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Abstract

In recent years, a growing number of non-tariff measures (NTMSs) have been implemented to
govern international agricultural trade. NTMs increase the bureaucratic burden on exporting
firms and increase transaction costs, particularly in low- and middle-income countries (LMICs)
that have limited institutional capacity. In these settings, paperless digital trade offers the
potential to facilitate compliance with NTMs and other trade bureaucracies at lower costs.
Recently, many countries have initiated the facilitation of international trade bureaucracy via
digital processes and documentation. In this paper, we document trade and customs
digitalization for a variety of indicators, focusing on two main variables of interest: paperless
trade and digitalized NTMs. We argue that trade digitalization facilitates agrifood trade via
cutting transaction costs, because it streamlines trade and customs operational procedures. We
measure the impacts of trade digitalization on bilateral agrifood trade using a representative
cross-country dataset. Our methodology employs a gravity model estimated by the Poisson
pseudo-maximume-likelihood estimator, and we extend it with country- and time-fixed effects
as well as socioeconomic controls. We find evidence that a one-unit increase in e-trade

facilitation at the destination and at the origin increases agrifood exports by 0.13% and 0.58%,



respectively, whereas a one-unit increase in digitalized NTMs at the destination and the origin
increase the same by 0.24% and 0.27%, respectively - considering averages. Specifically, we
find that these effects are larger for processed products and for Sub-Saharan African countries.
Furthermore, we ascertain a strong relationship between agrifood exports and e-trade
facilitation also at the origin. Therefore, it is inevitable for LMICs to facilitate digital trade to
avoid trade diversion. Despite technical challenges, there are ample opportunities for LMICs to
benefit from trade digitalization, especially by adapting policy implementation to their local

realities in order to take advantage of agrifood export markets.

Key words: Trade digitalization; Trade barriers; Agrifood trade; Gravity model; Sub-Saharan

Africa.
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1. Introduction

Agrifood trade offers great potential for low and middle-income countries (LMICs) to create
additional income and to diversify their export structures into non-traditional export sectors,
particularly processed agricultural products. Largely based on consumption of locally grown
crops, with the exception of some grains, the food systems of LMICs undergo a structural
transformation towards: (1) higher capital intensity, (2) larger scale of production, (3) deeper
integration to global value chains (GVCs), and (4) lower dependence on subsistence agriculture
in benefit of crop commercialization (Barrett et al., 2020). Despite the potential from natural
endowments and comparative advantages in agrifood products, agrifood trade in Sub-Saharan
Africa (SSA) is still comparatively low. The launch of the African Continental Free Trade Area
(AfCFTA) at the beginning of 2021 increased the political momentum for deepening regional
trade integration — in particular harmonization of customs procedures and reduction of tariffs
and non-tariff measures (NTMs) among regional trade partners — and also bears great potential
to redefine and improve SSA’s role in global agricultural trade. Notwithstanding recent
integration efforts, intra-African agrifood trade still represents a small share of continental
exports (~20%) and imports (~15%), with strong regional differences and, in particular, with a
higher share of processed products vis-a-vis unprocessed (Bouét et al., 2021). Therefore,
markets in high-income countries (HICs) are still the destination of the bulk of SSA agrifood

exports, frequently in raw unprocessed form (Kornher & von Braun, 2020).

Higher value domestic markets are increasingly playing an important role and intra-African
trade is gradually deepening, however, in the medium-term, there is more value to be accrued
by tapping into international food markets, especially from HICs. The two reasons for this are
that HICs have a higher demand for processed products and these products have higher income

elasticity compared to unprocessed ones (Fukase & Martin, 2020). Moreover, international



trade has the potential to alleviate hunger situations via matching food surplus regions with
food-deficit regions as well as contributing to climate change adaptation (Janssens et al., 2020).
Hence, international trade is an important pathway for small-scale farmers (SSFs) in LMICs to
increase food commercialization, constituting an important developmental step for these
countries to integrate their agricultural production to trade flows as a pre-condition to increase

value addition.

The question is how can agrifood exports from SSA be expanded? Logistic and bureaucratic
costs related to transportation and customs procedures of goods and services exports and
imports, are the major impediment to increasing international trade (Feenstra, 2015). In addition
to a large number of actors and technical complexities, one of the most stringent barriers to
international trade are customs bureaucracies, which, in general, are country- or region-specific,
thus susceptible to a plethora of standards — in particular when trading with HICs, many LMICs
face difficulties in meeting demanding standards (Sun et al., 2021). These formalities occur in
four stages of procedures: commercial, transportation, regulatory, and financial (Civelek et al.,
2017). In this sense, they represent a key factor in the positioning and competitiveness of
countries in regional value chains (RVCs) and GVCs (Ma & Van Assche, 2011). Tariff
reduction was central to all World Trade Organization (WTO) negotiation rounds and many
least developed countries (LDCs) in SSA are granted free access to HICs through preferential
trade agreements or initiatives with unilateral trade preferences, such as the European Union’s
“Everything but Arms” or the North American African Growth and Opportunity Act. The
challenge is then how to take advantage of recent waves of trade liberalization to not only
expand trade volumes but mainly increase value addition in the commerce of traditional

unprocessed agrifood exports.

One pathway to deliver this goal is digitalization, that can increase economy-wide productivity,

which is the major source of long-term growth. This paper investigates in depth how trade



digitalization measures can increase bilateral agrifood trade. The digitalization processes we
look at facilitate trade via a reduction in transaction costs (TCs) related to logistics and
bureaucracy, that can be implemented more widely, in terms of general procedures and
processes, or more specifically, in terms of facilitating compliance with NTMs. There is
evidence that businesses find it important that governments adopt and improve their usage of
technology as a means of reducing bureaucracy in the relationship between public authorities
and citizens and companies — accelerating and reducing the cost of processes (Reil et al., 2022).
Therefore, digitalization of trade procedures has a promising role to play and is quickly
unrolling throughout the developing world, however, SSA is threatened to be left overtaken by
trade competitors due to a slower pace of adoption (lbrahim et al., 2019). Currently, the
implementation of the WTO Trade Facilitation Agreement (TFA) stands at only 41.3% for

LDCs, while for developing countries in general it is almost double?.

As per the WTO TFA, trade and customs digitization is defined as the substitution of physical
documentation of regular trade procedures (e.g., payments, auditing, the release of cargoes,
certificate compliance, etc.) by the application of modern information and communication
technologies (ICTs), e.g., paperless digitized tracking of the trade process (Duval et al., 2019),
henceforth referred to as paperless trade (PT) — we also analyze cross-border (CB) NTMs.
Although it is not a silver bullet to shift comparative advantages and boost economic growth
via exports, paperless mechanisms and procedures can facilitate and expand international trade
flows. In particular, trade with HICs often has a higher level of detail in bureaucratic formalities
and, thus, higher requirements, but it also has more value addition potential due to the higher
purchasing power of the buyer markets, especially considering that agrifood products tend to

face low income elasticities (Fukase & Martin, 2020).

