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ABSTRACT
Environmental provisions have become important to Regional Trade Agreements (RTAs) and are key in promoting high-quality 
trade. Using matched data from China Industrial Enterprise Database and China Customs Database, this study explores the non-
linear impact of the depth of RTA environmental provisions on agri-food export quality upgrading and its mechanisms. Results 
show a significant ‘U-shaped’ effect; beyond a 0.48 depth threshold, environmental provisions exert a sustained positive impact 
on agri-food export quality upgrading. Heterogeneity analysis reveals divergent effects across national, firm, product quality 
and specific provision dimensions, with the ‘Balance between environment and trade/investment’ clause being the dominant 
influencing factor. We further reveal that cost constraints and innovation compensation effects are the key drivers behind the 
nonlinear impact. Therefore, this study benchmarks against high-standard international trade rules and proposes policy recom-
mendations for achieving high-quality agricultural development.
JEL Classification: F13, F18, Q17

1   |   Introduction

The quality of product exports serves as the concentrated man-
ifestation of vertical differentiation advantages (Hallak and 
Sivadasan 2013), and its enhancement constitutes a key dimen-
sion for measuring a country's international trade competitive-
ness (Bas and Strauss-Kahn 2015). In international trade, export 
product quality is defined as the comprehensive superiority of 
products in terms of functionality, performance, reliability and 
safety. This intrinsic quality differentiation directly translates 
into higher unit export prices or stronger market share acqui-
sition capabilities at equivalent price levels (Khandelwal 2010; 
Crozet et al. 2012; DeStefano and Timmis 2024). In agricultural 
trade, quality advantages manifest as optimised varieties and 
taste, enhanced safety standards, refined processing techniques 
and accumulated brand reputation (Mergenthaler et  al.  2009; 
Vandeplas and Minten  2015). For instance, within the same 

category of frozen vegetables, products sourced from firms with 
HACCP certification and full cold chain traceability typically 
command higher unit prices than those from ordinary suppliers. 
This price differential implicitly reflects quality distinctions.

However, as the sector most sensitive to the natural environ-
ment (Cline 2007), agri-food export quality is under simulta-
neous pressure from both climate change shocks and trade 
rule reshaping. On the one hand, the high frequency of ex-
treme weather events worldwide constitutes a systemic shock 
to the agri-food production system and dramatically affects 
the quality. On the other hand, as the international commu-
nity's awareness of environmental quality and food safety 
increases (Curzi and Pacca 2015), sustainability in agri-food 
trade has become increasingly important. Many countries and 
regions have raised their market access thresholds through 
non-tariff measures, such as environmental standards and 
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sanitary and phytosanitary measures (SPS), thereby imposing 
higher quality requirements for agri-food (Melo et  al.  2014; 
Movchan et al. 2020). Data from the WTO I-TIP Goods show1 
that the number of SPS measures notifications by countries 
worldwide increased from 193 in 1995 to 1292 in 2021, with 
a cumulative total of 22,588 notified measures. Among these, 
China, as a major player in agri-food trade, experienced an 
increase in SPS notifications from other countries from 190 in 
1995 to 881 in 2021, totalling 20,059 notifications (Figure 1). 
The rising non-tariff barriers present a significant challenge 
to agri-food exports.

The connection between global trade development and envi-
ronmental policies is becoming increasingly close. The WTO 
promotes a dynamic balance between trade growth and en-
vironmental constraints through institutional coordination 
among member states. Promoting synergistic development 
of trade and environment, including environmental provi-
sions in Regional Trade Agreements (RTAs), has become an 
important part of the new round of trade negotiations (Morin 
et al. 2018). Since 2000, the majority of RTAs have included 
provisions related to environmental protection, which re-
quire participating economies to comply with environmental 
regulations in international trade, accelerate domestic envi-
ronmental legislation and promote international technical co-
operation, thereby advancing sustainable trade development 
(Kolcava et al. 2019).

China's agri-food exports have been subject to various trade 
barriers for many years. Coupled with the current unpredict-
able climate and frequent trade frictions, the quality of agri-food 
exports is facing the dilemma of upgrading. As a crucial insti-
tutional arrangement for advancing green trade, the environ-
mental provisions of RTAs enhance the rigour and predictability 
of environmental enforcement among signatory countries. This 
contributes to shaping a more stable and transparent regula-
tory environment for green trade. These systemic and market-
environmental transformations are reshaping the competitive 
landscape for firms, potentially presenting a significant oppor-
tunity to elevate the quality upgrading of China's agri-food ex-
ports and overcome trade barriers.

In the context of globalisation, the environmental provisions in 
RTAs are an important regulatory measure, making them a key 
topic for in-depth study in international trade and high-quality 
development. Therefore, our study raises the following ques-
tions: (1) What is the impact of the environmental provisions of 
RTAs on the quality upgrading of agri-food product exports? (2) 
How does the impact of environmental provisions in RTAs on 
the quality upgrading of agri-food exports vary across export 
destinations, firm types and types of environmental provisions? 
(3) How do the environmental provisions of RTAs specifically 
affect the quality upgrading of agri-food exports?

There are three main areas of literature that focus on research 
topics related to environmental provisions and export product 
quality. The first explores the relationship between trade and the 
environment. Some studies have argued that international trade 
can stimulate demand for environmentally friendly goods and 
that freer trade exchanges appear more environmentally benefi-
cial (Antweiler et al. 2001; Xu et al. 2020). Baek et al. (2009) ex-
plored trade-environment links across developed and developing 
countries, revealing that international trade has a positive effect 
on environmental quality in developed nations. Conversely, 
some argue that the acceleration of trade processes adversely 
affects the natural environment. From a long-term perspective, 
trade not only hampers improvements in environmental quality 
(Bekoe and Jalloh 2023) but also contributes to the emission of 
specific pollutants (Abbasi et al. 2022). At the same time, studies 
have shown that signing RTAs brings significant economic ben-
efits and cooperative opportunities to member countries (Yang 
and Martinez-Zarzoso 2014; Pfaffermayr 2020). However, when 
trade agreements are signed between developed and developing 
countries, they may lead to increased greenhouse gas emissions 
and reduced overall environmental quality (Nemati et al. 2019). 
The prominence of various environmental issues affects the de-
velopment of trade policies, and countries focus on environmen-
tal protection when signing trade agreements. However, due to 
stringent environmental regulations and rules on trade in some 
countries, strict environmental policies reduce firms' willing-
ness to export, which may even lead to firms abandoning their 
export business (Hering and Poncet 2014), thereby affecting in-
ternational trade flows.

