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Introduction: In the context of the growing global trend toward the deep 
integration of free trade agreements (FTAs), enhanced regional agricultural 
collaboration has significantly impacted the agricultural global value chains 
(AGVCs). Clarifying how FTA depth affects a country’s AGVC participation is 
crucial for promoting high-quality agricultural development and deepening 
international agricultural cooperation.

Methods and goals: This paper constructs and calculates indicators for FTA 
depth and the AGVC index, employing fixed effects models, PPML models, and 
other methods, aiming to empirically analyze how the depth of FTAs influences 
a country’s participation in AGVC and the mechanisms involved.

Results: The findings indicate that an increase in FTA depth enhances a 
country’s degree of participation and position within the AGVC. Both the 
‘WTO+’ and ‘WTO-X’ provision depth indices exert a significant positive 
influence on increasing participation and position within the AGVC, with the 
‘WTO-X’ provision depth index demonstrating a more pronounced effect than 
the ‘WTO+’ provision. Furthermore, the positive effects of increased FTA depth 
on the integration of developed countries into the AGVC are greater than those 
on developing countries. Additional analysis reveals that FTA depth promotes 
trade liberalization and investment facilitation, thereby enhancing countries’ 
participation and position in the AGVC.

Discussion: The findings of this paper provide reliable empirical evidence for 
understanding the influence of FTA depth on AGVC and offer valuable policy 
insights for countries actively pursuing deeper FTAs.

Policy recommendations: To further advance the evolution of AGVC, it is 
recommended that countries actively promote the signing of deeper FTAs to 
accelerate trade liberalization and investment facilitation. At the same time, 
developed countries should strengthen agricultural technology research and 
development, assisting developing countries through technology transfer to 
jointly build a sustainable GVC; developing countries should enhance agricultural 
cooperation and improve their negotiating power in FTA discussions.
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1 Introduction

Amid prolonged stagnation in multilateral trade talks under the 
World Trade Organization (WTO), coupled with the rise of anti-
globalization sentiments, the prevalence of trade protectionism, 
frequent geopolitical conflicts, and various uncertainties such as 
public health crises, the global trade landscape has become 
increasingly complex and volatile. To promote international economic 
and trade cooperation, countries worldwide are actively pursuing 
FTAs that offer greater flexibility in rules and more convenient 
coordination. From 2003 to 2018, the number of FTAs increased from 
113 to 296, with an average annual growth rate of 6.63%. According 
to the latest statistics from the WTO’s RTA (Regional Trade 
Agreements) database, as of 2024, there are 371 FTAs in force. While 
the quantity continues to grow, the quality is also improving 
consistently. Traditional FTAs primarily focused on lowering tariffs 
and non-tariff barriers. However, the scope of contemporary 
agreements has expanded to include various areas, such as 
environmental protection, anti-corruption, competition policy, 
consumer protection, and cultural cooperation, with the depth of 
provisions continually increasing. The deep integration of FTAs has 
emerged as a new trend in global trade, profoundly impacting regional 
trade enhancement and reshaping global value chains (GVCs). 
According to the calculated data on the depth of provisions, from 2003 
to 2018, the annual growth rates of the coverage index and the 
bindingness index for “WTO+” were 8.81 and 9.10%, respectively, 
while the annual growth rates for the coverage index and the 
bindingness index for “WTO-X” were 11.14 and 11.99%. This 
indicates that during this period, the depth of provisions in free trade 
agreements not only increased in quantity but also enhanced the legal 
binding force and enforceability of the provisions. In comparison, the 
annual growth rates of the coverage index and the bindingness index 
for “WTO-X” were greater. This may be attributed to rising external 
economic uncertainties, which have led countries to prefer signing 
FTAs that include deeper content to establish a stable and predictable 
business environment and promote economic and trade cooperation.

Amidst deep integration within GVCs, the global division of labor 
has shifted significantly, transitioning from inter-industry and intra-
industry divisions to intra-product specialization. The ‘global 
production, global sales’ model within value chains has rapidly 
emerged. Agriculture, as a vital component of the GVC, includes not 
only traditional stages such as production, processing, transportation, 
and sales but also high value-added sectors like agricultural input 
supply, seed research and development, and brand building. 
Developed countries generally dominate the high-end segments of 
agricultural inputs, seeds, agro-product processing, and branding, 
while developing countries primarily focus on the production and 
export of primary agricultural products. Given that agricultural 
products are perishable, prone to damage, and difficult to store, along 
with increasingly stringent inspection and quarantine protocols and 
green barriers, trade in the AGVC faces numerous challenges. In this 
context, a pressing issue is how to enhance countries’ participation 
and position in the AGVC by deepening FTAs. To this end, this paper 
focuses on the relationship between FTA depth and GVCs, with a 
particular emphasis on the agricultural sector. It examines whether an 
increase in the depth of provisions is beneficial for enhancing a 
country’s participation in and division of labor within the 
AGVC. Additionally, it explores the underlying mechanisms from the 

perspectives of international trade liberalization and 
investment facilitation.

Research findings indicate the following: First, FTA depth 
significantly enhances a country’s participation and position in the 
AGVC, with deeper agreements yielding more pronounced effects. 
Second, compared to “WTO+” provisions, “WTO-X” provisions have 
a more substantial impact on a country’s involvement in the 
AGVC. Third, the effect of FTA depth on enhancing participation and 
position is more pronounced for developed countries than for 
developing countries. Fourth, FTA depth primarily improves a 
country’s participation degree and position in the AGVC through two 
channels: trade liberalization and investment facilitation. This paper 
aims to reveal the relationship between the depth of FTAs and the 
AGVC, which has significant theoretical and practical implications for 
countries formulating strategies, fully leveraging the opportunities 
presented by FTAs, and improving their positions within the AGVC.

The innovation of this paper lies in two main aspects. First, 
we  break through the traditional assumption of homogeneity in 
agreements by focusing on the heterogeneity of agreement provisions, 
distinguishing between shallow and deep provisions, and analyzing 
the differential impacts of various types of provisions on a country’s 
participation in the division of labor within the AGVC. Second, unlike 
previous literature that predominantly studies the GVCs of 
manufacturing and services, we concentrate on the AGVC. We employ 
methods such as fixed effects models and PPML models to examine 
the impact of FTA depth on the AGVC and elaborate on the 
underlying mechanisms of these effects.

2 Literature review

The literature related to this paper can be categorized into three 
main areas: First, research on the measurement of the depth of FTAs. 
Scholars such as Vincentvicard (2009), Horn et al. (2010), Dür et al. 
(2014), and Hofmann et al. (2017) have assessed the depth of FTAs 
from perspectives such as the degree of integration, content and depth 
of provisions, and have classified the provisions accordingly. The 
‘HMS method’ introduced by Horn et al. (2010) has been extensively 
utilized. Second, research on the effects of FTA depth. Researchers 
have examined how FTA depth affects value-added trade connections, 
OFDI (outward foreign direct investment) by Chinese enterprises, 
value chain trade, and a country’s involvement in GVCs (Fusacchia 
et al., 2022; Hanifa et al., 2022; Sun et al., 2020; Zhang et al., 2021; 
Cheng et al., 2022). They have found that FTAs promote bilateral value 
chain activities, and this effect intensifies with deeper FTA provisions. 
Third, research on GVCs. Existing studies have focused primarily on 
two aspects: the measurement of indicators and influencing factors. 
Regarding measurement, scholars have assessed the degree of 
participation in and the position within GVCs from various 
perspectives, including traditional trade statistics, vertical 
specialization rates, the KPWW method, the VAX index, 
upstreamness, and backward decomposition (Hummels et al., 2001; 
Koopman et al., 2010; Johnson and Noguera, 2012; Fally, 2012; Wang 
et  al., 2013). Concerning influencing factors, researchers have 
explored the effects of human capital, resource endowments, 
technological innovation, research and development investment, and 
institutional quality on the GVC division of labor (Li and Choi, 2021; 
Wu et al., 2021; Wang and Thangavelu, 2021; Ji et al., 2022; Liang and 
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Liang, 2021; Chen and Zhang, 2023; Xu et al., 2024; Hong et al., 2020). 
Some scholars have also explored the impact of FTA depth on GVCs, 
finding that FTAs enhance bilateral value chain activities, with this 
effect becoming more pronounced as the depth of FTA provisions 
increases, particularly benefiting developing countries (Orefice and 
Rocha, 2014; Laget et al., 2020; Cheng et al., 2022; Lee and Kim, 2022).

