“Does environmental policy stringency foster organic agriculture? Evidence from
OECD members, accession candidates, and key partner economies”

AUTHORS

ARTICLE INFO

DOI

RELEASED ON
RECEIVED ON
ACCEPTED ON

LICENSE

JOURNAL
ISSN PRINT
ISSN ONLINE
PUBLISHER
FOUNDER

Aleksandra Kuzior

R

Tatjana Tambovceva
Iryna Kychko

Ivan Hroma

Tetiana Vasylieva

R

Aleksandra Kuzior, Tatjana Tambovceva, Iryna Kychko, lvan Hroma and Tetiana
Vasylieva (2026). Does environmental policy stringency foster organic
agriculture? Evidence from OECD members, accession candidates, and key
partner economies. Environmental Economics, 17(2), 232-260.
doi:10.21511/ee.17(2).2026.16

http:/dx.doi.org/10.21511/ee.17(2).2026.16

Wednesday, 24 June 2026
Friday, 01 May 2026

Friday, 19 June 2026

[k |
This work is licensed under a Creative Commons Attribution 4.0 International
License

"Environmental Economics”

1998-6041

1998-605X

LLC “Consulting Publishing Company “Business Perspectives”

LLC “Consulting Publishing Company “Business Perspectives”

© The author(s) 2026. This publication is an open access article.

<//~[| BUSINESS
PERSPECTIVES

businessperspectives.org



®®

Environmental Economics, Volume 17, Issue 2, 2026

w2 el

e—

BUSINESS PERSPECTIVES

LLC “CPC “Business Perspectives”
Hryhorii Skovoroda lane, 10,
Sumy, 40022, Ukraine

www.businessperspectives.org

Type of the article: Research Article

Received on: 1°t of May, 2026
Accepted on: 19t of June, 2026
Published on: 24t of June, 2026

© Aleksandra Kuzior, Tatjana
Tambovceva, Iryna Kychko, Ivan
Hroma, Tetiana Vasylieva, 2026

Aleksandra Kuzior, Dean, Head of the
Department, Faculty of Organisation
and Management, Department of
Applied Social Science, Silesian
University of Technology, Poland.

Tatjana Tambovceva, Professor, Dr.oec.,
Sc.ing., Governance and Security
Institute, Riga Technical University,
Latvia.

Iryna Kychko, DSc, Professor,
Personnel Management and Business
Technologies Department, National
University “Chernihiv Polytechnic”,
Ukraine.

Ivan Hroma, Chief Accountant, LLC
“RISE PIVNICH,” Ukraine; Ph.D.
Student, Sumy State University,
Ukraine.

Tetiana Vasylieva, Dr., Professor,
Research Associate, Faculty of
Business Administration, Chair

of Investment and Finance, TU
Bergakademie Freiberg, Germany;
Department of Financial Technologies
and Entrepreneurship, Sumy State
University, Ukraine. (Corresponding
author)

This is an Open Access article,
distributed under the terms of the
Creative Commons Attribution 4.0
International license, which permits
unrestricted re-use, distribution, and
reproduction in any medium, provided
the original work is properly cited.

Contflict of interest statement:
Author(s) reported no conflict of interest

232

Aleksandra Kuzior (Poland), Tatjana Tambovceva (Latvia), Iryna Kychko (Ukraine),
Ivan Hroma (Ukraine), Tetiana Vasylieva (Germany, Ukraine)

DOES ENVIRONMENTAL POLICY
STRINGENCY FOSTER ORGANIC
AGRICULTURE? EVIDENCE FROM
OECD MEMBERS, ACCESSION

CANDIDATES, AND KEY PARTNER
ECONOMIES

Abstract

Sustainable agrifood transformation requires clearer evidence on whether stricter en-
vironmental policy frameworks are associated with measurable changes in organic
agricultural land use. This study examines whether environmental policy stringency
is associated with the development of organic agriculture across OECD member coun-
tries, accession candidates, and key partner economies during 2004-2023. The analysis
uses three unbalanced panel datasets covering total organic agricultural land, organic
cropland, and organic permanent meadows and pastures, with 951 observations for
49 countries, 461 observations for 35 countries, and 457 observations for 35 countries,
respectively; the methodology applies a set of panel-data specifications with robust-
ness checks based on alternative specifications and individual policy-component mod-
els. The results show that international policy stringency has the strongest association
with total organic agricultural land. In the preferred two-way fixed-effects model, a
one-point increase in lagged international policy stringency is associated with a 0.721
percentage-point increase in the organic agricultural land share. In comparison, cross-
sectoral policy stringency is associated with a 0.155 percentage-point increase. For or-
ganic cropland, both policy dimensions are positive and statistically significant, with
coefficients of 0.216 and 0.354, respectively. For organic permanent meadows and pas-
tures, policy coefficients indicate weaker responsiveness to broad environmental policy
frameworks. Supplementary checks provide more cautious evidence: the first-differ-
ence result for international policy stringency is positive but only weakly significant,
while the quadratic specification indicates a U-shaped pattern with an estimated turn-
ing point near 2.00 on the 0-10 scale. The findings should be interpreted as conditional
associations rather than causal effects.

