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Abstract

This paper examines the impact of deep trade agreements on agri-food

global value chains (GVCs). Our theory-consistent gravity estimates

underscore that those trade deals benefit forward more than backward

agri-food GVC integration. An event study analysis unveils a lag of up to

four years in the GVC response. Furthermore, we find that deeper trade

agreements foster GVC integration more. Clauses related to standard

regulations and foreign investment emerge as drivers of increased GVC

flows within the agri-food sector. In contrast, provisions concerning

intellectual property rights and geographical indicators hinder GVC

integration. Developed nations are the key instigators and beneficiaries of

GVC integration, suggesting a nuanced distribution of economic benefits.

These findings carry importance for policymakers aiming to rectify the

uneven benefits of agri-food GVC integration caused by deep trade

integration agreements.
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1. Introduction

Global value chains (GVCs) have fundamentally reshaped how agricultural and food production

operates worldwide and how international trade functions (Lim 2021). While in the past, countries

usually made goods entirely within their borders and traded finished products, the present scenario

is significantly different. Traditional trade, centered on final products, has given way to a new

approach that focuses on trading individual parts of products and services that add value in between.

Johnson and Noguera (2012) estimate that trade in intermediate inputs constitutes two-thirds of

world trade, allowing the movement of services, raw materials, components, and parts across borders

with ease. Once these components come together to create final products, the end products are

shipped to consumers worldwide. As a result, the traditional idea of labeling products with their

country of origin is no longer accurate, as the complex fragmentation of production processes across

different countries has become a defining feature of the modern economy (Antràs 2016).

Several theoretical frameworks have emerged that emphasize the importance of production sequences

in the global sourcing decisions of firms. Among others, this literature includes the works of Harms,

Lorz and Urban (2012), Baldwin and Venables (2013), Costinot, Vogel and Wang (2013), Antràs

and Chor (2013), Kikuchi, Nishimura and Stachurski (2012), and Tyazhelnikov (2022). However,

a limitation of these theories is their treatment of trade costs. Some models overlook trade costs,

while others oversimplify them by assuming uniformity across trading partners. Several empirical

studies have focused on dissecting the value-added segments in trade flows. Johnson and Noguera

(2012) pioneered this line of inquiry, aiming to document the rise of GVCs and the roles of different

countries. Koopman, Wang and Wei (2014), Johnson (2014), Timmer et al. (2014), and Antràs

and De Gortari (2020) have greatly contributed to understanding this phenomenon. Concurrently,

another research strand has developed indices to gauge the positioning of industries and countries

within GVCs. Antràs et al. (2012), Antràs and Chor (2013), and Alfaro et al. (2019) have been

instrumental in this regard. Regarding empirical evidence, the works of Yi (2003, 2010) stand

out. Caliendo and Parro (2015) introduce a quantitative framework with input-output connections

across nations, albeit without explicitly considering sequential production. Antràs and De Gortari

(2020) amalgamate these diverse threads by generalizing value-added and downstreamness formulas

in a multi-sector Ricardian model with sequential production. Lastly, Antràs and Staiger (2012)
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and Bown and Crowley (2016) explore the implications of offshoring and GVCs on trade policies,

contributing to a holistic understanding of the intricate interplay between economic trends and

policy decisions.

Agri-food GVCs have witnessed a remarkable expansion since the 1950s. Before this period,

most sectors shifted from traditional, localized, small-scale operations to larger, more organized

industries. This transition set the stage for the emergence of agri-food GVCs, a trend that

gained further momentum in the early 1990s, buoyed by China’s robust engagement in global

trade. This transformative phase prompted nations worldwide to expand their GVC participation

(Reardon et al. 2009). The rapid ascent of influential global grocery processors and retailers

accentuated this evolution of value chains. These entities harnessed vertical integration to establish

dominance within the agri-food GVC landscape, seamlessly connecting upstream farmers with

downstream end consumers (Sexton 2013). Much of today’s agricultural production embodies

intricate multinational supply chains, where each operational step contributes incrementally to the

final product’s value. GVCs are characterized by a sequence of interconnected activities spanning

multiple countries. Encompassing production, marketing, distribution, and end-user support, these

activities collectively shape the journey from raw materials to finished goods. Gereffi and Fernandez-

Stark (2016) underscores how the essence of a GVC lies in its representation of the entire spectrum

of functional operations essential for value creation across international boundaries. It encapsulates

the collaborative endeavors of multiple nations, all working towards value generation within a

globally interlinked framework.

Numerous studies have examined the impacts of involvement in agri-food GVCs at the global,

regional, and local levels. These investigations primarily focus on rural households situated at

the initial stages of these value chains. They also explore various economic outcomes, such as

income, food security, and productivity (e.g., Mergenthaler, Weinberger and Qaim 2009; Minten,

Randrianarison and Swinnen 2009; Bellemare 2012; Cattaneo et al. 2021; Montalbano, Pietrelli

and Salvatici 2018). While a substantial body of literature exists in this domain, only a limited

number of empirical inquiries have delved into the effects of agricultural GVC participation from

the perspective of international trade (Balié et al. 2019a). This scarcity can be attributed to the

inadequacy of conventional trade data that accurately capture the extent of GVC involvement,

2



given the intricate nature of GVC measurement (Koopman, Wang and Wei 2014). Addressing this

gap, a novel approach introduced by Wang et al. (2017), coupled with the release of multi-region

input-output (MRIO) data, has furnished empirical insights that enhance our understanding of the

interplay between agricultural value chains and global trade. Notably, Lim (2021) has discovered

that heightened engagement in agricultural GVCs leads to higher economic growth and employment

shares in the farming and services sectors. Contemporary agrarian economies are sidestepping the

traditional trajectory of structural transformation by directly advancing their agriculture and services

sectors through active participation in agri-food GVCs, representing an important mechanism of

economic development around the globe.

This study examines how trade cost changes influence agri-food GVC integration. We utilize

comprehensive GVC data to explore how deep trade integration impacts the forward and backward

connections within agri-food GVCs. Our empirical investigation employs a three-way gravity

framework and sector-level GVC flow information encompassing a wide range of nations from

1991 to 2020. We analyze intra-national and international GVC flows, evaluating the effects of

trade agreements and their degree of comprehensiveness on the integration of agri-food GVCs. We

employ event studies to gauge the immediate and lasting consequences of DTAs, and we consider

potential concerns regarding endogeneity arising from the anticipation of such trade policy shifts.

Moreover, we carry out a heterogeneity analysis encompassing various metrics of trade agreement

comprehensiveness, delving into the influence of specific provisions related to GVCs embedded within

DTAs. To assess differences in the effects of trade integration agreements on agri-food GVC flows

based on the level of economic development, we classify countries into North and South categories,

using indicator variables to estimate the heterogeneous responses to treatment.

Our main findings demonstrate that trade integration policies positively impact the integration of

agri-food GVCs. Among countries participating in the same trade agreement, there is a notable

increase in backward and forward agricultural GVC flows, by 16.6 percent and 17.1 percent,

respectively, compared to those nations lacking such economic integration pacts. These estimates

are comparatively lower than the observed increase of 23.4 percent in gross agricultural exports,

which can be attributed to the potential duplication of trade measurements (Koopman, Wang and

Wei 2014). Conversely, the influence of trade agreements on GVC flows is more conspicuous within
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the food industry. Specifically, the backward GVC flows experience a rise of 16.2 percent, while

forward GVC flows surge by 21.9 percent. Correspondingly, gross food exports also witness a growth

of 9.5 percent. This discrepancy can be attributed to the transfer of domestic value-added processes

to foreign locations (Roth et al. 2008). Upon conducting an event study analysis, we ascertain no

notable evidence of short-term pre-existing trends for the four measures of agri-food GVC flows.

The treatment dynamics unveil a delay in the GVC response to the trade agreement, extending up

to four years. Following this period, the treatment effect becomes more pronounced, leading to a

rise of 13.1 percent in backward agricultural GVC flows, 13.3 percent in forward agricultural GVC

flows, 15.3 percent in backward food GVC flows, and 19.2 percent in forward food GVC flows.

