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Abstract: The main objective of this paper is to reinvestigate the impacts of non-tariff measures
(NTMs) on bilateral exports among Regional Comprehensive Economic Partnership (RCEP) countries.
The study adds to the literature in two areas. First, we calculate coverage ratios for NTMs related to
specific sustainable development goals (SDGs) imposed on bilateral trade between RCEP member
countries. Second, to avoid aggregation bias, the analysis covers four major sectors, namely agrifood,
health, logistics, and other manufacturing. The results of a Poisson pseudo maximum likelihood
(PPML) regression in a gravity model, using average import data from 2016 to 2018 at the Harmonized
Commodity Description and Coding Systems (HS) two-digit level (97 subsectors), show that the effects
of SDG-related NTMs vary by sector. NTMs related to SDG 3 (good health and well-being) distort
trade in health but enhance trade in logistics. NTMs related to SDG 12 (responsible consumption
and production) have a negative impact on logistics but a positive impact on other manufacturing
exports. The findings provide new perspectives on the varying impacts of SDG-related NTMs on
trade. Interestingly, the study finds that NTMs addressing SDGs 3 and 12 have positive trade impacts.
Policymakers should, however, regulate NTM implementation, to minimize negative impacts and
ensure that domestic firms comply to promote sustainable production.
Keywords: non-tariff measures; sustainable production; trade policy; gravity model; economic
integration; RCEP