Keywords environmental policy, policy stringency, organic
agriculture, organic cropland, organic meadows, organic
pastures

JEL Classification Q18, Q58, C23,013

INTRODUCTION

The transformation of agrifood systems has become an increasingly
important policy and research priority in the context of environmen-
tal degradation, climate change, and the growing recognition of the
hidden social, health, and ecological costs of conventional food pro-
duction. Recent FAO assessments emphasize that agrifood systems
generate substantial hidden costs related to greenhouse gas emissions,
nitrogen pollution, water use, land-use change, unhealthy diets and
social vulnerabilities, which strengthens the need to move toward
more sustainable production models (FAO, 2024, 2025). Organic ag-
riculture represents one of the practical pathways for this transition
because it reduces dependence on synthetic inputs, supports soil and
biodiversity protection, and contributes to broader sustainable food
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system objectives. In this context, it is important to examine whether stricter environmental policy
frameworks are associated with the expansion of organic agriculture and whether macro-level environ-
mental governance can support sustainable land-use transformation.

This paper is also relevant because environmental policy has become more complex, multidimensional,
and internationally comparable. The OECD Environmental Policy Stringency framework offers a sys-
tematic basis for comparing the strength of environmental policy across countries and over time, cov-
ering climate- and air-pollution-related instruments, including market-based, non-market-based, and
technology-support measures (Botta & Kozluk, 2014; Kruse et al., 2022; OECD, n.d.). This creates an
opportunity to move beyond descriptive assessments of organic agriculture and to empirically evaluate
whether greater environmental policy stringency is associated with measurable changes in organic land
use. However, this relationship is not straightforward, as environmental policy may affect organic agri-
culture through several channels, including innovation support, climate governance, public finance, re-
porting obligations, fossil-fuel-related regulation, and international commitments. This makes the topic
especially relevant for environmental economics, where a central issue is whether environmental policy
stringency is associated with real changes in economic behavior and land-use outcomes.

Current international and European strategic priorities reinforce the study’s policy importance. The
European Commission’s Organic Action Plan presents organic farming as an important component of
a sustainable food system. It links its development to demand stimulation, consumer trust, value-chain
strengthening, conversion support, investment, innovation and environmental performance (European
Commission, 2021). At the same time, OECD agricultural policy monitoring shows that public support
to agriculture remains substantial. Across the 54 countries covered by the 2024 report, support averaged
USD 842 billion per year in 2021-2023, while only 12.6% of agricultural support was directed to key ser-
vices such as innovation, biosecurity and infrastructure, and only 5% promoted voluntary environmen-
tal action beyond mandatory requirements (OECD, 2024). These figures indicate that the question is not
only how much public support is provided to agriculture, but whether policy frameworks are oriented
toward sustainable transformation.

However, the scientific problem remains that the relationship between broad environmental policy
stringency and organic agriculture development is still insufficiently explained at the cross-country
level. Previous studies have shown that organic farming depends on regulation, agri-environmental
support, institutional quality, farm-level adaptation, and market development, but less is known about
whether general environmental policy stringency is systematically associated with measurable changes
in organic land use. This problem is especially relevant because environmental policy may affect or-
ganic agriculture through different channels, including international commitments, climate reporting,
public finance, innovation support, and cross-sectoral regulation. Moreover, this relationship may dif-
fer across land-use categories, since total organic agricultural land, organic cropland, and organic per-
manent meadows and pastures are shaped by distinct structural, ecological, and economic conditions.
Therefore, the key scientific problem addressed in this study is the insufficient empirical understanding
of whether cross-sectoral and international environmental policy stringency is associated with different
forms of organic agriculture development across countries.

1. LITERATURE REVIEW

Organic agriculture is not only a technical farm-
ing system but also a governance model shaped by

The scientific discussion on organic agriculture
has shifted from a narrow focus on production
standards to a broader understanding of organ-
ic farming as a regulated, institutionalized, and
policy-dependent form of sustainable land use.
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certification rules, public authority, market trust,
and cross-regional standards, which makes pol-
icy design central to its development (Guthman,
1998; Kleiman, 2009; Schwindenhammer, 2018).
The policy rationale for supporting organic farm-
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ing is usually linked to public goods, including
environmental protection, biodiversity, soil qual-
ity, reduced chemical inputs, and rural sustain-
ability, but the effectiveness of support depends
on whether policy instruments preserve organic
principles rather than encouraging purely for-
mal compliance or conventionalization (Stolze
& Lampkin, 2009; Darnhofer et al., 2010). Recent
comparative evidence confirms that the devel-
opment of organic farming differs substantially
across European countries, indicating that or-
ganic agriculture expansion is shaped by institu-
tional maturity, policy incentives, and structural
agricultural conditions rather than by market
forces alone (Baidala et al., 2024).