1 https://tfadatabase.org/




In this paper, we adopt two main variables of interest (PT and CB) that cover the digitalization
of transportation, regulatory, and customs procedures. The secondary policy variables deal with
commercial and financial aspects. Regarding the introduction of PT measures, SSA lags behind
other competing markets and target destinations, such as Asia and less so the European Union

(EU) (Laryea, 2005), thus there is ample potential for improvement.

In this paper, we contribute to the literature in three ways: (1) based on Transaction Costs
Economics, we elaborate how TCs related to trade digitalization are a key impediment to the
diversification of SSA agrifood trade; (2) by combining two rich datasets?, to the best of our
knowledge, we are the first to employ a gravity model approach to estimate the effects of e-
facilitation of trade procedures and bureaucracies on agrifood trade; (3) we provide granular
results with respect to different agrifood products and different regions, thus filling the literature
gap on how trade and customs digitalization can benefit the agrifood sector, especially in SSA.
Following this Introduction, Section 2 gives the background of the problem by framing a
literature review into our conceptual framework. Then Section 3 lays out the data and explains
how the empirical methodology addresses endogeneities. Section 4 presents and discusses the

results and Section 5 concludes the paper with several relevant policy implications.

2. Background and Conceptual Framework

This section has three objectives: (1) introduce the conceptual framework this paper employs,
which explains the causal pathways of trade digitalization measures on bilateral agri-food trade
flows (see Figure 1); (2) place the literature review in the context of our conceptual framework;

(3) discuss the microeconomic foundations of the gravity model.

2 See Section 3.1 for more details.



We embed this study in the field of transaction cost economics, which assumes that the
exchange of goods and services involves TCs. Given the gradual convergence of production
technologies, the competitiveness of a firm or a country in international trade is largely due to
the TCs and costs of cooperation. We start with two definitions that we will use throughout the
paper. First, we understand trade facilitation as the simplification and harmonization of trade
processes related to sending, receiving, and processing data, documents, and other information
required for international trade (Engman, 2009; Grainger, 2011). Second, directly related to the
previous concept, e-trade facilitation simply makes all of these processes and information
related to international trade electronically, and often remotely, available for customs, other
official authorities, and the trading parties, thus reducing TCs (Duval & Mengjing, 2017; Lewis,
2009). When trade facilitation is hampered by bureaucratic hurdles or inappropriate
digitalization, firms face longer waiting times to clear goods and process all paperwork (either
at the origin and/or at the destination), which reduces firms’ and countries’ competitiveness in
the GVCs via the channel of increased TCs. Figure 1 summarizes the relationships between

the trade digitalization measures captured in this study and trade competitiveness.
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A group of factors related to the diamond model (Porter, 1985) determines the performance of
countries in international export markets, mostly related to the production process (i.e.,
technology and factor endowments) and the enabling environment (i.e., ICTs, infrastructure,
institutions, and government support). More trade, particularly exports, are positively related to
overall economic growth (Frankel & Romer, 1999), albeit weaker for SSA countries (Were,
2015), therefore we expect that e-trade facilitation roles of our policy variables lead to better
developmental outcomes. In this paper we focus on the channel of transaction costs, specifically
those related to trade and customs digitalization measures, represented by the two key policy

variables, PT and CB.

Usually, NTMs are classified into technical and non-technical barriers to trade. In the agrifood
sector, NTMs, e.g., sanitary and phytosanitary (SPS) standards, are often justified by consumer
protection reasons and the standardization of product quality, but also used to protect domestic
producers without legal recourse to imposing tariffs. Despite the merit of such concerns, which
is not the subject of this paper, NTMs invariably increase the import parity price of agrifood
products not only because of their direct effect but also indirectly by imposing TCs related to
the compliance with and monitoring of these measures (Melo & Shepherd, 2018). Given the
lower institutional capacity and lower quality of ICTs that LMICs generally have vis-a-vis
HICs, TCs arising from NTMs, coupled with laggard e-trade facilitation, tend to be higher in
LMICs. The consequence is that exporting LMICs face decreasing competitiveness in products
in which most of them have revealed comparative advantages, such as agrifood products,

therefore reducing their exports. Below we state the three hypotheses that this paper tests:

1. PT: Facilitation of e-trade bureaucracy via standardized electronic documentation and

processes® cuts TCs and, thus, has a positive effect on bilateral flows of agrifood trade.

3 Interchangeably referred as “paperless trade” throughout this paper.
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2. CB: Facilitation of electronic processes and paperwork related to cross-border NTMs
also cuts TCs and, thus, has a positive effect on agrifood trade.

3. Facilitation of e-trade bureaucracy and NTMs has a greater impact when done in LMICs
as compared to HICs, because the former are lagging the latter in this aspect, due to their lower

income level.

The main impact pathway is directly related to the increase/reduction of TCs stemming from
trade digitalization measures, which then decreases/increases total flows of exports of
agricultural products (Goedhuys & Sleuwaegen, 2016; Milner et al., 2000). For instance, when
an LMIC exports a certain agricultural product to a HIC, it often faces high TCs related to
different and complex procedures to comply with NTMs; standardizing and streamlining these
steps can increase efficiency by reducing the time taken to trade and financial costs (Czubala et
al., 2009). Furthermore, the rapid worldwide spread of the internet in the early 2000s greatly
increased the growth of goods’ exports (Freund & Weinhold, 2004), which served as the
springboard for the recent wave of e-trade facilitation. The data set employed captures these
trade facilitation variables* from both the importer and exporter sides, thus we can more
precisely analyze the specific impacts of PT and CB on agrifood trade compared to when

measures are taken by only one side of the bilateral trade relationship.

The importance of e-trade facilitation lies in the simplification of the manifold processes in
international trade, the main ones related to shipment and payment, in addition to a variety of
procedures pertaining to customs inspections and clearances on both origin and destination,
taxes and tariffs invoicing, technical and sanitary inspections, etc. This bureaucracy related to
international trade is of the last-mile type since it is not related to the production process per se,

but rather to the last economic activity: selling and transporting the goods between countries.

* The definitions of the policy variables are in the Annex Table Al.
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This process can often be troublesome due to language and cultural barriers, the different
standards, and requirements, and the additional costs it contains, especially to first-time
exporters and small and medium firms. Particularly in LMICs, few firms export large quantities
(World Bank, 2020); in addition to poor business planning and limited competitiveness, the
lack of PT measures can impose an extra burden. Some firms even resort to hiring intermediate
agents who assist them with the paperwork and bureaucratic processes (viz. logistic, legal,
administrative, exchange rates, etc.), which naturally increases costs. Therefore, arguably, one
of the easiest ways of promoting trade flows is to introduce standardized electronic documents

and information exchange.