Our heterogeneity analysis reveals marked differences in treatment outcomes based on the depth of

trade agreements and the income level of participants participating in agri-food GVCs. To elaborate,

the extent of the trade agreement emerges as a pivotal factor in facilitating GVC integration. In

particular, our findings indicate a more pronounced influence of the agreement’s depth on the

forward linkages of agri-food GVC flows. This influence translates to a 0.2 percent expansion for

the agricultural sector and a 0.3 percent increase for the food sector, with each incremental unit

rise in the depth index (Vollrath, Gehlhar and Hallahan 2009; Disdier, Fontagné and Mimouni

2008). Comparable effects are observed for the backward GVC flows. When utilizing an alternative

depth metric, our analysis consistently demonstrates the positive impact of trade policies on agri-

food GVC integration (Bahar et al. 2019; Santeramo and Lamonaca 2022a). Upon scrutinizing

specific provisions within trade agreements that may promote GVCs, our investigation identifies

that provisions concerning standard harmonization and investment policies substantiate backward

and forward agri-food GVC flows, resulting in an augmentation ranging from 6.5 to 24.5 percent

(Disdier, Fontagné and Mimouni 2008). This augmentation is attributed to cooperative investments

aimed at regulatory alignment and investment protection, effectively bolstering trade and investment

activities and thereby substantially contributing to agri-food GVC integration (Santeramo and

Lamonaca 2022a). Conversely, clauses within trade agreements addressing intellectual property

rights (IPRs) and GVC-related policies emerge as deterrents to value-added trade within the agri-

food sector. Our findings concerning safeguarding geographical indications under IPRs align with

the previous literature on trade dynamics. The adverse implications of GVC provisions could be
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attributed to regulations of origin within trade agreements, which confer advantages and safeguards

to domestically sourced inputs. Such DTA provisions could potentially disadvantage GVC flows

reliant on outsourcing (Campi and nas 2016; Campi and Dueñas 2019; Choi 2010; Geraets, Carroll

and Willems 2015). Furthermore, our analysis underscores the variable impact of trade agreements

on agri-food GVCs across different income groups. Specifically, trade agreements increase value-

added flows, primarily for developed countries. In contrast, such agreements reduce GVC flows

among developing countries, consequently accentuating disparities in the benefits of GVC integration

(Disdier, Fontagné and Cadot 2014; Cadot and Gourdon 2016; Mujahid and Kalkuhl 2016).

This study contributes to the expanding body of research regarding the relationship between deep

trade agreements and the integration of agri-food GVCs. First, we build upon the extensive literature

exploring the connection between trade integration agreements and trade flows for agricultural

and food products (Grant and Lambert 2008; Sun and Reed 2010; Disdier, Fontagné and Cadot

2014; Mujahid and Kalkuhl 2016; Scoppola, Raimondi and Olper 2018; Huysmans and Swinnen

2019; Duvaleix et al. 2021). While earlier studies predominantly focus on simple trade flows, our

analysis diverges by examining the consequences of in-depth trade agreements on value-added trade

flows, particularly emphasizing the integration of agri-food GVCs. By employing metrics that gauge

the depth of trade deals and investigating the influence of fundamental policy domains (Shepherd

and Wilson 2013; Disdier, Fontagné and Cadot 2014; Cadot and Gourdon 2016; Santeramo and

Lamonaca 2022b; Osnago, Rocha and Ruta 2019; Laget et al. 2020), we quantitatively assess how

regional trade agreements affect both upstream and downstream connections within agri-food GVCs.

Second, we employ event study methodologies to address endogeneity concerns and evaluate the

dynamics of treatment effects (Freyaldenhoven, Hansen and Shapiro 2019a). Our findings uncover

delayed treatment effects and sustained growth, in contrast to the results of prior studies that

suggest gradual implementation effects of trade agreements (Grant and Lambert 2008). The event

study analysis also affirms the absence of pre-existing trends, reinforcing the causal interpretation

of our research design (Rambachan and Roth 2023; Freyaldenhoven, Hansen and Shapiro 2019b;

Sun and Abraham 2021; Roth and Sant’Anna 2023). Third, our study speaks to the ongoing debate

on the trade policy implications for North-South economic integration within the agri-food sector.

Our approach diverges from studies confined to specific regions that rely on GVC participation
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metrics (Balié et al. 2019b; Sanguinet, Alvim and Atienza 2022; Montalbano and Nenci 2022). We

use a theory-consistent gravity framework to estimate the deep trade agreement impacts across all

transaction directions categorized by income groups. Our results, which unveil the critical role of

developed countries in agri-food GVC integration, carry important policy implications for addressing

the imbalance of agri-food GVC growth across income groups.

2. Agri-Food Global Value Chain Integration

GVC integration has transformed the nature of global agri-food production and trade. A GVC

includes “a series of stages involved in producing a product or service sold to consumers, with each

stage adding value, and at least two stages being produced in different countries” (Antràs 2020). This

definition implies that agri-food GVCs can encompass all activities from transforming raw materials

to final products (Greenville, Kawasaki and Beaujeu 2017). While this broad definition is appealing,

Antràs and Chor (2022) argue that it ignores various features that could differentiate agri-food from

manufacturing GVCs. First, the structure of agri-food GVCs can be “spider-like” or “snake-like”

(Baldwin and Venables 2013). In a spider-like structure, parts are not assembled in a specific

order and converge at an assembly plant for export. In contrast, the snake-like structure involves

a sequential value-creation process that may involve intermediate products crossing international

borders multiple times. Studies examining the agri-food sector found evidence for spider-like and

snake-like GVC structures. For example, Daly et al. (2016) suggest that the maize GVC is snake-like.

In contrast, de Backer and Miroudot (2013) present evidence that the hazelnut and cocoa spread

GVCs have a spider-like structure.

Second, (imperfect) contracts that are difficult to enforce often govern the repeated exchange of

intermediates in agri-food GVCs (World Bank 2020). For example, certain GVCs include land

use contracts and agreements with commodity cooperatives to supply specified quantities of a

commodity, as observed in the cases of biofuel and maize (Daly et al. 2016; Mintz-Habib 2014).

Long-term contracts in the agri-food sector are essential as they help improve access to technology

and machinery, which can help to increase the quality and yield of local producers, providing higher

and more stable prices for farmers (World Bank 2020). Third, agri-food GVCs differ regarding

the degree of participation in “backward” and “forward” GVCs. Backward participation is when
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a country’s exports contain value added from previously imported goods. In contrast, forward

participation involves a country’s exports embodied in the importing country’s exports to third

countries (Antràs and Chor 2022). According to Greenville, Kawasaki and Beaujeu (2017), most

agri-food GVCs are characterized by backward GVC participation.1

The introduction of GVCs enhances the conventional interpretation of the factors that influence

international trade, which revolves around bilateral flows of goods and services between countries

(Antràs 2020). Because GVC activities can encompass production stages spanning two or more

countries, assessing their structure with bilateral data on agri-food trade flows proves difficult. The

difficulty arises since gross exports need to be decomposed into the value-added incorporated into

a good or service at different production stages, which could reside in multiple countries.2 There

are two prominent approaches to measuring the GVC structure (Antràs and Chor 2022). The

“macro” approach uses customs data and national input-output tables to determine the amount of

intermediate inputs traded between sectors and countries. Related economic theories employing

the “macro” approach focus on the structural interpretation of input-output tables. This literature

provides a framework for counterfactual trade policy analysis that enhances those ignoring GVC

integration.3

In contrast to the “macro” approach, the micro GVC literature relies on firm-level data to assess a

firm’s decision regarding which markets to reach, which countries to source from, or where they will

set a “platform” to assemble their products for distant countries (Ekholm, Forslid and Markusen

1 Although the features above can explain most of the differences between agri-food and manufacturing GVCs, other

differences have also been discussed in the literature. First, how value-added is incorporated into production, which

could be in the form of raw materials, semi-processed goods, or tasks (Görg and Hanley 2005; Görg, Hanley and

Strobl 2008); second, whether the transaction is initiated by the exporter (Melitz 2003), the importer, or both; and

third, whether there is a “lead-firm” that controls the GVC (Antràs and De Gortari 2020).

2 Bilateral export flows include the total value of goods and services exchanged between countries. An alternative

approach to measure GVC participation is decomposing final goods production (Johnson 2018). However, given the

scope of our paper, we focus on the decomposition of gross agri-food exports.

3 A prominent example of a GVC theory that relies on macro data is provided in Caliendo and Parro (2015). Other

extensions and variations of this theoretical framework are Alexander (2021), Antràs and Chor (2019), Bagwell,

Staiger and Yurukoglu (2021), Baqaee and Farhi (2019), Caliendo et al. (2018), Caliendo, Dvorkin and Parro (2019),

Caliendo, Parro and Tsyvinski (2022), Caselli et al. (2020), Di Giovanni, Levchenko and Zhang (2014), Levchenko

and Zhang (2016), Morrow and Trefler (2017), and Rodŕıguez-Clare et al. (2020).
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2007; Tintelnot 2017). Economic models relying on “micro” GVC measurements are typically

concerned with addressing the challenges that firms face when making global production decisions.4

In contrast to this evolving literature, our analysis relies on the “macro” approach to study GVC

integration because it allows us to cover a wide range of countries and a longer time horizon, which

is important for estimating the impact of trade deals. While we do not delve into the specifics of the

micro approach, we note that its application has pros and cons, as explained by Antràs and Chor

(2022). More disaggregated GVC data enables a deeper analysis of the response to policy shocks

and trade liberalization, which allows researchers to take firm heterogeneity into account. However,

due to the extensive data involved at a higher level of disaggregation, much of the literature relying

on the “micro” approach looks at specific GVCs and single countries (Inomata 2017).

Hummels, Rapoport and Yi (1998) and Hummels, Ishii and Yi (2001) introduced the “macro”

approach to capture GVC participation by decomposing gross industry exports (GIE). Follow-up

work by Koopman, Wang and Wei (2014) and Borin and Mancini (2019) expanded the methodology

and used more detailed GVC data. The first step to decompose GIE is to identify the two main

components, which are the domestic and foreign contents. While the domestic content refers to the

share of domestic inputs used in producing exported goods, the foreign content refers to the share

of imported inputs used in gross exports. A common approach to separate the domestic from the

foreign contents is to multiply GIE by the Leontief inverse of the matrix of direct input coefficients

of domestic products. A challenge of this approach is that the domestic content could be counted

twice.5 Therefore, to obtain the domestic value-added (DVA) free of double counting, the domestic

content is multiplied by the value-added shares of all domestic industries. In contrast, the foreign

value-added (FVA) calculation uses the share of value added by the sector generated in the foreign

country and imported by the domestic country to obtain the domestic country’s exports (Casella et al.