FIGURE 1    |    Number of notifications of SPS measures affecting China's export trade. WTO I-TIP Goods.
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The second examines the impact of the export quality of prod-
ucts. The upgrading of export quality is crucial to promoting 
long-term economic development. The existing literature has 
explored various factors influencing export product quality up-
grading, including policy and institutional frameworks (Fan 
et al.  2015; Li et al.  2023), foreign direct investment (Harding 
and Javorcik 2012; Anwar and Sun 2018) and technological in-
novation (Zhang et  al.  2023). Among these studies, some evi-
dence suggests that trade liberalisation positively affects export 
product quality upgrading through intensifying firm-level com-
petition, enhancing productivity and facilitating technology 
diffusion (Bas and Strauss-Kahn 2015). In addition, technolog-
ical innovation can significantly optimise production and op-
erational efficiency, promote service-oriented transformation, 
accelerate creative breakthroughs and pursue other paths to 
achieve a leap in the upgrading of export quality (DeStefano and 
Timmis 2024). Meanwhile, the impact of environmental regu-
lation on the quality of export products has attracted academic 
attention, but the relationship remains debated. On one hand, 
studies based on the core argument of the ‘Porter Hypothesis’ 
suggest that environmental regulation can stimulate techno-
logical innovation and thereby enhance export product quality 
upgrading (Porter and Van der Linde 1995). On the other hand, 
some scholars argue that overly stringent environmental regu-
lations may increase firms' pollution abatement costs, thereby 
increasing compliance burdens that could hinder the upgrading 
of export product quality (Deng et al. 2021).

The last primarily analyses the significant impacts of envi-
ronmental provisions on trade flows and the environment. 
Relevant studies indicate that incorporating environmental 
provisions into trade agreements generally has a positive impact 
on the environment (Gutsch et al. 2024). In particular, climate-
related environmental provisions can effectively reduce green-
house gas emissions among signatory countries (Sorgho and 
Tharakan 2022) and significantly improve domestic green total 
factor energy efficiency (Yu, Wang, and Zhang 2024). However, 
only environmental provisions with binding enforcement mech-
anisms, rather than those based on voluntary or promotional 
obligations, are found to promote green export transformation 
effectively. Moreover, environmental provisions in trade agree-
ments significantly affect regional trade shares (Saucier and 
Rana 2017), particularly by reducing the trade volume of pollut-
ing industries and increasing the trade volume of clean products 
(Mayer et al. 2014). This effect is more pronounced in develop-
ing countries with stringent environmental regulations (Brandi 
et al. 2019). Additionally, Wu and Ma (2024) use cross-industry 
product-level data to find that deeper environmental commit-
ments notably reduce export product quality.

Compared to prior research, this study makes the following con-
tributions: (1) Amid global climate change and agri-ecological 
degradation, it integrates agri-food trade-environment linkages, 
constructs an empirical framework from the environmental 
regulation perspective to explore the RTA environmental rela-
tionship with agri-food export quality upgrading, and expands 
the boundaries of agri-food export quality upgrading driver 
studies. (2) We construct a higher granularity firm-level data-
set of agri-food trade and attempt to explore the effect of RTA 
environmental provisions on the quality of agricultural ex-
ports from a micro-level perspective. Furthermore, we examine 

heterogeneous effects across destination regions, firm charac-
teristics and features of environmental provisions, providing 
micro-level empirical support for understanding them. (3) Our 
research further contributes to the debate on the effects of envi-
ronmental regulations. The existing literature presents divergent 
views on the relationship between environmental regulations 
and export quality upgrading. On the one hand, it is argued that 
environmental regulations can promote quality upgrades by in-
centivising innovation; on the other hand, it is pointed out that 
stringent regulations may increase corporate burdens and sup-
press quality improvements. Although Peterson et al. (2013) sug-
gest that the negative impact of technical measures on agri-food 
trade flows may diminish with export experience, existing anal-
yses of agri-food export quality upgrading remain largely con-
fined to linear frameworks (Curzi and Pacca  2015; Fałkowski 
et al. 2019; Liang et al. 2022). This paper provides evidence of a 
U-shaped relationship between the depth of environmental pro-
visions in RTAs and the quality upgrading of agri-food exports. 
Within the specific context of agri-food trade, it provides more 
nuanced nonlinear evidence for understanding how environ-
mental regulations influence quality upgrading through firm 
behaviour.

The remaining sections of the paper are structured as fol-
lows. Section  2 introduces the environmental provisions in 
RTAs signed by China and proposes the research hypotheses. 
Section 3 presents the methods and the data sources. Section 4 
reports the empirical results and analysis. Section 5 examines 
the mechanisms through which environmental provisions in-
fluence the quality of agri-food exports. Section 6 concludes the 
paper and provides policy implications.

2   |   Stylised Facts and Research Hypotheses

2.1   |   Stylised Facts

As of September 2025, China has signed 23 RTAs involving 30 
countries and regions worldwide, including China's major ex-
port countries (regions) for agri-food products. China's RTAs 
extensively incorporate various environmental provisions 
(Table  1). The initial Mainland-Hong Kong/Macau Closer 
Economic Partnership Arrangement (CEPA) included agree-
ments on general environmental cooperation obligations, bal-
ancing trade/investment with environmental concerns and 
environmental technical/financial assistance. As environmen-
tal issues grew in importance in international trade, subsequent 
RTAs emphasised that RTA environmental provisions are sub-
ject to general mechanisms for interstate dispute settlement. For 
instance, China's RTAs with Chile, Singapore, New Zealand 
and Peru provide international remedies for compensation for 
environmental violations. Meanwhile, China's RTAs with Peru, 
Iceland, South Korea and Georgia include provisions on fish-
eries management, ship pollution, deforestation and water re-
source management, and require active public participation in 
joint environmental governance to advance environmentally 
sustainable development.

With the rapid advancement of trade liberalisation and the 
increased emphasis on environmental protection, countries 
have increasingly used RTAs as instruments of environmental 
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diplomacy, setting higher environmental standards to promote 
the synergistic development of trade and environmental protec-
tion (Johnson 2015; Jinnah and Lindsay 2016). The continuous 
refinement and enrichment of environmental provisions have 
established a platform for national environmental governance, 
facilitating a more equitable and rational international trade 
order and ensuring that the expansion of free trade does not 
come at the expense of ecological degradation.

2.2   |   Research Hypotheses

2.2.1   |   Impact of Environmental Provisions of RTAs on 
the Quality of Agri-Food Exports

The environmental provisions of RTAs are being deepened and 
have gradually become ‘hard constraints’ in international trade. 
Environmental provisions in trade agreements aim to harmonise 
production standards across countries, reducing pollution emis-
sions generated during production, processing and international 
trade (Morin et al. 2018). This mechanism seeks to prevent the ‘race 
to the bottom’ in regulatory standards, promote green trade and ul-
timately enhance sustainability and competitiveness. Agriculture 
is inherently linked to environmental protection, which implies 
that signatory countries impose higher environmental standards 
on agri-food trade. According to the Porter Hypothesis, stringent 
environmental regulations can stimulate technological innovation 
among agri-food firms, enhance productivity and improve export 
quality upgrading, enabling firms to gain competitive advan-
tages in international markets (Porter and Van der Linde 1995). 
However, this effect may not follow a linear relationship but in-
stead exhibit dynamic effects contingent on the stringency of envi-
ronmental regulations.