There are plentiful studies analyzing the Asia-Pacific region in terms of the impact of trade
facilitation measures, which is mainly due to its export-led growth model and trade opening in
the 1970s and 1980s, resulting in a proliferation of regional trade agreements (RTAS) (Duval
& Mengjing, 2017; Shepherd & Duval, 2016). Kumar Roy & Xiaoling (2020) found evidence
that trade facilitation policies introducing PT measures in South and Central Asia increased
export performance. Using the same dataset that this paper employs (see the next section for
more details), Duval et al. (2018) and Duval et al. (2019) also found evidence in the same
direction for these regions, but focusing on the potential for trade cost reduction of PT measures.
South Korea, in particular, was already pioneering the introduction of ICTs into trade

formalities in the early 2000s (Yang, 2009).

In the case of SSA, Adaba & Rusu (2014) used the capabilities approach to demonstrate how a
policy directed at improving e-government services can improve ICTs and foster trade, thus

improving developmental outcomes in Ghana.

[More examples of literature review here]
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Apart from trade flows, e-trade facilitation was found to also stimulate foreign direct
investments (FDI) (Yasui & Engman, 2009). The main pathway for this effect is similar to the
one we describe in our conceptual framework: more efficient procedures for risk management,
pre-arrival processing, and post-clearance audits reduce TCs. Engman (2009) also found that

tax revenues are more effectively collected in the presence of e-trade facilitation measures.

The literature is clear that imposing NTMs, especially SPSs, has negative impacts on trade
(Melo & Shepherd, 2018; Otsuki et al., 2001). However, many of these SPSs are justified on
basis of animal and human health, thus harmonizing and sharing common SPSs can stimulate
trade because the barriers to trade that NTMs impose are outweighed by a reduction in the
burden of information asymmetry and TCs that such harmonization brings (Moenius, 2004).
This reinforces the role of CB measures to ease the flow of trade. Avery et al. (2021) document
an increasing usage of digital technologies to facilitate SPS in agrifood trade, for instance,
traceability and supply chain integrity checks, screening for pesticides, advancement

consignment declaration, and e-certificates for plants and animal products.

With the increasing emergence of GVVCs, some theories of trade portray that the exchange of
goods and services is majorly driven by countries’ need to have access to different technologies,
however, the bulk of global trade is concentrated in countries with similar factor endowments
and productivity levels (Feenstra, 2015). Moreover, a significant share of trade is done in
intermediate products, including agricultural raw materials that are lightly processed in the
origin for further processing in the destination (World Bank, 2020). Although trade in goods
has become less sensitive to the distance between countries, given the technological advances
that slashed transportation costs, geographical distance is still a strong predictor of bilateral
trade flows — as our results demonstrate — and, thus, can increase transport costs and thwart
trade (Brun et al., 2005). The negative correlation between distance and trade is particularly

strong when at least one of the two trading countries is a LMIC, with the bulk of the positive
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effects of technological progress and lower transaction/transportation costs being accrued by

HICs (Arvis et al., 2016).

In this regard, we turn to the gravity model and place it in the context of the trade literature,
where it first appeared relatively disconnected from theoretical groundings (Tinbergen, 1962),
however, it has seen significant improvements (Anderson, 1979; Bergstrand, 1985; Philippidis
et al., 2013). The main contribution to enhance the gravity model theoretical micro-foundations
came from Anderson & van Wincoop (2003) who explicitly accounted for the role of trade costs
by incorporating the multilateral resistance term, which are price indices dependent on trade
barriers. These can be either natural (transportation costs and time, comparative advantages,
etc.) or artificial (usually tariffs and NTMs), and are important determinants of bilateral trade,
together with external trade barriers with third parties, which are captured in the model by fixed

effect dummies for each country (Anderson & van Wincoop, 2004).

The recent literature has been producing a growing body of evidence on a wide array of TCs
and other impediments to trade in food and agricultural products; recent developments have
also applied the gravity model to this topic (Grant & Lambert, 2008; Lambert & McKoy, 2009;
Mujahid & Kalkuhl, 2016; Philippidis et al., 2013; Sarker & Jayasinghe, 2007; L. Sun & Reed,
2010). Nevertheless, there are still limited studies on the effects of digitizing paperwork and
customs formalities on trade flows of agrifood products between LMICs and HICs — apart from
one study of digitalization of SPSs but considering total trade flows (Avery et al., 2021). This
paper fills this specific literature gap by providing evidence of the heterogenous effects of the

digitalization of bureaucratic procedures related to bilateral agrifood trade, with focus on SSA.

3. Materials and Methods

3.1. Data
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The main dataset we use in this paper is the International Trade Database at the Product-Level
(BACI) from the Center for Prospective Studies and International Information (CEPII) (Gaulier
& Zignago, 2010). It provides importer and exporter data with the breadth of 200 countries, the
level of product disaggregation at the 6-digit level of the Harmonized System (HS)
nomenclature based on UN Comtrade data but reviewed for its accuracy and consistency. In
addition to that, we use the CEPII’s gravity modeling data set that encompasses the most
relevant gravity modelling control variables. Our main trade policy variables (PT and CB) are
extracted from the United Nations Global Survey on Digital and Sustainable Trade Facilitation
(UNTFS) (United Nations, 2019), which is then merged with the BACI dataset, thus yielding a
time span of five years, and three points in time: 2015, 2017, 2019. The UNTFS data set

includes 128 countries.

We provide two types of analysis based on a different set of countries. First, an analysis of
digital trade facilitation available in the exporting country (country of origin), and second, an
analysis of the same digital trade facilitation available in the importing country (country of
destination). Naturally, the selection of countries in the first analysis is more restrictive and will
not be based on a representative data set for LMICs. In the second analysis, we make use of the
fact that agrifood imports are concentrated among fewer (mostly industrialized) countries and,
therefore, we consider this country sample representative. We motivate the selection of this set
of 128 countries by computing the share of world imports they collectively are responsible for

87%>.

