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Abstract
The WTO SPS Agreement sets a framework of rules that encourages harmonization through international
standards. However, there is a lack of empirical research at the macro-level on how such international
standards affect trade flows. This study conducts a general impact analysis on one of the most widely
used food-related international standards in the world, the ISO22000, accounting for the different product
types and country groups. The Codex Alimentarius Commission, one of three sister organizations of the
SPS Agreement, notably participated in developing this standard that is based on its Food Code, harmon-
izing the Hazard Analysis and Critical Control Points (HACCP) and Good Manufacturing Practice
(GMP). This study employs recent developments in using the gravity model, along with uniquely
employed additional specifications to enhance further the reliability of the estimates. Results show that
ISO22000 diffusion negatively affects the exports of processed products that are the major export goods
of developed countries. Primary and semi-processed products that compose the majority of developing
country exports are not significantly affected, providing evidence against the concerns for the compliance
burdens of developing countries when being certified to the standard. The burdens may depend more on
the degree of processing of the exported goods rather than on a country’s development status.

Keywords: International food-related standards; SPS harmonization; international standard-setting bodies; ISO22000;
agricultural exports; gravity model; developing countries; processed products

1. Introduction
A deeper integration of the world food supply chain is leading to an increased trade in food and
agriculture. Here, a small weak link can lead to unsafe food, posing not only serious health risks
to consumers, but also considerable costs to the suppliers (FAO, 2017; OECD, 2019). There are
increasing concerns for better food quality along with new demands as a result of consumer
expectations, one aspect of which is the surge in domestic Sanitary and Phytosanitary (SPS) mea-
sures as a minimum criteria to protect health and safety. However, such measures are followed by
a parallel increase in the independently established SPS measures on potential imports from
abroad (Webb et al., 2018; Crivelli and Groeschl, 2016; Disdier et al., 2008) and the resulting
trade-barrier effects. This can lead to higher international trade tensions.

International standards are vital in guaranteeing safety in the global food supply system while
avoiding possible trade-barriers that may come from heterogeneous domestic SPS measures. The
WTO SPS Agreement sets a framework of rules for countries to internationally harmonize stan-
dards with potential effects on trade (e.g. Article 3). It officially recognizes the multilateral inter-
national standard-setting bodies – the FAO/WHO’s Codex Alimentarius Commission (Codex),
the International Plant Protection Convention (IPPC), and the World Organization for
Animal Health (OIE) – as three sister organizations that act as reference bodies for the
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Agreement. Harmonization in the food and agricultural sector can also be evidenced in private
standard development activities taking place worldwide, many of which have been successfully
diffused in a wide range of countries, for example the British Retail Consortium (BRC), the
Global GAP (Good Agricultural Practice), and Safe Quality Food (SQF) standards.

In between the reference bodies of the SPS Agreement and private standard developers exists
the hybrid organization, the International Standard Organization (ISO). The ISO is composed of
both public and private national standard setting bodies, representing governments, industries,
and consumer organizations. The World Bank also collaborates with the ISO on activities to
help developing country firms use standards to participate better in trade. The ISO first developed
its food-safety management system standard in 2005, the ISO22000, to help identify and control
hazards related to food safety, notably with the participation from the Codex Alimentarius
Commission responsible for the development of the HACCP (Hazard Analysis and Critical
Control Point) system for food hygiene. The standard is based on the Codex Alimentarius prin-
ciples, or the ‘Food Code’,1 which enables authorities to refer to ISO22000 in national require-
ments and government inspections to ensure that all the criteria for food safety are met (ISO,
2018). Other organizations such as the CIAA (Confederation of the Food and Drink Industries
of the European Union) and WFSO (World Food Safety Organization) also worked in partner-
ship with the ISO in the standard development. The ISO22000 is an internationally harmonized
standard with a broad coverage of regions compared to other third-party standards. It covers the
overall food chain, going further in managing the production processes and structures than the
agricultural product itself.2 It is important to note that the ISO22000 was developed as a compre-
hensive standard for the food-related sectors, harmonizing the HACCP and GMP (Good
Manufacturing Practices) that are requirements from a technological aspect.

Although not technically bound by the multilateral trade rules that apply to the mandatory
technical regulations set by government bodies, the ISO22000 shares the essential aim of such
rules which is to harmonize uneven levels of food safety requirements across countries and to
improve clarity in those requirements. However, whether such harmonization efforts have any
empirical implications for export performance have not been sufficiently examined yet. The find-
ings in previous empirical studies on the impact of food-related international standards are hard
to generalize beyond a certain country or region level (Czubala, et al., 2007; Escannciano and
Santos-Vijande, 2014; Mohammed and Zheng, 2017). Under such circumstances, the academic
void in the food and agricultural sector must be filled starting from a more general empirical
assessment of the international standard harmonization efforts. In this sense, examining the
ISO-developed standard that brings with it a comprehensive and well-organized database on
the international diffusion status can be a good starting point.

This study conducts a macro-level analysis of the impact of one of the most widely used
food-related standards in the world, the ISO22000 on agricultural exports based on an unba-
lanced panel dataset covering 10 years of export data across 177 countries. There are five main
strong points to the analysis employed in this study. First, it takes into account the most recent
developments in the gravity literature regarding estimation challenges related to multilateral resis-
tances, zero trade flows, possible endogeneity of trade policies (or voluntary standards adoption,
in our case), and heteroskedasticity of trade data in a country-level analysis (Anderson and Yotov,
2012; Piermartini and Yotov, 2016). Thus, the Poisson Pseudo Maximum Likelihood (PPML)
estimator proposed in Santos Silva and Tenreyro (2006), along with directional time-varying
fixed effects and country-pair fixed effects are successively employed in this study.