While these studies offer substantial theoretical and empirical 
evidence regarding the relationship between FTA depth and GVCs, 
several limitations still exist: (1) Most literature concentrates on the 
impact of FTA depth on the participation of the manufacturing and 
service sectors in GVCs, with limited research on AGVC; (2) The 
mechanisms through which FTA depth influences AGVC have not 
been thoroughly examined, particularly from the perspectives of trade 
liberalization and investment facilitation. In response, this paper 
calculates the depth of FTAs and an AGVC index, utilizing fixed 
effects models, PPML models, and mediation effect models to 
empirically analyze how FTA depth affects a country’s participation in 
AGVC and its underlying mechanisms. This research contributes to 
filling the gap in the study of FTA depth’s impact on AGVC and 
provides valuable theoretical and practical insights for countries 
formulating agricultural development strategies and enhancing 
international agricultural cooperation.

3 Theoretical analysis and research 
hypotheses

As technology has rapidly advanced, transportation and 
communication costs have significantly decreased, leading to a more 
refined division of labor in agriculture, which has gradually evolved 
into a GVC characterized by intra-product specialization (Baldwin 
and Yan, 2021). The segments of AGVC possess their uniqueness, with 
the two ends being agricultural input supply and seed research and 
development, as well as agricultural brand building and product 
marketing promotion. The middle of the value chain consists of 
agricultural product production and processing, among other 
segments. However, due to concerns over food security, countries are 
exhibiting a trend toward diversification in trade barriers for 
agricultural products. In addition to tariffs, these products also face 
non-tariff barriers such as sanitary and phytosanitary measures and 
technical standards. The frequent trade of intermediate products has 
led to an accumulation of both tariff and non-tariff barriers, resulting 
in higher trade costs for agricultural products. Against this backdrop, 
the deepening of FTAs has significantly influenced a country’s 
participation in AGVC’s labor division.

3.1 The impact of FTA depth on the AGVC

The deepening of FTAs can significantly enhance a country’s 
participation and position within the AGVC. On one hand, drawing 
from the Comparative Advantage Theory and the Heckscher-Ohlin 
model, reducing trade barriers allows countries to better leverage their 
resource endowments in trade. Agricultural products are highly 
dependent on seasonal and regional production. The reduction of 
tariff concessions and non-tariff barriers has facilitated the cross-
border flow of agricultural products, lowered the difficulty and costs 
for agricultural enterprises to enter international markets, and 

enhanced their participation in the AGVC (Melitz, 2003; Wickrama 
et al., 2024). The relaxation of sanitary and phytosanitary measures 
(SPS), in particular, has reduced the trade costs of agricultural 
products, enhanced the predictability of international markets, and 
promoted deeper levels of division of labor and cooperation. Trade 
facilitation measures, such as simplifying customs procedures and 
enhancing logistics infrastructure, significantly reduce the cost and 
time of international agricultural product transportation (Wilson and 
Abiola, 2003). Together, these factors make it easier for countries’ 
agricultural sectors to integrate into global markets, thereby increasing 
their participation in the AGVC.

On the other hand, deeper FTAs can strengthen a country’s 
position in the AGVC labor division. According to New Economic 
Geography and Knowledge Spillover Theory, FDI (foreign direct 
investment) combined with technology transfer can promote 
technological progress and regional economic growth. The investment 
protection provisions in deep FTAs can attract foreign investment into 
the agricultural production and processing sectors, bringing advanced 
agricultural technologies and management experience, thereby 
improving production efficiency and product quality. This enhances 
the position of member countries in the division of labor within 
AGVC. Agricultural production has a high demand for quality inputs 
such as seeds, fertilizers, and pesticides. The reduction of tariffs and 
the elimination of non-tariff barriers lower the import costs of these 
inputs, improve production efficiency and quality, and, in turn, 
enhance their added value position within the GVC. Moreover, FTAs 
encourage stronger cooperation and coordination among countries, 
concentrating different stages of agricultural production in areas of 
comparative advantage. By leveraging economies of scale and scope 
(Helpman and Krugman, 1987), countries can enhance their potential 
for technological upgrading and productivity improvements in the 
agricultural sectors, enabling them to ascend the GVC toward higher 
value-added activities while improving their positions in the 
AGVC. From this analysis, the following hypothesis is suggested:

Hypothesis 1. The deepening of FTAs can significantly enhance a 
country’s participation and position within the AGVC.

3.2 Differences in the impact of shallow 
and deep provisions on the AGVC

The provisions of FTAs can be categorized into shallow ‘WTO+’ 
provisions and deeper ‘WTO-X’ provisions, each having significant 
differences in their impact on the AGVC. ‘WTO+’ provisions primarily 
focus on additional tariff reductions, the lowering of non-tariff barriers, 
and enhancing transparency and consistency in trade rules. These 
provisions build upon and strengthen the existing WTO rules, 
representing traditional trade liberalization measures essential for 
reducing trade barriers in agricultural products. According to New 
Trade Theory, by streamlining export and import procedures, ‘WTO+’ 
provisions facilitate the integration of member countries into GVCs. 
However, since these provisions concentrate mainly on tariffs and 
non-tariff measures, their impact is relatively limited, with the primary 
effect being improved market access rather than deeper AGVC 
integration. Based on the Melitz model, the influence of these provisions 
on enhancing productivity, technological advancement, and value-
added in the agricultural sector is relatively small, thus having a limited 
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impact on enhancing a country’s position in AGVC (Jordan, 2017; 
Eum, 2023).

In comparison, ‘WTO-X’ provisions tackle more complex issues 
that extend beyond the scope of WTO agreements, such as intellectual 
property rights, labor standards, competition policy, and agricultural 
investment protection. These provisions not only influence market 
access for agricultural products but also have profound effects on the 
structure of the agricultural industry, technological innovation, and 
the institutional environment. According to New Economic 
Geography and the Theory of Knowledge Spillovers, ‘WTO-X’ 
provisions can significantly enhance productivity and international 
competitiveness in the agricultural sector by attracting FDI, promoting 
technology transfer, and improving institutional quality. The 
protection of intellectual property rights for seeds, varieties, and 
technologies in the agricultural sector is strengthened through FTAs, 
which encourage agricultural innovation and the establishment of 
high-quality brands, enabling agricultural enterprises to occupy a 
position of higher added value in the GVC (Grossman and Helpman, 
1991). Moreover, based on Transaction Cost Theory, these deeper 
provisions help create a more stable and predictable business 
environment, reducing agricultural transaction costs and further 
boosting the agricultural sector’s participation in the AGVC. From 
this, the following hypothesis is suggested:

Hypothesis 2. Increasing the depth of ‘WTO-X’ provisions has a 
more significant positive effect on participation and position 
within the AGVC compared to increasing the depth of ‘WTO+’ 
provisions.

3.3 Mechanisms through which the depth 
of FTAs affects the AGVC

The depth of FTAs influences a country’s participation and 
position within the AGVC by promoting trade liberalization and 
facilitating investment.

First, the deepening of FTAs encourages agricultural investment 
and trade between member countries by fostering trade liberalization 
and investment facilitation. FTAs have significantly promoted the 
liberalization of agricultural trade by reducing tariffs and non-tariff 
barriers, thereby lowering the costs and obstacles associated with 
agricultural trade. The deepening of FTAs signifies that international 
trade rules will become more detailed and unified, helping to reduce 
the implicit costs incurred by both parties in coordinating agricultural 
trade and promoting the trade of agricultural products among 
member countries. In terms of investment facilitation, the depth of 
FTAs has a significant impact. FTAs typically include specific 
provisions related to investment, such as simplifying investment 
application and approval procedures, ensuring transparency in 
investment information and policy regulations, providing clear 
channels for complaints, and establishing comprehensive dispute 
resolution mechanisms. These measures have enhanced the 
transparency and predictability of cross-border investments, directly 
facilitating the development of agricultural investment (Chi, 2002). 
Furthermore, Osnago et al. (2019) also pointed out that deeper trade 
agreements positively affect the growth of FDI.