5 Data from UN Comtrade.

13



The full set of policy variables that we investigate in this paper is detailed in Table Al and they
are retrieved and constructed from the UNTFS. They are all involved with the introduction and
adoption of ICT-related mechanisms and procedures to simplify trade: PT, CB, transparency,
formalities, and institutional arrangement and cooperation. Individual measures have values
equal to O: not implemented, 1: partially implemented, and 2: fully implemented. Then, the
indices are compiled by averaging those individual measures. From this list, we analyze two
main outcome variables from the digital trade facilitation sub-group: PT and CB. From the
definition of CB (United Nations, 2019), these measures are related to the digital exchange and
facilitation of specific NTMs-relate data. Figure 2 captures for the past few decades the growing
number of NTMs in agriculture, the sector most affected by NTMs (Melo & Shepherd, 2018).
From this sector’s perspective, digitizing documents related to SPS and the rules of origin
certification are prominent and provide the potential to facilitate exports of LMICs. The
difference of CB and PT is that the latter refers to general e-facilitation of trade procedures not
related to NTMs, in other words, it encompasses the “application of modern information and

communication technologies (ICTs) to trade-related services (United Nations, 2019).

4000
3500
3000
2500
2000
1500
1000

500

0

S P A PO QN IT O DO LA DI QO AN IT D DXH LA DO D

p) T N V Q> Q> QL 12 D pJ © A
DD DD LD D S PO DD DD DD Y
\ \ \ \ \ v ’\/ v v q/ v 4 v 1’4 4 v v v 1’4 "4 v v v v 4 v

Source: Author's elaboration based on data from UNCTAD Trains

14



Figure 2 Number of total NTMs valid in each year in the agricultural sector — period
1995-2020
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Figure 3 Percentage of non-tariff measures in the agricultural sector by type (10/2021)

Food standards of major agrifood importers have been identified as a major impediment to
agricultural trade (World Bank, 2008). In fact, the definition of standards beyond the
international regulation level could be considered a quasi-protection of the domestic
agricultural sector in the European Union (Shepherd & Wilson, 2013). Figure 3 reports that
over half of the NTMs in the agrifood sector are related to SPS measures, and another fifth of
NTMs are other export-related measures, both types of NTMs that are captured by the CB

policy variable.
3.2.  Empirical Methodology

Our identification strategy employs the gravity model to estimate the impact of our policy
variables on bilateral agrifood trade. One of the most important problems with naive gravity

modeling is that it does not consider the heterogeneity of the socio-economic structures of
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trading countries, thus in order to avoid the omitted variable bias in the estimation we need to
control for these characteristics; in our case, specific to country pairs since we are using bilateral
trade data. The most common of those characteristics are cultural, political, and historical
factors; even when controlling for the size of the economy and distance between trading
countries, such factors are important co-determinants of bilateral trade flows (Yotov et al.,
2016). Namely, we expand the baseline gravity model by including the following country-
specific socio-economic and cultural factors: contiguity (Bergstrand, 1985); common official
language and/or a former colonial relationship, including common colonizer (Frankel et al.,
1995); common origin of the legal system; percentage of the population professing certain
major religions; and coverage and type of regional and preferential trade areas/agreements
(Grant & Lambert, 2008; Lambert & McKoy, 2009; Sarker & Jayasinghe, 2007; L. Sun & Reed,
2010). We capture these variables with the vector C in Equation 1 (original gravity model). The

full list of the social-cultural aspects is in Table A2.

lnXl-jS = Qp + Bl In GDPl + ﬁZGDRI + ,B3Dij + ﬁ‘l'PTU + ﬁSCBl] + ,86Zl-j + ﬁ7CijS + EijS'

(Equation 1)

Here, a is the positive gravitational constant, X is the trade flow between exporter i (origin
country) and importer j (destination country), s is the product Standard International Trade
Classification (SITC) code, gross domestic product (GDP) measures the size of the economies
in each country, D is the geographical distance in Kms between the pair of trading partners (a
proxy for transport costs), and ¢ is the idiosyncratic error term. In particular, we highlight PT
and CB, which are the main policy variables: e-trade facilitation via paperless trade and cross-
border NTMs in the pair of trading countries. The vector Z represents the other secondary policy

variables.
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Despite the validity of this methodological approach, there may still be potential threats to our
identification strategy. First, there is omitted variable bias when the model does not account for
relevant variables either because they are difficult to observe, and/or to quantify. We address
this by adding various socioeconomic controls, but there might always be a few relevant
missing variables, which means we can minimize this bias, but not completely rule it out.
Second, there are problems with the lack of a time dimension to allow explanatory variables to
adjust (Yotov et al., 2016). In this regard, we make use of the panel characteristic of our data
set (term t in Equation 2) in order to consider the time dimension. Third, although we cannot
fully rule out reverse causality between the dependent and the policy variables, we consider that
this is a minor issue because bilateral trade flows are less likely to determine the decision to
adopt trade digitalization measures, as opposed to unidirectional trade. Moreover, introducing
a lagged dependent variable would make the error term correlated with the dependent variable,
thus incurring the dynamic panel bias. Fourth, unobserved country-specific relevant variables
might be correlated with the error term and, thus, impact agrifood trade. To tackle this issue,
we further expand the baseline gravity model with the inclusion of the multilateral resistance
term, accounting both for time- and country-fixed effects, captured by the terms t and v,
respectively, for the importing and exporting country. The mechanics are simple: we include a
dummy variable for each pair of trading countries (Cheng & Wall, 2005). We incorporate fixed
effects for the opposite country vis-a-vis the country of the policy variable. Effectively, we
swap between destination and origin, so if the policy variable is measured at country i, the fixed
effect incorporated into the regression is from country j, and vice versa. This strategy avoids
incorporating all country- and time-pairs fixed effects — which only identify the effect based on
variation over time —, which absorbs most of the variation of the policy variables, thus

jeopardizing its identification (Cipollina et al., 2016).
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InX;jst = ag+ 1 InGDPy + B,GDP;r + B3D;j + BaPTije + BsCBij: + BeZije + B7Cijes +

Vi T te + Eijts- (Equation 2)

Standard errors are clustered at the distance between trading country pairs to mitigate skewness

stemming from missing unobserved variables that may differ systematically by country.

Despite this extended version, there is still an underlying problem with gravity models in the
form of a large number of zero-valued bilateral trade flows that inevitably happen when dealing
with one-sided large data sets. This is expected as neither all countries produce all goods, nor
all countries trade with all other countries. For instance, Haveman & Hummels (2004) report
that 10% of all countries concentrate 58% of trade flows, providing evidence for the hypothesis
that zero-valued trade is a normal occurrence and needs to be controlled for, especially in the
case of agrifood data (Haq et al., 2013). Common strategies are to (1) simply exclude the zero
values, and (2) attribute an arbitrarily small value to the zeros. However, neither strategy is
adequate because the presence of zero values, which are often non-randomly distributed,
convey important information about the nature of the trade flows (Eichengreen & Irwin, 1998);
additionally, the attribution of small numbers is too arbitrary and can bias the estimators,
depending on the selected value (Burger et al., 2009). Moreover, excluding the zero values
preclude analysis of bilateral trade creation as the sample would only have observations of
actually traded goods, and no potential trade — the estimates would be conditioned on actual

trade taking place.