1The Food Code is an internationally recognized series of standards and guidelines referenced in many national laws that
was developed by the Codex Alimentarius Commission, a joint venture between the Food and Agriculture Organization of
the United Nations (FAO) and the World Health Organization (WHO).

2We will refer to all food and agricultural products as ‘agricultural products’ for simplification throughout this paper.
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Second, it considers the different characteristics of exported products by separately examining
three different sub-sectors of agricultural products: primary, semi-processed, and processed pro-
ducts. Since ISO22000 applies to the production process as well as to the product, it may have
different implications depending on the degree of processing the products are exposed to in
the exporting country. Third, this study implements separate analyses of developed and develop-
ing countries’ exports,3 thus taking into account the distinct export patterns and conditions
related to production facilities or technology of the two exporting country groups. To some
extent, it allows differentiation between processed and primary/semi-processed products based
on the fact that the developed countries tend to export a much higher share of processed products
in agricultural exports compared to the developing countries that rely much more on primary and
semi-processed products (FAO, 2004; FAO, 2013). The two country groups also differ in the
degree of ISO22000 adoption. Figure 1 shows how the regional share of the standard adoption
is considerably tilted towards Europe and East Asia, where a majority of developed nations in
the world are located. In sum, implementing individual examinations of each group will account
for the different trade effects of the standard depending on the differing levels of production pro-
cesses as well as distinct infrastructural and technological situations between countries. Fourth,
the study observes both exporting country and importing country channels as well as their inter-
action through which standardization may affect trade. Fifth, it takes into account the specific
trade settings in which the potential effects of the importing country standardization would be
manifest; ‘the compliance-cost effect’ and ‘the information-provision effect’ that do not realize
equally throughout all trade relationships, but rather, are likely to better manifest in country-pairs
where the importing country’s domestic standardization level is higher than that of the exporting
country. Previous studies do not account for such specifications which may lead to bias in the
impact estimations.

2. Trade Effects of Internationally Diffused Food Standards
There are three particular channels through which standardization may affect export flows: (1)
standardization in the exporting country that enhances competitiveness of the firms certified
by the standard while incurring implementation costs; (2) standardization in the importing coun-
try that provides information to exporting firms while also incurring compliance costs; and (3)
interaction between the standardizations of the two trading countries that various studies (e.g.
Claugherty and Grajek,2014; Liu and Yue, 2012) refer to as a ‘common language effect’. In
their country-level empirical models, this effect is estimated using the interaction term between
the standardization level variables of the exporting and importing country.

Standard diffusion in the ‘exporting country’ can bring about internal efficiency and enhanced
demand for exports through improvement of product quality that positively influences their
exports (Liu and Yue, 2012). This can be referred to as the ‘competitiveness-enhancing effect’.
However, implementing the standard incurs implementation costs that have countervailing nega-
tive effects on exports (Terziovski et al., 2003; Blind, 2004), which may be referred to as the
‘implementation-cost effect’. Standard diffusion in the ‘importing country’ may also be projected
as countervailing incentives on exports. Costs incurred on exporting firms when complying with
the standards of the importing country creates a negative pull on exports, referred to as the
‘compliance-cost effect’. In contrast, standardization in the importing country disseminates its
local knowledge and market information to the exporters, creating a positive push on exports
referred to as the ‘information-provision effect’ (Claugherty and Grajek, 2014; Swann et al.,
1996). Which opposing influence prevails over the other will be examined empirically in this
paper.

3‘Membership to OECD’ was used as a criteria in this paper to categorize countries as a developing (non-OECD member)
or a developed (OECD member) country.
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Previous studies on the impact of food-related standard diffusion within the ‘exporting coun-
try’ have had mixed results. Some find no evidence of any significant effect of certification on
export performance (Schuster and Maertens, 2015), while others find positive effects on exports
(Henson et al., 2011; Zheng et al., 2013). Regarding studies on the impact of food-related stand-
ard diffusion within the ‘importing country’, some find positive effects on trade (Karandagoda
et al., 2014; Liu and Yue, 2012), while some papers point to differing effects depending on the
exporting countries’ economic development status (Anders and Caswell, 2009). However, these
studies are mostly based on a firm-level, specific region-level, or a specific product-level analysis.
Not enough comprehensive macro-level studies are found on the impact of internationally dif-
fused food-related standards on agricultural trade in general. This is in part due to the difficulties
in overcoming the various country-level estimation challenges regarding which some meaningful
breakthroughs have only recently been provided. This research aims to contribute in filling the
gap by employing these latest developments to draw some general conclusions on the effects
of the ISO22000 on agricultural export values.