Specifically, in the absence of external regulatory shocks, firms 
develop along a latent quality upgrade path determined by their 
own strategies and market conditions. However, when environ-
mental provisions are incorporated into RTAs, they strengthen 
domestic environmental regulations in signatory countries 
(Blümer et al. 2020), thereby creating an exogenous constraint. 
To meet new environmental compliance requirements, firms 
are compelled to prioritise allocating their limited resources to 
short-term regulatory compliance. This resource reallocation 
not only temporarily suppresses production efficiency (Barbera 
and McConnell  1990) but, more critically, directly com-
presses key variable inputs used in production quality control 
(Zhang  2022). Consequently, the pace of quality improvement 
slows or even temporarily stagnates, causing firms to deviate 
from their original development path and hindering the quality 
upgrading of their exports. However, as environmental provi-
sions deepen and become internalised as stable market rules, the 
pressure from stringent regulations transforms into endogenous 
motivation for firms. This motivates firms to drive systemic up-
grades across the industrial chain through technological inno-
vation and process optimisation (Wang et al. 2023), ultimately 
translating these efforts into long-term competitive advantages 
in the market. Simultaneously, strengthened environmental 
provisions reinforce international market preferences for ‘green 
products’, compelling firms to accelerate technological innova-
tion. This strategic shift leads firms to transform their product 
portfolios from pollution-intensive goods to environmentally 

friendly alternatives, aligning with global green standards 
(Xiong and Zhu 2023). This strategic transformation helps firms 
return to their original development paths and eventually go be-
yond them. It accelerates the shift towards higher value, higher 
standard product structures and supports the upgrading of ex-
port quality. Based on this, we propose Hypothesis 1.

Hypothesis 1.  The depth of environmental provisions in 
RTAs has a U-shaped relationship with the quality upgrading of 
agri-food exports. Specifically, as these provisions deepen, they in-
itially inhibit but subsequently promote export quality upgrading.

2.2.2   |   Theoretical Mechanisms of Environmental 
Provisions of RTAs Affecting the Quality Upgrading 
of Agri-Food Exports

Focusing on the cost constraint effect and the innovation com-
pensation effect, this study examines how RTA environmental 
provisions specifically drive the quality upgrading of agri-food 
exports (see Figure 2).

(1) Cost constraint effect. Environmental regulatory policies re-
quire firms to use more inputs and pay higher prices for them. 
When contracting parties agree on environmental policies, host 
countries strengthen environmental enforcement. To meet new 
standards, exporting firms must bear corresponding ‘compli-
ance costs’ (Cherniwchan and Najjar  2022). This compliance 
pressure influences firms' resource allocation and quality deci-
sions through two cost channels. First, upfront fixed costs are 
incurred for purchasing environmental equipment, obtaining 
green certifications and modifying production systems (Liu 
et  al.  2021; Liao et  al.  2023). Second, firms face higher vari-
able compliance costs during production, such as procuring 
high-cost, compliant agricultural inputs, paying for additional 
energy used for pollution treatment and covering extra la-
bour costs. Under financial constraints, the sharp increase in 
compliance-related expenditures heightens liquidity pressures 
(Hang et al. 2025), compelling firms to prioritise environmen-
tal compliance within limited budgets. This diverts critical 
investments that would otherwise support quality upgrading, 
such as sourcing premium raw materials, implementing refined 
processing, enforcing stringent quality control and developing 
branded packaging. Given that agri-food export quality upgrad-
ing depends heavily on these marginal inputs, their reduction 
directly delays or even reverses, improvements in product qual-
ity, thereby inhibiting export quality upgrading.

However, this negative effect is not permanent. As the depth 
of environmental provisions in RTAs increases and becomes 
internalised as stable market rules, firms' cost structures un-
dergo systematic change. The initial compliance pressures 
begin to stimulate efficiency improvements, while value com-
pensation declines in the opposite direction. On one hand, the 
prior accumulation of specific investments gradually transforms 
into production-enabling tools due to asset irreversibility, and 
scale effects allow fixed costs to be effectively distributed. At 
the same time, these assets raise overall productivity through 
learning-by-doing, which lowers average production costs 
(Cohen and Tubb 2018). On the other hand, environmental cer-
tifications improve market access. They not only enhance firms' 
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competitiveness (Ghosal et al. 2019) but also allow them to charge 
higher prices and earn extra profits that help recover sunk costs 
(Zhou et al. 2021). This significantly improves firms' internal fi-
nancing capacity, enabling them to fund quality upgrading. Over 
the long term, environmental regulations continuously drive 
firms to refine production processes and management practices 
(Ambec et al. 2013). These improvements reduce unnecessary 
expenses, such as pollution fines and emergency clean-up costs, 
further lowering variable costs. As a result, resource constraints 
ease, and firms can shift resources back to improving product 
quality. This propels export product quality upgrades beyond 
short-term constraints into a phase of sustained improvement. 
Consequently, we propose Hypothesis 2.

Hypothesis 2.  As the depth of environmental provisions in 
RTAs increases, firms' compliance costs first rise and then grad-
ually decline. This process leads to the quality upgrading of agri-
cultural exports, first decreasing and then improving, following a 
U-shaped pattern.

(2) Innovation compensation effect. The environmental provisions 
of RTAs require signatories to elevate their environmental stan-
dards, creating external pressures that prompt governments to 
review and strengthen their environmental legislation (Brandi 
et al. 2019). To comply with these regulations and gain a competi-
tive advantage, firms must increase R&D investments to enhance 
technological innovation capabilities (Lovely and Popp 2011) and 
meet international environmental standards for agri-food prod-
ucts. However, during the initial phase of deepening environ-
mental provisions, firms must bear high compliance costs to meet 
new environmental standards and production norms. These costs 
crowd out resources for technological upgrade, compounded by 
the long learning cycles of technology and the lagged returns on 
R&D investments, resulting in a contraction of innovation invest-
ments and hindering the upgrading of export quality.

As the depth of environmental provisions in RTAs increases, 
sunk costs compel firms to optimise factor allocation (Ai 
et  al.  2020), gradually releasing innovation resources previ-
ously suppressed by compliance pressures. The reduction in 
non-productive expenditures increases R&D investment (Yu, 

Miao, and Tang 2024), enabling sustained technological inno-
vation activities. Simultaneously, environmental provisions in 
trade agreements facilitate the dissemination of advanced en-
vironmental technologies (Prakash and Potoski 2006), and the 
spillover of environmental knowledge positively impacts firm 
innovation (Rodríguez et  al.  2022), helping firms overcome 
bottlenecks and enter an acceleration phase of innovation. This 
drives upgrades in export product quality, demonstrating how 
environmental regulation enhances export quality upgrading 
through an innovation compensation mechanism. Therefore, 
we put forward Hypothesis 3.

Hypothesis 3.  As the depth of environmental provisions of 
RTAs increases, firm-level technological innovation initially de-
clines but subsequently rises, exerting a U-shaped effect on agri-
food export quality upgrading.