Second, trade liberalization can effectively enhance a country’s 
participation and position within the AGVC. Agricultural products 

must comply with strict SPS standards. The liberalization of trade 
has led to greater coordination and unification of these standards, 
which helps reduce trade friction caused by discrepancies and 
encourages countries to engage in the AGVC. According to the 
Theory of Technology Diffusion, trade liberalization creates 
favorable conditions for the cross-border dissemination of 
advanced agricultural technologies and management practices. For 
instance, advanced agricultural machinery and biotechnology from 
developed countries can more readily enter the markets of 
developing countries through free trade. The introduction and 
application of technology not only enhance production efficiency 
and quality but also drive the upgrading and structural adjustment 
of the agricultural value chain, thereby strengthening countries’ 
positions within the GVC. Finally, investment facilitation can also 
effectively enhance a country’s participation and position within the 
AGVC. According to the Eclectic Theory (Dunning, 1977), 
investment facilitation promotes outbound agricultural 
investments, which is a crucial pathway for countries to be involved 
more deeply in the AGVC. By making outbound agricultural 
investments, countries can relocate non-competitive production 
stages abroad, optimize resource allocation, and concentrate on 
competitive agricultural production activities, thereby increasing 
the international competitiveness of agricultural products. 
Furthermore, based on Endogenous Growth Theory, investment 
facilitation attracts more foreign capital into the country, bringing 
valuable resources such as funds, technology, and knowledge. The 
influx of these resources significantly enhances agricultural 
production efficiency and product quality, thereby promoting the 
country’s position within the AGVC. Building on the above 
analysis, the following hypothesis is proposed:

Hypothesis 3. Trade liberalization and investment facilitation 
serve as the primary channels through which FTA depth 
significantly influences the participation and position of a country 
in the AGVC.

In summary, compared to the manufacturing and service sectors, 
AGVC demonstrates greater regional specificity, perishability of 
products, and an emphasis on primary products in relation to the 
depth of FTAs. Consequently, FTAs with greater depth can more 
effectively promote the international circulation of agricultural 
products, enhance the competitiveness of processing and value-added 
segments, and facilitate the transition from primary production to 
higher value-added stages, securing a more advantageous position 
within GVC. Furthermore, deep FTAs strengthen the participation of 
agricultural enterprises in the AGVC. Trade liberalization and 
investment facilitation serve as significant channels for these impacts, 
with their mechanisms illustrated in Figure 1.

4 Methodology and data

4.1 Econometric model specification

4.1.1 Fixed effects model
To thoroughly explore the effect of FTA depth on member 

countries’ participation degree and division of labor position within 
the AGVC, this paper constructs the following model:
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Equation 1 employs the AGVC Participation Index as the 
dependent variable, concentrating on how provision depth affects 
AGVC participation. Equation 2 utilizes the AGVC Position Index as 
the dependent variable, investigating the impact of provision depth on 
the position within the AGVC. Here, i  signifies the country, and t 
indicates the year. Four indices—coverp (WTO+ coverage), bindingp 
(WTO+ bindingness), coverx (WTO-X coverage), and bindingx 
(WTO-X bindingness)—constitute the explanatory variable, Depth. To 
more accurately assess the effect of FTA depth on both participation 
degree and position within the AGVC, this paper integrates several key 
control variables into the econometric model. These include the level of 
economic development ( GDP ), human capital ( human ), physical 
capital ( material ), institutional quality ( system ), labor compensation 
rate ( labsh ), and technological development level ( technology ). 
Adding these control variables ensures greater robustness in the 
empirical results. Additionally, fixt{ }  represents country fixed effects 
and year fixed effects, while εit  denotes the random error term.

4.1.2 Examination of the influence mechanism
This paper posits in the theoretical analysis section that FTA depth 

influences the division of labor in the AGVC through two pathways: 
trade liberalization and investment facilitation. The impacts of trade 
liberalization and investment facilitation on participation levels and the 
division of labor in the AGVC have been widely validated (Wang and 
Thangavelu, 2021; Morrissey and Filatotchev, 2000; Javorcik, 2004). 
However, the effect of FTA depth on promoting trade liberalization and 

investment facilitation warrants further examination. This paper draws 
on the approaches of Cheng and Dong (2024), Wang et al. (2024), and 
Ren et al. (2023) to construct the following model for empirical testing 
of the influence mechanism:

 
GVC Pat Depth control fixit it it t it_ = + + +{ }+α α α ε0 1 2  

(3)

 
GVC Pos Depth control fixit it it t it_ = + + +{ }+α α α ε0 1 2  

(4)

 
freedom Depth control fixit it it t it= + + +{ }+β β β ε0 1 2  

(5)

 
invest Depth control fixit it it t it= + + +{ }+β β β ε0 1 2  

(6)

Equations 3–6 are employed to examine the mechanisms through 
which the depth of FTAs influences the degree of participation and 
position within the AGVC. Specifically, Equation 3 assesses the impact 
of FTA depth on participation degree in the AGVC, while Equation 4 
explores the effect of FTA depth on position within the 
AGVC. Equations 5 and 6 are then utilized to evaluate the influence 
of FTA depth on trade liberalization and investment facilitation. 
Finally, from a theoretical standpoint, we analyze the mediating effects 
of trade liberalization and investment facilitation on participation 
degree and position within the AGVC.

4.2 Variable measurement and selection

4.2.1 Explanatory variable
In this paper, the explanatory variable is FTA depth, which is 

referred to as ‘Depth’. Hofmann et al. (2017) quantified the content of 
FTAs to measure the heterogeneity of their depth and constructed 
both a total depth index and a core depth index. Subsequently, the 

FIGURE 1

Mechanism by which FTA depth affects the division of labor within the AGVC.
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World Bank released the Content of Deep Trade Agreements database, 
which employed a similar method to calculate the horizontal depth of 
FTA provisions, categorizing them into four categories: WTO + AC, 
WTO + LE, WTO-X AC, and WTO-X LE. Among these, WTO + AC 
and WTO-X AC assess the coverage of FTAs, while WTO + LE and 
WTO-X LE consider the legal binding nature of the provisions within 
the agreements.

Drawing on the methodology developed by Hofmann et  al. 
(2017), this paper quantifies FTA provisions and constructs two types 
of indicators to measure the depth of the agreements. The first type is 
the ‘coverage index’, which measures the number of provisions in a 
specific trade agreement, while the second type is the ‘bindingness 
index’, which evaluates the strength of these provisions concerning 
dispute resolution mechanisms and legal enforceability. According to 
Horn et  al. (2010), existing FTA provisions are categorized into 
“WTO+” provisions (14 items) and “WTO-X” provisions (38 items). 
Among these, ‘WTO+’ provisions fall within the existing WTO 
framework, such as tariff reduction, while ‘WTO-X’ provisions extend 
beyond the framework of WTO, addressing areas like intellectual 
property protection. Calculate the coverage index and the bindingness 
index separately for the two types of provisions using the 
following methods:

The first step is to calculate the coverage index. FTA provisions are 
coded 1 if present and 0 if absent. The scores for all provisions are then 
summed and subsequently divided by the total number of provisions to 
obtain the coverage index for a given FTA. This paper calculates the 
‘WTO+ coverage index’ (coverp) and the ‘WTO-X coverage index’ 
(coverx) by distinguishing between ‘WTO+’ and ‘WTO-X’ provisions. 
The formulas for these calculations are as follows: 

cover
wto provisions

p
a a

=
+

=∑ 1

14

14

, cover
wtox provisions

x
a a

= =∑ 1

38

38

. Next 

is the calculation of the bindingness index. If a provision is neither 
explicitly mentioned in the FTA nor legally binding, it receives a value 
of 0. If the provision is explicitly stated and legally binding, yet not 
included in the dispute settlement mechanism, it is given a value of 1. 
If explicitly mentioned, legally binding, and included in the dispute 
settlement mechanism, it receives a value of 2. Similarly, the WTO+ 
bindingness index (bindingp) and the WTO-X bindingness index 
(bindingx) are calculated by summing all provisions’ scores and 
dividing by the total number of provisions. The formulas for these 
calculations are as follows:  

binding
wto  provisions

p
a b

= =∑ 1

14

14

+ , binding
wtox provisions

x
a b

= =∑ 1

38

38

.

4.2.2 Dependent variables
The dependent variables of this paper are the AGVC 

Participation Index (GVC_Pat) and the AGVC Position Index 
(GVC_Pos). Drawing on the KPWW method, this paper uses data 
from the TiVA database for calculating the AGVC Participation 
and Position indices for 64 economies from 2003 to 2018. The 
TiVA database was jointly released in 2013 by the Organization for 
Economic Co-operation and Development (OECD) and the World 
Trade Organization (WTO), utilizing the World Input–Output 
Database (WIOD). This database conducts statistical analyses of 
trade activities from the perspective of value added, thus avoiding 
issues like double counting that are present in traditional trade 

statistics. The current TiVA database covers data from 76 
economies, 17 countries and regional groups, as well as 45 
industries including agriculture, forestry, animal husbandry, 
fishing, mining, and manufacturing. This paper selects data from 
six industries within the agricultural sector, including agriculture, 
hunting, forestry, fisheries, and aquaculture, based on industry 
codes. It excludes certain economies with significant amounts of 
missing values and generates a new variable based on country IDs 
and industry codes. The indices of participation and position in the 
AGVC presented in this paper more accurately reflect the value-
added gains of various countries engaged in agricultural trade, 
allowing for an assessment of their degree of participation and 
position within the AGVC.