In examining the three principal channels through which standards can impact export flows,
this study also takes into account certain specifications necessary to improve accuracy in the esti-
mations, especially for the ‘importing country’ standardization effects. Expecting the compliance-
cost effect and information-provision effect to manifest unilaterally in all trade relationships can
be misleading and can result in a bias in the estimations. For example, the compliance-cost effects
are less likely to take place for exporting countries that are already equally or better diffused
with the standard than the importing country. By definition, compliance becomes burdensome
when the exporter faces new standard requirements from the importing market that they are
not already equipped with. That is, a matter of compliance is more likely to be raised if the
importer implements the standard system whereas the exporter does not. At a country-level ana-
lysis, this situation can arise more often when the exporting country is less diffused with the
standard compared to the importing country. Similar reasoning can be applied to information-
provision effects. There is less, if not no, local knowledge or market information to be dissemi-
nated specifically through the standardization channel to the exporting countries if the importing
country is not as diffused with the standards to begin with. The importing country is expected
to diffuse new knowledge and more information about its domestic market to the exporter
when the country is further along in its implementation of the standard system. Hence, both
compliance-cost effects and information-provision effects come into force mainly in trade rela-
tionships where the importing country is better diffused with the standard relative to the export-
ing country, which is why specific conditions in which the effects are likely to occur when
analyzing the impacts of international standards should not be ignored. In sum, this research
increases accuracy of the impact estimations of ISO22000 by considering for the basic trade
settings where the two major effects of the importing country channel may actually be realized.

Figure 1. Regional share of ISO22000 adoption
(in %)
Source: Constructed by the author with data from the
ISO Survey (2018).
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If the information-provision effect embedded in the importing countries’ adoption of ISO22000
overwhelms the countervailing compliance-cost effect, it would result in a net positive influence
of the importing country’s standardization, supporting existing arguments that the diffusion of
international standards disseminates local knowledge and provides necessary information to
exporters. If the compliance-cost effect overwhelms the information-provision effect, the result
would be a net negative influence, implying that getting certified to the standard can be more
burdensome than helpful in terms of export performance.

In this regard, a dummy variable with a value of 1 for trading pairs where the importing coun-
try has a higher ISO22000 diffusion level than that of the exporting country (ISO dummy) is
applied in this study to verify the two countervailing effects. Each of the trading partner’s stand-
ard diffusion level is interacted with the ISO dummy to form two interaction terms that will be
examined in addition to the three impact channels explained above. This will better expose the
potential effects of the importing country’s standardization (the existence and relative size of
the compliance-cost effect and the information-provision effect) compared to examining only
the simple importing country standardization level. The interaction term with the exporting
country standardization level is added for potential unexpected effects.

3. Data and Descriptive Statistics
This research employs unbalanced panel data for the period 2007–2016 for 177 countries export-
ing agricultural products to the rest of the world, which is a considerably larger coverage com-
pared to existing empirical works on the impacts of standards on trade. The period covered
was decided given the circumstances in data provision for ISO standard variables. Products con-
sidered are all agricultural products defined in the HS code system (HS 01-24) to which ISO22000
may apply. The products are categorized into three subsectors for individual analysis and com-
parison: primary products (HS 01-10), semi-processed products (HS 11-14), and processed pro-
ducts (HS 15-24). Data for ISO22000 standard variables were retrieved from the ISOTC’s ISO
Survey.4

The number of certifications was used to indicate the ISO standardization (standard-diffusion)
level in each country rather than the number of certified-sites among the two types of data pro-
vided by the ISO Survey, as the ISO itself has diagnosed the latter as incomplete and inconsist-
ent.5 The main explanatory variables regarding ISO22000 certification are presented in
continuous constructs rather than dichotomous constructs to address the measurement error
as a source of endogeneity, based on existing literature that point out how dichotomous con-
structs are often more exposed to such errors (Baier and Bergstrand, 2007; Claugherty and
Grajek, 2014). The ISO22000 variables representing domestic standard diffusion levels for each
trading partner are scaled with the total population of each country, thereby constructed as
the number of certifications given to each country per million people. Data used in the main esti-
mations are summarized in Table 1. Bilateral trade flow data (in nominal trade values) come from
the World Bank’s WITS database (WITS, 2019). Data on GDP per capita and population come
from the World Bank Development Indicators database, while domestic agricultural production
levels are from FAOSTAT. Data on common language, border adjacency, and distance come from
the Centre d’Etudes Prospectives et d’Informations Internationales (CEPII, 2019). The WTO

4Full results of the ISO Survey of certifications to management system standards uploaded in 2018 can be accessed here:
https://isotc.iso.org/livelink/livelink?func=ll&objId=18808772&objAction=browse&viewType=1

5ISO explains in its 2017 ISO Survey,
‘Past survey results included data on the number of “sites” in addition to the number of “certificates”. The goal was to

show the coverage of certification by including data on the number of sites that were covered by all the certificates reported.
However, the data collected were incomplete and thus often not reported, leading to inconsistent results for many countries.
Based on this, it was decided to stop the collection of data on the number of sites and to only show the number of valid
certificates.”
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Regional Trade Agreements database is the main source for FTA data. These control variables
include those typically found to account for the trade costs in existing gravity literature
(WTO/UNCTAD, 2012), while agricultural production was additionally controlled for in order
to account for the correlation between the domestic production size and the ISO22000
standardization.