1. Introduction
Environmental degradation arising from recent economic progress threatens future development
and survival [1]. It leads to resource depletion, which then distorts the outputs of various stages of
production, from raw materials to final goods. According to World Population Prospects 2019 [2],
the global population is expected to reach approximately 9.7 billion by 2050: The equivalent of almost
three planets would be required to provide sufficient natural resources to sustain current lifestyles for
a population of this size. This clearly shows that sustainable production is the only way forward for a
very direct reason: Future generations cannot maintain current quality of life, diversity, or ecosystems
unless appropriate action is taken. Hence, to address sustainable production issues, policymakers have
imposed various policies such as non-tariff measures (NTMs). Unlike conventional tariffs, NTMs are
qualitative measures that emphasize how goods are produced and traded.
The implementation of NTMs often serves important purposes, such as protecting human health,
ecosystems, and the environment. In addition, the 2030 Agenda for Sustainable Development recognizes
international trade as an engine for inclusive economic growth and poverty reduction, and thus, several
NTMs have been imposed to help achieve the sustainable development goals (SDGs) [3]. Figure 1
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literature by answering the core research question: What are the implications for trade performance of
NTMs that are related to specific SDGs?
The objectives of this research are to determine the impacts of SDG-related NTMs on bilateral
exports among RCEP countries. To this end, the NTM coverage ratios for the selected SDGs are
calculated at the sectoral level (Harmonized Commodity Description and Coding Systems (HS)
two-digit level) by using disaggregated data (HS six-digit level). Next, the impact of these specific
NTMs on RCEP countries’ bilateral sectoral exports is estimated using a Poisson pseudo maximum
likelihood (PPML) regression in a gravity model. This research contributes to the existing literature in
two areas. First, by calculating the SDG-related NTM coverage ratio, this study provides researchers
and policymakers with information on the percentages by sector of import values that are subject
to these NTMs. This can help clarify the weighting of the respective NTMs. Second, the current
study avoids the issue of aggregation bias in the analysis by covering four major sectors, namely,
agrifood, health, logistics, and other manufacturing. Hence, the results obtained are sector specific
rather than aggregated. In addition, this study focusses on RCEP countries due to their enormous
market potential and the fact that some NTMs in these countries are currently in the negotiation phase.
Although NTM liberalization is one of the key focusses of RCEP accession, the positive impacts of
NTMs on sustainability are undeniable [7]. Thus, understanding the consequences of NTMS can help
policymakers formulate strategies to minimize losses and maximize gains from RCEP accession.
This study is structured as follows. The first section of this paper explains the issues and the
importance of the current study. Section 2 describes past studies of the same topics and identifies
the gaps to be filled by this paper. Section 3 presents the methodology and data used in the study.
Section 4 explains the study’s findings and interpretation. Section 5 discusses the conclusion and
policy implications.
2. Literature Review
The dilemmas presented by NTMs have led to a proliferation of research on the impacts of NTMs on
trade performance. For example, while NTMs may lead to a reduction in trade volume, such measures
seem to promote sustainability in development [27]. Thus, scholars have been investigating the
impacts of NTMs on trade performance and sustainable development to propose effective development
strategies that can benefit both areas. In their evaluation of a European Union (EU) import ban
on Sri Lanka’s seafood exports, Sandurawan and Weerasooriya [28] concluded that this NTM had
a mixed effect on sustainability: It had a positive impact on production and life below water but
a negative impact on poverty and economic growth. For the case of Kazakhstan and Kyrgyzstan,
Zalina [29] argued that NTMs imposed within the Eurasian Economic Union could protect agricultural
commodities in both countries from dangerous disease. Considering the mixed impacts of NTMs on
sustainability, it is noteworthy that the ability of NTMs to improve sustainable development depends
on the quality of regional trade agreements and on the enforced policies [30].
The increasing significance of NTMs as trade policy measures has attracted policymaker and
researcher attention to NTM implementation and the impact on international trade flows [4,12–20].
Most authors have focused on the impact of NTM liberalization through free trade agreements (FTAs),
as NTMs are commonly assumed to distort trade [12,15,31–33]. Kinzius et al. [34] found that the
impacts of NTMs on trade depend on the types of NTMs implemented. For example, Ferro et al. [35]
and Karemera et al. [36], who used the maximum residual level of pesticides as a proxy for NTMs,
found a negative impact on exports. Wood et al. [20] proved that technical-barrier-to-trade (TBT)
measures implemented by China reduce manufacturing and overall exports for Japan and South Korea,
while sanitary and phytosanitary (SPS) measures encourage agricultural sector exports to South Korea.
Luo and Bano [26] found that TBTs contribute to risk rate reduction, while pre-shipment inspections
(INSPs) and contingent trade protective measures (CTPMs) distort exports of dairy products to New
Zealand. However, these results contradict those of Santeramo et al. [37], who found that INSP
and TBT encouraged wine imports for China. In addition to Santeramo et al. [37], several other
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researchers have proved that NTMs do not necessarily harm trade; they can also have positive impacts
on trade [20,23,38]. Ghodsi and Stehrer [23] found that SPS measures imposed by the EU significantly
increased dairy trade values and quantities. Timini and Conesa [38] explored the impact of technical
and non-technical NTMs in China and found that technical NTMs have a positive impact on trade by
increasing consumer confidence in and the technical capabilities of Chinese exporters. Non-technical
NTMs were found to be very stringent for final goods.
In addition, inconsistencies in the impacts of NTMs on trade have led to several recent studies
focussing on the specific purposes of NTMs implemented to clarify their impacts on trade. Soon
and Thompson [21] and Webb et al. [22] explored how NTMs affect trade flows in a supply chain.
Their studies show that NTMs have negative impacts on supply chains. Similarly, Ghodsi and
Stehrer [23] and Huang et al. [24] investigated the role played by NTMs in enhancing product
quality and affecting trade, and they found that NTMs help increase the quality of imported goods.
Deepika [25] and Luo and Bano [26] studied the impacts of NTMs on export competitiveness, and
they show that the implementation of these measures increase firms’ production costs in certain
sectors and reduce domestic firms’ competitiveness. Many NTMs have been imposed with the
aim of enhancing sustainable development; indeed, Liu et al. [8] showed that NTMs help promote
sustainable development. Several studies have shown that higher sustainability increases consumer
willingness-to-pay for food products [39–41]. Hence, it would be intriguing to analyse whether the
same impact can be seen for international trade flows. However, empirical studies that emphasize
the trade implications of NTMs focused on sustainable development are lacking. Difficulties in
identifying NTMs based on specific SDG targets contribute to the limitations of previous studies.
However, Kravchenko et al. [7] recently developed a detailed NTM–SDG concordance matrix, creating
an opportunity to clarify the impacts on international trade flows of NTMs related to specific SDGs.
Thus, this is the gap filled by the current study.
3. Methodology
This study employs econometric estimations to estimate the impacts of SDG-related NTMs on
trade performance. This research starts by measuring NTMs. Unlike conventional tariffs, which are
measurable, the qualitative nature of NTMs is the main barrier to estimating their impacts. Hence,
several studies have used coverage ratios to measure the incidence of NTMs [1,20,42,43]. Coverage
ratios are one of the simplest inventory measures and can be interpreted as the percentage of the value
of trade that is subject to NTMs. In other words, coverage ratios represent the reach of NTMs and
show their importance for imported goods [44]. Given that most NTM notifications are provided at
the HS 6-digit level [45], the NTM coverage ratios calculated in this study also use HS 6-digit level data
by country (4709 products) and are summed at the sectoral (HS 2-digit) level. The formula to calculate
the coverage ratio is as follows:
NTM_SDGk jn