3   |   Methodology and Data

3.1   |   Model

We set up the following econometric model to examine the non-
linear effects between the depth of environmental provisions in 
RTAs and the agri-food export quality upgrading:

In Equation (1), the subscripts i, k, j and t denote the firm, prod-
uct, destination country and year. Qualityikjt is the dependent vari-
able, representing agri-food export quality upgrading, Depthjt is 
the depth of environmental provisions of RTAs and Depth2jt is its 
quadratic term. Xit represents a set of firm-level control variables 
and their coefficients; Xjt denotes country-level control variables 
and their coefficients, including GDP per capita and bilateral geo-
graphic distance, to control for the effects of national economic 
levels and trade costs; �i denotes firm fixed effects, �t denotes year 
fixed effects and �ikjt is the random error term. Based on the bench-
mark model, we conducted a series of diagnostic tests, including the 
mean test of error terms, heteroscedasticity test, serial correlation 

(1)

Qualityikjt = �0 + �1Depthjt + �2Depth
2
jt + Xit + Xjt + �i + �t + �ikjt

FIGURE 2    |    The framework for the effect of environmental provisions of RTAs on agri-food export quality upgrading.
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test and normality test of error terms (Table S1 of Appendix B). 
The results confirm that the core assumptions are satisfied after 
accounting for clustered robust standard errors, which validates 
the effectiveness of the nonlinear model specification.

3.2   |   Variables

3.2.1   |   Dependent Variable

The dependent variable is agri-food export quality upgrading. 
We employ the residual demand approach, widely used in inter-
national trade research, to measure export product quality. The 
core idea, originating from Khandelwal  (2010), is that a prod-
uct's higher market share in a given market, after controlling for 
price, reflects its superior unobserved quality. The measurement 
essentially reflects a product's relative position on a quality lad-
der, with improvements in export quality manifesting as shifts 
in this relative position. Khandelwal (2010) assessed quality at 
the product level, while Khandelwal et  al.  (2013) introduced 
a utility function for product quality, taking the logarithm of 
the demand equation to derive quality indicators at the firm-
product-destination-year level. Because agricultural products 
are typically differentiated goods whose competitiveness de-
pends heavily on unobserved quality attributes such as fresh-
ness, appearance and safety, this approach has been widely used 
in agricultural trade research (Curzi and Pacca 2015; Fałkowski 
et al. 2019; Liang et al. 2022). Therefore, consistent with existing 
literature, we adopt the methodology of Khandelwal et al. (2013) 
to measure agricultural export quality upgrading. The specific 
calculation process is as follows: First, based on the CES util-
ity function and monopolistic competition model, the demand 
function for domestic products in foreign markets is specified as:

where qikjt denotes the trade volume of product k exported by 
firm i to country j in year t ,pikjt and �ikjt represent the corre-
sponding export agri-food price and quality. Pjt and Yjt denote 
the price index and income level in the destination country j. 
Moreover, the � represents the product substitution elasticity. 
Following established research practices, we estimate the de-
mand price elasticity coefficient using the methodology of Broda 
and Weinstein  (2006). The specific estimates of � are listed in 
Table S2 of Appendix B. It is aggregated to the HS3-digit level 
as a proxy for the product substitution elasticity � in the above 
equation. This substitution elasticity measures differences in 
product-level substitution elasticity and has been widely used 
in micro-level studies (Khandelwal et al. 2013; Fan et al. 2015; 
DeStefano and Timmis  2024). Taking the logarithm of both 
sides of Equation (1), the econometric model for estimating agri-
food export quality can be expressed as:

where �jt represents the joint fixed effects of country and year, 
controlling for the price index and income level in country j 
and �k denotes the product fixed effect, which absorbs qual-
ity heterogeneity across different products. The residual term 
�ikjt = (σ − 1) ln �ikjt quantifies the quality of agri-food export.

To facilitate computation, we follow the approach of 
Zhang (2022) to standardise the agri-food export quality index 
ln �̂ikjt, ultimately deriving the dependent variable Qualityikjt.

where min and max represent the minimum and maximum val-
ues of a given HS8-digit product across all years, firms and export 
destinations. The normalised quality defined by Equation  (5) 
lies within the range [0, 1]. An increase in Qualityikjt indicates 
that the firm has raised its product's position on the quality lad-
der in the target market, reflecting quality upgrading achieved 
through investment and innovation. This measure captures the 
product's relative quality standing among global competitors in 
a given year.

3.2.2   |   Independent Variable

The independent variable in this study is the depth of envi-
ronmental provisions of RTAs, denoted as ‘Depth’. The World 
Bank's Deep Trade Agreements (DTA) Database provides de-
tailed information under seven major categories comprising 
48 subcategories of environmental provisions in RTAs. We 
adopt the ‘provision counting method’ proposed by Hofmann 
et al. (2017) to calculate the depth of environmental provisions 
of RTAs signed by China between 2000 and 2014. The calcula-
tion method is as follows:

where Provisioncjmt is a dummy, if the RTAs signed between 
China and country j in year t  include a specific environmental 
provision m, then Provisionjmt is assigned a value of 1; other-
wise, it is 0. The total score of environmental provisions in 
the RTAs between China and country j at time t , denoted 
as Envjt, is obtained by summing up all individual environ-
mental provisions. To facilitate cross-agreement comparison, 
this score is then normalised by dividing it by the maximum 
value of Env in the sample, max (Env), yielding the explanatory 
variable Depthjt. This variable ranges from 0 to 1, with higher 
values indicating deeper and more comprehensive environ-
mental provisions in the RTAs signed between China and the 
partner country.

3.2.3   |   Control Variables

To overcome the endogeneity problem caused by omitted 
variables as much as possible, we further control for relevant 
important variables that affect the quality upgrading of agri-
food exports at the firm level and country level: (1) Age of the 

(2)qikjt = ��−1
ikjt

p−�
ikjt

P1−σ
jt

Yjt

(3)ln qikjt + � ln pikjt = �jt + �k + �ikjt

(4)ln �̂ikjt =
�̂ikjt

� − 1
=
ln qikjt − ln q̂ikjt

� − 1

(5)Qualityikjt =
ln �̂ikjt −min ln �̂ikjt

max ln �̂ikjt −min ln �̂ikjt

Envjt =

48
∑

m= 1

Provisionjmt m = 1, 2, 3 ⋯ , 48

(6)Depthjt =
Envjt

max (Env)
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enterprise (lnAge), measured as the logarithmic form of the 
difference between the firm's time in existence minus the year 
in which the firm was established, plus one. (2) The size of the 
enterprise (lnSize) is measured by the natural logarithmic value 
of the enterprise's annual average number of employed persons. 
(3) Level of firm assets (lnAsset), measured as the natural log-
arithm of the firm's total assets. (4) Firm productivity (lnTFP), 
measured using the OP method. (5) Firm solvency (Pay), mea-
sured in logarithmic form as the ratio of the firm's current assets 
to the firm's total assets. (6) Economic development level of the 
export destination country (lnperGDP), measured as the natural 
logarithm of per capita GDP; (7) Trade frictions (lnDist), mea-
sured as the natural logarithm of the distance between the two 
countries' capital cities. Table 2 provides a summary of our main 
variables.

3.3   |   Data

The agri-food export data from the China Customs Database, 
firm-level control variables and mediating variables from the 
China Industrial Enterprise Database, country-level control 
variables are drawn from the World Bank's WDI Database and 
the CEPII Database. We performed the necessary data clean-
ing on both databases. Excluded observations  with missing 
values in key variables such as enterprise codes and total in-
dustrial output; excluded firms with fewer than eight employ-
ees; excluded enterprises established before 1949; excluded 
observations with obvious errors, such as total assets less than 
current or fixed assets, or establishment years exceeding the 
data collection year; removed invalid observations with zero 
export quantities or prices. Following the methodology of 
Yu (2015), this paper matches the China Industrial Enterprise 
Database with China Customs Database  using enterprise 
names and postal codes.