4. Estimation of the Trade Effects of ISO22000
4.1 Estimation Issues and Model Selection

This study performs an extended gravity model analysis of agricultural trade at a sector-level, cat-
egorizing products into three different groups depending on the extent of processing the products
are exposed to: primary products (HS 01–10), semi-processed products (HS 11–14), and

Table 1. Summary of the data for the main estimations (2007–2016)

Variable Definition and source Obs. Mean Std.dev. Min Max

ISO22it Number of ISO22000
certifications in
exporting country per
million inhabitants
[2007–2016] (ISO)

154,303 9.53 20.47 0.06 222.70

lSO22jt Number of ISO22000
certifications in
importing country pet
million inhabitants
[2007–2016] (ISO)

154,303 9.32 21.70 0.06 222.70

Expvalueijt Export value from country i
to j in 1000 US$ (World
Bank WITS)

154,303 46,310 334,565 0 17,000,000

GDP per
capitait

GDP per capita of country i
in current US$ (World
Bank WDI)

153,820 22,235 22,127 243.30 119,225

GDP per
capitajt

GDP per capita of country j
in current US$ (World
Bank WDI)

153,445 21,214 22,033 243.30 119,225

Populationit Total population of country
i in millions (World
Bank)

154,303 78.97 224.70 0.09 1,400

Populationjt Total population of country
j in millions (World
Bank)

154,303 72.28 218.70 0.09 1,400

Productionit Gross production value of
country i in current
million US$ (FAOSTAT)

140,691 164,763 482,395 1.70 4,100,000

Productionjt Gross production value of
country j in current
million US$ (FAOSTAT)

135,906 159,885 510,871 1.70 4,100,000

FTAijt Dummy variable; =1, if
there is a bilateral free
trade agreement
between country i and j
in year t (WTO RTA
database)
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processed products (HS 15–24). This takes into consideration that the ISO22000 has its strength
in the management of production processes, which implies a possible heterogeneous impact of
the standard across the three product types that go through different degrees of processing.
Also, we distinguish between the developing and the developed countries, taking into account
their distinct trade patterns regarding the type of exported products and the differing levels of
standard adoption.

In addition to the above two considerations, we must also contemplate the challenges in the
estimation of the gravity model. Recent academic developments have drawn attention to the pro-
blems that need to be addressed in order to obtain reliable estimates in examining the impact on
trade using this model. The main challenges are as follows: (i) multilateral resistances which are
not directly observable since they are theoretical constructs (Anderson and van Wincoop, 2003;
Olivero and Yotov, 2012; Feenstra, 2004); (ii) zero-trade flows that clearly show the drawbacks of
utilizing the OLS estimator for gravity equations (Helpman, et al., 2008; Santos Silva and
Tenreyro, 2006); (iii) heteroskedasticity of trade data that leads to biased and inconsistent esti-
mates of effects when using the log-linear form of the OLS estimator (Santos Silva and
Tenreyro, 2006; Anderson and van Wincoop, 2003); (iv) bilateral trade costs that need proper
specification; (v) endogeneity in estimating the effects of trade policy (Baier and Bergstrand,
2007); (vi) the time it takes for trade flows to adjust in response to changes in trade policy
(Trefler, 2004; Baier and Bergstrand, 2007; Olivero and Yotov, 2012).

In this study, we review the solutions proposed in the literature and combine the best solutions
to address the above-mentioned obstacles, as well-summarized and recommended in the WTO
Working Paper of Piermartini and Yotov (2016). Hence, we apply the following recommended
methodologies:

(1) panel data method, for improved estimation efficiency and to allow for various fixed
effects;

(2) Poisson pseudo maximum likelihood estimator, to account for heteroskedasticity and zero
trade flows;

(3) directional time-varying fixed effects (exporter-time and importer-time fixed effects), to
control for unobservable multilateral resistances and other observable/non-observable
characteristics that vary across time for each exporter and importer;

(4) country-pair fixed effects, to account for endogeneity of ISO standard adoption and FTAs,
as well as for all time-invariant bilateral trade costs;

(5) panel data with intervals, to allow for the adjustment period of bilateral trade flows in
response to changes in the ISO standard adoption. Three-year intervals are used in this
study considering that the dataset contains 10 consecutive years of ISO22000 adoption
data. Olivero and Yotov (2012) finds how 3-, 4-, and 5-year intervals give similar estimates
of standard gravity variables.

Whereas (1) and (2) are applied throughout the analysis, the different fixed effects of (3) and
(4) are initially applied in a separate analysis in order to show the coefficient estimations for two
of the five main standard variables, ISO22000it and ISO22000jt, and for control variables that
would be dropped out when both fixed effects are applied together. Then, a final estimation
including both fixed effects are added in the last stages as the most robust form of specification
as proposed by Baier and Bergstrand (2007). Hence, the estimations are implemented in three
forms with a combination of (1) + (2) + (3) with consecutive 10 years of data (Specification 1),
with a combination of (1) + (2) + (4) + (5) with 3-year interval data and time-fixed effects
(Specification 2), and finally with a combination of (1) + (2) + (3) + (4) to recheck the robustness
of the results in estimation forms 1 and 2 (Specification 3) employing both directional time-
varying fixed effects and country-pair fixed effects. Specifications 1 and 2 will also complement
each other since the former gives coefficient estimates for time-invariant bilateral control
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variables which are dropped in the latter form as well as in Specification 3 (distance, common
language dummy, and common border dummy), while the latter gives estimates for exporter
and importer time-variant control variables that are dropped in the former as well as in
Specification 3 (GDP per capita, agricultural production level). Overall, we perform three individ-
ual estimations for each primary, semi-processed, and processed product types. For each product
type, we successively employ Specification 1 and Specification 2, and for each of these specifica-
tions we draw three estimation results, that is for the developing countries, the developed coun-
tries, and all countries. These results are organized in Tables 2, 3, and 4. Finally, additional results
for each of the product types and country groups using Specification 3 will be added in Table 5.

