifiers, and a decrease of around 0.04 for low notifiers.

The coefficients on the exchange rate and its interaction with the low-standard dummy similarly support our
hypotheses. An increase in the exchange rate index (indicating an appreciation in the trade-weighted exchange
rate) will increase the trade pressure on domestic producers. In column 2 of Table 2, we see that the coefficient
on the exchange rate index is positive for high-notifying countries, suggesting they increase their rate of change
of standards when the exchange rate appreciates. In contrast, the coefficient on the interaction between exchange
rate and the low-standard dummy is large and negative, suggesting low-standard countries decrease their rate of
change in standards in response to exchange rate appreciation.

The remainder of the coefficients in column 2 is not interacted with the low-standard dummy, and therefore
not informative to our hypotheses. It is worth noting, though, that the growth rate of GDP is positively correlated
with the rate of notification of changes in standards. This is what we would expect if higher incomes and larger
populations increase the benefit to the rest of society from updating standards.

The results in columns 3 and 4 show that the results in column 2 are qualitatively robust to running the
regression separately on the “high notifiers”and “low notifiers” sub-samples. In addition, columns 3 and 4 provide
further evidence of governments adjusting the rate of change in standards for trade purposes, at least for the
high-notifying subsample. The variable Δ Positive Current Account is equal to minus one when the current
account balance has gone from positive to negative, zero when it has not changed status, and one when it has
gone from negative to positive. Governments tend to be more interested in improving their import–export

Table 2 Bound tariff decreases are associated with increased (decreased) standards notifications in high (low) standard
countries

(1) All (2) All (3) High std. (4) Low std.

Δ Tariff 0.00202** (0.00103) −0.00491*** (0.00187) −0.00805*** (0.00225) 0.0199*** (0.00597)
LowStd* Δ Tariff 0.0234*** (0.00485)
Δ Log Exchange Rate 0.655** (0.312) 0.996** (0.433) 1.028*** (0.297) −2.708*** (0.965)
LowStd* Δ Log Exchange Rate −3.377*** (1.182)
GDP growth 2,329** (0.987) 6.932*** (1.001) 1.637 (2.004) 8.599*** (1.298)
Δ Positive Current Account −0.415*** (0.132) −0.434*** (0.136) −0.660*** (0.180) −0.161 (0.204)
H0 P-val / 0.0000 / /
H1 P-val / 0.0056 0.0000 /
H2 P-val / 0.0000 / 0.0024
Observations 22,528 16,861 7,573 5,242

*P < 0.1. **P < 0.05. ***P < 0.01. Bootstrapped standard errors in parentheses. Dep. var is sanitary and phytosanitary notifi-
cations by country, year and HS-2 code; coefficients reported. Columns 1 and 2 full sample. Columns 3 and 4 use high- and
low-standard subsamples respectively. Conditioning group or “fixed effect” units are HS code-by-Year. Country dummies also
included but not reported. “Observations” row reports identifying observations remaining after HS code-year pairs with all-
zero outcomes are dropped from the conditional (fixed-effects) specification. For the tariff variable “Δ Tariff”, a 3-year differ-
ence was used, whereas “Δ Log Exchange Rate” and “Δ Positive Current Account” indicate first-difference.
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balance when the current account balance is negative. Hence, it is informative that high-notifying (low-notifying)
countries tend to reduce (increase) their rate of notification when the current account balance becomes positive
(negative).

Comparing the results from columns 2–4 with those in column 1 of Table 2 highlights the importance of all-
owing different responses to tariff reductions in high- and low-notifying countries. In column 1, where no dis-
tinction is made, the estimated average effect of tariff reductions on SPS notifications is positive and statistically
significant, completely hiding the fact that high-notifying countries tend to react in the opposite way to tariff
reductions.

It is often the case when working with count-data models that the results can be sensitive to the choice of
estimator. The results reported thus far were produced by a conditional (fixed effect) Poisson estimator. In
Table 3, we check the robustness of these results to several alternative count-data models.35 For ease of compari-
son, column 1 simply reproduces our Poisson base regression of the number of SPS notifications per country/HS
code/year. Column 2 reports coefficients from the same regression estimated using a conditional (“fixed effect”)
negative binomial model. The results from the negative binomial model are slightly more conservative than the
Poisson model of the base specification, but the choice between the two estimators has no qualitative effect on
our results. Combining column 3 with either column 4 or 5 of Table 3 produces a two-part model. Column
3 reports conditional Logit estimates of the probability of there being at least one notification made in a given HS
code, country, year observation. Columns 4 and 5 estimate the number of notifications conditional on there being
at least one. Column 4 uses the Poisson fixed effect estimator, while column 5 uses the negative binomial
equivalent.