4 Influential “micro” GVC studies include Antras, Fort and Tintelnot (2017), Blaum, Lelarge and Peters (2018), and

Blaum, Lelarge and Peters (2019).

5 Antràs and Chor (2022) present an intuitive explanation of this concept. Consider a scenario where country A

produces iron ore domestically and exports it to country B. Then, country B uses the iron ore to manufacture a car

chassis, which it exports back to country A. Finally, country A uses the car chassis to produce the car, which it

ships to country B. In this example, the iron ore’s value-added is double-counted. First, the ore is exported in its

original form, and then when it is incorporated into the car.
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2019). Backward GVC participation is often used as a synonym for FVA. Similarly, one can calculate

“indirect value-added” (DVX), which represents the domestic value-added contained in intermediates

exported to a foreign economy that are re-exported to a third economy and incorporated into other

products. The DVX computation uses the exports by each domestic sector to foreign countries

along with the exports of those foreign countries. DVX is also commonly referred to as forward

GVC participation.

Figure 1 shows the evolution of agri-food GVC integration between 1991 and 2020. All measures

are normalized based on the initial year (i.e., 1991 = 100). The three panels show GVC integration

for the agricultural sector (a), the food sector (b), and all sectors (c).6 Across the panels, we

observe that FVA and DVX experienced more accelerated growth than the GIE index since 2000.

This difference is more prominent for the agricultural sector, where FVA and DVX increased

eightfold since 1991. The observed pattern contrasts with the narrative for the manufacturing

sector. According to Antràs and Chor (2022), GVC integration in this sector began in the late

1980s.7 The events that stimulated the rise of GVCs include the information and communication

technology (ICT) revolution, an accelerated reduction of trade barriers, and socio-political changes

that increased the share of the world population participating in the capitalist system (Antràs

2016). Similarly, increased production in developing regions, global income growth, changing prices

on international markets, and trade policy shifts likely drove the development of agri-food GVCs

(Greenville, Kawasaki and Beaujeu 2017).

Trade policies are critical drivers of agri-food GVC integration (Greenville et al. 2019). Because GVCs

entail multiple international border crossings, with goods often re-entering the same country, tariff

barriers could have a magnifying effect on GVC flows compared to their impact on conventional trade

flows (Balié et al. 2019a; Greenville, Kawasaki and Beaujeu 2017). Similarly, non-tariff measures

(NTM) and technical barriers to trade (TBT) can have accumulating effects on agri-food GVC

integration (Ferrantino 2012; Maskus, Otsuki and Wilson 2005). Empirical studies have found that

6 A detailed description of the GVC data used to create the figures is provided in the data section.

7 Hummels, Rapoport and Yi (1998) and Hummels, Ishii and Yi (2001) suggest that the rise of manufacturing GVCs

might extend as far back as the early 1970s.
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forward GVC participation negatively correlates to the barriers imposed in export markets, while

backward GVC participation is affected by the importing country’s tariff policy (Kowalski et al.

2015). Reducing trade barriers goes hand in hand with trade integration via DTAs between countries.

Kowalski et al. (2015) find that they positively affect backward and forward GVC participation.

They also find that foreign direct investment (FDI) openness, logistics performance, intellectual

property protection, and the quality of infrastructure and institutions stimulate GVC integration.

Balié et al. (2019a) use a structural gravity model to study whether and how bilateral import tariffs

and shifts in trade regimes associated with DTAs affect agri-food GVC participation in Sub-Saharan

Africa. They find that trade policies affect the food sector more than the agricultural sector.8

Figure 2 presents the evolution from 1991 to 2020 of the number of trade agreements in place

worldwide.9 The graph is divided into two panels: panel (a) shows the total number of DTAs, and

panel (b) categorizes agreements according to the depth index measure proposed by Dür, Baccini

and Elsig (2014).10 Panel (a) shows that the number of trade agreements has rapidly increased since

1991. By 2020, there were approximately 1,000 trade agreements in place. The rise is faster from

1990 onwards, possibly fueled by the start of the WTO’s Uruguay Round, which began in 1986.

Laget et al. (2020) and Mattoo, Mulabdic and Ruta (2022) examine the impact of trade agreements

on GVCs, specifically focusing on deep trade agreements.11 These authors find that, compared to

shallow trade agreements, DTAs create more trade and, specifically, more GVC-related trade among

8 A related literature studies the impact that GVC participation has on trade integration between countries. Blanchard,

Bown and Johnson (2016) argue that GVC linkages can shape incentives for import protection. When the domestic

content in foreign final goods is high, a country has less incentive to manipulate its final goods terms of trade,

leading to lower import tariffs. Taxing imports depresses the value of foreign goods produced, reducing revenues to

domestic input suppliers (Balié et al. 2019a). When foreign content in domestic final goods is high, some of the

benefits of protection are passed back up the supply chain to foreign suppliers. This effect also discourages import

protection and increases the incentive to participate in trade deals.

9 A detailed description of the DTA data used to create the figures is provided in the data section.

10This index spans from 0 to 7 in one-unit intervals counting the number of substantive provisions across tariff

reductions, services trade, investments, standards, public procurement, competition, and intellectual property rights

provisions.

11Using “shallow” PTAs, countries agree to cut their tariffs, and they may also undertake additional obligations in

policy areas covered by the WTO (Mattoo, Mulabdic and Ruta 2022; Laget et al. 2020). However, these agreements

can extend into new grounds on policy domains outside the scope of the WTO’s regulations, such as investment and

competition policies, thereby enhancing the agreements’ depth (Laget et al. 2020).
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participating countries. From panel (b), we can observe that the number of trade agreements has

increased across all depth measures. Moreover, the data series reveals that deeper agreements are

less common than shallower ones. This pattern suggests considerable differences in the design of

trade agreements that could have considerable implications for agri-food GVC integration. Some

provisions in DTAs, such as those related to investment and property rights protection, promote

GVC integration Kowalski et al. (2015). However, certain provisions, like rules of origin, within

deep trade agreements, protect domestically provided inputs but may also create disadvantages for

using foreign inputs (Choi 2010; Geraets, Carroll and Willems 2015).

3. Empirical Strategy and Data

3.1 Empirical Strategy

Our empirical strategy relies on the sectoral structural gravity equation, the prevalent framework

for empirical studies investigating the impacts of changes in trade costs on international trade

(Head and Mayer 2014; Anderson, Larch and Yotov 2020). Its appeal derives from the fact that a

large set of trade models can generate isomorphic gravity equations that preserve the gains from

trade (Yotov, Piermartini and Larch 2016).12 The earlier single-sector gravity models, such as those

by Anderson and Van Wincoop (2003) and Eaton and Kortum (2002), do not incorporate GVC

participation. Although those models can account for relative prices, they do not allow input-output

(IO) relationships across sectors and represent intermediate and final goods as separate and unrelated

sectors. Therefore, our analysis of GVC flows builds on the recent contribution of Aichele and

Heiland (2018), who extend the multi-sector Ricardian model of Caliendo and Parro (2015) to

consider value-added trade in the spirit of Koopman, Wang and Wei (2014). More specifically, we

rely on the theoretical framework developed by Shepherd (2022) to conceptualize bilateral GVC flows

in a multi-country and multi-sector Ricardian model. This model features a standard structural

gravity equation nested within a multi-sector general equilibrium model, providing a conceptual

12Arkolakis, Costinot and Rodŕıguez-Clare (2012) provide an overview of the various trade models used to derive

the structural gravity equation. Among them, commonly used microeconomic foundations suitable to explain

agri-food trade flows are the Armington-CES model (Anderson and Van Wincoop 2003), the Heckscher-Ohlin model

(Bergstrand 1989), and the Ricardian model (Eaton and Kortum 2002).
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framework to assess the implications of changes in trade costs on GVC flows.13

The GVC flow model features representative consumers in each country consuming the final output

of each sector under Cobb-Douglas preferences with fixed expenditure shares on the consumption

side. The model by Shepherd (2022) expands the single-sector Ricardian model of Eaton and

Kortum (2002) to a multi-sector IO framework, where producers of intermediate goods use two

input factors. These factors are labor and a composite intermediate good that can be sourced

from all sectors. Perfect competition and constant returns to scale characterize the production

of goods in this economy. All countries differ in their underlying productivity, which defines the

technology parameters of producing intermediate goods. Producers of the composite intermediate

goods rely on a constant elasticity of substitution technology, and the composite goods are used

as intermediate input and for final consumption. A producer selects the composite good from a

set of intermediate varieties sourced from the lowest-cost supplier. By following standard practice

and assuming the Fréchet distribution for Ricardian productivity, one can determine the input

sourcing of each intermediate producer (Levchenko and Zhang 2014). Producers can sell their goods

domestically and in foreign markets. This feature is important because it implies that producers

face iceberg trade costs en route. By introducing trade costs that vary by the end use, intermediate

foreign sales can face different trade costs than final good sales (Aichele and Heiland 2018).14 This

theoretical framework yields an expression of bilateral trade flows that aligns with the structural

gravity framework:

πkvij =
λkj

[
ckjκ

kv
ij

]−θk
∑N

h=1 λ
k
h

[
ckhκ

kv
ih

]−θk (1)

where πkvij is the export share of country i in country j’s imports for sector k and end use v. The

terms λkj and θk denote parameters of the Fréchet distribution, ckj is the cost of an input bundle, and

13The general approach falls into the family of “new quantitative trade models,” in which a standard structural

gravity equation governs international trade flows. Those models also have a full general equilibrium structure with

multiple countries, multiple sectors, and IO relationships across sectors (Arkolakis, Costinot and Rodŕıguez-Clare

2012; Costinot and Rodŕıguez-Clare 2014; Gaigné and Gouel 2022).