Regarding our main explanatory variables related to the ISO22000 diffusion, we examine both
the exporting country channel (ISO22000it) and the importing country channel (ISO22000jt) of
impact, along with the interaction of the two; the common language effect of the ISO22000 stand-
ardization between bilateral trading partners. Here we add two more specification variables by
interacting each of the former two channels with the ISO dummy (Dijt; with a value of 1 for bilat-
eral trade relationships where the importing country is more diffused with ISO22000 than the
exporting country), for reasons explained in the previous part of this paper. We will find justifi-
cation for inserting these two interaction terms with the ISO dummy (ISO22000it *Dijt,
ISO22000jt *Dijt) in the country-pair fixed effect model estimations (Specification 2), where
the results will show the coefficients for the simple exporting and importing country channels
as well as the interaction terms. This will not be possible in the analysis with the directional time-
varying fixed effects (Specifications 1 and 3) where the two simple channels will be automatically
dropped.

First, equation (i) will be examined with the exporter-time and importer-time fixed effects
PPML model, where the two simple ISO standard variables (ISO22000it, ISO22000jt) are omitted
because the directional fixed effects will control for the characteristics that vary over time for each
exporter and for each importer. Only the two interaction terms with the ISO dummy (ISO22000it
*Dijt, ISO22000jt *Dijt) and the common-language channel (ISO22000ijt) are inserted. The con-
trol variables here are time-constant bilateral characteristics variables as well as the FTA dummy
that will not be eliminated in the model. Expvalueijt is the value of exports from country i to j in
year t. ISO22000it is the simple certification diffusion level of the exporting country i in year t,
whereas ISO22000jt is that of the importing country j in year t. The ISO dummy (with a value of
1, if ISO22000it<ISO22000jt) denoted Dijt is interacted with each of these standard diffusion
levels. ISO22000ijt is the interaction term of the two simple standard variables ISO22000it and
ISO22000jt, to examine the common-language effect as explained in the previous section of
this paper. FTAijt is a dummy variable with a value of 1 if there is a free trade agreement between
the two countries in year t, and with a value of 0 if otherwise. Cij is a set of time-constant control
factors composed of the distance, common language, and common border between country i and
j, and εijt is the error term.

Expvalueijt = a0 + a1ISO22000it∗Dijt + a2ISO22000 jt∗Dijt + a3ISO22000ijt + a4Cij

+ a5FTAijt + 1ijt (1)

Then in equation (2), Xit is the vector of observable characteristics of the exporting country
that vary across time, while Mjt is the vector for the importing country characteristics. They
include the GDP per capita and the level of domestic agricultural production.

Expvalueijt = b0 + b1ISO22000it + b2ISO22000 jt + b3ISO22000ijt + b4ISO22000it ∗ Dijt

+ b5ISO22000 jt ∗ Dijt + b6Xit + b7Mjt + b8FTAijt + dijt (2)
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Table 2. Impact on primary agricultural product exports (PPML)

Exp-time, Imp-time fixed effects Country-pair, year fixed effects

All OECD Non-OECD All OECD Non-OECD

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

ISO22000it −0.0261 −0.0301 0.0758

(0.0258) (0.0266) (0.0741)

ISO22000jt −0.0613 0.0240 −0.149*

(0.0407) (0.0427) (0.0846)

ISO22000ijt 0.0740*** 0.0482** 0.0786*** 0.0218** 0.0246** 0.0212

(0.0171) (0.0202) (0.0222) (0.00951) (0.0114) (0.0206)

ISO22000it*Dijt −0.0768 0.114 −0.370*** −0.0556 0.0190 −0.208**

(0.0848) (0.990) (0.106) (0.0371) (0.0421) (0.0969)

ISO22000jt*Dijt 0.163** 0.0279 0.510*** 0.0847** −0.0186 0.271***

(0.0800) (0.0944) (0.103) (0.0394) (0.0424) (0.0996)

GDPpcit −0.219* −0.0285 −0.468***

(0.114) (0.187) (0.168)

GDPpcjt 0.778*** 0.622*** 0.912***

(0.126) (0.168) (0.185)

Productionit 0.722*** 0.453* 0.621***

(0.138) (0.267) (0.152)

Productionjt 0.461*** 0.522*** 0.391*

(0.135) (0.173) (0.205)

Distanceij −0.886*** −0.997*** −0.999***

(0.0260) (0.0334) (0.0423)

Common languageij 0.327*** 0.658*** 0.706***

(0.0640) (0.0800) (0.0885)

Contiguousij 0.391*** 0.148* 0.673***

(0.0615) (0.0845) (0.0960)

FTAijt 0.487*** 1.004*** 0.292** 0.0362 0.0689 −0.0155

(0.0819) (0.113) (0.120) (0.158) (0.168) (0.131)

Constant 19.52*** 20.60*** 19.81*** −5.734*** −3.273 —4.149*

(0.225) (0.276) (0.375) (1.727) (3.684) (2.345)

Observations 22,042 5,417 16,625 8,119 2,182 5,937

Pseudo R-sq 0.9170 0.9376 0.8747 0.9911 0.9950 0.9792

Consecutive years yes yes yes

3 yr-intervals yes yes yes

Notes: All variables except for export values and dummy variables are in logs. Cluster robust standard errors are in parentheses, where
clusters are defined as country pairs. ‘All’, ‘OECD’, and ‘non-OECD’ countries all refer to exporting country groups.
* p < 0.10, ** p < 0.05, *** p < 0.010.
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Table 3. Impact on semi-processed agricultural product exports (PPML)