The depth of environmental provisions of RTAs data is 
sourced from the World Bank's Deep Trade Agreements (DTA) 
Database. This database documents detailed information on 
a subset of 18 policy areas most frequently addressed in 400 
agreements notified to the World Trade Organization (WTO) 

between 1958 and 2023. The environmental provisions in the 
database include predefined objectives, substantive commit-
ments and detailed content on transparency and enforcement 
mechanisms.

4   |   Empirical Results

4.1   |   Results of Benchmark Estimation

The baseline regression results are presented in Table 3. Column 
(1) reports estimates without control variables, including only 
the linear term (Depth) and quadratic term (Depth2). Column 
(2) incorporates firm-level control variables, while Column (3) 
incorporates country-level control variables. This suggests that 
when the depth of environmental provisions in RTAs falls below 
the threshold of 0.3328, it tends to inhibit agri-food export qual-
ity upgrading. However, once the depth exceeds this threshold, 
agri-food export quality gradually improves with increasing en-
vironmental regulation intensity, indicating a nonlinear trend 
that initially inhibits and then promotes agri-food export 
quality upgrading. The empirical findings therefore support 
Hypothesis 1. The model specification test results (Appendix B, 
Table  S3) show that the p-value of the RESET test is 0.2574, 
failing to reject the null hypothesis of correct model specifica-
tion. As control variables are added step by step, the adjusted R2 
steadily increases from 0.1248 to 0.1267. Both AIC and BIC are 
negative with relatively large absolute values, indicating a good 
overall model fit.

Furthermore, we conduct a ‘U-test’ for the model. As shown in 
Columns (1) to (3) of Table 3, the slopes at both ends of the curve 
significantly differ from zero, indicating that the relationship 
is steep. The slopes at the left endpoints are all negative, while 
those at the right are all positive, consistent with a U-shaped pat-
tern. Moreover, the x-coordinates of the minimum points range 
between 0.333 and 0.483, within the upper and lower bounds 
(0 ~ 1) of the interval Depth. It can be demonstrated that there 
is a significant non-linear effect of the depth of environmental 
provisions in RTAs on the quality upgrading of agri-food ex-
ports. Additionally, to strengthen identification of the U-shaped 

TABLE 2    |    Descriptive statistics.

Variables Obs Mean SD Min Max

Quality 427,532 0.5364 0.1427 0.0000 1.0000

Depth 427,532 0.0518 0.1300 0.0000 1.0000

Depth2 427,532 0.0196 0.0553 0.0000 1.0000

lnAge 424,461 2.0469 0.7093 0.0000 4.1589

lnSize 427,532 5.4489 1.1788 2.6391 8.4163

lnAsset 427,532 11.0074 1.4811 5.5175 19.4375

lnTFP 427,532 5.8983 1.0900 0.0241 12.3554

Pay 427,532 0.5912 0.2566 0.0034 12.3012

lnperGDP 427,532 10.0652 0.8586 6.1615 12.0021

lnDist 426,989 8.1842 0.9130 6.8446 9.8574
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relationship between environmental provisions and export qual-
ity upgrading, we have plotted both a chart of grouped means 
(Appendix  A, Figure  S1) and a chart of model-fitted values 
(Appendix A, Figure S2). Both types of charts exhibit a consis-
tent nonlinear pattern, providing robust visual support for this 
U-shaped relationship.

4.2   |   Robustness Tests

4.2.1   |   Alternative Measure of the Key 
Explanatory Variable

To mitigate potential estimation bias caused by differences in 
data coding across sources, this study recalculates the depth of 
environmental provisions using the Trade and Environment 

Database (TREND), resulting in an alternative measure denoted 
as TRdepth. The regression results, reported in Column (1) of 
Table 4, show that the coefficient on the linear term of TRdepth 
is negative, while that on the quadratic term is positive. These 
findings are consistent with the baseline regression results, con-
firming the robustness of the conclusion.

4.2.2   |   Different Measures of Quality

Bajzik et al. (2020) collected elasticity estimates from 42 stud-
ies and employed meta-analysis to account for publication bias 
and study quality simultaneously. Their Armington elasticity 
estimates ranged from 2.5 to 5.1, with a median of 3.8. They 
concluded that this range, and in particular the median, pro-
vides a reasonable estimate of the baseline elasticity based on 

TABLE 3    |    Benchmark regression results.

Dependent variable: Quality

(1) (2) (3)

Depth −0.0576*** −0.0590*** −0.1100***

(0.011) (0.011) (0.012)

Depth2 0.0588*** 0.0613*** 0.1653***

(0.022) (0.021) (0.023)

lnAge −0.0045** −0.0043**

(0.002) (0.002)

lnSize 0.0058*** 0.0058***

(0.001) (0.001)

lnAsset −0.0049*** −0.0048***

(0.001) (0.001)

lnTFP 0.0043*** 0.0043***

(0.001) (0.001)

Pay 0.0076** 0.0077**

(0.004) (0.004)

lnperGDP 0.0029***

(0.001)

lnDist −0.0082***

(0.001)

Firm FE YES YES YES

Year FE YES YES YES

Observations 425,474 422,439 421,904

R2 0.1466 0.1469 0.1485

Extreme point 0.4813 0.4829 0.3328

Lower bound slope −0.0590 −0.0586 −0.1100

Upper bound slope 0.0636 0.0627 0.2205

Note: ***, ** and * indicate statistical significance at the level of 1%, 5% and 10%, respectively. The values in parentheses are robust standard errors clustered at the firm 
level.
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empirical research since Armington (1969). Given the high 
sensitivity of the demand function to the substitution elastic-
ity σ, we recompute export quality using the lower bound (� 
= 2.5), the upper bound (� = 5.1), and the median (�= 3.8). As 
shown in Columns (2) to (4) of Table 4, the non-linear effect 
of RTA environmental provisions on agri-food export quality 
upgrading is robust to alternative values of the substitution 
elasticity.

4.2.3   |   Eliminating the Influence of Outliers

To mitigate potential bias from extreme values, we apply win-
sorization to the key dependent variable. This approach helps 
reduce the influence of outliers on the regression estimates. As 
shown in Column (5) of Table 4, the signs of the coefficients on 
the key explanatory variables remain unchanged, confirming 
the robustness of the baseline regression results.

4.2.4   |   Adjusting the Firm Sample

Intermediaries typically do not participate in the actual pro-
duction of goods but instead act as intermediaries between 
manufacturers and end consumers. Therefore, we follow Ahn 
et  al.  (2011) and exclude firm observations with names con-
taining ‘Maoyi’, ‘Jingmao’, ‘Waimao’, ‘Chukou’ and ‘Jinchukou’ 
based on Chinese Pinyin rules to eliminate the potential distor-
tion caused by intermediary agents in the regression results. As 
shown in Column (6) of Table 4, the findings further support the 
robustness of the baseline regression results.