A second research stream examines whether ag-
ri-environmental policy instruments improve
environmental efficiency, reduce ecological pres-
sure, and support sustainable farming systems.
Evidence from organic vine production shows
that regulation can influence environmental effi-
ciency, while ex-post evaluations of rural develop-
ment programs demonstrate that organic farming
measures may generate measurable environmen-
tal effects when implemented within coherent pol-
icy frameworks (Aldanondo-Ochoa et al., 2014;
Cisilino et al., 2019). Ecological-economic model-
ing and agri-environmental indicators have also
been used to support multi-objective agricultural
policy, showing that sustainable farming requires
policy instruments capable of balancing environ-
mental, production, and economic goals (Pacini
et al., 2004; Vlahos & Beopoulos, 2003). At the
farm and sectoral levels, eco-efficiency studies in-
dicate that subsidies, production structure, and
technological capacity influence whether agricul-
tural systems move toward more sustainable out-
comes, while broader agricultural intensification
may continue to create pressure on land and forest
ecosystems (Geseviciené et al., 2025; Richterova &
Richter, 2025; Ghosh & Neogi, 2026).

Environmental externalities from agriculture
provide an additional argument for analyzing the
role of stricter environmental policy in the de-
velopment of organic agriculture. Fertilizer use,
nutrient losses, and cross-border environmen-
tal spillovers pose risks to drinking water qual-
ity, ecosystems, and public health, suggesting
that sustainable agriculture cannot be assessed
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solely by production volume or farm profitabil-
ity (Kuzior et al., 2025a, 2025b). Agricultural
reforms aimed at reducing eutrophication and
improving the governance of sensitive ecosys-
tems show that land-use transformation depends
on integrating food production, environmental
regulation, and regional ecological constraints
(Larsson & Granstedt, 2010). Greenhouse gas
emissions from agriculture also remain an im-
portant dimension of sustainability assessment,
confirming the relevance of policy frameworks
that connect climate objectives with agricultural
land-use change (Szymanska & Ttuczak, 2026).
These studies justify including environmental
policy stringency as a macro-level explanatory
factor in research on organic agriculture.

The adoption of sustainable, organic-oriented
practices is shaped by behavioral, technologi-
cal, and institutional conditions. Farmer adop-
tion of climate-smart and regenerative practices
depends on socioeconomic characteristics, per-
ceived benefits, access to knowledge, and insti-
tutional support, suggesting that environmen-
tal policy can influence organic agriculture only
when it is translated into feasible farm-level incen-
tives and capacities (Aziz et al., 2024; Lemke et al.,
2024). Technological transformation, sustainable
waste management, and sustainability assessment
frameworks further show that the agricultural
transition requires not only stricter regulation but
also innovation, measurable indicators, and viable
production systems (Garcia-Agiiero et al., 2024;
Greblikaite et al., 2025; Song et al., 2026).

The broader food-system literature links organic
agriculture to food security, public health, afford-
ability, and resilience, but these relationships are
mediated by demand, access, market development,
and socioeconomic conditions. Shocks such as
COVID-19, geopolitical instability, and war have
exposed vulnerabilities in agrifood systems and
increased interest in more sustainable and resil-
ient agricultural models (Bilan et al., 2023; Boon
et al.,, 2025; Mehibel et al., 2025). Organic food
systems are also connected with consumer behav-
ior, health-oriented demand, and the affordability
of healthy diets, which confirms that organic ag-
riculture has implications beyond land manage-
ment alone (Grabowska & Gagat, 2026; Hroma,
2024, 2026).

http://dx.doi.org/10.21511/ee.17(2).2026.16



Policy and governance research indicates that sus-
tainable agriculture depends on the coherence,
credibility, and financing of environmental and
sectoral policies. Government intervention, SDG-
oriented policy, governance quality, and finance
are important for sustainability, while CAP eco-
schemes and EUDR-related risk management il-
lustrate how agricultural policy instruments can
support environmental transition and resilience
(Atashov et al., 2025; Makarenko et al., 2025;
Pimenow et al., 2026). At the same time, environ-
mental policies may generate different economic
and behavioral responses, which reinforces the
need to test whether policy stringency is empiri-
cally associated with measurable land-use out-
comes rather than assuming that stricter policy
automatically leads to organic agriculture expan-
sion (Lyeonov et al., 2025; Sitnicki et al., 2026).