14Appendix 1 in Shepherd (2022) provides a detailed derivation of the GVC flow model and the general equilibrium

conditions.
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κkvij stands for the iceberg trade costs. For estimation purposes, a common approach is to express

the equation in terms of bilateral trade costs and exporter-sector and importer-sector fixed effects,

which are governed by a single trade elasticity that dictates the response to changes in trade costs.

A challenge in studying the impact of changes in iceberg trade costs, such as DTA enforcement, is

the potential correlation between the trade cost variables of interest and other unobserved trade

costs (Hillberry and Zhang 2018). To account for this identification challenge, we add an explicit

time subscript t to the GVC flow model, leading to the following empirical specification of the

three-way gravity model:

Xkv
ijt = exp

(
αkvit + γkvjt + δkvij + τkvijtβτ

)
ηkvijt , (2)

where Xkv
ijt stands for bilateral GVC flows from country i to country j in sector k for end use v

in year t. By capturing the inward and outward trade resistance terms with the high-dimensional

fixed effects αkvit and γkvjt , we can assess the GVC trade implications of trade policy changes directly,

without observing production and consumption decisions in the home and foreign markets. Because

the trade shock operates through the trade cost parameter τkvijt , it is important to account for

unobserved factors correlated with DTAs. Therefore, we include dyadic fixed effects δkvij , which

account for time-invariant trade costs at the sector and end-use levels. This choice implies that

we exploit the time variation in the DTA enforcement to address endogeneity concerns. Because

iceberg trade costs change by imposing a DTA, affecting the relative prices of traded goods used as

intermediate and for final consumption, such trade treaties alter the GVC structure. The empirical

framework enables us to study several dimensions of how changes in the formation and depth of

trade agreements affect GVC flows across sectors, the end use, countries, and over time.

The dependent variable
(
Xkv
ijt

)
denotes different measures of GVC flows at the exporter-importer-

sector level. Our analysis includes both intra-national and international GVC flows, which is

consistent with trade theory and relevant for assessing the response of the trade margins to changes

in iceberg trade costs (Yotov 2022). To examine the relationship of primary interest, a linear

regression model is unsuitable due to its inability to ensure the positivity of the predicted count

outcome (Wooldridge 1999). This is because the discrete nature of the dependent variable makes it
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difficult to find a transformation with a conditional mean that is linear in parameters. The potential

for heteroskedasticity in the error term further exacerbates this econometric challenge, as it could

introduce a correlation between the transformed errors and the independent variables, resulting in

an inconsistent identification of the treatment effects (Cameron and Trivedi 2013). To account for

this issue, we directly model the relationship of interest between the GVC flow measures and the

treatment variables in the three-way gravity model by employing a non-linear regression model with

an exponential form equation that ensures the positivity of the covariates (Mullahy and Norton

2022).

We follow standard practice in the related trade literature and use the Poisson pseudo-maximum

likelihood (PML) estimator to identify the relationship of primary interest in the three-way gravity

framework (Gong and Samaniego 1981; Gourieroux, Monfort and Trognon 1984). This estimator is

unbiased and consistent in the presence of heteroskedasticity, a characteristic that holds true even

when the conditional variance does not exhibit proportionality to the conditional mean (Wooldridge

1999; Cameron and Trivedi 2013). An added merit of the Poisson PML estimator lies in its resilience

to changes in the scale of the dependent variable. This feature is vital for consistently treating

instances when GVC flows are zero (Silva and Tenreyro 2006). As evidenced in Table A.1, zero

observations are abundant at the exporter-importer-industry level. To adequately account for the

high-dimensional fixed effects, we implement a modified version of the iteratively re-weighted least-

squares algorithm, which is resilient to statistical separation and convergence (Correia, Guimarães

and Zylkin 2020). Lastly, we mitigate plausible serial correlation concerns by clustering observations

at the exporter-importer-sector level, a strategy aligned with the prevailing approach in the three-way

gravity literature (Yotov, Piermartini and Larch 2016; Weidner and Zylkin 2021).

3.2 Data

Our analysis relies on the 2023 Eora global supply chain database (Lenzen et al. 2013). This

database is constructed from a multi-region input-output (MRIO) model that provides a time series

of sectoral IO tables.15 Eora covers about 16,000 sectors and 190 countries from 1990 to 2022. The

15A detailed discussion of the data sources and procedures to build Eora is provided in Lenzen et al. (2012) and

Lenzen et al. (2013).
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database has been widely used to study GVC integration (Raimondi et al. 2023; Balié et al. 2019a;

Montalbano and Nenci 2022), GVC flows (Boffa, Jansen and Solleder 2019; Borin, Mancini and

Taglioni 2021; Sanguinet, Alvim and Atienza 2022), disruptions in GVCs (Kejžar, Velić and Damijan

2022; Ayadi et al. 2022), the determinants of GVC participation (Fernandes, Kee and Winkler 2022;

Kowalski et al. 2015), and economic upgrading in GVCs (Ndubuisi and Owusu 2021; Lwesya 2022).

We use a common industry classification to aggregate the sectors into 26 industries. This aggregation

enables us to study a longer horizon and a broader set of countries, which is key to identifying the

GVC flow implications of DTAs.16 The resulting database contains symmetric sector-by-sector IO

tables measured in current USD and calculated using basic prices. This measurement choice is

important because the GVC flow measures are free on board (FOB), essential when estimating the

GVC implications of DTAs in the three-way gravity setting. Although our main analysis focuses on

the Eora sectors “agriculture” and “food & beverages,” we also compare the estimated treatment

effects for all other sectors for robustness.

We rely on three common indicators to analyze the impact of DTAs on agri-food GVC flows, which

are foreign value added (FVA), domestic value added (DVA), and indirect value added (DVX). FVA

measures the foreign value added in the country’s exports, which is also referred to as backward

GVC participation, DVA the domestic value added in the country’s exports, and DVX the value

added by this country in the exports of other countries, which is also referred to as forward GVC

participation, respectively. By summing FVA and DVA, we obtain the total value added (TVA) in

the country’s exports, which indicates the overall relevance of GVCs for an industry. In addition,

we use the foreign and domestic indirect value added to define the total indirect value added (TVX).

The setting resembles the gold standard of the gravity model since we observe both external and

internal GVC flows (Yotov 2022). We also measure gross industry exports (GIE) by summing

intermediate and final product export flows. This is done to compare the GVC flow estimates to

earlier studies on the impact of DTAs on agri-food exports (Grant and Lambert 2008; Baylis et al.

2022). Table A.1 provides descriptive statistics of those GVC flow measures for the agricultural and

16Aggregation bias could make the aggregated Eora database less accurate than the full database, prompting us to

conduct the empirical analysis at the sector level instead of aggregating agri-food GVC flows.
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food sectors.17

We sourced information on trade agreements from the Regional Integration Agreement (RIA)

database (Miller and Standaert 2023). The database covers trade agreements and regional orga-

nizations involving 235 countries from 1910 to 2021. The database contains information on 898

economic integration agreements, which we classified using a multichotomous index (0-6), where

0 denotes no existing economic integration agreement, and 6 is an economic union. We focus on

DTAs that are reciprocal. RIA is the most comprehensive source of DTA data because it combines

the main trade policy datasets: The Design of Trade Agreements database (Dür, Baccini and Elsig

2014), the Regional Trade Agreements Database (World Trade Organization 2023), the Global

Preferential Trade Agreements Database ( World Bank 2023), the Regional Integration Knowledge

System (United Nations University 2023), and the Comparative Regional Organizations Project

(CROP 2023). Those databases have been widely used to study the reasons why countries engage in

economic integration agreements and assess their implications for international trade flows (see, e.g.,

Baldwin and Jaimovich 2012; Freeman and Pienknagura 2019; Sun and Reed 2010).

One disadvantage of the economic integration measure constructed from the RIA database is that

it does not contain information on the policy areas covered by those trade treaties. As noted by

Hofmann, Osnago and Ruta (2019) and Kim and Steinbach (2023), the number of provisions in

DTAs has grown considerably. To account for the heterogeneous response of GVC flows to the

design of DTAs, we rely on the Design of Trade Agreements dataset (Dür, Baccini and Elsig 2014).