For the conditional Logit model in column 3, the P-value for H1 (our test of whether the impact on the noti-
fication rate among high notifiers is greater than or equal to zero) is 0.25. Compared with the significant P-values
for H1 in all other columns, this suggests that the impact of tariff liberalization in high-notifying countries acts
primarily through affecting the number of notifications made per year and HS code, not the probability of mak-
ing a notification in a given HS code. In contrast, for low notifiers the only insignificant results are in columns
4 and 5 (H2 P-values of 0.24 and 0.38). This suggests that – as we might expect for low notifiers – the impacts of
tariff liberalization are primarily on the probability of making any notification in a given HS code and year.

Table 3 Bound tariff decreases are associated with increased (decreased) standards notifications in high (low) standard
countries

(1) F.E. Poisson (2) F.E. Neg. Bin. (3) Cond. Logit (4) F.E. Poisson (5) F.E. Neg. Bin

Δ Tariff −0.00491***
(0.00187)

−0.00416*
(0.00247)

−0.0025
(0.00317)

−0.00506***
(0.00184)

−0.00455***
(0.00139)

LowStd*
Δ Tariff

0.0234***
(0.00485)

0.0206***
(0.00449)

0.0213***
(0.00743)

0.00698
(0.00758)

0.00586
(0.00460)

Δ Log
exchange rate

0.996**
(0.433)

0.352**
(0.254)

0.246
(0.437)

0.589 (0.410) 0.481*
(0.281)

LowStd* Δ Log
Exchange Rate

−3.377***
(1.182)

−2.922***
(0.790)

−3.305***
(1.147)

−1.095
(0.855)

−1.223
(1.074)

H0 P-val 0.0000 0.0000 0.0014 0.0039 0.1052
H1 P-val 0.0056 0.0183 0.2537 0.0000 0.0009
H2 P-val 0.0000 0.0003 0.0024 0.2367 0.3819
Observations 16,861 16,861 16,861 1829 1829

*P < 0.1. **P < 0.05. ***P < 0.01. Bootstrapped standard errors in parentheses. Coefficients reported. Column 1 is base
regression using poisson “fixed effect” estimator. Column 2 employs the fixed effect negative binomial estimator. Column
3 reports a conditional logit model of probability of at least one notification, column 4 “fixed effect” Poisson model of number
of notifications conditional on there being at least one, column 5 the fixed effect negative binomial model of the number of
notifications conditional on there being at least one. Conditioning group or “fixed effect” units are the HS code-year. Control
variables included in regression but not reported here are country dummies, and changes in: positive current account indica-
tor, and log GDP. “Observations” row reports identifying observations remaining after HS code-year pairs with all-zero out-
comes are dropped from the conditional (fixed-effects) specification. For the tariff variable “Δ Tariff”, a 3-year difference was
used, whereas “Δ Log Exchange Rate” indicates first-difference.

© 2020 The Authors. Regulation & Governance Published by John Wiley & Sons Australia, Ltd 11

Tariff liberalization and product standards E. Aisbett, and M. Silberberger



The analysis thus far has used the bound simple average tariff rates by HS code, country, and year. We choose
this for our base regressions as it is the cleanest and most exogenous tariff measure for our purposes. One alter-
native measure, which has been used in the literature is the trade-weighted average bound tariff rate. This mea-
sure differs from the simple average in a number of ways, which are relevant for our analysis. One disadvantage
of the weighted average bound tariff is that changes in relative import flows will cause the weighted average tariff
to change even if there has been no actual change in tariff policy. Perhaps the more important difference, how-
ever, is that weighted average tariff is more sensitive to changes in the product lines where imports are more sub-
stantial. In industries where imports are large, we expect the domestic industry to be smaller and hence less
politically powerful (ceteris paribus). The import-weighted bound tariff change then, emphasizes changes that are
relevant to less politically powerful industries, potentially biasing against finding an effect of tariff changes on
SPS standards. These limitations may explain why H1 is no longer able to be rejected in column 1 of Table 4. H0
and H2 are still able to be rejected at the 1% level.