Exp-time, Imp-time fixed effects Country-pair, year fixed effects

All OECD Non-OECD All OECD Non-OECD

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

ISO22000it −0.146** −0.00459 −0.256**

(0.0621) (0.0434) (0.122)

ISO22000jt 0.132** −0.00794 0.365***

(0.0596) (0.0364) (0.107)

ISO22000ijt 0.0936*** 0.108*** −0.0263 0.000427 0.00198 −0.0148

(0.0219) (0.0270) (0.0353) (0.0104) (0.00990) (0.0231)

ISO22000it*Dijt −0.356*** −0.400** −0.128 0.0963 −0.0486 0.385***

(0.125) (0.125) (0.180) (0.0679) (0.0504) (0.142)

ISO22000jt*Dijt 0.556*** 0.646*** 0.156 −0.120 0.0467 −0.414***

(0.124) (0 132) (0.172) (0.0754) (0.0489) (0.143)

GDPpcit −0.121 0.0315 −0.579***

(0.129) (0.229) (0.178)

GDPpcjt 0.518*** 0.471*** 0.564***

(0.114) (0.110) (0.176)

Productionit 0.415** 0.195 0.740***

(0.182) (0.246) (0.219)

Productionjt 0.144 0.193 0.163

(0.110) (0.126) (0.159)

Distanceij −0.777*** −0.837*** −1.108***

(0.0462) (0.0540) (0.0778)

Common languageij 0.300** −0.427*** 1.649***

(0.138) (00845) (0.272)

Contiguousij 0.309*** 0.628*** −0.484***

(0.107) (0.105) (0.166)

FTAijt −0.0293 −0.252 0.125 0.0417 −0.151 0.451***

(0.139) (0.183) (0.145) (0.241) (0.304) (0.131)

Constant 18.59*** 18.95*** 22.31*** 2.506 3.509 1.805

(0.377) (0.536) (0.651) (2.093) (2.931) (2.765)

Observations 40,471 15,730 24,736 18,529 6,936 11,593

Pseudo R-sq 0.8537 0.8989 0.8458 0.9865 0.9917 0.9816

Consecutive years yes yes yes

3 yr-intervals yes yes yes

Notes: All variables except for export values and dummy variables are in logs. Cluster robust standard errors are in parentheses, where
clusters are defined as country-pairs. ‘All’, ‘OECD’, and ‘non-OECD’ countries refer to exporting country groups.
* p < 0.10, ** p < 0.05, *** p < 0.010.
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4.2 Expected Results

We form expectations of the analysis results based on the two statistical facts mentioned
previously in this paper. First, the regional share of ISO22000 adoption shown in Figure 1 allows
us to expect developed countries to have a generally higher adoption rate of ISO22000. Hence, the
ISO Dummy (Dijt) is likely to reflect conditions in which the export flow occurs from a relatively
less developed to a more developed country regarding the two trading partners even within the
developed or developing country group. Second, FAO statistics show that there is a correlation
between a country’s development status and the type of agricultural product the country exports.
That is, developed countries tend to export a considerably higher proportion of ‘processed’ pro-
ducts while developing countries export more ‘primary’ or ‘semi-processed’ products. With these
two facts, we anticipate different effects of ISO22000 adoption depending on the exporting
country’s development status and the product type exported. Expected results based on previous
discussions are organized from (a) to (d) below.

(a) The impact of ISO22000 through the importing country channel will be more significant
for the interaction term (ISO22000jt*Dijt) than the simple term (ISO22000jt).

(b) The impact of ISO22000 will be more significant for processed exports than for semi-
processed and primary product exports, as they are more likely to be exposed to longer
and more complex production processes.

(c) For the processed products exported to a more standardized country(Dijt = 1) the export-
ing country standardization will have a positive impact on exports by enhancing competi-
tiveness, while the importing country standardization will have a negative impact on
exports by incurring higher compliance costs.

(d) The common language effect between the exporting and importing country standardiza-
tion will have a positive effect on exports regardless of development status or product
type.

4.3 Results and Discussion

The results are discussed in two stages. First, results for Specifications 1 and 2 for each of the three
product types (refer to Tables 2, 3, and 4, respectively) will be reviewed. Next, the estimations will
go through a final robustness check with Specification 3 in Table 5 for all three product types.

Results in Table 2 show a potential net positive impact on primary product exports from devel-
oping countries. Although the exporting country channel (ISO22000it and ISO22000it*Dijt) has a
consistent negative effect on exports from developing countries, the importing country channel
has a consistent positive effect on their exports exceeding in size the mentioned negative effects.
This suggests the positive information-provision effect of the importing country standardization
may be bigger than the negative compliance-cost effect for exports from the developing countries.
However, we find no impact through either the exporting or importing country channel for the
developed countries unlike in the case of the developing countries. This may be related to the
relatively more stringent quality regulations and standards domestically applied within the
OECD countries regarding the primary industry (e.g. mandatory EU regulations as well as private
standards such as GlobalGAP) compared to the quality requirements of the ISO22000 (Olper
et al., 2014).