The formula for calculating the AGVC Participation Index is 
as follows:

 
GVC Pat IV

E
FV
E

in

in

in

in
_ = +

 
(7)

In Equation 7, i  represents a specific industry, n  denotes a 
particular country, IVin  refers to the indirect value-added exports of 
industry i  in country n  to other countries, i.e., the value of exports 
from intermediate product trade. FVin  indicates the foreign value-
added content in the exports of industry i  in country n , i.e., the 
value of imports from intermediate product trade. Ein  stands for the 
total exports of industry i  in country n , measured in the terms of 
value-added. IV

E
in

in
 represents the forward participation index 

( GVC pat f_ _ ), which measures the proportion of indirect value-
added exports to total exports for industry i  in country n . This ratio 
directly reflects the degree of forward participation in the AGVC. A 
higher value indicates greater participation in the AGVC through 
intermediate product or service exports, and a stronger position in the 
value chain. FV

E
in

in
 denotes the backward participation index 

( GVC pat b_ _ ), representing the proportion of foreign value-added 
content to total exports for industry i  in country n . A higher value 
suggests that the country relies more on intermediate products from 
other countries, indicating a relatively lower position in the GVC. The 
AGVC Participation Index is calculated by summing the forward and 
backward participation indices.

The formula for calculating the AGVC Position Index is as follows:

 
GVC Pos IV
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in
_ ln ln= +









 − +









1 1

 
(8)

Equation 8 illustrates that when the share of indirect value-added 
exports in total exports surpasses that of foreign value-added content, 
the AGVC Position Index will be positive. This signifies that a country 
primarily engages in the AGVC by exporting intermediate products 
to other nations, indicating a relatively higher standing in the value 
chain. Conversely, if the proportion of IV is less than that of FV, the 
AGVC Position Index will be negative. This implies that the country, 
lacking advantages in areas such as technology and innovation, 
participates in the AGVC mainly by importing intermediate products 
or services from other nations, placing it lower in the value chain and 
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further downstream in labor division, without significant 
competitive advantages.

4.2.3 Control variables
Leveraging current research (Baier and Bergstrand, 2007; 

Zhang et al., 2021), this paper integrates variables that influence 
AGVC as control variables into the model. The specific control 
variables are as follows: Economic development level (GDP): 
Measured using each country’s GDP (in constant 2015 US dollars). 
Generally, developed countries tend to occupy upstream positions 
in GVCs (Mudambi, 2008; Shin et  al., 2012). Human capital 
(human): Represented by the education index from the Human 
Development Index, which combines both male and female 
education indices. Human capital is essential for driving economic 
growth in a country, and increasing investment in it contributes 
to enhancing the technological complexity of exports (Sun et al., 
2024), which in turn affects the country’s AGVC participation and 
position. Physical capital (material): Measured by the ratio of 
gross fixed capital formation in relation to GDP. Countries with 
abundant physical capital have greater advantages in global 
competition, which may influence their participation and position 
in the AGVC (Ji et  al., 2022). Institutional quality (system): 
Measured by the Worldwide Governance Indicators. High-quality 
institutions can lower the costs of international trade, minimize 
resource misallocation, and provide clear social signals (Hou 
et al., 2020). Labor compensation rate (labsh): Represented by the 
share of labor compensation in GDP. An increase in labor 
compensation in a specific industry can attract more talent to that 
industry, fostering further development and potentially 
influencing its position in the GVC. Technological development 
level (technology): Measured by the count of scientific journal 
articles published in a country. Improvements in technological 
research and development significantly promote industrial 
development and upgrading, increasing the added value of 
products and ultimately helping the country move upstream in the 
GVC (Xu et al., 2024).

4.3 Data sources and descriptive statistical 
analysis

Data for measuring the AGVC participation index and 
position index come from the TiVA database. Data for the FTA 
depth index is sourced from the World Bank’s ‘Content of Deep 
Trade Agreements’ database. Control variable data are sourced as 
follows: economic development level (GDP), physical capital 
(material), and institutional quality (system) are taken from the 
World Bank database. Human capital (human) data is derived 
from the UNDP (United Nations Development Programme) 
‘Human Development Report’. Labor compensation rate (labsh) 
data comes from the Penn World Table database, while 
technological development level (technology) is derived from the 
World Bank’s WDI database. Taking into account the time span of 
the various data variables, this paper sets the research period from 
2003 to 2018.

Considering the significant differences in data among the 
variables, logarithmic transformations were applied to the two 
dependent variables, four explanatory variables, and the control 

variables: economic development level (GDP), physical capital 
(material), and technological development level (technology). This 
approach was adopted to reduce data discrepancies, mitigate 
volatility, and eliminate potential extreme value effects. Table 1 
shows that the sample size for this paper is 3,814 observations. 
Human capital has the largest standard deviation, at 4.449, 
indicating a relatively dispersed distribution. The standard 
deviations of GDP, institutional quality, and technological 
development level are also relatively large, primarily due to 
significant disparities among countries in these areas.

5 Results

5.1 Basic regression results analysis

Using a two-way fixed effects model, this paper estimates 
Equations 1 and 2 to examine how the depth of ‘WTO+’ and ‘WTO-X’ 
provisions in FTAs affects the participation and position in the 
AGVC. Table 2 presents the results. Columns (1), (2), (3), and (4) 
show the effects of the coverage index and bindingness index of 
‘WTO+’ provisions, as well as the coverage index and bindingness 
index of ‘WTO-X’ provisions, on the AGVC participation index, 
respectively. Columns (5) through (8) correspondingly display the 
effects of these indicators on the AGVC position index. The results 
indicate that, across all columns, the coefficients for the respective 
provision depth indices are positive and at the 5% significance level or 
higher, suggesting that the increasing depth of FTA provisions 
significantly enhances a country’s participation and position within 
the AGVC. This finding supports Hypothesis 1.

Further comparison of the impacts of different provision depth 
indices reveals that, in Columns (1) and (3), as well as Columns (5) 
and (7), the coefficients of the ‘WTO+’ provision coverage index are 
smaller than those of the ‘WTO-X’ provision coverage index. This 
suggests that, compared to ‘WTO+’ provisions, the coverage of 
‘WTO-X’ provisions has a more significant impact on promoting 
participation and position in the AGVC. Similarly, in Columns (2) and 
(4), as well as Columns (6) and (8), the coefficients of the ‘WTO+’ 
provision bindingness index are also smaller than those of the 
‘WTO-X’ provision bindingness index. This further demonstrates that 
the depth and bindingness of ‘WTO-X’ provisions have a more 
pronounced effect on enhancing a country’s position in the 
AGVC. These results confirm Hypothesis 2, which states that the 
depth of ‘WTO-X’ provisions strongly influences the enhancement in 
a country’s participation and position in the AGVC compared to 
‘WTO+’ provisions. This may be  because ‘WTO-X’ provisions 
encompass broader areas, such as environmental protection, 
intellectual property, and competition policy, which can more 
effectively promote institutional improvements and international 
cooperation in the agricultural sector, thereby further advancing the 
development of the AGVC.

Regarding the control variables, both physical capital and 
technological development levels negatively impact participation in 
the AGVC significantly at the 5% significance level. This could 
be because countries with higher economic development levels and 
greater physical capital possess stronger capabilities in autonomous 
production and technological innovation, leading to less reliance on 
foreign markets and external resources, thus reducing their 
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participation in the GVC. Furthermore, according to the ‘smile curve’ 
theory, countries engaged in research and design tend to occupy 
higher positions in the GVC and obtain greater added value. These 
countries may strengthen intellectual property protection and restrict 
the spillover of core technologies, thereby reducing their participation 
in the GVC (Ming et  al., 2015). At the 5% significance level, no 
significant effect on the division position within the AGVC is 
demonstrated by any of the control variables. This may be due to the 
heterogeneous effects of these control variables on different countries: 
for developed countries, these variables may enhance their division 
position in the AGVC, while for developing countries, they may exert 
a suppressing effect. This hypothesis will be  further tested in the 
subsequent heterogeneity analysis.