The most robust solution to deal with the problem of zero-valued trade flows is to employ a
model that originally uses count data, but adapted to non-negative continuous variables
accounting for fixed-effects (FE) (see Equation 2) (Anderson & van Wincoop, 2003) — thus,
our preferred specification is the Poisson pseudo-maximum-likelihood (PPML) expanded with

country FE (Silva & Tenreyro, 2006), which solves the problem of the omission of the
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multilateral resistance terms (Fally, 2015). Since this estimator belongs to the class of pseudo
maximum likelihood, the PPML does not make any assumptions about the distributional form
of the variables; it simply requires that the conditional mean of the dependent variable is
correctly specified (Santos Silva & Tenreyro, 2010; Yotov et al., 2016). This specification has
six main advantages: (1) consistent, unbiased, and efficient in presence of heteroskedasticity —
as it does not assume that the error variance is constant across observations; (2) consistent in
the presence of over- or under-dispersion as it makes no assumptions on the data distribution;
(3) appropriately deals with zero-valued trade flows due to its multiplicative form, resulting in
a positive mean; (4) all observations are weighted equally; (5) better avoids sample selection
bias; (6) produces estimates in which actual and estimated trade flows are equal across all
bilateral trade partners (Arvis & Shepherd, 2013; Santos Silva & Tenreyro, 2010, 2011; Yotov

etal., 2016).

Accordingly, we inflate the PPML model with the introduction of all zero-valued trade flows
and then estimate it (Brakman et al., 2010; Burger et al., 2009). The main difference to the other
methods of estimating the GM, such as the negative binomial, is that the zero-inflated PPML
model accounts for two states with probability pi: excess of zeros, indicating no trade of a
particular product between a pair of countries, or the probability of trade, 1 — pi. This approach
considers the true zero values processes that capture the non-existence of trade, but with a non-
zero probability of trade, as opposed to the false zero processes that simply record all zero trade
values. In short, this means that a pair of countries might not be trading a particular product due
to demand and supply particularities as well as other precluding factors, but this does not mean
that trade cannot happen in this context. Consequently, the class of PPML models performs
well in presence of large numbers of zero (Santos Silva & Tenreyro, 2011). Given this rationale,
we employ the PPML estimator to Equation 2 and we drop a baseline estimated with OLS

because it is not a consistent estimator in our case.

19



4. Results

4.1.  Descriptive statistics

We start by providing an overview of our policy variables. Figures 4-6 capture the adopting
countries’ relative frequency of the degree of implementation of three policy variables: total
measures (measured from 0-1.0), PT (measured from 0-0.3), and CB (measured from 0-0.2),
respectively. All charts are sub-divided by year of the panel and by origin/exporter vis-a-vis
destination/importer. We highlight three patterns from these figures: (1) The distributions of
CB are skewed to the left, which means many countries have not yet adopted such measures,
and those that adopted have not fully implemented them, considering the low scores; (2) PT
and the variable capturing all measures combined (total) have a higher degree of
implementation compared to CB; (3) The graphs show some improvements as the curves
become less skewed to the left — i.e., countries started to implement the measures —, which
means that, despite some recent progress, there is ample scope for improvement in e-trade
facilitation, especially regarding NTMs; (4) Another potential explanation for the lack of
implementation of the e-trade facilitation measures is that the majority of our sample comprises
developing countries, which are in early stages of e-digitalization, while developed countries

face difficulties in adapting their old analogical systems (United Nations, 2019).
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4.2.  Regression estimations

In this sub-section we report our results, which follows an estimation strategy that consists of a
comparison of different specifications of the extended gravity model from Equation 2. We
analyze the point estimates and the goodness of fit of the different variations, thus comparing
the advantages and drawbacks of each model. Overall, we observe that: (1) the R-squared varies
from 23% to 41%, however, we caveat that simply adding more variables to increase the
goodness of fit might have the drawback of lowering internal validity; (2) the gravity variables
have the signal and the significance expected, thus our sample yields results that match findings
of previous studies employing the gravity model. In sum, the results corroborate our hypotheses
that both standardized electronic documentation and processes (what we refer to as paperless

trade) and digitization of NTM documentation (CB) are important channels to cut TCs via
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facilitation of trade bureaucracy, resulting in higher bilateral trade flows; but this happens in
heterogeneous ways. We also find evidence for the role of the policy variables formalities and
transparency in facilitating trade, though this evidence is less robust compared to PT and CB,

which fits into our conceptual framework.

In Tables 1 and 2 we present a summary of the results of the estimations in a three-step order:

a. Sub-divide the policy variables by destination/importer (odd columns) and
origin/exporter (even columns).

b. Break the tables down into two policy variables, one for PT and the other for CB.

C. Estimate five different model specifications captured by the numbered columns in
Tables 1 and 2: (1-2) baseline PPML with gravity variables and the main policy variable; (3-4)
PPML with socioeconomic controls from Table A2 and the main policy variable; (5-6) PPML
with all controls and all policy variables together; (7-8) PPML for the main policy variable only
with all controls and country-fixed effects employing the PPML with multiple high-
dimensional fixed effects (PPML-HDFE) (Correia et al., 2020); (9-10) PPML-HDFE with all
controls and all policy variables. We do not include CB and PT in the same model to avoid
multicollinearity, as the correlation between these two policy variables is 78.5%.

First, we find that PT has a positive and significant impact on bilateral agrifood trade across all
specifications, corroborating our hypothesis #1. Moreover, we find that both PT and CB have
their magnitudes reduced when we move from the naive to the more complete models. This
suggests that the inclusion of gravity and socioeconomic controls absorbs part of the omitted
variable bias from the naive model, which was introduced by unobserved confounders.
Variables such as the structure of import tariffs and some trade policies not related to
participation in trade agreements — which are included in the controls — might drive part of this
positive bias. Moreover, this interpretation is also corroborated by the fact that further including

all policy variables in the model reduces the estimates for both CB and PT. We interpret this
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result in the sense that there are relevant interactions between some of the policy variables, so
when they appear together in the model, they further absorb bias. Furthermore, controlling for
country FEs mildly reduces the magnitudes of the point estimates, which means that FEs reduce
the correlation between the independent variables and the error term, which stems from
unobserved covariates that are fixed in time, probably related to commercial policies since the
time span of the panel is not long enough to capture major policy shifts, such as effects of new
trade agreements.

The same pattern is observed for all other policy variables in the models containing PT, except
for institutions, which have a positive effect at the importer level, but a negative effect at the
exporter level. We offer two possible interpretations for this: it indicates that the policies to
align trade procedures between customs agencies at the origin have problems; and the policies
that governments implement following the passing of legislation matters as well as their
effectiveness, which is something this variable does not capture.