 Pn

 p D jp V jp 
 × 100

=  Pn P
V jp 
p

(1)

where the dummy variable, denoted D, reflects the existence of at least one SDG k-related NTM in
country j for product p; V denotes the import value of product p in country j; p represents the HS
6-digit product; and n represents the HS 2-digit sector. k represents an SDG, with this study focusing
on the 2 most common SDGs: 3 (good health and well-being) and 12 (responsible consumption and
production). It is important to note that SDGs are not independent, as some goals are closely linked [46].
This study focus on two different SDGs, as SDG 3 addresses the issue of efficient allocation, while
SDG 12 addresses the issue of fair distribution [47]. Thus, this study avoids interdependency issues.
By using Equation (1), this study calculates the coverage ratios for NTMs that are related to specific
SDG coverage ratios at HS 2-digit level, which can be interpreted as descriptive statistics for NTM
incidence in relation to coverage (NTM exposure in the total import share) with respect to each SDG.
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Next, to examine the implications for RCEP countries of SDG-related NTMs imposed by importing
nations on various sub-sector exports, this study employs a gravity model. Based on the standard
gravity model of trade, which includes both economic size and the distance between countries,
Tinbergen [48] proposed the following gravity Equation (2):
ln Exportij = β0 + β1 ln GDPi + β2 ln GDP j + β3 ln Distij + εij

(2)

where ln denotes variables in natural log form; Exportij is bilateral exports from country i to country j;
GDPi and GDP j are the incomes of country i and country j, respectively; Distij is the distance from
country i to country j; and εij is the error term. Various studies have expanded the basic gravity
equation to analyse the implications of trade policies [20,49–53]. Hence, this study also expands on the
basic model by including tariffs, NTM coverage ratios and dummy variables for FTAs. Unlike previous
research, the NTMs coverage ratios included in this study, which are obtained from Equation (1),
are specifically related to SDG 3 and SDG 12. The inclusion of these variables is important for
answering the main question considered in this study, i.e., whether SDG-related NTMs affect RCEP
countries’ bilateral exports. In addition, dummy variables for common borders are included to control
for the impact of higher bilateral trade between countries that share a border, as reported in most
studies [53–55]. The following model is obtained:
ln Exportijn = β0 + β1 ln GDPi + β2 ln GDP j + β3 ln Popi + β4 ln Pop j + β5 ln Tari f f jn
+β6 ln NTM_SDG3 jn + β7 ln NTM_SDG12 jn + β8 ln Distij + β9 CBij
+β10 AFTAij + β11 AANZFTAij + β12 ACFTAij + β13 AJCEPij
+β14 AKFTAij + εijn

(3)

where Exportijn is bilateral exports from country i to country j of product n; Popi and Pop j are the
populations of country i and country j, respectively; Tari f f jn is the average tariff imposed by country
j on product n; NTM_SDG3 jn and NTM_SDG12 jn are the coverage ratios of the NTMs imposed by
country j on product n in relation to SDGs 3 and 12, respectively; AFTAij , AANZTAij , ACFTAij , AJCEPij ,
and AKFTAij are dummy variables equal to one if country i and country j are in the ASEAN Free Trade
Area (AFTA), ASEAN–Australia–New Zealand Free Trade Area (AANZFTA), ASEAN–China Free
Trade Area (ACFTA), ASEAN–Japan Comprehensive Economic Partnership (AJCEP), or ASEAN–Korea
Free Trade Agreement (AKFTA), respectively; CBij is a dummy variable equal to one if country i and
country j share a border; and εijn is the error term.
Since not all countries in the world trade with each other at the HS 2-digit level, some trade flows
are zero in the trade data sets. According to Silva and Tenreyro [56], ordinary least squares estimations
of the existence of zero trade values might lead to biased results. Thus, to address the issue of bias
in estimation, this study follows the PPML specification developed by Silva and Tenreyro [57,58].
As PPML regression utilizes an exponential function, Equation (3) is transformed into an exponential
form as follows:

Exportijn = exp β0 + β1 ln GDPi + β2 ln GDP j + β3 ln Popi + β4 ln Pop j + β5 ln Tari f f jn
+β6 ln NTM_SDG3 jn + β7 ln NTM_SDG12 jn + β8 ln Distij + β9 CBij
(4)
+β10 AFTAij + β11 AANZFTAij + β12 ACFTAij + β13 AJCEPij
+β14 AKFTAij × εijn
where the notation in Equation (4) is the same as that in Equation (3). This study estimates Equation (4)
at the sectoral (HS 2-digit) level for the overall economy and four major sectors, namely, agrifood,
health, logistics, and other manufacturing. Hence, the dependent variables are bilateral exports from
country i to country j for sector n; meanwhile, the independent variables are country-level indicators
(GDP, population, distance, common border, and FTA membership) and product-level indicators
(tariffs and SDG-related NTMs). The regression results answer the current study’s research question
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regarding the impacts of SDG-related NTMs on bilateral exports for RCEP countries. Mixed impacts on
the coefficients of SDG-related NTMs are expected, as such measures can either enhance or distort trade.
The tariff rate is expected to have a negative impact on bilateral exports. Meanwhile, the coefficient of
the FTA dummy is expected to enhance bilateral exports because a trade agreement should lead to
higher trade volumes between countries.
Sustainability
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The second part involves estimating the impacts on RCEP countries’ bilateral exports of SDGSDG-related NTMs imposed by importing countries; thus, five different regressions were estimated in
related NTMs imposed by importing countries; thus, five different regressions were estimated in
order to compare the impacts on the overall economy and on specific sectors. Table 1 presents the
order to compare the impacts on the overall economy and on specific sectors. Table 1 presents the
descriptive results for the variables included in the model. Overall, there are 17,472 observations for
each variable, covering multiple countries and sectors. For the focal NTM variables, the mean
coverage ratio of NTMs related to SDG 12 is greater than that of NTMs related to SDG 3. This indicates
that, on average, most countries in our sample imposed more NTMs related to SDG 12 than to SDG
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descriptive results for the variables included in the model. Overall, there are 17,472 observations for
each variable, covering multiple countries and sectors. For the focal NTM variables, the mean coverage
ratio of NTMs related to SDG 12 is greater than that of NTMs related to SDG 3. This indicates that, on
average, most countries in our sample imposed more NTMs related to SDG 12 than to SDG 3, which is
in accordance with the findings illustrated in Figure 2.
Table 1. Descriptive Statistics.
Variables

Mean

SD

Min

Max

Exporti jn
ln GDPi
ln GDP j
ln POPi
ln POP j
ln Tari f f jn
ln NTM_SDG3 jn
ln NTM_SDG12 jn
ln Disti j
CBi j
AFTAi j
AANZFTAi j
ACFTAi j
AJCEPi j
AKFTAi j

111,402
26.6782
26.6782
17.4487
17.4487
0.0695
0.1186
0.4338
8.0449
0.0989
0.3956
0.2088
0.0989
0.0989
0.0989

950,455
1.8253
1.8253
1.8843
1.8843
0.1053
0.2432
0.3041
0.7896
0.2985
0.4890
0.4065
0.2985
0.2985
0.2985

0.0000
23.2382
23.2382
12.9585
12.9585
0.0000
0.0000
0.0000
5.7543
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

56,400,000
30.1403
30.1403
21.0496
21.0496
1.5159
0.6931
0.6931
9.3094
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

Note: Total number of observations is 17,472. ASEAN, Association of Southeast Asian Nations; AFTA, ASEAN Free
Trade Area; AANZFTA, ASEAN–Australia–New Zealand Free Trade Area; ACFTA, ASEAN–China Free Trade Area;
AJCEP, ASEAN–Japan Comprehensive Economic Partnership; AKFTA, ASEAN–Korea Free Trade Agreement.