Results in Table 3 show that for semi-processed products, the coefficients suggest an overall
net negative effect through the exporting country channel and net positive effect through the
importing country channel, but these results are doubtful as the effects are not found consistently
for either of the specific country groups. This provides little or no evidence of the existence of any
systematic impact of standardization on semi-processed product exports.

Results in Table 4 show that for processed products, the exporting country channel of
ISO22000 standardization has a significant positive effect on exports from the developed
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Table 4. Impact on processed agricultural products exports (PPML)

Exp-time, Imp-time fixed effects Country-pair, year fixed effects

All OECD Non-OECD All OECD Non-OECD

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

ISO22000it −0.00210 −0.0192 0.00940

(0.0143) (0.0127) (0.0309)

ISO22000jt −0.0129 −0.00764 −0.0463**

(0.0135) (0.0132) (0.0222)

ISO22000ijt −0.0207* −0.00721 −0.0659*** −0.00245 −0.00449 0.0141*

(0.00979) (0.0101) (0.0159) (0.00359) (0.00336) (0.00732)

ISO22000it*Dijt 0.164*** 0.226*** 0.195* 0.0489** 0.0320* 0.0332

(0.0512) (0.0500) (0.0805) (0.0199) (0.0185) (0.0445)

ISO22000jt*Dijt −0.216*** −0.251*** −0.230*** −0.0602*** −0.0381** −0.0624

(0.0489) (0.0503) (0.0794) (0.0206) (0.0176) (0.0452)

GDPpcit 0.192*** 0.163** 0.230***

(0.0493) (0.0779) (0.0692)

GDPpcjt 0.449*** 0.617*** 0.305***

(0.0680) (0.0583) (0.103)

Productionit −0.0120 −0.0116 0.0470

(0.0578) (0.0890) (0.0707)

Productionjt 0.161*** 0.302*** 0.0925*

(0.0455) (0.0495) (0.0502)

Distanceij −0.820*** −0.910*** −0.956***

(0.0150) (0.0182) (0.0267)

Common languageij 0.429*** 0.388*** 0.778***

(0.0367) (0.0414) (0.0491)

Contiguousij 0.610*** 0.522*** 0.341***

(0.0400) (0.0487) (0.0621)

FTAijt 0.400*** 0.133** 0.593*** 0.213 0.481*** −0.124

(0.0620) (0.0613) (0.0987) (0.150) (0.0904) (0.105)

Constant 19.37*** 20.19*** 20.47*** 5.454*** 2.582** 6.323***

(0.144) (0.158) (0.252) (0.929) (1.145) (1.192)

Observations 59,281 20,030 39,250 27,335 8,737 18,598

Pseudo R-sq 0.8660 0.9311 0.8037 0.9914 0.9964 0.9827

Consecutive years yes yes yes

3 yr-intervals yes yes yes

Notes: All variables except for export values and dummy variables are in logs. Cluster robust standard errors are in parentheses, where
clusters are defined as country pairs. ‘All’, ‘OECD’, and ‘non-OECD’ countries refer to exporting country groups.
* p < 0.10, ** p < 0.05, *** p < 0.010.
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Table 5. Impact on agricultural products exports (PPML)

Primary products Semi-processed products Processed products

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

All OECD Non-OECD All OECD Non-OECD All OECD Non-OECD

ISO22000ijt 0.0158 0.00981 −0.0301 −0.00456 −0.00578 −0.0428* −0.0136* −0.00761 −0.0210*

(0.0136) (0.0121) (0.0245) (0.0134) (0.0127) (0.0254) (0.00635) (0.00754) (0.0116)

ISO22000it*Dijt −0.0328 0.0335 0.0172 0.0238 −0.0153 0.222** 0.0500* 0.0514* 0.0615

(0.0491) (0.0495) (0.0909) (0.0653) (0.0591) (0.111) (0.0262) (0.276) (0.0508)

ISO22000jt*Dijt 0.0410 −0.0217 −0.0155 0.00244 0.0213 −0.185* −0.0644** −0.0625** −0.0782

(0.0453) (0.0445) (0.0851) (0.0637) (0.0574) (0.109) (0.274) (0.0308) (0.0510)

FTAijt 0.183 0.131 −0.456** −0.102 −0.324* −0.166 0.240** 0.359*** 0.0920

(0.165) (0.169) (0.183) (0.171) (0.190) (0.158) (0.106) (0.116) (0.113)

Constant 13.83*** 14.37*** 12.80*** 13.31*** 13.35*** 13.49*** 13.66*** 14.07*** 12.99***

(0.0536) (0.0537) (0.0804) (0.0918) (0.0865) (0.146) (0.0287) (0.0346) (0.0492)