5.2 Addressing endogeneity with the 
instrumental variable approach1

FTAs may present endogeneity issues (Baier and Bergstrand, 
2007), which must be  addressed. On one hand, the in-depth 
development of FTA provisions may facilitate a country’s improved 
participation in the division of labor within the AGVC. On the other 
hand, to promote the circulation of elements such as products and 
services and to establish a more stable and predictable business 

1 The paper also employs the lagged value of the core explanatory variable 

as an instrumental variable to address the issue of endogeneity, and the results 

are robust.

environment, economies may be more inclined to sign comprehensive 
FTAs to better integrate into the AGVC. Therefore, there may be a 
reverse causal relationship between the depth of FTAs and a country’s 
participation in the division of labor within the AGVC, leading to 
endogeneity issues. To address the aforementioned endogeneity issue, 
this paper draws on relevant literature and employs the average depth 
of FTAs signed by all other countries in the sample in year t, lagged 
by two periods, excluding one specific country as an instrumental 
variable. A two-stage least squares (2SLS) regression analysis is 
conducted (Cheng et al., 2016). Taking the coverage index of ‘WTO+’ 
provisions as an example of the instrumental variable, the calculation 
formula is as follows:

 
coverp coverp

Nit
IV it

it
=
∑ −

−

2

2  
(9)

Where ∑ −coverpit 2  represents the sum of the coverage index of 
‘WTO+’ provisions in the FTAs signed by all other countries in the 
sample, excluding country i, for year t-2, while Nit−2  denotes the 
number of all other countries in the sample, excluding country i, for 
year t-2. This paper posits that the instrumental variable may influence 
the depth of FTAs in the current period. If the signing of deep FTAs in 
the past 2 years has yielded positive outcomes and fostered economic 
and trade cooperation between countries, there may be  a greater 
inclination to sign additional deep FTAs or strengthen existing 
agreements in the future. This effect is particularly pronounced when 
the other countries in the sample are partner countries of country i, 
leading to a more significant enhancement of FTA depth. On the other 
hand, the instrumental variable is not related to the degree of 

TABLE 1 Descriptive statistics.

Variable Name Variable 
symbol

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

Observation Mean Standard 
deviation

Minimum 
value

Maximum 
value

Participation Index GVC_Pat 3,814 −1.026 0.563 −3.624 0.381

Position Index GVC_Pos 3,814 0.086 0.060 0.000 0.398

WTO+ coverage 

index
coverp 3,814 0.332 0.581 0.000 2.548

WTO+ bindingness 

index
bindingp 3,814 0.448 0.767 0.000 3.132

WTO-X coverage 

index
coverx 3,814 0.120 0.247 0.000 1.450

WTO-X bindingness 

index
bindingx 3,814 0.123 0.242 0.000 1.380

Economic 

development level
GDP 3,814 26.255 1.550 22.563 30.601

Human capital human 3,814 25.467 4.449 8.835 34.925

Physical capital material 3,814 −1.523 0.298 −2.944 −0.759

Institutional quality system 3,814 0.625 0.791 −1.198 1.947

Labor compensation 

rate
labsh 3,814 0.537 0.077 0.199 0.689

Technological 

development level
technology 3,814 8.816 1.773 3.184 13.183
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participation and division of labor among various countries in the 
AGVC during the current period. In addition, this paper examines the 
issues of insufficient identification and weak instruments related to 
instrumental variables. The identification test (e.g., the Kleibergen-
Paap rk LM statistic) rejects the null hypothesis regarding the lack of 
relevance of the instrumental variables, while the weak instrument test 
(e.g., the Kleibergen-Paap rk Wald F statistic) indicates that there are 
no issues with weak instruments. The results of these tests confirm the 
validity of the selected instrumental variables, which are presented in 
Table 3 and Table 4. After introducing the instrumental variables, the 
regression coefficients of the four core explanatory variables on 
participation degree in the AGVC and the division of labor remain 
positive and statistically significant. This indicates that, after accounting 
for endogeneity, FTA depth continues to have a significant promoting 
effect on both the degree of participation in and the enhancement of 
position within the AGVC. These findings are consistent with the 
baseline regression results and demonstrate strong robustness.

5.3 Robustness test

5.3.1 Lagging the Core explanatory variables by 
one period

In this paper, the one-period lag of FTA depth is utilized as an 
instrumental variable in the regression analysis, which incorporates 
country-year two-way fixed effects. Table 5 displays the results. As 
shown, Columns (1), (2), (5), and (6) report the regression results of 
the one-period lag of the ‘WTO+’ coverage index and bindingness 
index on participation and position in the AGVC, respectively. The 

coefficients are statistically significant and positive at the 5% level or 
higher. Columns (3), (4), (7), and (8) report the regression results for 
the one-period lag of the ‘WTO-X’ coverage index and bindingness 
index, with similarly positive and significant coefficients. These 
findings confirm the robustness of the baseline regression results.

5.3.2 Changing the regression method
This paper re-estimates Models (1) and (2) using the Poisson 

Pseudo-Maximum Likelihood (PPML) method to further assess the 
robustness of the baseline regression results. The PPML method is 
well-suited for handling zero values in dependent variables and 
correcting heteroskedasticity, making it particularly appropriate for 
trade data analysis. Table  6 displays the regression outcomes, 
indicating that Columns (1), (2), (5), and (6) reflect the impact of the 
‘WTO+’ coverage index and bindingness index on the degree of 
AGVC participation and division position, respectively, with 
coefficients that are both positive and statistically significant at the 1% 
level. Likewise, Columns (3), (4), (7), and (8) present the regression 
results for the ‘WTO-X’ coverage index and bindingness index, which 
display coefficients that are positive and statistically significant at the 
1% level. These findings imply that employing the PPML method does 
not change the conclusions of the baseline regression. The depth of 
FTAs continues to significantly enhance participation and position in 
the AGVC, further confirming the robustness of the results.

5.3.3 Modifying the measurement method for 
Core explanatory variables

To assess whether the conclusions are affected by altering the 
measurement method for the core explanatory variables, this paper 

TABLE 2 The impact of different levels of FTA depth on a country’s AGVC participation and position.

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

Variables GVC_Pat GVC_Pat GVC_Pat GVC_Pat GVC_Pos GVC_Pos GVC_Pos GVC_Pos

Coverp 0.092** (2.37) 0.021*** (3.14)

Bindingp 0.069** (2.29) 0.016*** (3.26)

Coverx 0.170** (2.36) 0.031** (2.21)

Bindingx 0.170** (2.40) 0.034*** (2.82)

GDP −0.165 (−1.59) −0.158 (−1.53) −0.182* (−1.73) −0.180* (−1.69) −0.019 (−1.27) −0.018 (−1.23) −0.019 (−1.17) −0.020 (−1.31)

Human 0.002 (0.19) 0.002 (0.20) 0.002 (0.21) 0.002 (0.21) 0.002 (1.00) 0.002 (0.98) 0.002 (1.09) 0.002 (1.06)

Material
−0.176*** 

(−4.69)

−0.176*** 

(−4.72)

−0.168*** 

(−4.46)

−0.167*** 

(−4.44)
−0.012* (−1.88) −0.012* (−1.92) −0.010 (−1.54) −0.010 (−1.54)

System −0.037 (−0.69) −0.040 (−0.74) −0.033 (−0.62) −0.038 (−0.70) 0.018* (1.66) 0.018 (1.63) 0.018* (1.68) 0.018 (1.63)

Labsh −0.329 (−1.25) −0.336 (−1.28) −0.321 (−1.21) −0.327 (−1.23) 0.045 (1.10) 0.043 (1.06) 0.046 (1.11) 0.045 (1.09)

Technology −0.088** (−2.40)
−0.089** 

(−2.42)

−0.082** 

(−2.24)

−0.082** 

(−2.24)
−0.007 (−1.59) −0.007 (−1.65) −0.006 (−1.32) −0.006 (−1.33)

Constant 3.722 (1.47) 3.537 (1.40) 4.131 (1.61) 4.083 (1.58) 0.538 (1.42) 0.519 (1.38) 0.524 (1.28) 0.565 (1.44)

Observations 3,814 3,814 3,814 3,814 3,814 3,814 3,814 3,814

R2 0.243 0.242 0.241 0.242 0.032 0.034 0.024 0.027

Idfix YES YES YES YES YES YES YES YES

Yearfix YES YES YES YES YES YES YES YES

*p < 0.1, **p < 0.05, and ***p < 0.01. To minimize intra-group data discrepancies as much as possible, clustered robust standard errors were included in the empirical analysis. The numbers in 
parentheses indicate clustered robust standard deviations, same as below.
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TABLE 3 Results of addressing endogeneity issues (AGVC participation).