4.2.5   |   Excluding Countries Where RTAs Took Effect at 
the End of the Sample Period

The China–Iceland and China–Switzerland free trade agree-
ments came into effect on 1 July 2014, towards the end of our 
sample period. As a result, there is limited time to observe the 
impact of their environmental provisions. This study excludes 
Iceland and Switzerland to avoid potential bias from insufficient 
post-treatment observation. As shown in Column (7) of Table 4, 
the regression coefficients remain unchanged, confirming the 
robustness of the baseline results.

4.2.6   |   Excluding the Influence of Concurrent Domestic 
Environmental Regulations

In 2013, the Chinese government implemented the stringent 
Air Pollution Prevention and Control Action Plan, requiring 
firms to strengthen internal management by environmental 
standards to achieve co-benefits in terms of environmental, 
economic and social outcomes. Our sample period spans from 
2000 to 2014, which may overestimate the impact of environ-
mental provisions in RTAs. To address this concern, we further 
exclude observations from 2013 and 2014 to eliminate potential 
interference from concurrent domestic environmental policies. 
As shown in Column (8) of Table 4, the regression results re-
main robust.

4.2.7   |   High-Dimensional Fixed Effects

To control for potential confounding factors, we incorporated 
firm-destination fixed effects and firm-product-year fixed effects 
separately. The former absorbs inherent matching advantages 
between firms and markets that remain constant over time, 
while the latter controls for annual product-specific investments 
by firms. This allows us to identify quality upgrade differences 
when exporting to markets with varying environmental regula-
tion intensities during the same period, thereby reducing esti-
mation biases caused by firm self-selection. Regression results 
are reported in Column (9) and Column (10) of Table 4. Findings 
indicate that the U-shaped impact of RTA environmental pro-
visions on export quality upgrading remains robust under this 
stringent specification.

4.3   |   Endogeneity Test

Given that rising international consumer demand for high-
quality, eco-friendly agri-food influences government and firm 
decisions to adopt stricter environmental provisions in trade 
agreements, a potential bidirectional causal relationship may 
exist between the depth of RTA environmental provisions and 
agri-food export quality upgrading. To address this endogeneity, 
an instrumental variable (IV) approach was adopted.

Regarding the selection of instrumental variables, we use the 
climate exposure of export destinations as an instrumental vari-
able. On one hand, climate change is increasing the frequency 
and intensity of extreme weather events (Ahmed et  al.  2024), 
and environmental vulnerability forces countries to treat cli-
mate change as a national security issue (Barnett  2003). If 
countries with high climate exposure are more inclined to in-
corporate climate-related environmental regulations into trade 
agreements through measures such as carbon taxes, carbon 
credit trading or support for emission-reduction technologies 
to address climate issues (Morin and Jinnah  2018), then this 
meets the relevance requirement for instrumental variables. On 
the other hand, naturally occurring climate disasters are inde-
pendent of policy variables; In other words, unless the climate 
conditions of export destinations are institutionalised into trade 
agreements that mandate technological upgrades, they do not 
directly lead to quality improvements in China's agri-food ex-
ports, thereby enhancing export quality upgrading. The strong 
exogeneity of climate conditions can be regarded as a ‘natural 
experiment’ (Pretis 2021), satisfying the requirement of exoge-
neity for instrumental variables. We use the intensity of extreme 
weather events2 in the export destination as a proxy variable for 
climate exposure to address endogeneity.

We use the Two-Stage Least Squares (2SLS) method to examine 
the effect of the depth of RTA environmental provisions on the 
quality upgrading of agri-food exports. The results are presented 
in Table 5. The first-stage estimation shows that the instrumen-
tal variable significantly correlates with the key explanatory 
variable. The p-value for the Kleibergen-Paap rk LM (KP rk LM) 
test of instrument unidentifiability is far below 0.1, rejecting 
the null hypothesis of model unidentifiability. The Kleibergen-
Paap Wald F statistic (KP rk Wald F) is 32,826.53, exceeding the 
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critical value at the 10% significance level, suggesting no weak 
instrument problem. The results of the second-stage regression 
align with those of the benchmark regression, confirming that 
the depth of RTA environmental provisions exerts a significant 
non-linear impact on agri-food export quality upgrading.

4.4   |   Heterogeneity Analysis

4.4.1   |   Regional Heterogeneity and Terms 
Heterogeneity

1.	 Heterogeneity in levels of economic development. According 
to the World Bank's classification of countries' income levels, 
we define high-income countries and regions as developed, 
and countries and regions at other income levels as under-
developed. The regression results are reported in Columns 
(1) and (2) of Table  6. For developing countries, the depth 
of RTA environmental provisions exhibits a significant U-
shaped relationship with agri-food export quality upgrading. 
For developed countries, the first-order term is significantly 
negative, while the second-order term is insignificant, indi-
cating that environmental provisions suppress export quality 

upgrading. This may stem from developed countries' already 
stringent environmental and food safety standards, which 
impose high compliance costs on entering firms. For these 
firms, RTA environmental provisions primarily constitute 
marginal burdens. Moreover, limited green premiums in 
mature markets make it difficult for firms to recoup invest-
ments through differentiated pricing. Consequently, firms 
are forced to prioritise regulatory compliance, diverting re-
sources away from investments that enhance core product 
quality. This highlights that the effectiveness of environmen-
tal provisions depends critically on the institutional environ-
ment and demand structure of the target market.

2.	 Heterogeneity of experience in signing environmental pro-
visions. Countries with extensive experience in signing 
environmental provisions may place greater emphasis 
on the quality of imported products. To examine this, 
we use the number of environmental provisions in RTAs 
signed by China as a benchmark to classify the sample 
into two groups: countries with richer experience in ne-
gotiating environmental provisions relative to China and 
countries with less experience. The regression results 
in Columns (3) and (4) of Table 6 indicate that when the 
destination country has greater experience in environ-
mental provision negotiations than China, the depth of 
environmental provisions of RTAs exhibits a significant 
U-shaped effect on the quality upgrading of agri-food ex-
ports. A possible reason is that countries with extensive 
experience in negotiating environmental provisions tend 
to place greater emphasis on environmental issues in 
trade negotiations, thereby enhancing the effectiveness 
of these provisions.

3.	 Heterogeneity in the level of environmental regulation. We 
classify the sample into countries with higher and lower lev-
els of environmental regulation based on the Environmental 
Performance Index (EPI) developed by Yale University and 
Columbia University (Block et al. 2024), using the median 
as the benchmark. The regression results in Columns (5) 
and (6) of Table 6 show that when the destination country 
has a lower level of domestic environmental regulation, 
the depth of environmental provisions of RTAs exhibits a 
significant nonlinear effect on agri-food export quality up-
grading. Conversely, when environmental regulation levels 
are high, a significant inhibitory effect emerges. This may 
stem from the fact that in countries with stringent envi-
ronmental regulations, existing domestic standards have 
already established high green thresholds and firms have 
completed major compliance investments to enter the mar-
ket. New environmental provisions in RTAs primarily man-
ifest as rule refinement and enforcement strengthening. 
However, the persistent increase in compliance complexity 
and management costs compresses the core resources firms 
allocate to product quality enhancement, thereby exerting a 
linear inhibitory effect.