One important detail about the comparison of the results is that the point estimates for PT are
greater in magnitude than for CB at the exporter level as well as the point estimates for PT at
the exporter level are larger than at the importer level. We attribute two meanings for that: (1)
the impact on agrifood trade of implementing measures related to PT is larger than those related
to CB, so LICs should prioritize general e-facilitation measures; (2) changes in e-facilitation
tend to have better results when they are implemented by exporters compared to importers,

which is a result that bodes well for LICs, that notoriously lag behind in e-facilitation.

Next, we turn to CB. The direction and the statistical significance of the results are in line with
those of PT, hence we corroborate our hypothesis #2. This is in line with our conceptual
framework as it posits that while imposing NTMs negatively impacts trade, the e-facilitation of
NTM documentation stimulates trade as it simplifies the steps and procedures that exporting

firms need to follow, thus reducing TCs. In terms of the effects” magnitudes, the point estimates
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for CB at the importer level are greater than those for PT. According to our conceptual
framework, this effect is higher at the destination, since, by definition, NTMs are imposed by
the importing country; this is partially corroborated by the results in Table 2, as the magnitudes
are similar when we introduce all policy variables in the model. When comparing the point
estimates of CB between the importer and the exporter level, it is not clear which is larger since

it depends on the model (with all policy variables or not).

We stress that the effects’ magnitudes should not be read directly, but rather calculated in the

following way:

Impact magnitude (%)

Maximum value of each policy variable

- point estimate . 100
Number of measures of each policy variable point estimate

(Equation 3)

Using this rule of thumb, for instance, allows us to interpret the regressions results in terms of
percentual changes. Focusing on the last and most complete model — which includes all policy
variables —, we report that each unit increase of the policy variables results in the following
percentual increases in bilateral agri-food trade: 0.13% for PTq4, 0.58% for PT,, 0.24% for CBuy,
0.27% for CBo. Increases in the degree of trade digitalization usually happen gradually, so we
can only observe small changes within a short period of time (see Figures 4-6). However, these
percentage impacts on agrifood trade are non-trivial, considering that implementing trade
digitalization is a low-hanging fruit compared to an overhaul in the barriers to trade or a shift
in comparative advantages; therefore, we consider that our results have immediate importance

to policymakers.
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Table 1 Summary of effects of e-paperless trade digitalization on agrifood trade

Log of Adrifood—(y) @ © @ ©) ©) ™ ©®) ©) (10)
PT, destination 1.753™ 1.410™ 0.405™ 1.427 0.420™
(0.160) (0.157) (0.206) (0.133) (0.170)
PT, origin 2.972" 2.325" %‘07;182) 2.376™ 1.936™
(0.161) (0.160) ' (0.147) (0.173)
Transparency, 2.066™" 2.083™"
destination (0.340) (0.299)
Transparency, 1.733" 2.172""
origin (0.349) (0.317)
Formalities, 1.154™* 1.086™"
destination (0.286) (0.243)
Formalities, 1.181™ 0.803™"
origin (0.276) (0.239)
Institutions, 0.687" 0.958™"
destination (0.409) (0.343)
Institutions, -3.489" -3.796™"
origin (0.374) (0.333)
Constant -9.604™  -9.863™"  -9.188™" -8.927""  -9.216™  -8.836™  -2.889™ -7.036™ -2.878™ -6.873™
(0.825)  (0.848)  (0.188)  (0.179)  (0.188)  (0.179)  (0.670) (0.521) (0.665)  (0.523)
Time trend YES YES YES YES YES YES YES YES YES YES
Country FE
Gravity
. YES YES YES YES YES YES YES YES YES YES
Variables
(S:%‘;'t‘?ﬁf:”om'c NO NO YES YES YES YES YES YES YES YES
Fixed Effects NO NO NO NO NO NO YES YES YES YES
Observations 2,978,868 2,978,868 2,739,806 2,739,806 2,739,806 2,739,806 2,618,182 2,618,182 2,618,182 2,618,182
No. of countries 128 128 128 128 128 128 128 128 128 128
R? 0.242 0.238 0.284 0.280 0.286 0.281 0.415 0.382 0.416 0.384
AlIC 1.64e+7 1.77e+7 1.48e+7 1.59e+7 1.48e+7 1.58e+7 1.35e+07 1.50e+07 1.34e+7 1.50e+7

Standard errors in parentheses and significance levels: “ p < 0.10, ™ p < 0.05, ™ p < 0.01. For fixed-effects models, R? captures the Pseudo-R2.
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Table 2 Effect of cross-border NTMs digitalization on bilateral agrifood trade: All food groups

Log of Agrifood
S ks (1) (2) (3) (4) (5) (6) (7) (8) (©) (10)
CB, destination 2.651™" 1.826™" 0.693™ 1.863" 0.729™"
(0.231) (0.223) (0.242) (0.187) (0.201)
CB, origin 2,505 1.385™ (2'0625 5 1.442" 0.798™
(0.216) (0.211) ' (0.186) (0.196)
Transparency, 1.971™ 1.982"
destination (0.337) (0.300)
Transparency, 1.941™ 2.328™
origin (0.345) (0.316)
Formalities, 1.299™" 1.232™
destination (0.260) (0.219)
Formalities, 2.379™ 2.133™
origin (0.259) (0.228)
Institutions, 0.507 0.783™
destination (0.408) (0.343)
Institutions, -3.314™ -3.511™
origin (0.369) (0.328)
Constant -9.450™ -9.855 -9.144™ -9.148™ -9.155™ -8.969" -2.953" -7.390™ -2.850" -7.085™"
(0.805)  (0.835)  (0.189)  (0.183)  (0.189)  (0.182)  (0.676) (0.530) (0.667)  (0.527)
Time trend YES YES YES YES YES YES YES YES YES YES
Gravity YES YES YES YES YES YES YES YES YES YES
Variables
(S:%‘;'t‘?ﬁf:”om'c NO NO YES YES YES YES YES YES YES YES
Fixed Effects NO NO NO NO NO NO YES YES YES YES
Observations 2,978,868 2,978,868 2,739,806 2,739,806 2,739,806 2,739,806 2,618,182 2,618,182 2,618,182 2,618,182
No. of countries 128 128 128 128 128 128 128 128 128 128
R? 0.240 0.232 0.281 0.277 0.285 0.281 0.415 0.380 0.416 0.383
AlIC 1.64e+7 1.78e+7 1.48e+7 1.59e+7 1.48e+7 1.59e+7 1.35+07 1.50e+07 1.34e+7 1.50e+7

Standard errors in parentheses and significance levels: “ p < 0.10, ™ p < 0.05, ™ p < 0.01. For fixed-effects models, R? captures the Pseudo-R2.
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4.3. Robustness Checks

Initially, the influence of zero-valued trade is indeed large as the mean of the bilateral trade
flow (the dependent variable) is significantly affected when excluding the observations that
equal zero, which gives support to the choice of employing the PPML estimator. We then
conduct a number of tests to check for the robustness of our results (Yotov et al., 2016). First,
the Akaike information criteria (AIC) compares the trade-off of overfitting vs. underfitting in
different models, and it confirms that our preferred specification (PPML-HDFE) has a lower
prediction error, thus being the best performing model. Second, we conduct both a Wald test
and a likelihood-ratio (LR) test for the joint significance of the regressors in all our model
specifications, and the tests statistics returned values compatible with a rejection of the null

hypothesis that the regressors are jointly equal to zero both at the destination and at the origin.