Furthermore, Table 1 shows that the variables included in the current study have high standard
deviations, especially for the dependent variable. The high standard deviations are common in trade
analysis because the data are widely spread across sectors and countries, as is supported by the similar
findings of past empirical studies that used PPML estimation [20,50,51,54,65–67]. This indicates that
the export values are spread over a large range of values, with a minimum of zero and a maximum of
56,400,000. The high maximum value is due to the nature of the data, which are at level. In addition,
the large number of zero observations in bilateral sectoral exports also contributes to the high standard
deviation and justifies the use of the PPML methodology in the empirical analysis.
The estimation results of the PPML regression can be seen in Table 2. Overall, the regression
results are in line with the gravity model, with most of the coefficients displaying the expected signs.
For example, importer and exporter income have positive and significant relationships with bilateral
exports. The exporter population has a positive and significant coefficient in most models, while the
importer population is positive and significant only for the overall economy. Distance has a negative
relationship with bilateral exports. This shows that greater distances increase transportation costs
and thus lead to lower trade. A common border contributes to higher bilateral exports, as shown
by positive and significant coefficients. The high R2 values of most models indicate that the current
estimation results are reliable. Low R2 values are reported for the agricultural sector, and further
investigation revealed that these are due to the large dispersion of export values. Hence, to complement
the low R2 values for the agricultural sector, Ramsey RESET tests were conducted for all regression
models, which indicate that the functional form is correct, and the regression models do not suffer
from omitted variables.
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Table 2. Estimation results based on the Poisson pseudo maximum likelihood (PPML) model.
Variables

Overall Economy

Agrifood

Health

Logistics

Manufacturing

ln GDPi
ln GDP j
ln POPi
ln POP j
ln Tari f f jn
ln NTM_SDG3 jn
ln NTM_SDG12 jn
ln Disti j
CBi j
AFTA
AANZFTA
ACFTA
AJCEP
AKFTA
Constant
Observations
R2

1.320 ***
0.721 ***
−0.432 ***
0.150 *
−0.519
−0.097
−0.005
−0.686 ***
0.128
0.677
−0.264
0.410
0.861 **
0.964 ***
−42.911 ***
17472
0.652

0.343
0.630 ***
0.876 ***
0.169
−0.763 *
−0.046
−0.616
−0.549 ***
0.485 **
1.147
0.465
0.646
0.733
0.584
−42.536 ***
4004
0.247

2.414 ***
1.017 ***
−0.772 ***
0.231
0.690
−5.965 ***
0.099
−0.760 ***
0.166
5.107 ***
2.877 ***
2.759 ***
3.254 ***
3.315 ***
−76.299 ***
364
0.931

1.974 ***
1.423 ***
−0.140
−0.160
4.507 *
2.322 ***
−2.510 ***
0.568 *
0.813 ***
10.561 ***
5.707 ***
4.380 ***
4.060 ***
3.871 ***
−93.263 ***
728
0.821

1.322 ***
0.729 ***
−0.458 ***
0.144
−0.751
−0.281
0.249 **
−0.797 ***
0.002
0.444
−0.559
0.367
0.903 **
1.070 ***
−41.196 ***
12376
0.669

Note: *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. The export value is the dependent
variable for all models. Country and product fixed effects are included in all models.