Another measure of tariff constraint sometimes used in the literature is the binding overhang, which mea-
sures the gap between bound and applied tariffs. A smaller binding overhang means that the government’s tariff
choices are more constrained and is argued to make protectionist manipulation of standards more likely. The
limitation of binding overhang, for our purposes is the endogeneity of applied tariffs. Binding overhang may
decrease because the applied tariff has increased, even if the bound tariff has not changed. If increases in applied
tariffs are used as substitutes for manipulation of SPS standards, our coefficient estimates will be biased toward
zero. This is exactly what we observe in column 3 of Table 4. The coefficients on both the main and interaction
effect of the binding overhang are smaller in magnitude than the coefficients on the bound tariff in our base
regression. To check whether these smaller effects were really due to changes in applied tariffs, we also ran the
regression in column 2 on the subsample of countries, which have generally low binding overhang.36 These coun-
tries have little opportunity to use increases in applied tariffs as a substitute for SPS manipulation. With this con-
straint, the results once again reject all three null hypotheses at the 5% level.37

Our analysis thus far has been based on the combined notification rate for both regular and emergency notifi-
cations. Regular notifications are for those changes to SPS standards, which are intended to be permanent and
must be based on a formal risk assessment. Emergency notifications can be enacted immediately and with rela-
tively little institutional effort. The relative flexibility of emergency measures has led some commentators to sug-
gest that they are more likely to be manipulated for protectionist purposes. We find no evidence of such.

Table 4 Robustness to different tariff and sanitary and phytosanitary (SPS) measures

(1) All (2) All (3) Regular (4) Emergency.

Δ Tariff (w.a.) −0.000362 (0.000995)
LowStd* Δ Tariff (w.a.) 0.0126*** (0.00466)
Δ Log Exchange Rate 1.056*** (0.324) 1.025** (0.325) 0.953** (0.377) 0.749 (1.328)
LowStd* Δ Log Exchange Rate −3.479*** (1.048) −3.443*** (1.305) −3.995*** (0.778) −4.651** (2.163)
Δ Tariff B.O. MFN (s.a.) −0.00154 (0.00117)
Low Std.*Δ Tariff B.O. MFN (s.a.) 0.00703*** (0.00245)
Δ Tariff −0.00543*** (0.00172) 0.00287 (0.00777)
LowStd* Δ Tariff −0.0226*** (0.00539) 0.0179* (0.0100)
H0 P-val 0.0039 0.0008 0.0000 0.0590
H1 P-val 0.3737 0.0812 0.0016 0.3753
H2 P-val 0.0055 0.0032 0.0023 0.0099
Observations 16,861 16,822 16,528 6,169

*P < 0.1. **P < 0.05. ***P < 0.01. Bootstrapped standard errors in parentheses. Dep. var is SPS notifications by country, year
and HS-2 code; coefficients reported. Columns 1 and 2 all SPS notifications, columns 3 and 4 regular and emergency SPS noti-
fications respectively. Conditioning group or “fixed effect” units are HS code-by-year. Control variables included in regression
but not reported here are country dummies, changes in positive current account indicator, and GDP growth rate. “Observa-
tions” row reports identifying observations remaining after HS code-year pairs with all-zero outcomes are dropped from the
conditional (fixed-effects) specification. For the tariff variable “Δ Tariff”, a 3-year difference was used, whereas “Δ Log
Exchange Rate” indicates first-difference.
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Emergency notifications are less strongly correlated than regular notifications with all the trade measures except
the exchange rate index for low-notifying countries.38

As a final robustness check, Table 5 compares the impact of bound tariff changes separately for countries,
which are generally constrained by bound tariffs (defined as those with a simple average binding overhang of 5%
or less) and those which are not. Our argument thus far has been that reductions in bound tariff rate lead to
increased trade pressure for producers. However, where the bound tariff rate is not binding on the applied tariff
rate, reductions in bound tariff may have no impact on the applied tariff rate. When the applied tariff rate does
not change, reductions in bound tariffs should not lead to increased trade pressure for producers, and we should
not see any impact of bound tariffs on the SPS notification rate. The results in Table 5 confirm this. The esti-
mated coefficients on the bound-tariff variable for the constrained subsamples in columns 1 and 2 are significant
with the expected signs. The corresponding coefficients for the unconstrained sample are statistically indistin-
guishable from zero. Note also that the different responses of the constrained and unconstrained samples do not
appear to be due to any form of sample selection bias. All subsamples respond to exchange rate changes, as we
would expect (although the coefficient on the exchange rate variable in the low-notifying, constrained subsample
is not significant due to the small sample size).