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

First-
stage

Second-
stage

First-stage Second-
stage

First-
stage

Second-
stage

First-stage Second-
stage

coverp GVC_Pat bindingp GVC_Pat coverx GVC_Pat bindingx GVC_Pat

IV
0.0200*** 

(0.0047)

0.0132*** 

(0.0034)

0.0630*** 

(0.0086)

0.0553*** 

(0.0089)

Coverp

0.1790** 

(0.0834)

Bindingp

0.1290*  

(0.0721)

Coverx

0.2670** 

(0.1167)

Bindingx

0.2928** 

(0.1442)

Control Variables YES YES YES YES YES YES YES YES

Observations 2,964 2,953 2,964 2,953 2,964 2,953 2,964 2,953

Idfix YES YES YES YES YES YES YES YES

Yearfix YES YES YES YES YES YES YES YES

Kleibergen-Paap rk 

LM statistic

54.139 59.735 36.070 54.029

[0.0000] [0.0000] [0.0000] [0.0000] [0.0000] [0.0000] [0.0000] [0.0000]

Kleibergen-Paap rk 

Wald F statistic

80.883 83.085 145.763 85.979

{16.38} {16.38} {16.38} {16.38} {16.38} {16.38} {16.38} {16.38}

The values inside [] represent the p-values of the LM statistic, and the values inside {} represent the critical values for the Stock-Yogo test at the 10% significance level: *p < 0.1, **p < 0.05 and ***p < 0.01.

TABLE 4 Results of addressing endogeneity issues (AGVC position).

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

First-
stage

Second-
stage

First-stage Second-
stage

First-
stage

Second-
stage

First-
stage

Second-
stage

coverp GVC_Pos bindingp GVC_Pos coverx GVC_Pos bindingx GVC_Pos

IV
0.0200*** 

(0.0047)

0.0132*** 

(0.0034)

0.0630*** 

(0.0086)

0.0553*** 

(0.0089)

Coverp

0.0285** 

(0.0134)

Bindingp

0.0227*  

(0.0119)

Coverx

0.0403** 

(0.0202)

Bindingx

0.0452** 

(0.0216)

Control Variables YES YES YES YES YES YES YES YES

Observations 2,964 2,953 2,964 2,953 2,964 2,953 2,964 2,953

idfix YES YES YES YES YES YES YES YES

yearfix YES YES YES YES YES YES YES YES

Kleibergen-Paap rk 

LM statistic

56.148 58.185 35.945 52.648

[0.0000] [0.0000] [0.0000] [0.0000] [0.0000] [0.0000] [0.0000] [0.0000]

Kleibergen-Paap rk 

Wald F statistic

88.161 75.798 142.831 90.443

{16.38} {16.38} {16.38} {16.38} {16.38} {16.38} {16.38} {16.38}

Significance level: *p < 0.1, **p < 0.05 and ***p < 0.01.
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recalculates the overall coverage and bindingness indices of FTAs 
without distinguishing ‘WTO+’ from ‘WTO-X’ provisions and 
re-estimates the Models (1) and (2). Table  7 presents the results. 
Columns (1) and (2) report the regression results for the overall 
coverage and bindingness indices on the participation degree in the 
AGVC, showing coefficients that are positive and significant at the 5% 
level. Columns (3) and (4) report the regression results for these 
indices on the division position in the AGVC, with similarly positive 
and significant coefficients. These findings suggest that even after 
modifying the measurement method for the core explanatory 
variables, FTA depth continues to positively affect both participation 
and position in the AGVC significantly, further confirming the 
robustness of the baseline regression results.

5.4 Heterogeneity test

To further investigate the variation in the impact of FTA provision 
depth on the participation of different economies in the AGVC, a 
subgroup regression analysis was performed. The findings are reported 
in Tables 8, 9. For AGVC participation, Table  8 shows that the 

regression coefficients of the ‘WTO+’ coverage and bindingness 
indices, as well as the ‘WTO-X’ coverage and bindingness indices, in 
Columns (1), (3), (5), and (7) are generally not significant, with only 
a small number of coefficients reaching the 10% significance level. 
This implies that the FTA provision depth only affects developing 
countries’ AGVC participation to a limited extent. In contrast, 
regression coefficients of all core explanatory variables in Columns 
(2), (4), (6), and (8) are positive and significant at the 5% level or 
higher. This suggests FTA provision depth greatly enhances developed 
countries’ participation in the AGVC, with ‘WTO-X’ provisions 
having a relatively stronger impact. To verify the robustness of these 
results, a Chow test was conducted to examine the differences in 
regression coefficients between groups. The results reveal that the 
p-values for all four regressions are significant, indicating that the 
differences in coefficients between developing and developed 
countries are statistically significant. These findings suggest that, 
compared to developing countries, FTA provision depth has a more 
pronounced effect on boosting developed countries’ participation in 
the AGVC.

Regarding the AGVC position, the results in Table 9 indicate that 
Columns (1) and (3) present regression results for the ‘WTO+’ coverage 

TABLE 5 Lagging the depth of FTAs by one period.

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

GVC_Pat GVC_Pat GVC_Pat GVC_Pat GVC_Pos GVC_Pos GVC_Pos GVC_Pos

L.coverp 0.091** (2.23) 0.019*** (2.71)

L.bindingp 0.069** (2.20) 0.015*** (2.94)

L.coverx 0.155** (2.04) 0.026* (1.72)

L.bindingx 0.148** (2.02) 0.029*** (2.25)

Control Variables YES YES YES YES YES YES YES YES

Constant 5.359** (2.02) 5.194** (1.97) 5.600** (2.05) 5.418** (1.97) 0.540 (1.40) 0.526 (1.38) 0.506 (1.19) 0.538 (1.33)

Observations 3,322 3,322 3,322 3,322 3,322 3,322 3,322 3,322

R2 0.233 0.233 0.230 0.230 0.030 0.031 0.022 0.025

Idfix YES YES YES YES YES YES YES YES

Yearfix YES YES YES YES YES YES YES YES

Significance level: *p < 0.1, **p < 0.05 and ***p < 0.01.

TABLE 6 PPML regression.

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

GVC_Pat GVC_Pat GVC_Pat GVC_Pat GVC_Pos GVC_Pos GVC_Pos GVC_Pos

Coverp 0.077*** (7.21) 0.162*** (8.77)

Bindingp 0.042*** (7.00) 0.088*** (8.59)

Coverx 0.241*** (7.30) 0.521*** (9.43)

Bindingx 0.304*** (7.56)
0.675*** 

(15.74)

Control Variables YES YES YES YES YES YES YES YES

Constant 2.473*** (3.21) 2.543*** (3.32) 2.329*** (2.96) 2.561*** (3.34) 1.374 (1.35) 1.509 (1.48) 0.986 (0.88) 1.679* (1.68)

Observations 3,814 3,814 3,814 3,814 3,814 3,814 3,814 3,814

R2 0.407 0.407 0.400 0.404 0.269 0.267 0.247 0.280

Idfix YES YES YES YES YES YES YES YES

Yearfix YES YES YES YES YES YES YES YES

Significance level: *p < 0.1, **p < 0.05 and ***p < 0.01.
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TABLE 7 Modifying the measurement method for core explanatory variables.

(1) (2) (3) (4)

Variables GVC_Pat GVC_Pat GVC_Pos GVC_Pos

Cover 0.084** (2.42) 0.019*** (3.22)

Binding 0.065** (2.31) 0.015*** (3.30)

Control Variables YES YES YES YES

Constant 3.831 (1.51) 3.568 (1.41) 0.559 (1.47) 0.527 (1.40)

Observations 3,814 3,814 3,814 3,814

R2 0.243 0.242 0.033 0.034

Idfix YES YES YES YES

Yearfix YES YES YES YES

Significance level: *p < 0.1, **p < 0.05 and ***p < 0.01.

index and bindingness index on the position of developing countries in 
the AGVC, with positive coefficients that are at the 5% significance level. 
Columns (5) and (7) display the influence of the ‘WTO-X’ coverage and 
bindingness indices, where the coefficients show weaker significance, with 
a few reaching the 10% level of significance. Overall, the regression 
coefficients for the core explanatory variables show limited statistical 
significance, indicating that FTA provision depth has only a limited 
influence on enhancing developing countries’ position in the 
AGVC. Conversely, in Columns (2), (4), (6), and (8), the core explanatory 
variables’ regression coefficients are all statistically significant and positive 
at the 5% level. This suggests that FTA provision depth significantly 
enhances the position of developed countries in the AGVC. Comparing 
Columns (1) and (2), (3) and (4), (5) and (6), (7) and (8), it is evident that 
the overall regression coefficients for developed countries are larger. The 
Chow test results show that the p-values for the two groups concerning 
‘WTO+’ provision depth are significant, while the p-values for the two 
groups regarding ‘WTO-X’ provision depth are not significant. This could 
be because ‘WTO-X’ provisions involve rules that extend beyond the 
current WTO framework, which are not yet widely reflected in FTAs, and 
the degree of development is limited. Therefore, the coefficient differences 
between developing and developed countries are not significant.