A broader group of studies provides additional
contextual support for understanding organic
agriculture as part of wider sustainable agrifood
transformation, although these works are less di-
rectly focused on environmental policy stringen-
cy and organic land-use indicators. Sectoral and
value-chain studies further indicate that sustain-
ability outcomes depend on infrastructure, ESG
integration, market organization, and institution-
alization across different agricultural and bio-
based sectors (Akhmet et al., 2025; Ahila et al,,
2025; Gandhi & Takanashi, 2025). Organic food
systems are also linked to public health, consum-
er behavior, green marketing, and the affordabil-
ity of healthy diets, which broadens the relevance
of organic agriculture beyond land-use outcomes
alone (Shaheen & Shuquan, 2025; Rawal & Joshi,
2025; Mayimele, 2026). At the same time, farm
and household resilience depend on financial pro-
tection, cost management, contract stability, stra-
tegic antifragility, and trade conditions, confirm-
ing that sustainable agriculture operates within a
wider socioeconomic environment (Adhikari et
al., 2026; Baban et al., 2026; Dinh & Phan, 2025).
Agricultural enterprises’ resilience is also shaped
by strategic antifragility and access to external
development resources, including EU structural
funding, which can strengthen adaptive capac-
ity in the face of global risks and support broader
competitiveness-oriented transformation (Paliiev
et al., 2025; Blazhko et al., 2025). These broader
contributions are relevant for framing the research
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context, but the present study focuses specifically
on whether environmental policy stringency is
associated with measurable organic land-use out-
comes across countries (Nesbitt & MacGregor
Pelikdnova, 2025; Pimenow et al., 2026; Taliouris
& Trihas, 2026).

The reviewed literature provides strong evidence
that organic agriculture, sustainable farming,
and agri-environmental performance are shaped
by regulation, public support, innovation, value-
chain development, consumer behavior, and in-
stitutional quality. However, existing studies usu-
ally examine organic farming policy, farm-level
environmental efficiency, agricultural sustain-
ability, food security, or governance instruments
separately, while paying less attention to whether
broad environmental policy stringency is system-
atically associated with organic land-use outcomes
across countries. This creates a research gap for a
cross-country panel study that links OECD-based
environmental policy stringency indicators with
total organic agricultural land, organic cropland,
and organic permanent meadows and pastures.
Therefore, the present study contributes to the lit-
erature by testing whether cross-sectoral and in-
ternational environmental policy stringency are
associated with organic agriculture development
across OECD members, accession candidates and
key partner economies.

This study aims to empirically assess whether envi-
ronmental policy stringency is associated with the
development of organic agriculture across OECD
member countries, accession candidates, and key
partner economies over 2004-2023. Particular at-
tention is paid to cross-sectoral and international
policy dimensions, delayed policy effects, non-
linear relationships, and differences between total
organic agricultural land, organic cropland, and
organic permanent meadows and pastures.

2. METHODOLOGY

This study examines whether environmental policy
stringency is associated with the development of or-
ganic agriculture across countries over 2004-2023.
The empirical analysis is based on three unbalanced
panel datasets that differ according to the organic
agriculture indicator used as the dependent vari-
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able. The first dataset (Appendix F) covers total agri-
cultural land under organic agriculture. It includes
951 observations for 49 OECD member countries,
accession candidates, and key partner economies
covered by the OECD environmental policy strin-
gency framework, with country coverage ranging
from 17 to 20 annual observations and an average
of 19.4 observations per country. The second data-
set covers organic cropland and includes 461 obser-
vations across 35 OECD member countries, acces-
sion candidates, and key partner economies cov-
ered by the OECD environmental policy stringency
framework. Country coverage ranges from 3 to 20,
with an average of 13.2 per country. The third da-
taset covers organic permanent meadows and pas-
tures. It includes 457 observations across 35 OECD
member countries, accession candidates, and key
partner economies covered by the OECD environ-
mental policy stringency framework, with country
coverage ranging from 4 to 20 observations and an
average of 13.1 per country. The use of unbalanced
panels reflects differences in the availability of or-
ganic land-use data across countries and years.

Environmental policy stringency is measured us-
ing policy indicators collected from the OECD
environmental policy stringency framework and
the OECD Data Explorer. The construction of the
policy variables follows the approach developed
in the updated OECD composite EPS indicator,
where policy stringency is measured on a 0-10
scale, with higher values indicating stricter poli-
cy settings (Kruse et al., 2022; OECD, n.d.). Two
main groups of policy indicators are used. The
first group captures cross-sectoral policy stringen-
cy and includes GHG emission targets, net-zero
targets, public research, development and dem-
onstration expenditure, bans and phase-outs on
fossil fuel extraction, fossil fuel subsidies producer
support, methane abatement policies, and climate
governance. The second group captures interna-
tional policy stringency and includes ratification
of key international climate treaties, participation
in international climate initiatives, international
public finance, and GHG emissions data and re-
porting. The aggregated cross-sectoral and inter-
national policy indicators are used in the baseline
models. In contrast, the individual policy compo-
nents are estimated separately in supplementary
specifications to avoid multicollinearity among
closely related policy instruments.
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The dependent variables are constructed from
FAOSTAT data on agricultural land and organic
agricultural areas (FAO, n.d.). Three indicators
are analyzed: the share of total agricultural land
under organic agriculture, the contribution of or-
ganic cropland to total agricultural land, and the
contribution of organic permanent meadows and
pastures to total agricultural land. Accordingly,
the terms “organic cropland” and “organic per-
manent meadows and pastures” in this study refer
to their shares in total agricultural land, not to the
percentage of cropland or permanent grassland
converted to organic production. All three indica-
tors use total agricultural land as a common de-
nominator. This approach was selected to ensure
comparability across land-use categories and to
assess how different types of organic land con-
tribute to the overall agricultural land structure.
Formally, the total organic agriculture indicator is
calculated as organic agricultural area divided by
total agricultural land and multiplied by 100. The
cropland and permanent meadows/pastures indi-
cators are calculated analogously, using organic
cropland area and organic permanent meadows/
pastures area, respectively, divided by total agri-
cultural land and multiplied by 100. Therefore, the
cropland and permanent meadows/pastures in-
dicators should be interpreted as land-structure
indicators, not as organic conversion rates with-
in cropland or within permanent meadows and
pastures.