The dataset measures the horizontal depth (or breadth) of preferential trade agreements by mapping

312 provisions contained in more than 710 trade treaties enforced between 1948 and 2022. The

dataset has been widely used to study the drivers of trade treaty formation (Baccini, Dür and Elsig

2015; Su 2021), their design (Baccini and Dür 2015; Dür et al. 2023), and trade flow implications

(Freeman and Pienknagura 2019; Kox and Rojas-Romagosa 2020). We use two measures of DTA

depth, one that accounts for the number of provisions contained in each trade treaty and another

one that focuses on the core policy areas. We also study the trade effects of specific GVC provisions

17We compare Eora with alternative data sources in Figure A.1. The GIE data from Eora align closely with UN

Comtrade (2023) and the International Trade and Production Database for Estimation by Borchert et al. (2021).
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in DTAs. In particular, we focus on provisions related to GVC cooperation, foreign investment,

intellectual property rights, and the harmonization of product standards and regulations. Table A.3

provides definitions for the essential policy areas and Table A.2 shows the descriptive statistics for

those trade policy measures.

4. Results

4.1 Baseline Results

Table 1 presents the baseline estimates for the impact of trade agreements on agri-food GVC flows.

We compare the agricultural and food sectors with all sectors. In addition, we analyze the effects

on both global forward (TVX) and backward linkages (TVA) in GVC flows and contrast them with

the impact on gross exports (GIE). The first three columns display estimates without intra-national

GVC flows, whereas the subsequent columns depict results with intra-national and international

GVC flows consistent with the three-way gravity model. Our preferred model includes intra-national

flows to align with the structural gravity theory and obtain theory-consistent estimates of the GVC

flow effects of DTAs (Dai, Yotov and Zylkin 2014). Threfore, the following discussion of the baseline

results centers around the preferred model in the last three columns.18

The baseline estimates indicate that trade agreements enhance value-added trade associated with

backward and forward linkages in the agricultural sector. As shown in panel (a), the impact of trade

agreements on agricultural TVA and TVX is 16.6 percent and 17.1 percent, respectively.19 This

impact is smaller than the 23.4 percent increase found for agricultural GIE flows. One potential

explanation is the double-counting nature of gross export statistics, which counts the value multiple

times through the value-added process when crossing borders (Johnson and Noguera 2012; Koopman,

Wang and Wei 2014). Similarly, we find positive effects of trade agreements for food GVC flows. In

panel (b), we find a 16.2 percent increase in TVA flows, a 21.9 percent increase in TVX flows, and a

9.5 percent increase in GIE flows. These results imply that trade agreements have accelerated the

18The results in the first three columns reveal that the “naive” gravity model underestimates the impact of trade

agreements on GVC flows (Head and Mayer 2014).

19The estimates in the semi-elasticity form can be transformed into the elasticity form using the formula (exp(βτ ) − 1)∗
100.
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shift of the domestic value-added process abroad for the food sector, which offsets the potential

double-counting effects (Roth et al. 2008).20 In addition, the ratio of final demand to intermediate

usage in the food sector is significantly higher than for the agricultural sector, which reduces the

likelihood of double counting traded values (Antràs and Staiger 2012; Wang et al. 2017). We assess

the impact of trade agreements on GVC flows for all sectors in panel (c). The estimates indicate

a 12.4 percent increase in TVA flows, a 13.3 percent increase in TVX flows, and a 17.1 percent

increase in GIE flows. Those findings suggest that trade agreements play a more prominent role in

GVC development in the agri-food sector than in other sectors of the economy.

4.2 Treatment Dynamics

Understanding the dynamics of GVC flow adjustments to trade policy changes is vital (Anderson

and Yotov 2023; Egger, Larch and Yotov 2022). Such dynamics can arise if the response of the

outcome to the treatment varies in the short- and long-run. In addition, ignoring treatment dynamics

could raise concerns about treatment anticipation and a delayed response to trade policy changes.

Related to these concerns, the GVC flow response to trade policy liberalization could be non-linear

and involve non-monotonic adjustments over time. Therefore, it is vital to understand how this

adjustment process shapes agri-food GVC integration. A causal interpretation of the estimated

treatment effects is justified when the exposure to the trade policy shift is exogenous to previous

GVC participation (Roth 2022). Although we cannot directly test the validity of this assumption,

the outcome trends in the pre-treatment period can be informative in this regard (Rambachan and

Roth 2023). Suppose the observed outcomes of treated country pairs have similar trends in the

pre-treatment period to those of untreated country pairs. In that case, we can accept that the

parallel trends assumption holds and that enforcing a DTA is exogenous to the GVC flow outcomes

(Freyaldenhoven, Hansen and Shapiro 2019b; Sun and Abraham 2021; Roth and Sant’Anna 2023).

To implement the pre-event test and explore treatment dynamics in the post-treatment period, we

rely on an event study design that uses an interaction of the treatment measure with event time

20We consider the domestic contribution to the value-addition process by including intra-national GVC flows in

the analysis. The estimated outcomes consider the transition of domestic to foreign value-added and the shift of

domestic consumption patterns for domestic and foreign goods.

18



indicators defined relative to the year of the trade policy change:

Xkv
ijt = exp

αkvit + γkvjt + δkvij +
∑
r 6=0

1

{
τkvijt = r

}
βrτ

 ηkvijt , (3)

where the general notation is the same as in Equation 1. The dynamic treatment model includes six

lags and twelve leads relative to the event of interest, which enables us to capture pre-trends and

assess post-event treatment dynamics (Freyaldenhoven, Hansen and Shapiro 2019b).21 We define

the time relative to treatment as τkvijt = t−Gτ + 1, where we run the summation over all possible

realizations of τkvijt except for zero22. The central identifying assumption is that the treatment

timing is independent of the error term conditional on the high-dimensional fixed effects that

control for the inward and outward trade resistance terms and unobserved trade costs. The term∑
r 6=0 1

{
τkvijt = r

}
βrτ measures the treatment dynamics of enforcing a DTA for the corresponding

GVC outcome. The specification allows the magnitude of the treatment response to vary before

implementing trade deals and uncovers how GVC flows evolve in the post-treatment period.

We present the event study estimates for the treatment response of the agri-food GVC outcomes

to implementing trade agreements in Figure 3. Each subfigure plots the dynamic treatment

parameters, 95 percent confidence intervals, and uniform sup-t bands for the event-time of the

outcome (Freyaldenhoven et al. 2021; Montiel Olea and Plagborg-Møller 2019).23 We overlay

estimates from the static model represented by the dashed red line. Each subfigure reports the

corresponding p-value of Wald tests for pre-event trends and anticipatory behavior in the figure note.

We find no evidence of significant short-run pre-trends for the four agri-food GVC flow measures.

Since the pre-trend tests are statistically insignificant and the short-run treatment pathways in the

21We follow standard practice in the event study literature and bin the endpoints of the event study window. The

binned endpoints allow us to check for long-term pre-trends and leveling-off treatment effects.

22Gτ indicates the earliest period at which a country-pair entered into a reciprocal trade agreement. Because we are

interested in the long-run response of GVC flows to the trade policy change, we use a non-symmetric event window

of six lags and twelve leads around Gτ (Freyaldenhoven et al. 2021).

23Although various simultaneous confidence bands are available, little statistical theory exists to select among them. We

follow Montiel Olea and Plagborg-Møller (2019) and use Bayesian sup-t bands with exact finite-sample simultaneous

credibility.
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pre-treatment period are flat, the pre-trend test validates the research design. Because the treatment

effect could be dynamic at the endpoints of the event window, we also conduct Wald tests for the

null hypothesis that the treatment dynamics level off. The Wald tests provide some statistical

support for elevated long-run treatment effects for all GVC outcomes. The treatment dynamics

reveal intriguing patterns regarding the GVC flow response to implementing trade agreements. First,

we find evidence that the response to a trade deal is delayed, with the GVC effect being indifferent

from zero up to four years after the trade deal enforcement. Afterward, the treatment effect averages

13.1 percent for agricultural TVA, 15.3 percent for food TVA, 13.3 percent for agricultural TVX,

and 19.2 percent for food TVX.24 This finding implies that the long-run benefits of implementing

DTAs outweigh those in the short-run considerably.

One needs to be cautious when interpreting the estimated trade effects as causal due to the potential

for pre-trends before the trade policy shift (Freyaldenhoven, Hansen and Shapiro 2019b). To

account for this identification challenge, we apply the procedure by Dobkin et al. (2018), which

estimates Equation (3) under the alternative assumption that the short-run linear pre-trends of

the treated units would have continued along their pre-event paths. The results of this analysis are

presented in Appendix Figures A.2 and A.3. The dotted red lines in Appendix Figure A.2 overlay

the estimated linear trends on top of the baseline event study estimates. The linearity assumption

is reasonable for the four agri-food GVC outcomes, as the estimated trend growth falls within the

95% confidence intervals of the non-parametric event study estimates throughout the pre-treatment

periods. However, all trend coefficients are not statistically significant, leading us to reject the

hypothesis that pre-trends drive the response of agri-food GVC flows to enforcing a regional trade

agreement. Subtracting the pre-trends from the estimated post-event treatment estimates results in

average post-event GVC flow treatment effects that are smaller for agricultural and food TVA but

of similar magnitude than the baseline estimates for agricultural and food TVX. Since we cannot

completely rule out that pre-trends drive some of the estimated post-event growth in GVC flows,

the actual treatment effects likely lie between the main results and the pre-trend robust estimates.