Given that the observed response of standards to bound tariff changes is consistent with a theory of protec-
tionist manipulation by governments, it seems pertinent to test how effective this manipulation is. Some theoreti-
cal papers, such as Copeland (1990), predict that changes in standards and other compensating non-tariff
barriers will not fully offset tariff reductions, resulting in a lower overall level of protection when tariffs are bound
at a lower level. Other papers, such as Margolis and Shogren (2012) suggest that standards changes can leave the
net level of protection even higher than the pre-tariff-liberalization level. A simple way of testing the net impact
of reductions in bound tariffs on the overall rate of protection is to regress imports on bound tariffs (excluding
SPS measures and any other non-tariff barriers). The results of this exercise are reported in Table 6.

Column 1 in Table 6 reports the coefficient estimates for the subset of countries for which bound tariffs are
generally constraining (once again defined as those with a simple average binding overhang of 5% or less). For

Table 5 Sanitary and phytosanitary (SPS) standard notifications respond to bound tariff changes only in countries where
binding overhang is generally low

(1) Constrained High (2) Constrained Low (3) Unconstrained High (4) Unconstrained Low

Δ Tariff −0.00927*** (0.00319) 0.0606*** (0.0225) 0.00129 (0.00959) 0.0782 (0.00594)
Δ Log Exchange Rate 1.786** (0.881) −0.779 (5.004) 1.043*** (0.389) −2.110** (0.994)
Observations 1,385 310 4,725 3,818

*P < 0.1. **P < 0.05. ***P < 0.01. Bootstrapped standard errors in parentheses. Dep. var is SPS notifications by country, year
and HS-2 code; coefficients reported. Constrained countries are defined as those with a simple average binding overhang of
5% or less. Conditioning group or “fixed effect” units are HS code-by-Year. Country dummies, change in indicator for positive
current account, and GDP growth rate included but not reported. “Observations” row reports identifying observations
remaining after HS code-year pairs with all-zero outcomes are dropped from the conditional (fixed-effects) specification. For
the tariff variable “Δ Tariff”, a 3-year difference was used, whereas “Δ Log Exchange Rate” indicates first-difference.

Table 6 Country-product fixed effect model shows imports respond to bound tariff changes only in tariff constrained
countries

(1) Constrained (2) Unconstrained

Δ Tariff −0.00127*** (0.000322) 0.000328 (0.000214)
L Δ Tariff −0.000424 (0.000439) −0.000109 (0.000179)
L2 Δ Tariff 0.000384 (0.000678) −0.000271 (0.000254)
GDP growth 1.929*** (0.246) 0.776*** (0.0875)
Δ Log Exchange Rate −0.400*** (0.0643) 0.686*** (0.0353)
Observations 8,551 30,399

*P < 0.1. **P < 0.05. ***P < 0.01. Bootstrapped standard errors in parentheses. “Δ Tariff” indicates a 3-year difference,
whereas “Δ Log Exchange Rate” indicates first-difference.

© 2020 The Authors. Regulation & Governance Published by John Wiley & Sons Australia, Ltd 13

Tariff liberalization and product standards E. Aisbett, and M. Silberberger



these countries, the coefficient on bound tariff is negative and significant, suggesting reductions in bound tariffs are
associated with increases in imports. In other words, policy adjustments – including changes in SPS standards – do
not appear to fully offset the loss of competitiveness of domestic producers due to the reduction in tariffs.
Our results are thus consistent with both Gawande’s (1999) and Limao and Tovar’s (2011) finding that non-tariff
barriers generally do not fully offset the effects of tariff liberalization, and with the findings of Baylis et al. (2012)
for the related case of SPS policy for the European seafood industry.

Column 2 in Table 6 shows the impact of bound tariff changes on imports for the group of countries, which
have generally high binding overhang and therefore have the opportunity to leave applied tariffs unchanged when
bound tariffs fall. As we would expect, there is no statistically significant impact of bound tariff changes on
imports in this sample.

7. Conclusion

Our analysis of the impacts of tariff reductions on SPS standards appears to confirm the fears of both sides of the
free-trade debate. Consistent with concerns of the pro-traders, we find evidence consistent with a race to the top
for WTO members with already-high rates of SPS notifications. For these countries, tariff liberalization is associ-
ated with an increased rate of notification of changes in SPS standards. Consistent with the concerns of environ-
mentalists and consumer protection groups, we find evidence that other countries lower their rate of standards
evolution after tariff liberalization – suggesting trade pressure causes regulatory chill. The observed regulatory-
chill effect among low notifiers is statistically and economically more significant than the race to the top among
high-notifying countries.