The control variables are included to account for
differences in economic development, agricultural
structure, macroeconomic conditions, and labor
allocation. GDP per capita in constant 2015 US dol-
lars is used as an indicator of economic develop-
ment and is transformed into natural logarithms.
Agriculture, forestry, and fishing value added as a
percentage of GDP captures the economic impor-
tance of the agricultural sector. Inflation, measured
by the annual percentage change in the GDP de-
flator, controls for macroeconomic price instability.
Employment in agriculture as a percentage of total
employment captures the labor-market importance
of agriculture. These variables are collected from
World Bank Open Data (World Bank, n.d.).

Russia is retained in the total organic agricultural

land sample because the required FAOSTAT and
OECD environmental policy stringency data are
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available for the analyzed period. Its inclusion is
based on data availability and consistency of the
OECD-covered country framework and should
not be interpreted as implying institutional com-
parability with OECD member countries. Since
the period includes 2022-2023, the geopolitical
context is relevant for interpretation. However,
agricultural and food products were not directly
targeted by EU sanctions during this period; of-
ficial EU sources clarify that sanctions against
Russia did not target international trade in food
and agricultural products. Nevertheless, Russia is
treated cautiously in the interpretation, as sanc-
tions, trade disruptions, geopolitical uncertainty,
and data-reporting conditions may indirectly af-
fect agricultural and policy indicators.

The baseline empirical specification is estimated
using panel-data regression models with coun-
try- and year-fixed effects. Country-fixed effects
control for time-invariant differences between
countries, such as geography, historical land-use
patterns, institutional traditions and long-stand-
ing agricultural structures. Year-fixed effects con-
trol for common shocks affecting all countries in
a given year, including global food price changes,
climate policy cycles, and broader macroeconom-
ic disturbances. The main explanatory variables
are lagged by one year to allow for delayed policy
effects and to reduce simultaneity between policy
stringency and organic agriculture outcomes. The
baseline model can be written as:
OrganicShare, = ,CrossPolicy

it-1

+ ,32InternationalPolicym_l Q)
+y X, A +E,

where OrganicShare,, denotes one of the three or-
ganic agriculture indicators for country i in year
t, CrossPolicy, ,  is the lagged cross-sectoral poli-
cy stringency index, InternationalPolicy, is the
lagged international policy stringency index, X, is
the vector of control variables, y, denotes country
fixed effects, )\t denotes year fixed effects and g, is
the error term.

Several additional specifications are used to test the
robustness of the results. First, pooled OLS, coun-
try-fixed effects, and two-way fixed effects mod-
els are estimated to compare the stability of coef-
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ficients across different panel structures. Second,
Driscoll-Kraay standard errors are used in the
preferred two-way fixed-effects models because
the diagnostic tests indicate serial correlation and,
in some cases, cross-sectional dependence. This
correction is appropriate because countries may
be exposed to common international policy, mar-
ket, and environmental shocks. Third, alterna-
tive lag structures are estimated using two- and
three-year lagged policy variables. These models
are interpreted as evidence of delayed associations
rather than as precise estimates of separate poli-
cy transmission periods, because environmental
policy indicators are highly persistent over time.
Fourth, a first-difference specification is estimated
for the total organic agricultural land sample as
an additional robustness check. This model ex-
amines whether annual changes in policy strin-
gency are associated with annual changes in the
share of organic agricultural land. Fifth, quadratic
specifications are estimated to test whether the re-
lationship between policy stringency and organic
agriculture is non-linear. In these models, turn-
ing points are calculated as (beta, /2 beta,), where
beta, is the coefficient of the linear policy term
and beta, is the coefficient of the squared policy
term. Turning points are interpreted only when
the squared term is statistically significant, and
the estimated threshold falls within the 0-10 pol-
icy scale. Finally, principal component analysis is
used as an additional robustness approach to sum-
marize the common variation among individual
policy components.

The sign of the first principal component is arbi-
trary; therefore, when all policy-component load-
ings have the same sign, the substantive interpre-
tation is based on the direction of common policy
stringency rather than on the numerical sign of
the PCA coeflicient alone.

To identify which policy dimensions are most
closely associated with organic agriculture, sepa-
rate supplementary models are estimated for each
policy component. Each specification includes
only one lagged policy component at a time, to-
gether with the same control variables, country-
fixed effects, and year-fixed effects. This strategy is
preferred over including all individual policy vari-
ables simultaneously because several components
are strongly correlated, which can lead to multi-
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collinearity. The individual policy models, there-
fore, provide additional evidence on the relative
importance of specific policy areas, while the ag-
gregated policy indicators remain the main basis
for interpretation.