24We transformed the parameter estimates to trade effects using the formula
(
exp(β̄rτ ) − 1

)
∗ 100 for the respective

treatment period.
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4.3 Treatment Heterogeneity

Trade Agreement Depth — To evaluate the impact of deep trade agreements on agri-food GVC

flows, we rely on interaction terms between the DTA indicator and the DTA depth measures. This

approach allows us to assess how trade agreements with varying levels of integration exert distinct

impacts on agri-food GVCs. Given the importance of economic integration for the GVC structure,

trade deals with greater depth can contribute more to value-added trade in the agri-food sector via

exporting or investment in longer supply chains (Boffa, Jansen and Solleder 2019; Laget et al. 2020;

Osnago, Rocha and Ruta 2019). We use two distinct depth measures introduced by Dür, Baccini

and Elsig (2014). One employs an ordinal variable that indicates how each agreement addresses

essential policy areas. We categorize all trade agreements into six groups based on the extent of

coverage, ranging from zero to five for the essential policy areas.25 The other one takes the form of

a traditional index-type continuous variable, “depth index,” ranging from 0 to 100, derived from 49

key trade openness provisions.26

The estimates in Table 2 reveal that the agreement depth is a crucial driver of agri-food GVC

integration. Column (1) shows that the positive effects of trade agreements for the agricultural

sector become more prominent when they include additional policy areas. Compared to trade

deals with three or fewer essential policy areas, which increase agricultural TVA by 8.1 percent to

14.1 percent, DTAs covering four or more policy areas lead to 17.9 percent to 31.3 percent higher

agricultural TVA flows. Employing the alternative depth index in column (2), we find evidence of a

positive DTA depth effect alongside the baseline DTA effect of 15.5 percent. However, this depth

estimate is not statistically significant at the conventional level for agricultural TVA. The role of

DTA depth is more substantial for agricultural forward linkages. The impact of DTAs covering three

or fewer policy areas is statistically insignificant, whereas agreements with four or more policy areas

increase agricultural TVX flows by 21.0 percent to 27.6 percent. Similarly, TVX flows increase by

25The seven policy areas are full trade agreements, standard harmonization, investments, services, procurement,

competition, and intellectual property rights.

26The index utilizes the Rasch model, which assumes that items are interconnected by a single underlying dimension,

prompting the inclusion of theoretically relevant variables (total of 49) linked to DTA depth. Dür, Baccini and Elsig

(2014) provide a detailed discussion of those DTA depth measures.
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0.2 percent for a 1-unit increase in the depth index, while DTAs with zero depth have a negligible

impact on agricultural TVX flows. Columns (3) and (4) show patterns similar to those in the

agricultural sector for the food sector, pointing toward the broad relevance of trade agreement depth

for backward and forward GVC integration. One difference to the agricultural sector is that DTAs

with zero essential policies hurt food TVX flows, underscoring the importance of the agreement

content. Interestingly, the level of trade integration holds greater relevance for forward linkages

than backward linkages in agri-food GVC integration.

Essential Policy Areas — While the DTA depth estimates highlight the importance of deeper trade

deals for promoting agri-food GVC integration, the additive nature of the depth measures makes it

difficult to assess the relative importance of different trade policy areas. Consequently, increasing

the number of policy areas or the index score does not automatically translate into a one-to-one

increase in agri-food GVC integration. To account for this interpretation challenge, we extend the

analysis to four distinct policy areas within DTAs relevant to promoting agri-food GVC flows and

assess their impact on GVC integration. We accomplish this task by drawing upon insights from the

previous literature, which highlights the relevance of DTA provisions on standard harmonization,

foreign investment, and intellectual property rights (IPRS) to facilitate GVC integration (see, e.g.,

Shepherd and Wilson 2013; Disdier, Fontagné and Cadot 2014; Cadot and Gourdon 2016; Santeramo

and Lamonaca 2022b; Osnago, Rocha and Ruta 2019; Laget et al. 2020). We adjust Equation 2

with an interaction term for these essential policy areas.27

Table 3 shows that the four GVC policy areas explain most of the average DTA impact on agri-food

GVC flows. We find that the harmonization of standards & regulations and foreign investment

policies enhance agri-food GVC flows. The former increases TVA by 6.5 percent and TVX by 19.5

percent for the agricultural sector and raises TVA by 11.5 percent and TVX by 24.5 percent for

the food sector. Most deep trade agreements incorporate regulatory cooperation, which aims to

27Dür, Baccini and Elsig (2014) provide indicator variables to determine whether the agreements incorporate essential

provisions within these three policy domains. For instance, standard harmonization encompasses SPS and TBT

provisions, foreign investment includes policies from bilateral investment treaties, and intellectual property rights

involve the scope and specific provisions for protecting intellectual properties. The GVC index comprises four main

provisions that indicate the exclusive statement of general scope and specific aims towards GVC. We construct an

indicator variable if any of these provisions exist for the agreement.
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harmonize standards and mitigate regulatory disparities among signatories to stimulate agri-food

market integration, which can contribute to GVC development (Vollrath, Gehlhar and Hallahan

2009; Disdier, Fontagné and Mimouni 2008; Santeramo and Lamonaca 2022b). The latter enhances

TVA by 12.4 percent and TVX by 9.0 percent for the agricultural sector and promotes TVA by

12.3 percent and TVX by 12.6 percent for the food sector. These results align with the previous

literature, showing that investment openness attracts foreign investors more inclined to outsourcing,

consequently boosting agri-food TVA and TVX flows (Bahar et al. 2019). In contrast, including IPRS

in trade agreements reduces agricultural GVC flows and has no statistically significant impact on

the food sector. This pattern is consistent with previous empirical trade studies that find a negative

relationship between the protection of geographical indications and agri-food trade, consequently

impacting GVC flows (Campi and nas 2016; Campi and Dueñas 2019). Lastly, including GVC-

specific policy areas in trade deals does not promote agri-food GVC flows. We find that GVC

provisions lead to a decrease in TVA flows. An explanation could be related to the rules of origin

associated with GVC-related policies. These provisions often confer advantages and protection for

domestically sourced inputs, while this mechanism disadvantages products using foreign inputs due

to the rules of origin (Choi 2010; Geraets, Carroll and Willems 2015).

Income Classification — The previous literature emphasizes the heterogeneous impact of DTAs

across economic development stages. These studies focus on the North-South discourse, highlighting

tensions between trade liberalization and GVC barriers, mainly focusing on the unequal distribution

of benefits among countries in different stages of economic development (Cadot and Gourdon 2016;

Disdier, Fontagné and Cadot 2014; Mujahid and Kalkuhl 2016). Although these studies provide

empirical evidence within the trade context, few have extended the discourse to agri-food GVC

integration (Lee 2019; Sanguinet, Alvim and Atienza 2022). To study how trade treaty effects

differ among income groups, we classify countries into high-income (North) and low-income (South)

groups.28 Table 4 shows that DTAs benefit agri-food GVC integration with high countries more.

As a result of enforcing a DTA, North-to-North agri-food GVC flows grow by 18.2 percent to 22.4

28We rely on the World Bank’s country classifications by income level, categorizing countries into four groups:

High, Upper Middle, Lower Middle, and Low income (World Bank 2022). We then designated upper-middle and

high-income countries as North and lower-middle and low-income countries as South.
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percent, and South-to-North GVC flows increase by 11.2 percent to 32.6 percent. For North-to-South

GVC flows, we find limited evidence for positive treatment effects, with only the estimate for food

TVX flows being statistically significant and increasing GVC flows by 13.5 percent. In contrast, we

find evidence for a negative impact of DTAs on South-to-South agri-food GVC flows. These findings

underscore the uneven GVC integration benefits under the current trade regime. Interestingly, the

agri-food GVC integration benefits are more prominent than those observed for agri-food GIE flows

(e.g., Disdier, Fontagné and Cadot 2014; Cadot and Gourdon 2016; Mujahid and Kalkuhl 2016).

These findings imply that GVC integration through DTAs benefits high-income countries more than

those in the developing world.

5. Conclusion

This paper assesses the effects of deep trade agreements on agri-food GVC integration. By utilizing

comprehensive GVC data and a theory-consistent gravity framework, our analysis reveals the

impacts of deep trade integration on both forward and backward linkages in agri-food GVCs.

The utilized dataset encompasses sectoral GVC flows for a broad range of countries from 1991

to 2020. We incorporate intra-national and international GVC flows and evaluate the influence

of trade agreements and their depth on agri-food GVC integration (Koopman, Wang and Wei

2014). Through event studies and heterogeneity analysis, the study systematically assesses the

short- and long-term implications of deep trade agreements, addressing potential concerns related

to treatment anticipation. The main findings demonstrated that trade integration policies yield

positive outcomes for agri-food GVC integration. Notably, countries engaged in deep economic

integration agreements exhibited significantly higher levels of backward and forward agricultural

GVC flows than those without such agreements (Disdier, Fontagné and Cadot 2014). Moreover, the

impact of trade agreements on GVC flows proves more substantial than on gross exports in the

food industry, which can attributed to the offshoring of domestic value-added processes (Roth et al.

2008). The event study analysis also reveals a time-delayed GVC response to deep trade agreements

(Freyaldenhoven, Hansen and Shapiro 2019b).