The strength of the observed regulatory chill effect has important implications for policy debates – including
those around comprehensive trade agreements. It suggests that any trade agreement, which seeks to reduce the
manipulation of standards for protectionist purposes, needs curtail both inefficiently high and inefficiently low
standards. The current approach of the WTO, for example, lacks such symmetry. The SPS and technical barriers
to trade Agreements place requirements on members who wish to make trade-impacting changes to standards,
but place no corresponding requirement on members to justify a failure to update domestic standards (e.g. to
meet international standards).

Our results also raise questions for the current theoretical literature on the political economy of protection.
We observe an increase in protectionist pressure following tariff liberalization – a result that is both intuitive and
in line with the findings of the empirical literature on the response of other non-tariff barriers to tariff constraint
(Gawande 1999; Feinberg & Reynolds 2007; Moore & Zanardi 2011). The result is, however, the opposite of what
is predicted by the growing number of political economy models of trade openness and environmental standards,
which build on the approach of Grossman and Helpman (1994).39 Explaining this discrepancy is a fruitful avenue
for future research.

For the growing literature on policy convergence, the key finding of our research is that trade pressure encour-
ages divergence in product standards across countries. Importantly, this should not be interpreted as finding that
divergence is the net effect of economic integration. We have studied only trade pressures – resulting primarily from
increased competition on the domestic market. The net effect of economic integration also depends on the impact
of increased trade opportunities – such as improved access to export markets. The so-called “California effect” litera-
ture suggests that these trade opportunities may well encourage convergence in standards. Future research on policy
convergence should be cognizant of these potentially countervailing effects. Finally, our goal has been to carefully
study the impacts of trade pressures on standards. Our finding that trade pressures affect standard setting should
not be interpreted to mean that they are the only thing, which matters – or even that they are the main determinant
of health, safety and environmental standards. We hope that future work will carefully examine important political
and social factors such as regime type and demographics.
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Endnotes

1 Regulatory chill characterizes a situation in which governments resist the implementation of higher standards, while race
to the bottom describes a reduction of existing standards: both out of competitiveness concerns. In general, there is little
evidence that countries continually try to undercut their competitors’ regulation. Some authors, however, show that stan-
dards or regulation might be negatively affected by competitive pressures (Fredriksson et al. 2005; Busse &
Silberberger 2013).

2 Authors concerned about a rise in non-tariff barriers undermining tariff liberalisation gains include Ray & Marvel (1984),
Ray (1987), Page (1987), Runge (1990), Mahé (1997), Baldwin et al. (2000), Otsuki et al. (2001), Charlier et al. (2002),
Kastner et al. (2002), Feinberg et al. (2007), Peterson & Orden (2008), Götz et al. (2010). While not sharing this concern,
Bhagwati (1988, p. 53) neatly described it as a belief in a “law of constant protection”.

3 The Agreement states that the standards need to be based on scientific knowledge and applied only to the extent neces-
sary to protect human, animal or plant life or health. Furthermore, they should not arbitrarily or unjustifiably discrimi-
nate between countries where identical or similar conditions prevail.

4 For a detailed description and analysis of two cases of import bans on the basis of health concerns see Engel (2001). The
author argues that a protectionist motive could have driven the US-ban of grapes from Chile in 1989 but rejects the
notion of protectionism in the case of the UK-EU “mad cow” dispute.

5 Damania et al.’s (2003) country-level measures of trade openness capture both import competition and export opportu-
nity. Given that fuel production is characterized by a high concentration of exporting, often also multinational firms, one
explanation for the results could be a California effect – in which exporting firms push for domestic standards to be
brought into line with those in major export markets. See Vogel (1997) for an introduction to the California effect.

6 Related, but not modelling the impact of tariff liberalisation on a chosen standard and therefore not providing much
guidance for our theoretical predictions is Sturm (2006). He argues that politicians want to support the local industry
and do so either through direct transfers or the manipulation of product standards, which results in excessively high stan-
dards in some countries and excessively low ones in others.

7 We use “increased trade pressure” to describe a situation in which domestic producers are facing increased competition
from foreign producers in either their import or export markets. Leading causes of increased trade pressure for producers
are tariff liberalization and exchange-rate appreciation.