The most interesting variables in the current study are related to the SDGs. This research
considers two coverage ratio variables for NTMs related to SDGs 3 (good health and well-being) and
12 (responsible consumption and production). The estimation results show that the coverage of NTMs
related to SDG 3 has a mixed impact on RCEP countries’ bilateral exports, a negative impact on the
exports of the health sector, and a positive impact on the exports of the logistics sector. This means
that, when more health products are subjected to NTMs related to SDG 3, exports for the health sector
decrease. However, the opposite is true for logistics products, where higher coverage of NTMs related
to SDG 3 leads to an increase in exports in the logistics sector. The same is true for NTMs related to
SDG 12: They also have mixed impacts. This study finds that coverage of NTMs that address SDG
12 has a negative impact on the exports of the logistics sector and a positive impact on the exports
of other manufacturing sectors. Thus, when more logistics products are subject to NTMs related to
SDG 12, exports for the logistics sector decrease. However, an increase in the coverage ratio of NTMs
related to SDG 12 leads to higher exports for other manufacturing sectors.
Tariffs had a negative impact on the agrifood sector. When tariffs increase by 1%, bilateral exports
in RCEP countries decrease by 0.8% for the agrifood sector. This shows that the latter sector is more
affected than the overall economy by the tariffs imposed. Several trade agreement dummies are
included to measure the impacts of past FTAs among RCEP members. The empirical findings show
that most of these trade agreements have positive and significant relationships with RCEP countries’
bilateral exports. This finding supports the idea that FTAs enhance trade between countries.
5. Conclusions
The purpose of this study was to determine the impacts of SDG-related NTMs on RCEP countries’
bilateral exports. Although various attempts have been made to analyze the impacts of NTMs on
trade performance, little attention has been given to NTMs that are related to specific SDGs. Hence,
the core research question explored in this study must be solved to give policymakers clear guidance
on the impacts of the measures imposed as countries move to increase sustainability. In this study,
the coverage ratios of NTMs related to SDGs 3 and 12 were first calculated. Next, the impacts on RCEP
countries’ bilateral exports of these NTMs imposed by importing countries were estimated by using a
PPML regression for the overall economy and four major sectors, using the gravity model framework.
Several other trade policy and gravity variables were included, to clarify their respective roles.
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This study has shown that the empirical results are consistent with the gravity model. These
conclusions are based on the coefficients for the GDP, population, distance, FTA, and common border
variables. The most interesting finding to emerge from this study is that there are mixed impacts of
SDG-related NTMs on RCEP countries’ bilateral exports. For SDG 3, which addresses good health and
well-being, NTM coverage has a negative impact on the exports of the health sector and a positive
impact on the exports of the logistics sector. This means that, when more products are subject to
measures that address good health and well-being, exports for the health sector deteriorate, but exports
for the logistics sector increase.
For SDG 12, which addresses responsible consumption and production, NTM coverage has a
negative impact on the exports of the logistics sector and a positive impact on the exports of other
manufacturing sectors. This means that, when more products are subject to NTMs that address
responsible consumption and production, exports for the logistics sector decrease, but exports for the
manufacturing sector increase. In addition, of the sectors considered, other manufacturing represents
the highest export share, and the positive impacts observed support policymakers’ efforts to move
towards more sustainable production.
Jaffee and Henson [62] clarified that NTMs can restrict or enhance trade, depending on their
purpose. The negative effects of NTMs related to certain SDGs may be explained by the difficulties
some exporters face in meeting certain NTM specifications; thus, a higher share of exports subject
to those NTMs leads to lower bilateral exports. However, the positive effects of SDG-related NTMs
may have different drivers. Positive impacts may be explained by the increasing ability of firms to
adapt to and satisfy NTM specifications, leading to higher exports. This effect might be due to the
varying nature of NTMs: Although some lead to higher prices, NTMs can still help boost trade if
restrictive policies are necessary. Beghin et al. [68] reach the same conclusion: Some NTMs help
overcome negative externality issues.
The empirical findings of this study provide a new understanding of the impacts of SDG-related
NTMs on bilateral exports. The findings have a number of policy implications. First, positive impacts
can serve as indicators for policymakers that their actions to promote the SDGs are well received and
help boost trade in certain sectors. However, negative impacts convey the opposite message; they
show that some steps towards achieving the focal SDGs increase costs and thus have negative impacts
on bilateral exports. Hence, intervention by policymakers is necessary to ensure that domestic firms
are not left behind in the process of moving towards sustainable production. One such intervention is
for policymakers to harmonize standards with those of trading partners to ensure that all countries
move towards sustainable production at the same pace and that NTMs are not imposed from a
protectionist stance.
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