The empirical design should be interpreted as
identifying conditional associations rather than
strict causal effects. Although lagged policy vari-
ables, fixed effects, and robustness checks reduce
several sources of bias, the observational nature of
the data does not fully eliminate potential endoge-
neity. The results therefore show whether stricter
environmental policy frameworks are systemati-
cally associated with higher organic agriculture
shares, rather than proving a direct causal effect of
policy stringency on organic land-use conversion.

All data processing, panel model estimation, di-
agnostic testing and robustness checks were
performed in R version 4.4.0 (2024-04-24 ucrt),
“Puppy Cup” (R Core Team, n.d.).

3. RESULTS

The descriptive statistics for the first sample, re-
ported in Appendix A, Table A1, show substantial
cross-country heterogeneity in both environmen-
tal policy stringency and the development of or-
ganic agriculture. The sample includes 951 obser-
vations, while the agricultural value-added vari-
able has 948 valid observations, indicating only
limited missingness. The average cross-sectoral
policy stringency score is 2.48 on the 0-10 scale,
whereas the average international policy score is
slightly higher at 2.84. This suggests that inter-
national climate commitments and reporting
mechanisms are, on average, more developed than
domestic cross-sectoral policy measures. Among
the policy components, ratification of key interna-
tional climate treaties has the highest mean value
(7.66), while bans and phase-outs on fossil fuel
extraction have the lowest (0.15). The dependent
variable, agricultural area under organic agricul-
ture, has a mean of 918.55 thousand hectares but a
median of only 170.90 thousand hectares, indicat-
ing a highly right-skewed distribution. This is con-
firmed by the large standard deviation of 3,743.10
and the maximum value of 53,016.06 thousand
hectares. Therefore, the descriptive evidence sup-
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ports the use of relative indicators or logarithmic
transformations in the econometric analysis to re-
duce the influence of very large countries.

Appendix A, Table A2 presents the descriptive sta-
tistics for the cropland-based sample. The sample
consists of 461 observations and is more compact
than the total organic agricultural area sample.
The mean cross-sectoral policy stringency score is
3.21, while the mean international policy score is
3.69, both higher than the corresponding scores in
the broader sample reported in Table Al. This in-
dicates that countries with available organic crop-
land data tend to have more advanced environ-
mental and climate policy frameworks. Organic
cropland averages 236.94 thousand hectares, with
a median of 92.70 thousand hectares, again show-
ing a right-skewed distribution. However, the dis-
persion is less extreme than in the total organic
agricultural area sample. The maximum value of
organic cropland reaches 2,753.70 thousand hect-
ares, while the minimum is close to zero. The eco-
nomic control variables also show considerable
variation: GDP per capita ranges from 6,353.55 to
110,873.19 constant 2015 US dollars, and employ-
ment in agriculture ranges from 0.75% to 24.08%
of total employment. These differences confirm
that the cropland model should control for eco-
nomic development, the importance of the ag-
ricultural sector, and the labor structure. At the
same time, country- and year-fixed effects are
needed to account for unobserved heterogeneity
and common temporal shocks.

The descriptive statistics for the permanent
meadows and pastures sample are reported in
Appendix A, Table A3. This sample includes 457
observations and has a structure similar to the
cropland sample, although the dependent variable
is more unevenly distributed. The mean value of
permanent meadows and pastures under organ-
ic agriculture is 771.97 thousand hectares, while
the median is only 85.70 thousand hectares. The
very large standard deviation of 5,733.48 and the
maximum value of 90,423.00 thousand hectares
indicate strong asymmetry and the presence of
very large country-level observations. This sug-
gests that the permanent meadows and pastures
model may be particularly sensitive to scale effects,
making percentage-based dependent variables or
robustness checks using logarithmic transforma-
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tions especially important. The policy variables
again show relatively moderate average stringency,
with cross-sectoral policies averaging 3.23 and in-
ternational policies averaging 3.72. As in the pre-
vious samples, ratification of international climate
treaties is the most advanced policy component,
while fossil fuel extraction bans and phase-outs
remain weakly developed. Table A3 confirms that
organic permanent grassland development differs
markedly across countries, which justifies the use
of panel fixed-effects models and separate estima-
tions for different types of organic land use.

Because the sample contains several very large
agricultural countries, including Russia, China,
India, Australia, and Saudi Arabia, the descriptive
skewness should be considered when interpret-
ing the results; the use of percentage indicators,
country-fixed effects, and robust standard errors
reduces, but does not fully eliminate, the influence
of large-country observations.