8 The phrase stuck at the bottom was introduced by Porter (1999), though he identified a different source for the problem.
Porter argued that trade pressures had a greater downward effect on environmental standards in low-standards countries
because these countries have less-developed environmental governance and greater reliance on low-cost manufacture to
maintain international competitiveness.

9 Note that using the conditional Poisson model means that splitting the sample based on average notification rates does
not cause any bias in our estimated effects.

10 This is true across all specifications and independent of whether “strength” is measured statistically (in terms of P-values)
or economically (in terms of either proportional change or absolute change in number of notifications).

11 For a historical description of this sort of process see Weinroth et al. (2018).

12 The regulator cannot choose how much to change the standard, only whether or not to make a given change in standard.

13 In the empirical testing we relax the assumption that the revealed benefit to the ROS is the same for all countries and
allow the U(.) to vary by country-product pair, and GDP of the country.

14 A classic example of this is when stricter toxic residue limits in Europe make it harder for African farmers to export,
hence benefiting the European farmers.

15 Papers by Freund & Ozden (2008) and Tovar (2009) have argued theoretically and empirically that such behaviour on
behalf of governments is ultimately driven by loss aversion on behalf of producers.

16 Note strict may mean more complex requirements, or harder-to-meet product standards. For an example of the evolution
of the former, see https://regulatorystudies.columbian.gwu.edu/reg-stats (accessed on 24 September 2019). For an example
of the latter, see Kareem et al. (2015).

17 It was necessary to undertake the analysis at the HS-2-digit level due to constraints in the SPS notification data set; many
countries only report at this high aggregation level.

18 http://spsims.wto.org

19 “Trade facilitating” notifications are defined as those which make it less difficult “for producers in other countries to com-
ply with the proposed SPS regulations” according to paragraph 40 of the WTO Secretariat Handbook “How to Apply the

© 2020 The Authors. Regulation & Governance Published by John Wiley & Sons Australia, Ltd 15

Tariff liberalization and product standards E. Aisbett, and M. Silberberger

https://regulatorystudies.columbian.gwu.edu/reg-stats
http://spsims.wto.org


Transparency Provisions of the SPS Agreement”. Available at http://www.wto.org/english/tratop_e/sps_e/sps_agreement_
cbt_ec3s4p1_e.htm, accessed on 3 April 2014.

20 Results available in request from the authors.

21 The top ten notifying countries in our sample are: European Union, Japan, United States, Peru, Philippines, Brazil, Alba-
nia, New Zealand, China, P.R. (Mainland) and Chile. Together, they account for over 50% of all SPS notifications.

22 The choice of the cut-off base notification rate of 0.1 is somewhat arbitrary. As a robustness check, we also run the
regressions using alternative cutoffs at 0.06 and 0.25 on Figure 1 (see dash-dot lines) The results of this robustness check
are available from the authors. Qualitatively they are robust to raising the cut-off to 0.25 notifications per country per
year, but not to lowering it to 0.06. This suggests that lowering the cut-off falsely places some countries that are actually
low notifiers according to their characteristics in the high notifier group, thereby blurring the effect within the different
country groups and biasing the coefficients toward zero.

23 The columns in Figure 2 show the average change in imports by country and industry from year t to t-1. Averages are
calculated over subsamples of observations. The leftmost column is the subsample for which the country was a low noti-
fier, and the industry in that country had no SPS notification at time t-2. The second from the left is the subsample for
industries in low-notifier countries when there was a SPS notification at time t-2.

24 The graph is constructed as follows: First country-industry-year observations are split into four subsamples according to
whether the country is a high or low notifier, and whether there was at least one SPS notification in year t. Then the aver-
age tariff change from t-3 to t is calculated for each subsample.

25 A classification of High - and Low-Types by country can be found in Table A1.

26 As an additional robustness check we further differentiate the sample into low standard (bottom 25%), high standard
(top 25%) and middle-standard (medium 50%). We are able to confirm the negative relationship for the high
standard countries, while we did not find a significant relationship between tariff reduction and notifications the low stan-
dard countries. This is not surprising, since the very low notifiers lack identifying variation once we control for all the fixed
effects. As expected, the medium 50% show the positive relationship we have previously observed for the bottom 75%.

27 Note the appropriate level of standard is a function of GDP, while the appropriateness of a change in standard is a func-
tion of the change in GDP.

28 Although changes in imports and exports would be excellent indicators of trade pressure, we exclude these from our base
regression due to endogeneity concerns. Nonetheless, Table A8 shows that our results are robust to including 2-year
lagged change in exports and imports by industry.