4.	 Heterogeneity of environmental provisions. The overall im-
pact of RTA environmental provisions on agri-food export 
quality upgrading may be an average effect, masking the 
specific roles of individual provisions. To address this, 
we further clarify the heterogeneous effects of different 
environmental provisions. The sample data indicate that 

TABLE 5    |    Endogeneity test.

First stage Second stage

Dependent 
variable: 

Depth

Dependent 
variable: 
Depth2

Dependent 
variable: 
Quality

Depth −0.342***

(−21.67)

Depth2 0.657***

(17.48)

IV 0.0453*** 0.00585***

(183.35) (49.88)

IV2 0.00301*** 0.00377***

(64.16) (169.00)

F statistic 3.3e+05 2.6e+05

Kleibergen-
Paap rk LM 
statistics

5.7e+04

Kleibergen-
Paap Wald rk 
F statistics

3.3e+04

Control 
variables

Yes Yes Yes

Firm FE Yes Yes Yes

Year FE Yes Yes Yes

Observations 421,904 421,904 421,904

Note: ***, ** and * indicate statistical significance at the level of 1%, 5% and 
10%, respectively. All control variables are the same as Table 3. The values in 
parentheses are robust standard errors clustered at the firm level.
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environmental provisions signed by China are primarily 
concentrated in three categories, including ‘Environmental 
Objectives (EO)’, ‘Balance between environment and trade/
investment (ET)’ and ‘Dispute Settlement Mechanisms 
(EM)’. Using Hofmann's provision-counting method, we 
calculated the depth of these three sub-provisions and 
tested their heterogeneous impacts. The regression results 
are presented in Columns (7–9) of Table 6. Reveal that the 
provision of ‘Balance between environment and trade/in-
vestment (ET)’ is the core driver of the U-shaped relation-
ship between RTA environmental provisions and agri-food 
export quality upgrading.

4.4.2   |   Firm Heterogeneity and Level of Product 
Quality Heterogeneity

1.	 Heterogeneity in firm size. We categorise firms into large 
enterprises and small/medium-sized enterprises (SMEs) 
based on the median of total assets, as shown in Columns 
(1) and (2) of Table  7. The findings reveal that, for large 
firms, the depth of RTA environmental provisions has a 
non-linear effect on agri-food export quality upgrading. 
However, for SMEs, deeper environmental provisions 
consistently suppress export quality upgrading, with no 
evidence of a nonlinear relationship. This may stem from 
the high fixed costs associated with upfront investments 
in equipment upgrades, environmental certifications and 
green labeling when facing environmental regulatory 
constraints. Given their limited export scale, SMEs incur 
per-unit compliance costs that are substantially higher 
than those of large enterprises. At the same time, as en-
vironmental provisions deepen, SMEs struggle to invest 
in clean technologies or quality management upgrades 
due to limited internal financing. This leads them to cut 

back on investments in sourcing high-quality raw materi-
als, thereby stifling improvements in export quality. This 
disparity reflects differences in adaptive capacity and re-
sponsiveness across firms of different sizes when facing 
changes in international market rules.

2.	 Heterogeneity in firm ownership. Given that ownership type 
affects business performance, sample firms were classified 
into state-owned (SOE) and non-state-owned (Non-SOE) 
enterprises based on registration types in China's Customs 
database, and the regression results are shown in Columns 
(3) and (4) of Table 7. Findings show that the depth of en-
vironmental provisions of RTAs significantly influences 
the agri-food export quality upgrading of Non-SOE en-
terprises. This is likely because non-state-owned enter-
prises typically have greater decision-making flexibility 
and faster market responsiveness. They can quickly adjust 
production processes, adopt eco-friendly technologies and 
improve quality management systems to adapt to changes 
in the international market.

3.	 Heterogeneity in firms' trade patterns. Based on different 
trade modes, we classify the sample enterprises into gen-
eral trade enterprises and processing trade enterprises. The 
regression results are presented in Columns (5) and (6) of 
Table  7. The results indicate that the depth of RTA envi-
ronmental provisions has a significant non-linear effect on 
export quality upgrading for processing trade enterprises, 
but an inhibitory effect for general trade firms. This diver-
gence primarily stems from the fundamental differences in 
production organisation models and value chain positions 
between the two trade modes. Processing trade enterprises 
are typically deeply embedded in multinational corpo-
rations' global production networks, making them more 
responsive to changes in environmental provisions. In 
contrast, general trade enterprises independently organise 

TABLE 7    |    Firm heterogeneity and the level of product quality test.

Dependent variable: Quality

Firm size Firm ownership
Trade patterns 

of firms Level of product quality

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

Large SMEs SOEs Non-SOEs General Processing Low Middle High

Depth −0.1248*** −0.0443*** −0.0102 −0.1151*** −0.0473* −0.1256*** −0.0280*** 0.0017 −0.0191

(0.016) (0.017) (0.044) (0.013) (0.028) (0.020) (0.009) (0.001) (0.013)

Depth2 0.1873*** 0.0384 0.0576 0.1715*** 0.0825 0.2006*** 0.0426** −0.0055* 0.0127

(0.028) (0.036) (0.082) (0.024) (0.072) (0.038) (0.018) (0.003) (0.027)

Control 
variables

Yes Yes Yes Yes Yes Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes Yes Yes Yes Yes Yes

Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes

Observations 212,622 209,223 23,757 398,133 199,046 99,122 139,268 139,311 139,790

R2 0.1390 0.1691 0.1554 0.1484 0.1980 0.1648 0.2777 0.1194 0.4149

Note: ***, ** and * indicate statistical significance at the level of 1%, 5% and 10%, respectively. All control variables are the same as in Table 3. The values in parentheses 
are robust standard errors clustered at the firm level.
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production and exports, thereby bearing all compliance 
costs themselves. Lacking external technical and mana-
gerial support, they struggle to achieve systemic efficiency 
improvements amid increasingly stringent environmental 
regulations. Instead, to alleviate cost pressures, they often 
cut quality-related investments, thereby suppressing export 
quality upgrading.

4.	 Heterogeneity in the level of product quality. To examine the 
differential impact of RTA environmental provisions on 
agri-food products of varying quality grades, we divided 
the sample into high-, medium- and low-quality groups 
based on initial export quality percentiles. Regression re-
sults are presented in Columns (7) to (9) of Table  7. The 
findings reveal that, for initially low-quality agri-food 
products, the relationship between environmental pro-
vision depth and quality upgrading exhibits a significant 
U-shaped pattern. This suggests that while stringent pro-
visions initially impose compliance costs that dampen 
quality improvements, their increasing depth eventually 
incentivises firms to undertake process innovations and 
supply chain upgrades, as such products offer greater scope 
for improvement in production practices and input qual-
ity. In contrast, high-quality products are already close to 
the technological frontier, so further upgrading relies on 
original innovation rather than incremental adjustments, 
leading to a weak and statistically insignificant response to 
environmental provisions.