Figures B1-B3 in Appendix B illustrate the average
dynamics of organic agriculture indicators over
the analyzed period. Figure Bl shows a general-
ly upward trend in the share of total agricultural
land under organic agriculture, with a temporary
decline at the beginning of the period, followed
by steady growth, especially after the mid-2010s.
Figure B2 confirms a similar positive tendency for
organic cropland. However, the trajectory is less
smooth and includes several short-term fluctua-
tions, suggesting that the contribution of organic
cropland to total agricultural land may be more
sensitive to market, policy, or country-specific
conditions. Figure B3 indicates that the share of or-
ganic permanent meadows and pastures remained
relatively stable and low for most of the period, but
increased sharply at the end of the sample. This
sudden rise should be interpreted carefully, as it
may reflect either a genuine structural expansion
of organic grassland in selected countries or the
influence of extreme observations and changes in
data reporting. The graphical evidence supports
the assumption that organic agriculture expanded
over time, which justifies including year-fixed ef-
fects and robustness checks for trend-related ef-
fects in the econometric analysis.

The correlation and multicollinearity diagnos-
tics reported in Table 1 provide important justi-
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fication for the modeling strategy adopted in this
study. Several environmental policy components
are strongly correlated, especially GHG emission
targets and net-zero targets (r = 0.911), GHG emis-
sion targets and ratification of key international
climate treaties (r = 0.881), and GHG emission tar-
gets and participation in international climate ini-
tiatives (r = 0.844). This indicates that climate pol-
icy instruments are not implemented in isolation
but are often part of broader, mutually reinforcing
policy packages. At the same time, some compo-
nents, such as public RD&D expenditure, meth-
ane abatement policies, and bans or phase-outs on
fossil fuel extraction, show relatively weak correla-
tions with most other indicators, suggesting that
they capture more specific dimensions of environ-
mental policy stringency. These results support
the decision not to include all individual policy
components simultaneously in the main regres-
sion model, as this could create multicollinearity
and reduce the reliability of coefficient estimates.
Instead, the use of aggregated cross-sectoral and
international policy stringency indicators is meth-
odologically justified. The VIF diagnostics con-
firm that the baseline aggregated specification
does not exhibit severe multicollinearity, as all
VIF values remain below the conventional thresh-
old of 10. However, the moderately elevated VIF
values for agricultural value added and agricul-
tural employment suggest that the sector’s struc-
tural characteristics are interrelated and should be
interpreted with caution. Table 1 supports the use
of aggregated policy indicators in the main panel
models and individual policy components mainly
in supplementary or robustness analyses.

The diagnostic tests reported in Table 2 indicate
that the three panel samples differ in the struc-
ture of their error terms. For the total organic
agricultural land sample, the Pesaran CD test
provides weak evidence of cross-sectional depen-
dence at the 10% significance level. In contrast, the
Breusch-Godfrey/Wooldridge-type test strongly
rejects the null hypothesis of no serial correlation.
A similar pattern is observed for the organic crop-
land sample, where cross-sectional dependence is
again weakly indicated at the 10% level, but serial
correlation is highly significant. In contrast, the
permanent meadows and pastures sample shows
very strong cross-sectional dependence, whereas
the test does not indicate serial correlation in id-
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Table 1. Correlation matrix of environmental policy components and multicollinearity diagnostics

Panel A. Pairwise correlations between environmental policy components

(2 (3) (4) (5) (6) (7) (8) (9) (10) (11)

Variable

“(l) GHG emission targets
“(2) NetZ o Targets
(3)
(4

3 Publlc RD&D expendlture

) Bans and phase-out on fossH fuel
extraction

(5) Fossn fuel sub5|d|es producer T
support

(6)

( ) Cllmate governance

I\/Ie 1ane ak atement

(8) Ra‘nﬁcanon of key mternahonal
climate treaties

9) Partlupatlon in |nternat|ona|
cllmate initiatives

0737 | 0212 | £ 0433 1 0211 | 0.404 | 0792 |

0316 0533 0538
0300 . 0615 | 0574

0207 0081 _ 0.
0527 0033

0.174 | 0341
0.388 | 0183

“(10) Internatlonal publ|c ﬁnance 0596
.4,0:.6.%1,‘ 10507 |

“(11) GHG emissions data and reportmg 0.441 1000

Panel B. Variance inflation factor diagnostics for the baseline aggregated model
Variable VIF
Cross-sectoral policy stringency 2.946

Employment in agrlculture, % of total employment ; 6.704

Note: Panel A reports the pairwise Pearson correlations among the environmental policy components used to construct the
policy stringency framework. Panel B reports variance inflation factors for the aggregated baseline specification with organic
agriculture share as the dependent variable. Values are rounded to three decimal places.

iosyncratic errors. These results confirm that con- accession candidates, and key partner economies
ventional standard errors may be unreliable, as covered by the OECD environmental policy strin-
they can underestimate uncertainty when distur- gency framework are exposed to common policy,
bances are correlated. Therefore, the main econo- market and environmental shocks. At the same
metric specifications should be estimated with time, the dynamics of organic agriculture may al-
robust standard errors that account for serial cor-  so exhibit persistence over time.

relation and cross-sectional dependence, particu-

larly Driscoll-Kraay standard errors in the two- Table Cl1 (Appendix C) reports the main panel
way fixed-effects models. This approach is espe- estimates for the total organic agricultural land
cially justified because OECD member countries, share. The results show that international policy