29 Please note that while we have a Poisson Probability Density Function for our benchmark, it is Logistic in some of our
robustness check regressions, conditional on the dependent variable.

30 The main effect of the low-standard dummy is not included in the regression specification as it is captured by the country
dummies.

31 Bound tariff rates are less prone to endogeneity problems than import values and are also the subject of much of the pol-
icy debate. Exchange rate, while plausibly exogenous, has the disadvantage of not varying at the industry level.

32 There are several papers which examine the impact of bound tariff reductions on all non-tariff barriers or on specific bar-
riers such as anti-dumping duties (Gawande 1999; Feinberg & Reynolds 2007; Moore & Zanardi 2011). However, none of
these specifically address regulation which is ostensibly for the public good.

33 Baylis et al. (2012) use instrumental variables to minimize such problems.

34 All other industries do not contribute to the identification of the coefficient since they have no variation over time and
are therefore conditioned out by the country-product fixed-effects estimator. Since the country-HS code combinations
are actually dropped from the sample for estimation, the reported sample sizes in all tables are substantially smaller than
the original 82,800 observations in our dataset.

35 Other count data models not reported in Table 3 which can also be appropriate when there is a large proportion of zero-
valued observations include zero-inflated Poisson and zero-inflated negative binomial estimators. We have not used them
here, however, as they do allow the conditioning out of country-HScode effects.

36 Countries with a simple average binding overhang over all HS codes of 5% or less.

37 Results available on request from the authors.

38 Although it is possible that the weaker results for the emergency notifications might be a consequence of them being less
frequent and therefore providing less identifying variation.

39 See for example Bommer & Schulze (1999), Fredriksson (1999), Damania et al. (2004), Damania et al. (2003), Lai (2007).
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8. APPENDIX

Country sample

Summary statistics: Complete sample

Table A1 Country sample: High and low notifiers

Albania, Argentina, Armenia, Australia, Bahrain, Barbados, Belize, Benin, Bolivia, Botswana, Brazil, Brunei Darussalam,
Canada, Chile, Colombia, Costa Rica, Croatia, Cuba, Dominican Republic, Ecuador, Egypt, El Salvador, Fiji, Gambia, Georgia,
Guatemala, Honduras, Iceland, India, Indonesia, Israel, Jamaica, Japan, Jordan, Kenya, Kuwait, Macedonia, Madagascar,
Malawi, Malaysia, Mauritius, Mexico, Moldova, Mongolia, Morocco, Nepal, New Zealand, Nicaragua, Norway, Oman, People’s
Republic of China, Pakistan, Panama, Paraguay, Peru, Philippines, Qatar, Republic of Korea, South Africa, Saudi Arabia,
Senegal, Singapore, Sri Lanka, Swaziland, Switzerland, Taiwan, Thailand, Trinidad-Tobago, Turkey, United Arab Emirates,
USA, Ukraine, Uruguay, Venezuela, Vietnam, Zambia

High notifiers in italic.

Table A2 Summary statistics for variables with industry-level variation

Variable Mean Std.Dev. Min Max N

Regular Notifications 0.065 0.645 0 65 82,800
Emergency Notifications 0.028 0.499 0 43 82,800
All Notifications 0.0933 0.852 0 65 82,800
All Notifications† 0.0966 0.866 0 65 82,800
Notification (dummy) 0.0379 0.191 0 1 82,800
Bound Tariff‡ (simp. Ave.) 34.6 45.4 0 1987.3 62,628
Δ Tariff (bound, simp. Ave.) −0.531 18.09 −1,160.59 1,039.77 46,958
Bound Tariff (wght. Ave.) 34.21 45.56 0 2,776.02 62,628
Binding Overhang (simp. Ave.) 23.30 37.84 −978.64 1923.04 62,418
Exports (bill. $US) 1.037 8.357 0 454.57 66,033
Imports (bill. $US) 1.117 10.229 0 758.44 65,964
†Includes notifications of trade-facilitating sanitary and phytosanitary-measure changes. ‡All tariffs are ad valorem equivalents.
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Summary statistics: High- and low-standard countries

Table A3 Summary statistics for variables without industry-level variation

Variable Mean Std.Dev. Min Max N

High standard (dummy) 0.25 0.43 0 1 82,800
GDP (bill. $US) 426.6 1,607.6 0.345 11,681.2 81,765
Population (mill.) 63.44 195.9 0.0704 1,341.3 82,800
Current account positive (dummy) 0.4208 0.4937 0 1 82,800
Exchange Rate (index) 109.4 58.87 60.33 1,650.4 79,695