Observations 16961 5049 11912 39419 15582 23831 58268 19970 38297

Pseudo R-sq 0.9933 0.9962 0.9864 0.9870 0.9915 0.9858 0.9918 0.9965 0.9842

Notes: Both directional fixed effects and country-pair fixed effects are applied. Cluster robust standard errors are in parentheses, where clusters are defined as country pairs. All variables except for export values
and dummy variables are in logs. ‘All’, ‘OECD’, and ‘non-OECD’ countries all refer to exporting country groups.
* p<0.10, ** p<0.05, *** p<0.010.
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countries, but not on those from the developing countries. This suggests that the
competitiveness-enhancing effect of the standard overwhelms the implementation-cost effect
for major exporters of processed agricultural goods in the developed country group. In contrast,
the importing country channel has significant negative effects on exports from both the devel-
oped and developing countries. For developed countries, this indicates that the negative
compliance-cost effect is generally higher than the positive information-provision effect.
However, unlike developed countries that only show significant coefficients for ISO22000 vari-
ables interacted with the ISO dummy as can be seen in column (5) of Table 4, developing coun-
tries do not show significant coefficients for the interacted terms. This implies that the existence
of the compliance-cost effect through the importing country standardization channel is dubious
for the developing countries. Here, the results in the country-pair, year fixed effects models
(Specification 2) also provide justifications for the insertion of the interaction terms with the
ISO dummy. For example, comparisons of the columns (2) and (5) of Table 4 show that the coef-
ficients for the interaction terms are significant even when the simple channel variables
(ISO22000it and ISO22000jt) are controlled for. In fact, the coefficients of the simple channel
variables in column 5 are found insignificant as opposed to those of the interaction terms, indi-
cating that the standardization impact is indeed most likely to occur through the compliance-cost
and information-provision effects of the importing country channel. Overall, the net result of the
countervailing effects through the exporting and importing country channel is a negative impact
on the processed products from developed countries.

The above comparison of the results in each product type provides evidence that the impact of
ISO22000 diffusion has meaningful effects on agriculture and food-related exports around the
world. The impact is particularly evident for processed product exports that are negatively influ-
enced by the standard diffusion. No impact on semi-processed products are found, but results
based on Specifications 1 and 2 suggest certain possibilities of a positive impact on primary prod-
uct exports from the developing countries through the importing country channel, whereas no
common language effect is found consistently throughout the different product types and country
groups. The final estimations of Table 5 using both directional and country-pair fixed effects
reassert the existence of the negative impact on the processed products as well as the non-
existence of any consistently significant impacts on primary or semi-processed products as can
be seen in columns (2), (5), and (8). Column (8) shows that the compliance-cost effect over-
whelms the information-provision effect through the importing country channel, creating a
net negative impact on the processed product exports of the developed countries, whereas this
impact is not shown for the developing countries.

In summary, robust to any gravity specification employed, the findings show that the agricul-
ture and food-related export performances of the developing countries at the country-level are
not significantly affected by adoptions of the international standard developed by the represen-
tative international standardizing body. This may be partially explained by the statistical fact that
the developing countries tend to have comparative advantages in primary and semi-processed
products that are less affected by the standard, while having comparative disadvantages in pro-
cessed products against the more developed countries. On the other hand, the findings show
otherwise for the developed country group where major exporters of processed products are
located. The negative impact coming from the importing country channel cancels out the positive
impact coming from the exporting country channel for their processed product exports. We can
see that the estimations give general evidence supporting the expectations (a), (b), and (c).
Nevertheless, (d) in which we expected a significant common language effect to exist across all
country groups and products was not supported by the results.

The findings support an interesting aspect of the international standard diffusion on agricul-
ture and food-related products. The compliance burdens of standard certification may be
imposed, not depending on the development status of a country, but depending on the degree
of processing that the exported goods are exposed to. This is to say that the compliance concerns
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for the developing countries regarding the standard adoption may be overrated considering their
dominant export patterns. In fact, there were even signs of a net positive influence on the primary
product exports coming from the developing countries through the information-provision effect
as was shown throughout the estimations of Specifications 1 and 2.

5. Conclusion and Implications
This study provides evidence of the impact of ISO22000 standardization on agricultural exports,
analyzing both the exporting and importing country channels and their interactions. It provides
comprehensive macro-level estimations on 177 countries, while specifically considering for
differences among distinct product types and country groups.

First, the findings reveal that a meaningful standardization effect exists only on processed
product exports, while the effect on primary and semi-processed products is unclear. Second,
the negative effects are consistently significant only for the developed countries. This is likely
to be explained by the export patterns across borders where processed product exports tend to
be relatively concentrated in the developed economies. Third, decomposing this effect on pro-
cessed exports of developed countries, the negative compliance-cost effect is found to be greater
than the positive information effect, and this net negative influence surpasses the net positive
influence coming from the exporting country standardization channel. Put together, the negative
impact through the importing country channel overwhelms the positive impact through the
exporting country channel, resulting in a net negative impact of ISO22000 adoption on the pro-
cessed agricultural exports of the developed countries. However, meaningful evidence is not
found for the impact of ISO22000 through the common-language channel.

The ISO22000 was developed with the cooperation from the Codex Alimentarius Commission
and with participation of ISO members representing government bodies. Thus, it is generally
considered an internationally harmonized standard in the current trade system. This suggests
that it acts as a basic justification for exporters in entering foreign markets while guaranteeing
minimum quality and safety of the globally traded agricultural products. However, the implica-
tions on export flows can only be examined empirically. The findings in this research provide
evidence of the significant impacts the standard has on international trade, but shows how the
impact differs mainly depending on the degree of processing of the exported products. It is espe-
cially encouraging that the standard diffusion was found not to have discouraging effects on
developing countries’ exports of the primary and semi-processed products which take up a con-
siderable part of their total export goods. This alleviates existing concerns for the standards acting
as trade barriers against the less developed countries (Trienekens and Zuurbier, 2008), and pro-
vides some perspectives on the actual role that widelydiffused international standards can play in
improving the minimum quality of global agricultural trade while not imposing heavy burdens on
smaller economies: a practical implication on the multilateral standard harmonization efforts.
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