Further heterogeneity analysis highlighted differences in treatment effects based on the trade

agreement depth and income levels of agri-food GVC participants. Deeper agreements facilitate
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enhanced GVC flows, particularly forward linkages, with specific provisions such as standard

harmonization and investment policies playing a pivotal role (Vollrath, Gehlhar and Hallahan

2009; Disdier, Fontagné and Mimouni 2008; Bahar et al. 2019; Santeramo and Lamonaca 2022a).

However, provisions related to intellectual property rights and specific GVC-related policies exhibited

counterproductive effects on agri-food GVC integration (Campi and nas 2016; Campi and Dueñas

2019). Notably, the study uncovered differing impacts of deep trade agreements on agri-food

GVCs across income groups, with developed countries benefiting from increased value-added flows.

In contrast, developing nations experienced reduced GVC flows among each other due to such

agreements (Disdier, Fontagné and Cadot 2014; Cadot and Gourdon 2016; Mujahid and Kalkuhl

2016). This study contributes significantly to the evolving literature by investigating the influence

of deep trade agreements on agri-food GVC integration. Departing from earlier studies focused

on agri-food trade flows, this research emphasizes value-added trade flows, offering insights into

the distinct effects of trade agreements on backward and forward linkages for agri-food GVCs

(Grant and Lambert 2008; Sun and Reed 2010; Scoppola, Raimondi and Olper 2018). Using

event studies mitigates endogeneity concerns and provides a nuanced understanding of treatment

dynamics. Additionally, the analysis sheds light on North-South economic integration within the

agri-food sector, uncovering the role of developed countries in driving agri-food GVC integration

and underscoring policy implications for balanced GVC growth across income groups (Balié et al.

2019b; Sanguinet, Alvim and Atienza 2022).

The research outcomes carry crucial policy implications for advancing agri-food GVC integration in

a balanced and inclusive manner. The demonstrated benefits of trade integration policies underline

the significance of pursuing deep trade agreements, particularly those that prioritize standard

harmonization and investment provisions, to bolster both forward and backward agri-food GVC

linkages. However, careful attention is warranted toward intellectual property rights and GVC-

related regulations, which could impede value-added trade flows. Given the divergent impacts on

agri-food GVCs across income levels, policymakers are encouraged to tailor trade policies to the

needs of different interest groups. This shift involves designing targeted strategies that cater to the

distinct needs of developed and developing economies, thus fostering equitable growth of agri-food

GVCs and minimizing potential disparities.
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Although this study contributes valuable insights for policymakers and researchers alike, several

limitations warrant consideration and suggest avenues for future research. First, the analysis

primarily relies on aggregated sector-level data, potentially overlooking finer variations within sub-

sectors. Future research could explore more granular data to capture heterogeneity across product

categories. Second, the study assumes that trade agreements are exogenously determined, potentially

overlooking endogeneity concerns. While the event studies provide limited evidence for such concerns

in the pre-event period, there could be compounding trade policy effects in the long run (Lim 2021;

Raimondi et al. 2023). Therefore, the likely GVC flow effects of deep trade agreements lie between

those adjusting for linear pre-trends and our main results. Third, the empirical analysis focuses on

the direct impact of deep trade agreements, neglecting potential spillover effects on non-participant

countries (He 2022). Incorporating a broader perspective to capture indirect implications on global

agri-food GVCs could offer a more comprehensive understanding (Lim and Kim 2022; Montalbano

and Nenci 2022). Lastly, this study does not delve into the role of technological advancements

and digitalization, which are increasingly shaping GVC dynamics (Görg, Hanley and Strobl 2008;

Madsen 2007; Antràs and Chor 2019). Future research could explore how these factors interact

with deep trade agreements to promote further agri-food GVC integration, thus providing a more

contemporary and nuanced perspective.
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ographical indications and trade: Firm-level evidence from the French cheese industry.” Food

Policy, 102: 102118.

Eaton, Jonathan, and Samuel Kortum. 2002. “Technology, geography, and trade.” Economet-

rica, 70(5): 1741–1779.

Egger, Peter H, Mario Larch, and Yoto V Yotov. 2022. “Gravity estimations with interval

data: Revisiting the impact of free trade agreements.” Economica, 89(353): 44–61.

Ekholm, Karolina, Rikard Forslid, and James R. Markusen. 2007. “Export-platform foreign

direct investment.” Journal of the European Economic Association, 5(4): 776–795.

Fernandes, Ana Margarida, Hiau Looi Kee, and Deborah Winkler. 2022. “Determinants

of global value chain participation: Cross-country evidence.” World Bank Economic Review,

36(2): 329–360.

Ferrantino, Michael J. 2012. “Using supply chain analysis to examine the costs of non-tariff

measures (NTMs) and the benefits of trade facilitation.” World Trade Organization Working

Paper, ERSD 2012–02.

Freeman, Rebecca, and Samuel Pienknagura. 2019. “Are all trade agreements equal? The

role of distance in shaping the effect of economic integration agreements on trade flows.” Review

of World Economics, 155(2): 257–285.

Freyaldenhoven, Simon, Christian Hansen, and Jesse M. Shapiro. 2019a. “Pre-event

Trends in the Panel Event-study Design.” American Economic Review, 109(9): 3307–38.

31



Freyaldenhoven, Simon, Christian Hansen, and Jesse M Shapiro. 2019b. “Pre-event trends

in the panel event-study design.” American Economic Review, 109(9): 3307–3338.

Freyaldenhoven, Simon, Christian Hansen, Jorge Pérez Pérez, and Jesse M Shapiro.
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Figure 1: Evolution of GIE and GVC Flows.

Note. The figure shows the evolution of GIE and GVC flows between 1991 and 2020. All flow measures are normalized
to 1991.
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Figure 2: Evolution of Trade Agreement Depth.

Note. The figure shows the number of DTAs and the depth of those agreements. We utilize the depth index measure
by Dür, Baccini and Elsig (2014) that ranges from 0 to 7 in increments of one and counts the number of substantive
provisions across tariff reductions, services trade, investments, standards, public procurement, competition, and
intellectual property rights provisions.
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Figure 3: Event Studies for Trade Deal Enforcement and GVC Flows.

Note. The figure shows the dynamic treatment parameters, 95 percent confidence intervals, and uniform sup-t bands
for the event-time coefficients. We report several Wald tests and regression statistics in the figure notes and overlay
static estimates as dashed lines. All standard errors are clustered at the exporter-importer-sector level.
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Table 1: Trade Agreement Effects on Agri-food GVC Flows.

Without Intra-national Flows With Intra-national Flows

GIE TVA TVX GIE TVA TVX

(a) Agricultural Sector

Trade Agreements 0.035∗∗∗ -0.007 0.002 0.210∗∗∗ 0.154∗∗∗ 0.158∗∗∗

(0.011) (0.014) (0.013) (0.040) (0.027) (0.037)

Observations 1,027,026 875,666 746,016 1,035,300 889,494 766,845

Pseudo R-squared 0.998 0.997 0.995 0.999 0.999 0.999

(b) Food Sector

Trade Agreements 0.002 -0.002 0.034∗∗∗ 0.091∗∗∗ 0.150∗∗∗ 0.198∗∗∗

(0.013) (0.015) (0.012) (0.029) (0.030) (0.036)

Observations 1,017,567 608,166 814,554 1,025,580 629,457 833,053

Pseudo R-squared 0.999 0.995 0.998 0.999 0.999 0.999

(c) All Sectors

Trade Agreements 0.014∗∗ 0.009 0.006 0.158∗∗∗ 0.117∗∗∗ 0.125∗∗∗

(0.007) (0.011) (0.009) (0.038) (0.032) (0.026)

Observations 25,277,920 16,598,688 16,678,427 25,571,618 17,240,015 17,473,175

Pseudo R-squared 0.999 0.998 0.999 0.999 0.999 0.999

Note. This table shows estimates of trade agreement impact on agricultural, food, and all GVC flows. We
compare the results for total value added (TVA) and total domestic value added in exports (TVX) with
those of gross industry exports (GIE). Without intra-national flows, the value-added measures become
the indirect domestic value added in export (DVX) and foreign value added (FVA). All standard errors
are clustered at the exporter-importer-sector level.
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Table 2: Trade Agreement Depth and Agri-food GVC Flows.

Agricultural Sector Food Sector

TVA TVX TVA TVX

(1) (2) (1) (2) (1) (2) (1) (2)

DTA Index 0 0.078* -0.059 0.062 -0.124**

(0.044) (0.046) (0.075) (0.056)

DTA Index 1 0.132*** 0.105* 0.118** 0.179***

(0.048) (0.054) (0.058) (0.063)

DTA Index 2 0.100* 0.020 -0.011 -0.015

(0.054) (0.052) (0.047) (0.047)

DTA Index 3 0.085 0.007 0.043 0.033

(0.052) (0.063) (0.080) (0.079)

DTA Index 4 0.272*** 0.244*** 0.329*** 0.335***

(0.044) (0.066) (0.042) (0.058)

DTA Index 5 0.165*** 0.191*** 0.156*** 0.232***

(0.028) (0.035) (0.029) (0.034)

Trade Agreements 0.144*** 0.003 0.129** -0.044

(0.041) (0.048) (0.062) (0.061)

– Depth Index 0.015 0.204*** 0.028 0.319***

(0.049) (0.058) (0.076) (0.074)

Observations 889,494 889,494 766,845 766,845 629,457 629,457 833,053 833,053

Pseudo R-squared 0.999 0.999 0.999 0.999 0.999 0.999 0.999 0.999

Note. This table presents estimates of the impact of DTA depth on GVC flows. We use two DTA depth measures
developed by (Dür, Baccini and Elsig 2014). One employs an ordinal variable that indicates how each agreement
addresses essential policy areas. We categorize all trade agreements into six groups based on the extent of coverage,
ranging from zero to five for the essential policy areas. The other depth measure ranges from 0 to 100 and relies on 49
key trade openness provisions. All standard errors are clustered at the exporter-importer-sector level.
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Table 3: Essential Policy Areas in Trade Agreements.