Table A4 Summary statistics for variables with industry-level variation for high-standard countries

Variable Mean Std.Dev. Min Max N

Regular Notifications 0.2133333 1.233616 0 65 20,700
Emergency Notifications 0.0792271 0.916908 0 43 20,700
All Notifications 0.2914493 1.601679 0 65 20,700
All Notifications† 0.3032367 1.628939 0 65 20,700
Notification (dummy) 0.1053623 0.3070271 0 1 20,700
Bound Tariff‡ (simp. Ave.) 24.16179 22.00395 0 280.25 18,948
Δ Tariff (bound, simp. Ave.) −0.1585019 5.805203 −202.08 182.85 14,832
Bound Tariff (wght. Ave.) 24.56855 25.69454 0 428.93 18,948
Binding Overhang (simp. Ave.) 14.57055 18.75849 −415.84 232.14 18,948
Exports (bill. $US) 2.678452 14.16605 0 454.5718 19,113
Imports (bill. $US) 2.981528 18.52776 0 758.4365 19,182
†Includes notifications of trade-facilitating sanitary and phytosanitary-measure changes. ‡All tariffs are ad valorem equivalents.

Table A5 Summary statistics for variables without industry-level variation for high-standard countries

Variable Mean Std.Dev. Min Max N

GDP (bill. $US) 1,500.203 2,943.34 2.768987 11,681.2 20,631
Population (mill.) 143.7994 287.4116 3.071856 1,341.335 20,700
Current account positive (dummy) 0.3666667 0.4819061 0 1 20,700
Exchange Rate (index) 106.6583 32.92985 66.30024 290.511 19,665

Table A6 Summary statistics for variables with industry-level variation for low standard countries

Variable Mean Std.Dev. Min Max N

Regular Notifications 0.016087 0.195726 0 12 62,100
Emergency Notifications 0.011256 0.2267598 0 23 62,100
All Notifications 0.027343 0.3104116 0 23 62,100
All Notifications† 0.0278261 0.3139283 0 23 62,100
Notification (dummy) 0.0154911 0.1234966 0 1 62,100
Bound Tariff‡ (simp. Ave.) 39.20224 51.73711 0 1987.27 43,680
Δ Tariff (bound, simp. Ave.) −0.7035734 21.51106 −1,160.59 1,039.77 32,126
Bound Tariff (wght. Ave.) 38.39493 51.31445 0 2,776.02 43,680
Binding Overhang (simp. Ave.) 27.0993 43.07248 −978.64 1923.04 43,470
Exports (bill. $US) 0.3692536 3.875078 0 344.2983 46,920
Imports (bill. $US) 0.3520855 2.186975 0 142.1303 46,782
†Includes notifications of trade-facilitating sanitary and phytosanitary-measure changes. ‡All tariffs are ad valorem equivalents.
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Robustness tests

Table A7 Summary statistics for variables without industry-level variation for low-standard countries

Variable Mean Std.Dev. Min Max N

GDP (bill. $US) 64.38333 114.0234 0.3453532 971.486 61,134
Population (mill.) 36.65731 144.1333 0.07045 1,224.614 52,100
Current account positive (dummy) 0.4388889 0.4962554 0 1 62,100
Exchange Rate (index) 110.276 65.13099 60.33091 1,650.494 60,030

Table A8 Robustness tests

(1) Exclude Top 3 Notifiers (2) Exorts/Imports

Δ Tariff −0.00311 (0.00363) −0.00554*** (0.00247)
LowStd* Δ Tariff 0.02125*** (0.00594) 0.0244*** (0.00424)
Δ Log Exchange Rate 1.49392*** (0.47933) 0.78897** (0.3806)
LowStd* Δ Log Exchange Rate −3.62638*** (1.2748) −3.58938*** (1.31047)
GDP growth 6.8932*** (0.97270) 6.15416*** (1.18099)
Δ Positive Current Account −0.33212*** (0.10431) −0.3205*** (0.12258)
L2 Δ Imports 0.11236** (0.053973)
L2 Δ Exports −0.01187 (0.05073)
Observations 20,708 14,821

*P < 0.1). **P < 0.05). ***P < 0.01). Bootstrapped standard errors in parentheses. “Δ Tariff” indicates a 3-year difference,
whereas all other “Δ” indicate first-difference.
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