In summary, increasing the FTA provision depth has a greater 
impact on enhancing developed countries’ participation and position 
in the AGVC compared to developing countries. This is due to the fact 
that developed countries are often the advocates of FTAs and the 
creators of new trade rules, enabling them to embed their interests 
more effectively in the agreements. Developed countries, with their 
advanced agricultural technologies and well-established industrial 
chains, are better positioned to seize the opportunities presented by 
FTAs to deepen their participation in the GVC.

5.5 Mechanism test

To further investigate Hypothesis 3 proposed earlier, this paper 
conducts a mechanism analysis from the perspectives of trade 
liberalization and investment facilitation.

5.5.1 Examination of the trade liberalization 
mechanism

First, we analyze the mechanism through which the depth of FTAs 
affects a country’s participation and position in the AGVC via trade 

liberalization. The regression results are shown in Table 10. Columns 
(1) to (4) display the effects of the ‘WTO+’ provision coverage index 
(coverp) on AGVC participation degree, division position, trade 
liberalization level, and agricultural trade volume, with all showing 
positive and statistically significant coefficients. Similarly, Columns 
(5) through (8) present the regression results for the ‘WTO-X’ 
provision coverage index (coverx), which also exhibit positive and 
significant coefficients. These results indicate that increasing the 
coverage indices of ‘WTO+’ and ‘WTO-X’ provisions in FTAs 
promotes international trade liberalization, facilitates trade exchanges 
among countries, and boosts a country’s agricultural trade volume. 
Previous research has confirmed that enhanced trade liberalization 
benefits the expansion of agricultural trade (Fan et al., 2022; Xin et al., 
2024). An increase in agricultural imports enhances a country’s 
backward participation in the GVC. An increase in agricultural 
exports indicates that the country exports more raw materials or 
intermediate products, thereby boosting its forward participation. 
Higher agricultural trade volume signifies more frequent trade 
activities and stronger connections with the GVC. In particular, the 
expansion of intermediate product trade can enable a country to 
integrate more deeply into the division of labor within the GVC 
(Feyaerts et  al., 2019). Additionally, trade liberalization creates 
favorable conditions for the cross-border transfer of advanced 
agricultural technologies and management practices, which are crucial 
for enhancing a country’s position within the GVC division (Wang 
and Thangavelu, 2021). In summary, Hypothesis 3 is validated.

5.5.2 Examination of the investment facilitation 
mechanism

Next, we  analyze the mechanism through which FTA depth 
influences a country’s AGVC participation degree and division 
position via investment facilitation. Table 11 presents the regression 
results. Columns (1) to (4) illustrate how the ‘WTO+’ provision 
coverage index affects AGVC participation degree, division position, 
investment facilitation, and agricultural foreign investment, with all 
coefficients positive and statistically significant. While columns (5) 
through (8) report the regression results for the ‘WTO-X’ provision 
coverage index, they also show positive and significant coefficients, all 
at the 5% significance level or higher. These results indicate that 
increases in the ‘WTO+’ and ‘WTO-X’ provision coverage indices 
within FTAs contributes to enhancing investment facilitation and 
boosting a country’s agricultural foreign investment. Investment 
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facilitation involves the simplification of cross-border investment 
processes, making investment activities more convenient, stable, and 
transparent, thereby reducing investment risks and costs, which in 
turn fosters the growth of agricultural foreign investments (Chen 
et al., 2020; Gui et al., 2023; Agyeiwaa-Afrane et al., 2024). Specifically, 
the increase in foreign investments by agricultural multinational 
enterprises suggests that a country can transfer segments of the value 
chain characterized by a lack of comparative advantage, overcapacity, 
or high pollution through foreign investments (Kastratovic, 2019). 
This transfer minimizes unnecessary resource waste, optimizes 
resource allocation, and emphasizes the enhancement of research and 
development in advanced agricultural technologies, ultimately 
achieving industrial optimization and upgrading, thereby improving 
its degree of participation and position within the GVC.

Furthermore, by establishing cooperative research and 
development institutions with developed countries through foreign 
investments, a country can closely engage with advanced 
technologies in collaboration with local enterprises. For 
agriculture, learning from and adapting advanced technologies for 
local application can significantly increase national agricultural 
productivity, facilitate structural adjustment and upgrading of the 
industry, and enhance the quality of agricultural products, thereby 
gaining competitive advantages in the international arena and 
improving participation and position within the GVC. In summary, 
Hypothesis 3 is validated.

6 Discussion

This paper explores how FTA depth affects member countries’ 
participation and position in the AGVC, as well as the mechanisms 
through which trade liberalization and investment facilitation play 
a role in this context. Through theoretical analysis and empirical 
testing, the paper draws significant conclusions that warrant 
further discussion.

Firstly, the research findings indicate that an increase in FTA 
depth significantly enhances member countries’ participation 
and position within the AGVC. This finding aligns with the 
conclusions of Orefice and Rocha (2014) and Laget et al. (2020), 
which state that deep trade agreements help intensify GVC 
divisions. The enhancement of FTA depth not only reduces tariff 
and non-tariff barriers, promoting trade liberalization, but also 
improves the institutional environment and lowers institutional 
transaction costs by encompassing a broader range of ‘WTO-X’ 
provisions, such as environmental standards, intellectual property 
protection, and competition policy (Horn et  al., 2010). This 
creates more favorable conditions for agricultural enterprises to 
participate in GVCs, thereby enhancing their 
international competitiveness.

Secondly, the mechanism examination reveals that FTA depth 
influences a country’s participation and position in the AGVC by 
promoting trade liberalization and investment facilitation. By 
reducing trade barriers, FTA depth facilitates the cross-border flow 
of agricultural products and technology, thereby promoting the 
internationalization of the agricultural sector (Freund and Ornelas, 
2010). Investment facilitation improves the investment 
environment, attracting more foreign direct investment into the 
agricultural sector. This influx brings advanced technologies, T
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capital, and management expertise, which enhances agricultural 
productivity and product quality (Blomström and Kokko, 1997). 
This dual mechanism further explains how FTA depth contributes 
to the upgrading of the AGVC.

However, this paper has certain limitations. First, the research 
is primarily based on macro-level data and does not fully account 
for the variations among different countries and regions within the 
AGVC. Future studies should incorporate micro-level data, such 
as firm-level survey information, to explore the effects of FTA 
depth on agricultural enterprises of various scales and types. It is 
also possible to focus on the heterogeneity at the product level and 
explore how FTA depth affects the participation of different 
categories of agricultural products in the division of labor within 
the AGVC. Additionally, this paper primarily focuses on the 
mechanisms of trade liberalization and investment facilitation, 
without considering other potential mechanisms, such as human 
capital, technological innovation, and financial development. 
Future research should verify the influence of these mechanisms. 
Furthermore, changes in the global economic environment, such 
as geopolitical risks, the rise of trade protectionism, and global 
pandemics, may affect the effective implementation of FTAs and 
the development of the AGVC. Future studies should consider 
these external environmental factors and assess their 
potential impacts.

In summary, deepening FTA content, particularly focusing on 
the negotiation and implementation of ‘WTO-X’ provisions, is 
highly significant for improving a country’s participation and 
position in the AGVC. Policymakers should actively promote the 
integration of FTAs, advance trade liberalization and investment 
facilitation, and improve the relevant institutional environment to 
help the agricultural sector integrate more deeply into the GVC 
and enhance its international competitiveness.

7 Conclusion

Using panel data from 64 countries between 2003 and 2018, this 
paper employs a combination of theoretical analysis and empirical 
testing to explore how FTA depth affects a country’s AGVC 
participation and position. The findings reveal the following: (1) An 
increase in FTA depth significantly enhances a country’s AGVC 
participation and division position. This conclusion remains valid 
after various robustness checks. (2) Both the ‘WTO+’ and ‘WTO-X’ 
provision depths positively contribute to improving the participation 
and position of a country in the AGVC. However, the influence of 
‘WTO-X’ provisions is more pronounced than that of ‘WTO+’ 
provisions. (3) Heterogeneity analysis shows that an increase in FTA 
depth positively impacts both developed and developing countries, 
though the influence is more significant for developed countries. This 
difference is attributed to variations in economic development levels 
and resource endowments among countries. (4) Mechanism analysis 
indicates that FTA depth enhances a country’s AGVC participation 
degree and division position through two main pathways: promoting 
trade liberalization and facilitating investment.