Agricultural Sector Food Sector

TVA TVX TVA TVX

Trade Agreements 0.078∗ -0.014 0.034 -0.071

(0.040) (0.047) (0.056) (0.051)

– Standard 0.063∗ 0.178∗∗∗ 0.109∗∗ 0.219∗∗∗

(0.036) (0.046) (0.050) (0.050)

– Investment 0.117∗∗∗ 0.086∗∗ 0.116∗∗∗ 0.119∗∗∗

(0.033) (0.042) (0.039) (0.045)

– IPRS -0.097∗∗∗ -0.102∗∗ -0.049 -0.014

(0.034) (0.041) (0.039) (0.043)

– GVC -0.094∗∗ 0.036 -0.177∗∗∗ -0.054

(0.047) (0.057) (0.044) (0.070)

Observations 889,494 766,845 629,457 833,053

Pseudo R-squared 0.999 0.999 0.999 0.999

Note. This table presents estimates of the GVC flow effects of essential
policy areas in DTAs. The four essential policy areas are indicator variables
from Dür, Baccini and Elsig (2014). All standard errors are clustered at the
exporter-importer-sector level.
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Table 4: Differential GVC Effects of Trade Agreements by Income Level.

Agricultural Sector Food Sector

TVA TVX TVA TVX

(1) (2) (1) (2) (1) (2) (1) (2)

Trade Agreements 0.154∗∗∗ 0.158∗∗∗ 0.150∗∗∗ 0.198∗∗∗

(0.027) (0.037) (0.030) (0.036)

South-to-North 0.106∗∗∗ 0.159∗∗∗ 0.137∗∗∗ 0.282∗∗∗

(0.028) (0.041) (0.037) (0.074)

South-to-South -0.045 -0.115∗ -0.106∗∗ -0.146∗

(0.056) (0.062) (0.046) (0.084)

North-to-South 0.102 0.032 0.041 0.135∗∗

(0.066) (0.059) (0.051) (0.066)

North-to-North 0.177∗∗∗ 0.174∗∗∗ 0.167∗∗∗ 0.202∗∗∗

(0.029) (0.041) (0.033) (0.037)

Observations 871,462 871,462 753,199 753,199 618,716 618,716 816,816 816,816

Pseudo R-squared 0.999 0.999 0.999 0.999 0.999 0.999 0.999 0.999

Note. This table presents estimates of the GVC flow effects of DTAs by income level. All countries were divided
into two groups, North and South, and we then assessed the treatment heterogeneity using interaction terms. All
standard errors are clustered at the exporter-importer-sector level.
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Appendix Figures and Tables
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(a) Agricultural Sector Gross Exports.
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(b) Food Sector Gross Exports.

Figure A.1: Data Source Comparison.

Note. The figure compares agricultural and food sector gross exports based on the 2023 Eora global supply chain
database (Lenzen et al. 2013) with UN Comtrade (2023) and the International Trade and Production Database for
Estimation by Borchert et al. (2021).
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(a) Agricultural TVA.
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(c) Agricultural TVX.
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(d) Food TVX.

Figure A.2: Overlaid Linear Pre-Trends.

Note. The figure shows the dynamic treatment parameters, 95 percent confidence intervals, and uniform sup-t bands
for the event-time coefficients. We report the slope and standard error of the overlaid linear pre-trend and several
regression statistics in the figure notes. All standard errors are clustered at the exporter-importer-sector level.
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(a) Agricultural TVA.
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(d) Food TVX.

Figure A.3: Subtracted Linear Pre-Trends.

Note. The figure shows the dynamic treatment parameters, 95 percent confidence intervals, and uniform sup-t bands
for the event-time coefficients. We report the slope and standard error of the overlaid linear pre-trend and several
regression statistics in the figure notes. The post-event treatment coefficients are adjusted for linear pre-trends. All
standard errors are clustered at the exporter-importer-sector level.
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Table A.1: Descriptive Statistics I.

Mean SD ∆(1991/2020) Min. Max.

(a) Agricultural Sector

TVA 12.50 457.00 0.21 0 101,210

TVX 8.39 296.00 0.17 0 56,923

GIE 8.92 554.00 0.23 0 146,149

(b) Food Sector

TVA 12.90 804.00 0.18 0 597,204

TVX 13.50 890.00 0.20 0 612,959

GIE 11.30 1,076.00 0.16 0 914,631

(c) All Sectors

TVA 12.90 804.00 0.18 0 597,204

TVX 13.50 890.00 0.20 0 612,959

GIE 11.30 1,076.00 0.16 0 914,631

Note. This table presents summary statistics for multiple outcome variables. We report the intra-
national and international trade in this table separately, while the sum of these variables represents
GIE in the manuscript. Panels (a) and (b) use data for the agricultural and food sectors and panel
(c) uses data from all sectors. ∆(1991/2020) represents the annual growth rate. The units for the
remaining statistics are scaled in million USD.
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Table A.2: Descriptive Statistics II.

Mean SD Min Max Observations

(a): South-to-South
DTA 0.12 0.32 0 1.00 241,414
# Essential policy 0.18 0.69 0 6.00 241,414
Depth 0.02 0.09 0 100.00 241,414
Standard harmonization 0.02 0.13 0 1.00 241,414
Investment 0.01 0.12 0 1.00 241,414
IPRS 0.01 0.08 0 1.00 241,414
GVC 0.00 0.02 0 1.00 241,414

(b): South-to-North
DTA 0.17 0.38 0 1.00 279,513
# Essential policy 0.23 0.60 0 6.00 279,513
Depth 0.03 0.08 0 90.12 279,513
Standard harmonization 0.03 0.18 0 1.00 279,513
Investment 0.00 0.07 0 1.00 279,513
IPRS 0.00 0.03 0 1.00 279,513
GVC 0.00 0.00 0 1.00 279,513

(c) North-to-North
DTA 0.16 0.36 0 1.00 241,964
# Essential policy 0.66 1.75 0 6.00 241,964
Depth 0.08 0.22 0 100.00 241,964
Standard harmonization 0.11 0.31 0 1.00 241,964
Investment 0.09 0.29 0 1.00 241,964
IPRS 0.06 0.23 0 1.00 241,964
GVC 0.01 0.09 0 1.00 241,964

(d) North-to-South
DTA 0.14 0.35 0 1.00 241,414
# Essential policy 0.25 0.82 0 6.00 241,414
Depth 0.03 0.11 0 100.00 241,414
Standard harmonization 0.03 0.16 0 1.00 241,414
Investment 0.02 0.15 0 1.00 241,414
IPRS 0.01 0.12 0 1.00 241,414
GVC 0.00 0.03 0 1.00 241,414

(e): Overall
DTA 0.14 0.35 0 1.00 1,049,070
# Essential policy 0.31 1.05 0 6.00 1,049,070
Depth 0.04 0.13 0 100.00 1,049,070
Standard harmonization 0.04 0.20 0 1.00 1,049,070
Investment 0.03 0.17 0 1.00 1,049,070
IPRS 0.02 0.13 0 1.00 1,049,070
GVC 0.00 0.05 0 1.00 1,049,070

Note. This table presents the descriptive statistics for the trade policy variables. The countries are classified
into “North” for high-income and “South” for low-income economies.
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Table A.3: Essential DTA Policy Areas.

Policy Areas Description

Full trade agreement Determined by whether the matched agreement is classified
as a full free trade agreement (FTA) or a broader scope agree-
ment according to the Hufbauer and WTO coding scheme.

Standard harmonization Derived from 4 provisions coded for the SPS and TBT chap-
ters, including mutual recognition and harmonization.

Investments Derived from 3 provisions coded for the Investment chapter,
including the reference to bilateral investment treaty.

Services Derived from the Service chapter, whether the agreement
includes specific provisions stipulating the liberalization of
trade in services.

Procurement Determined by whether the agreement contains a substantive
provision on public procurement.

Competition Determined by whether the agreement includes a compe-
tition chapter, including scopes of transparency and anti-
discriminatory principles.

IPRS Derived from 5 provisions coded for the intellectual property
rights chapter, including the treatment toward NT and MFN
listed countries and specific scope and enforcement of the
law.

GVC Derived from 4 provisions coded for the GVC chapter, dis-
cussing a mechanism and cooperation explicitly about the
global value chain.

Note. This table describes the essential policy areas used for the depth index construction. Dür, Baccini
and Elsig (2014) detail all the provisions used in these policy areas.
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