The other robustness checks that we conducted are related to sub-sampling the main sample:
(1) regional comparison for SSA®; (2) based on the economic sectors classified at the three-digit
code by the SITC, we breakdown the main sample by the degree of processing of agrifood
products into three categories: unprocessed, processed, and highly processed’. The summary

results are in Appendix Tables A5 and A®6.

First, when we limit the sample to SSA countries, we initially document a significant positive
impact of PT on trade, but then the magnitude reduces moving to the HDFE models; a pattern
similar to the one observed in the main sample. In the specific case of PT at the importer level
(with all policy variables in the model), we do not observe statistical significance in the SSA
sub-sample, contrasting with the strong effect of PT at the exporter level. This contrasting

evidence suggests that e-trade facilitation is more relevant when it is implemented by SSA

5 The list of sub-regions is in Appendix Table A3.
7 The list of all products in each product category is in Appendix Table A4.
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countries as opposed to the destination countries of their exports. Moreover, the impact of PT
on agrifood trade at the exporter level is significantly larger for SSA countries than for the total
sample, which indicates that changes in bureaucratic processes and formalities from a group of
LMICs have a larger effect probably because they lag behind in terms of e-bureaucracy
implementation. Second, once again considering the FE model, we observe a stronger effect of
CB on agrifood trade in SSA countries. Furthermore, we observe a consistent pattern in the
products sub-sample: the difference in the effect of PT and CB on trade of processed agrifood
goods is greater for SSA countries. We conclude from this that there are untapped opportunities
for value addition coming from e-trade facilitation, especially for SSA countries. These are
important evidence because they corroborate our hypothesis #3 that e-trade facilitation has a
greater impact on LMICs, which predominate in SSA. It is not, however, clear if the effect of

CB implementation is stronger at the exporter or at the importer level for SSA countries.

Lastly, in theory, including a time trend and a term for country FE could absorb all the variation
in the policy variables, incurring in multicollinearity. This happens because, in our dataset,
countries only improve in their trade digitalization indexes — albeit some quite slowly or zero —
, SO we have either no variation, or positive variation, but no negative variation. In order to
address this potential issue, we estimate additional models with and without the time trend and
with different combinations of country FE terms (both importer and exporter and only the

opposite vis-a-vis the policy variable of interest); the results remain robust®.

5. Conclusions and Policy Implications

& These results are available upon request.
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In this paper, we employ the gravity model of international trade to analyze the effect on
bilateral agrifood trade flows of two key policy variables: (1) the introduction of standardized
digital documentation and processes, or paperless trade; (2) the introduction of standardized
digital documentation and processes related to cross-border non-tariff measures. In particular,
we enrich our analysis by focusing on Sub-Saharan Africa and documenting the heterogeneity
of the impacts by the degree of processing of the agrifood raw materials that are captured by
our trade panel. Furthermore, we measure the impact and trade potential of varying levels of
electronic bureaucratic paperwork and barriers to trade by using the data set from the UNTFS,
merged and harmonized with two other secondary data sources, i.e., CEPII-BACI and UN
Comtrade. Our methodology uses the gravity model because it has become the workhorse
model to explain bilateral trade patterns in particular regarding its ability to deal with long-term

and historical determinants as well as to its high explanatory power.

Our findings point to large and significant benefits of trade bureaucracy digitalization on
agrifood exports, but with significant heterogeneities. While measures to digitize trade
bureaucracy increase exports in our cross-country sample, this effect is even stronger in the
case of Sub-Saharan Africa. The results are robust to the inclusion of time- and unobserved
country-fixed effects. Once we break the sample down by degree of processing of the agrifood
products, we observe that the positive effects are also stronger for processed products, which
bodes well for an industrial policy focusing on adding value to local raw materials. This could
happen because processed products tend to be more complex than unprocessed products in
terms of their composition, thus requiring a larger amount of documentation and rules of origin.
Furthermore, we observe that digitalization measures that facilitate non-tariff barriers at the
destination (importers) play an important role in stimulating agrifood exports, which also bides

well for LMICs.
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We highlight from our results the following policy implications: (1) PT measures have a higher
impact when they are implemented in exporting countries, so this is an important finding for
LMICs to facilitate electronic trade bureaucracy; (2) this pattern is stronger in the SSA case,
demanding policymakers to continue and deepen their efforts of facilitating trade via
digitalization of bureaucratic procedures; (3) simply passing legislation to empower customs
authorities and to create legal frameworks is not enough to foster trade, but the actual content
of legislation as well as the effectiveness and implementation of trade institutions are crucial;
(4) the costs of implementing e-facilitation measures, especially for LMICs, need to be
considered. Generally, our findings also support the use of aid-for-trade programs for trade

facilitation, particularly in digital form.

Although the COVID-19 pandemic led countries to retrench into domestic markets, the global
and regional trade of agrifood products was less directly blocked as countries realized it is a
lifeline to ensure domestic food security (Liverpool-Tasie et al., 2021). The momentum to
deepen regional trade integration with the inception of the AfCFTA should be seized by SSA
countries, which should take this opportunity to foster regional integration and improve their

position in the agrifood trade markets.
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7. Appendix

Table Al List of trade digitalization policy variables

Policy variable

Mechanisms and components

Paperless trade

Automated Customs System

E-Payment of Customs Duties and Fees

Internet connection available to Customs and other trade control
agencies

Electronic Single Window System

Electronic submission of Customs declarations

Electronic application and issuance of import and export permit

Electronic Submission of Sea/Air Cargo Manifests

Electronic application and issuance of Preferential Certificate of Origin

Electronic Application for Customs Refunds

Cross-border
NTMs

Laws and regulations for electronic transactions

Recognized certification authority

Electronic exchange of Customs Declaration/Certificate of Origin

Electronic exchange of Sanitary & Phyto-Sanitary Certificate

Paperless collection of payment from a documentary letter of credit

Transparency

Publication of existing import-export regulations on the internet

Stakeholders' consultation on new draft regulations (prior to their
finalization)