Drawing from the findings presented above, the following policy 
recommendations are suggested: (1) Actively promote the signing of 
deeper FTAs and intensify international cooperation in agriculture. 
Countries should focus on the deep integration and development of T

A
B

LE
 9

 H
et

er
o

g
en

ei
ty

 t
es

t 
re

su
lt

s—
th

e 
im

p
ac

t 
o

f 
FT

A
 d

ep
th

 o
n

 t
h

e 
p

o
si

ti
o

n
 in

 t
h

e 
A

G
V

C
.

V
ar

ia
b

le
s

D
e

ve
lo

p
in

g
 

co
u

n
tr

y
D

e
ve

lo
p

e
d

 
co

u
n

tr
y

D
e

ve
lo

p
in

g
 

co
u

n
tr

y
D

e
ve

lo
p

e
d

 
co

u
n

tr
y

D
e

ve
lo

p
in

g
 

co
u

n
tr

y
D

e
ve

lo
p

e
d

 
co

u
n

tr
y

D
e

ve
lo

p
in

g
 

co
u

n
tr

y
D

e
ve

lo
p

e
d

 
co

u
n

tr
y

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

(8
)

G
V

C
_

P
o

s
G

V
C

_
P

o
s

G
V

C
_

P
o

s
G

V
C

_
P

o
s

G
V

C
_

P
o

s
G

V
C

_
P

o
s

G
V

C
_

P
o

s
G

V
C

_
P

o
s

C
ov

er
p

0.
01

9*
* 

(2
.1

1)
0.

02
3*

* 
(2

.4
7)

Bi
nd

in
g p

0.
01

5*
* 

(2
.2

4)
0.

01
8*

* 
(2

.4
7)

C
ov

er
x

0.
02

6 
(1

.1
3)

0.
03

1*
* 

(2
.0

8)

Bi
nd

in
g x

0.
03

3*
 (1

.7
1)

0.
03

1*
* 

(2
.2

0)

C
on

tr
ol

 V
ar

ia
bl

es
YE

S
YE

S
YE

S
YE

S
YE

S
YE

S
YE

S
YE

S

C
on

st
an

t
−

0.
15

2 
(−

0.
28

)
1.

35
8*

* 
(1

.9
9)

−
0.

18
3 

(−
0.

35
)

1.
36

8*
* 

(2
.0

0)
−

0.
17

3 
(−

0.
25

)
1.

24
5*

 (1
.8

5)
−

0.
04

2 
(−

0.
07

)
1.

25
1*

 (1
.8

6)

O
bs

er
va

tio
ns

1,
71

6
2,

09
8

1,
71

6
2,

09
8

1,
71

6
2,

09
8

1,
71

6
2,

09
8

R2
0.

04
4

0.
04

0
0.

04
6

0.
04

1
0.

03
0

0.
03

4
0.

03
6

0.
03

5

Id
fix

YE
S

YE
S

YE
S

YE
S

YE
S

YE
S

YE
S

YE
S

Ye
ar

fix
YE

S
YE

S
YE

S
YE

S
YE

S
YE

S
YE

S
YE

S

C
ho

w
 te

st
1.

56
1.

60
1.

39
1.

35

p-
va

lu
e

0.
04

69
0.

03
78

0.
10

84
0.

12
72

Si
gn

ifi
ca

nc
e l

ev
el:

 *
p 

< 
0.

1,
 *

*p
 <

 0
.0

5 
an

d 
**

*p
 <

 0
.0

1.

https://doi.org/10.3389/fsufs.2024.1523091
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Zeng et al. 10.3389/fsufs.2024.1523091

Frontiers in Sustainable Food Systems 15 frontiersin.org

FTAs, covering not only traditional ‘WTO+’ provisions but also 
emphasizing the negotiation and conclusion of ‘WTO-X’ provisions 
that encompass broader areas. By enhancing the transparency and 
clarity of provisions, countries can reduce uncertainties in cross-
border production and investment activities, enabling businesses to 
better predict and mitigate risks. Additionally, an efficient dispute 
resolution mechanism should be established and improved to ensure 
swift and fair handling of conflicts between trade partners, thereby 
ensuring the effective implementation of FTAs and enhancing their 
role in advancing the AGVC. (2) Accelerate the promotion of trade 
liberalization and investment facilitation to improve positions within 
the AGVC. Countries should further reduce trade barriers, simplify 
customs procedures, improve logistics infrastructure, and eliminate 
tariff and non-tariff obstacles to foster the development of trade 
liberalization. Simultaneously, simplifying cross-border investment 
procedures, enhancing market transparency and stability, and 
advancing the process of investment facilitation will create a more 
open and fairer competitive environment for enterprises, increasing 
their competitiveness in international markets. In the agricultural 
sector, promoting trade liberalization and investment facilitation will 

enable countries to integrate more deeply into the AGVC, improving 
their position and participation. Through strengthened international 
cooperation and improved resource allocation efficiency, countries 
and enterprises can more effectively access global markets, capture 
more value chain profits, and seize growth opportunities, contributing 
to the overall development and prosperity of the AGVC. (3) Developed 
and developing countries need to leverage their respective advantages 
to jointly advance the evolution of the AGVC. During FTA 
negotiations, it is important to select negotiation topics and terms 
judiciously. When negotiating with developing countries, greater 
attention should be  paid to the existing terms under the WTO 
framework, while negotiations with developed countries can focus on 
deeper ‘WTO-X’ terms. Developed countries can continue to utilize 
their advantages in funding and resources to strengthen agricultural 
technology research and development, further consolidating their 
position in the AGVC. Additionally, through technology transfer and 
cooperation, they can assist developing countries in enhancing 
agricultural production capacity, thereby promoting the formation of 
a mutually beneficial and sustainable AGVC division of labor system. 
Developing countries can establish cooperative research and 

TABLE 10 Trade liberalization mechanism results.

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

Variables GVC_Pat GVC_Pos Freedom Sum GVC_Pat GVC_Pos Freedom Sum

Coverp 0.092** (2.37) 0.021*** (3.14) 0.054** (1.97) 0.621** (2.07)

Coverx 0.170** (2.36) 0.031** (2.21) 0.112** (1.98) 0.927** (2.02)

Control Variables YES YES YES YES YES YES YES YES

Constant
3.722 (1.47) 0.538 (1.42) 3.979*** (2.93) −18.573 

(−0.97)

4.131 (1.61) 0.524 (1.28) 3.997*** (2.93) −32.167 

(−1.26)

Observations 3,814 3,814 3,663 3,814 3,814 3,814 3,663 3,814

R2 0.243 0.032 0.063 0.103 0.241 0.024 0.063 0.102

Idfix YES YES YES YES YES YES YES YES

Yearfix YES YES YES YES YES YES YES YES

Due to space constraints, the table only displays the results for the provision coverage, while the results for binding force are similar to those of provision coverage. In all regressions shown, the 
explanatory variable is the provision coverage index. The data for trade liberalization and agricultural trade volumes have been log-transformed. Significance level: *p < 0.1, **p < 0.05 and ***p < 0.01.

TABLE 11 Investment facilitation mechanism results.

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

Variables GVC_Pat GVC_Pos invest ofdivalue GVC_Pat GVC_Pos invest ofdivalue

Coverp 0.092** (2.37)
0.021*** 

(3.14)

0.021*** 

(2.65)
0.376** (2.14)

Coverx 0.170** (2.36) 0.031**(2.21)
0.047*** 

(2.59)
1.068** (2.13)

Control Variables YES YES YES YES YES YES YES YES

Constant 3.722 (1.47) 0.538 (1.42)
2.087*** 

(30.80)
5.245 (0.47) 4.131 (1.61) 0.524 (1.28)

1.760*** 

(2.77)
3.003** (2.21)

Observations 3,814 3,814 3,814 3,814 3,814 3,814 3,814 3,814

R2 0.243 0.031** (2.21) 0.318 0.029 0.241 0.024 0.348 0.023

Idfix YES YES YES YES YES YES YES YES

Yearfix YES YES YES YES YES YES YES YES

Due to space constraints, the table only reports the results for provision coverage, while the results related to binding force are similar to those of provision coverage. In all regressions 
presented in the table, the explanatory variable is the provision coverage index. The data for investment facilitation and agricultural foreign investment volumes are logarithmically 
transformed. Significance level: *p < 0.1, **p < 0.05 and ***p < 0.01.
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development institutions with developed countries to learn from their 
advanced agricultural technologies, knowledge, and management 
practices, gradually integrating into the upstream segment of the 
GVC. Furthermore, developing countries should improve their 
negotiation skills and techniques, collaborating to create synergistic 
effects that enhance their bargaining power in FTA negotiations and 
maximize their interests.
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