5   |   Mechanism Analysis

Based on the theoretical analysis discussed earlier, we argue 
that the cost constraint effect and technological compensa-
tion effect of environmental regulations are key mechanisms 
through which the depth of environmental provisions of RTAs 
influences agri-food export quality upgrading. This section con-
ducts an empirical test of Hypotheses 2 and 3.

5.1   |   Cost-Binding Mechanisms

Under ecological regulatory requirements, firms may increase 
investments in pollution control equipment, adopt more environ-
mentally friendly raw materials and clean energy sources, thereby 
raising operational expenses and altering cost structures (Gray and 
Shadbegian 2003). To quantify this effect, we use the ratio of the 
sum of business expenses and intermediate input costs to total in-
dustrial output value as an indirect measure of compliance costs, 
denoted cost1. However, due to the significant missing data on total 
industrial output value in the sample, we further employ the ratio 
of current liabilities to total assets as a proxy for compliance costs, 
denoted cost2 to enhances cross-sample comparability.

To test the cost constraint mechanism, this study regresses the 
dependent variables, cost1 and cost2, on the core explanatory 
variable. The results presented in Columns (1) and (2) of Table 8 
show that the coefficient of the core explanatory variable depth 
is statistically significant and positive, while the coefficient of 
its quadratic term depth2 is statistically significant and negative. 
This indicates that as the depth of environmental provisions of 
RTAs increases, enterprise compliance costs initially rise, then 
decline in an inverted U-shaped pattern. Consequently, the cost-
constraint effect of environmental regulation gradually weak-
ens, leading to a U-shaped impact on agri-food export quality 
upgrading, in which quality is first suppressed and then en-
hanced. This finding supports Hypothesis 2.

5.2   |   Innovative Compensation Mechanisms

The Porter Hypothesis posits that environmental regulations 
can stimulate firms to accelerate technological innovation 
(Porter and Van der Linde  1995). Consequently, in the long 
run, environmental provisions of RTAs are expected to exert 
a sustained positive influence on firm technological innova-
tion. Innovation drives export quality upgrading improvements 
through knowledge-driven effects and productivity gains.  

TABLE 8    |    Mechanism test.

Dependent variable: Cost constraints
Dependent variable: Innovation 

compensation

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

Cost1 Cost2 Innovation1 Innovation2

Depth 0.0715*** 0.3329* −0.5130*** −0.1097**

(0.027) (0.180) (0.169) (0.044)

Depth2 −0.1339*** −0.7597* 0.7855*** 0.2114**

(0.048) (0.412) (0.273) (0.085)

Control variables YES YES YES YES

Firm FE YES YES YES YES

Year FE YES YES YES YES

Observations 252,917 421,901 106,291 413,445

R2 0.7125 0.7302 0.6943 0.6568

Note: ***, ** and * indicate statistical significance at the level of 1%, 5% and 10%, respectively. All control variables are the same as Table 3. The values in parentheses 
are robust standard errors clustered at the firm level.
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To test the technological compensation effect of environmental  
provisions of RTAs, we follow the methodology of Han 
et  al.  (2025) and measure enterprise technological innovation 
by the number of patents filed. Adapting Brandt et  al.  (2012), 
the process involves three steps. First, the Chinese industrial 
enterprise database is merged with the patent database using 
firm names and years, followed by a second match using organ-
isational codes and years. Then, the first and second matched 
datasets are combined and duplicate observations are removed. 
Finally, the cleaned dataset is merged with the China Customs 
database using firm codes, names and years. The natural loga-
rithm of the total number of annual patent applications per firm 
is used as the mediating variable in the test.

We employ a Poisson panel model (PPML) to estimate the im-
pact of RTA environmental provisions on corporate innovation 
(Innovation1). Although PPML is the standard method for han-
dling patent counts, its fixed-effects specification systematically 
excludes firms with zero patents across all observation periods. 
Therefore, we simultaneously constructed a proxy variable by 
taking the natural logarithm of the sum of annual patent ap-
plications plus one (Innovation2) and employed a panel fixed-
effects model for robustness estimation. The regression results 
in Column (3) and Column (4) of Table 8 show that the coeffi-
cient of the core explanatory variable depth remains statistically 
significant and negative, while the coefficient of its quadratic 
term depth2 is statistically significant and positive. This indicates 
that as the depth of environmental provisions of RTAs increases, 
technological innovation initially declines and then rises, lead-
ing to a U-shaped impact on agri-food export quality upgrading. 
This confirms the existence of the technological compensation 
effect mechanism, and Hypothesis 3 of this study is validated.

6   |   Conclusions and Policy Implications

Based on the logical coupling of environmental protection rules 
with high-level opening-up and high-quality agricultural devel-
opment, we explore the impact of the depth of environmental 
provisions in RTAs on the quality upgrading of China's agri-
food exports and the mechanisms of action at the micro level 
of firms. This paper finds: (1) A significant ‘U-shaped’ effect 
exists between the depth of environmental provisions of RTAs 
and the quality of agri-food exports. (2) Heterogeneity analysis 
reveals that the influence of the depth of environmental provi-
sions on agri-food export quality upgrading varies significantly 
across the economic development level of the destination coun-
try, experience in signing environmental provisions, the level 
of environmental regulation, product quality tiers and differ-
ences in specific environmental provisions. (3) Further mech-
anism analysis identifies the cost constraint and technological 
compensation effects as key mechanisms driving the non-linear 
relationship between the depth of environmental provisions of 
RTAs and agri-food export quality upgrading.

This study may offer several insights for policymakers and 
businesses in developing countries. First, actively participate 
in international negotiations to promote fairer and more equi-
table global environmental provisions. When signing RTAs, it 
is crucial to fully consider the actual conditions and develop-
ment needs of domestic agricultural production, ensuring that 

environmental provisions align with international standards 
while accommodating the capacity of domestic agri-food firms. 
Furthermore, actively draw on successful experiences and prac-
tices from other countries, continuously optimising and improv-
ing the  environmental management system to create a more 
favourable external environment for agri-food firms. Second, 
technology transfer and innovation should be promoted to al-
leviate cost constraints. The government should mitigate SMEs' 
compliance costs via financial support and encourage firms to 
boost production efficiency and competitiveness through tech-
nology innovation. For example, setting up special funds or 
fiscal subsidies to help agri-food enterprises adopt advanced 
technologies and equipment, and strengthening research 
institution-enterprise collaboration to accelerate agri-food tech 
achievement conversion, supporting long-term sustainable de-
velopment and quality upgrading. Third, the quality supervision 
system must be improved, and long-term incentive mechanisms 
must be established. Firms must strengthen quality monitoring 
at the agricultural production and processing stages, strictly 
enforce national and local environmental protection laws and 
regulations, and reward and support firms that actively adopt 
green, environmentally friendly technologies and meet high 
standards. At the same time, the government should intensify 
penalties for non-compliant products and illegal activities to 
maintain a healthy order of market competition.
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Endnotes

	1	World Trade Organization's Integrated Trade Intelligence Portal—
Goods database.

https://​i-​tip.​wto.​org/​goods/​​Forms/​​Table​VIEW.​aspx.

	2	The intensity of extreme weather events is measured by the economic 
losses caused by extreme weather events in each country, from the 
Emergency Events Database (EM-DAT), https://​public.​emdat.​be/​.
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