Advance publication/notification of new trade-related regulations
before their implementation

Advance ruling on tariff classification and origin of imported goods

Independent appeal mechanism

Formalities

Risk management

Pre-arrival processing

Post-clearance audits

Separation of release from final determination of customs duties, taxes,
fees and charges

Establishment and publication of average release times

Trade facilitation measures for authorized operators

Expedited shipments

Acceptance of copies of original supporting documents required for
import, export or transit formalities

Institutional

National Trade Facilitation Committee or similar body

National legislative framework and/or institutional arrangements for
border agencies cooperation

Government agencies delegating controls to Customs authorities
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Alignment of working days and hours/formalities and procedures with
neighbouring countries at border crossings

Table A2 List of gravity and socio-cultural control variables of the gravity model
Variables Source
GDP PPP (in current thousands USD) CEPII-BACI / UN Comtrade
Contiguity/shared border CEPII-BACI
Common official or primary language CEPII-BACI
Language is spoken by at least 9% of the CEPI-BACI
population
Common colonizer post 1945 CEPII-BACI
Pair in colonial relationship post 1945 CEPII-BACI
Origin of the legal system CEPII-BACI
Ca_th_ol|cs/MusI|ms/Prote§tan_ts/other CEPI-BACI
religions as % of population in 1980
Pair current or former hegemon CEPII-BACI
Pair ever/currentl.y in c.olonlal or CEPII-BACI
dependency relationship
WTO membership WTO
EU membership CEPII-BACI
RTA type between trading pair WTO

Table A3 List of sub-regions

Acronym | Sub-region
SSA Sub-Saharan Africa
MENA Middle East & North Africa
SA South Asia
LAC Latin America & Caribbean
EAP East Asia & Pacific
ECA Europe & Central Asia
NA North America
Table A4

List of products classified by processing category

Agrifood product sub-category | SITC 3-digit product code

Unprocessed

001, 034, 035, 036, 041, 043, 044, 045, 054, 057, 071,
072, 073, 075, 081, 222

Lightly processed

011, 012, 016, 017, 025, 037, 042, 046, 047, 048, 056,
058, 061, 073, 223, 411, 421, 422
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Highly processed 022, 023, 024, 059, 062, 091, 098, 111, 112, 431
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Table A5

Summary of effects of e-paperless trade digitalization on agrifood trade in SSA

Log of Adrifood—(y) @ © @ ©) ©) ™ ©®) ©) (10)
PT, destination 1.652"" 1.826™" 0.466 2.053™ 0.609
(0.438) (0.437) (0.577) (0.357) (0.520)
PT, origin 4,692 3.422" 5('01%2) 2708 4573
(0.419) (0.449) ' (0.390) (0.429)
Transparency, -0.133 0.211
destination (1.243) (0.957)
Transparency, 4.503™" 4.200™
origin (1.049) (0.828)
Formalities, 2.688™" 2.403™
destination (0.829) (0.772)
Formalities, -6.008™" -6.115™
origin (1.061) (0.864)
Institutions, 3.086™ 4,497
destination (.1381) (1.157)
Institutions, -8.831" -6.767"
origin (1.027) 0.777)
Constant -10.031™  -12.166™" -12.072™" -12.879™" -12.261" -12.582™" -9.332™" -6.416™ -9.593" -4.881"
(0.574)  (1.078)  (0.636)  (0.789)  (0.668)  (0.721)  (1.276) (2.580) (1.302)  (2.589)
Time trend YES YES YES YES YES YES YES YES YES YES
Country FE
Gravity
. YES YES YES YES YES YES YES YES YES YES
Variables
(S:%‘;'t‘?ﬁf:”om'c NO NO YES YES YES YES YES YES YES YES
Fixed Effects NO NO NO NO NO NO YES YES YES YES
Observations 714,748 500,894 680,938 481,344 680,938 481,344 620,402 437,828 620,402 437,828
No. of countries 25 25 25 25 25 25 25 25 25 25
R? 0.057 0.041 0.093 0.086 0.093 0.091 0.300 0.284 0.302 0.290
AIC 2.02e+6 1.42e+6 1.90e+6 1.24e+6 1.89e+6 1.23e+6 1.71e+06 1.14e+06 1.71e+6 1.13e+6

Standard errors in parentheses and significance levels: “ p < 0.10, ™ p < 0.05, ™ p < 0.01. For fixed-effects model, R? captures the Pseudo-R?.
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Table A6 Summary of effects of e-cross-border NTMs digitalization on agrifood trade in SSA
Log of Agrifood
S rads (1) ) 3) (4) (5) (6) (7) (8) (9) (10)
CB, destination 5.065™" 3.950™" 2.926™" 4.142™ 2.915™
(0.644) (0.609) (0.653) (0.475) (0.548)
CB, origin 5511 2,949 ?64338) 2,947 5,931
(0.853) (0.816) ' (0.637) (0.721)
Transparency, -0.640 -0.359
destination (1.248) (0.948)
Transparency, 5.032"" 4.434™
origin (1.069) (0.846)
Formalities, 2.273"™ 2.107™
destination (0.729) (0.653)
Formalities, -3.047 -3.396™"
origin (1.103) (0.903)
Institutions, 2.041 3.455™"
destination (1.379) (1.163)
Institutions, origin -13.295™ -10.600™"
(1.173) (0.908)
Constant -9.497™"  -12.122"" -11.760"" -13.156™" -11.865"" -13.271"" -9.313™ -7.789™" -9.424™ -6.662™
(0559)  (1.081)  (0.614)  (0.827)  (0.648)  (0.749)  (1.312) (2.574) (1.314)  (2.591)
Time trend YES YES YES YES YES YES YES YES YES YES
Country FE
Gravity Variables YES YES YES YES YES YES YES YES YES YES
(S:%‘;'t‘?ﬁf:”om'c NO NO YES YES YES YES YES YES YES YES
Fixed Effects NO NO NO NO NO NO YES YES YES YES
Observations 714,748 500,894 680,938 481,344 680,938 481,344 620,402 437,828 620,402 437,828
No. of countries 25 25 25 25 25 25 25 25 25 25
R? 0.058 0.040 0.093 0.084 0.093 0.092 0.302 0.283 0.303 0.290
AIC 2.01e+6 1.42e+6 1.89e+6 1.25e+6 1.8%e+6 1.23e+6  1.71e+06 1.14e+06 1.71e+6 1.13e+6

Standard errors in parentheses and significance levels: “ p < 0.10, ™ p < 0.05, ™ p < 0.01. For fixed-effects model, R? captures the Pseudo-R?.
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