Table 2. Panel diagnostics for cross-sectional dependence and serial correlation

as a share of total
agricultural land

Sample / dependent © PesaranCD : PesaranCD : Cross-sectional Breusch-Godfrey / value | ¢ Serial
variable . test, z-statistic | test, p-value | dependence : Wooldridge test, x* : P- : correlatlon
Total organic agncultural 1.8955 0.0580 Weak evidence at 564.76 <0.001 Ves
Jand share | e s e 10%level .
Organic cropland ‘ : : ) ‘ ‘
as a share of total 1.7070 0.0878 | Weak evidence a 202.40 i <0.001 Yes
H H 10% level : :
B CUIUNal AN e e e : ‘
Organic permanent ; H : :
meadows and pastures 353760 <0.001 Yes 1.1681 0.8833 No

Note: The Pesaran CD test evaluates the null hypothesis of cross-sectional independence. The Breusch-Godfrey/Wooldridge-
type test evaluates the null hypothesis of no serial correlation in idiosyncratic errors. For the cropland sample, some country
pairs were omitted from the Pesaran CD calculation because they had no overlapping or only one overlapping time period.
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stringency is consistently and positively associ-
ated with the development of organic agriculture.
Its coeflicient is positive and highly significant in
the pooled OLS model, the country fixed-effects
model, the two-way fixed-effects model with
clustered standard errors, and the preferred two-
way fixed-effects model with Driscoll-Kraay
standard errors. In the preferred specification, a
one-point increase in lagged international policy
stringency is associated with a 0.721 percentage-
point increase in the organic agricultural land
share, holding other factors constant. Cross-
sectoral policy stringency also has a positive co-
efficient, but its statistical significance depends
on the error correction method. It becomes
significant in the Driscoll-Kraay specification,
which is important because the diagnostic tests
indicated serial correlation and possible cross-
sectional dependence. This suggests that domes-
tic cross-sectoral environmental policies may
support organic agriculture, but their estimated
effect is weaker and less robust than the effect of
international policy commitments.

The control variables provide additional insights.
GDP per capita becomes negative and statisti-
cally significant in the Driscoll-Kraay models,
suggesting that, after controlling for country-
and year-fixed effects, further income growth
within countries is not necessarily associated
with a higher organic land share. Inflation has a
negative and statistically significant coeflicient
in the preferred model, suggesting that macro-
economic price instability may slow the expan-
sion of organic agriculture, possibly by weaken-
ing investment incentives or reducing demand
for higher-priced organic products. Agricultural
value added and agricultural employment are
not statistically significant in the main speci-
fication, suggesting that the structural size of
the agricultural sector alone does not explain
organic land conversion, even after controlling
for fixed effects and policy variables. The qua-
dratic model provides evidence of non-linearity
mainly for international policy stringency: the
linear term is negative, while the squared term
is positive and highly significant. This suggests
a possible U-shaped relationship, in which in-
ternational policy commitments may only begin
to support organic agriculture after reaching a
certain level of stringency.
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The results for organic cropland indicate a clearer,
more stable relationship between environmen-
tal policy stringency and organic land-use devel-
opment than those for permanent meadows and
pastures. In the preferred two-way fixed-effects
specification with Driscoll-Kraay standard er-
rors, both lagged cross-sectoral and international
policy stringency are positive and statistically sig-
nificant. This means that a one-point increase in
cross-sectoral policy stringency is associated with
a 0.216 percentage-point increase in the share of
organic cropland in total agricultural land. In
comparison, a one-point increase in international
policy stringency is associated with a 0.354 per-
centage-point increase, holding constant country-
specific characteristics, common-year shocks, and
control variables. The identical coefficients across
the lag-1, lag-2, and lag-3 specifications reflect
high persistence and collinearity among lagged
policy variables; therefore, these models should
be interpreted as robustness checks for delayed
associations rather than as separate estimates of
distinct one-, two-, and three-year policy effects.
Among the control variables, agricultural value
added has a consistently negative and statistically
significant coeflicient in the Driscoll-Kraay and
quadratic specifications, suggesting that countries
or periods with a larger agricultural sector rela-
tive to GDP do not necessarily experience faster
organic cropland expansion. This may reflect the
fact that conventional agricultural structures can
be more persistent in economies where agricul-
ture remains relatively important.

The results for organic permanent meadows and
pastures (Table C3, Appendix C) are much weaker.
None of the main policy variables is statistically
significant in the preferred Driscoll-Kraay speci-
fication, and the overall explanatory power of the
models is substantially lower than in the cropland
models. The coeflicient of cross-sectoral policy
stringency is negative, while the coeflicient of in-
ternational policy stringency is positive, but both
are statistically insignificant. This suggests that
environmental policy stringency does not have a
robust direct association with the organic perma-
nent meadows and pastures’ contribution to total
agricultural land. This result is plausible because
permanent grassland is strongly affected by geo-
graphical, livestock, land-use, and reporting fac-
tors, and may respond less directly to broad cli-

24



Environmental Economics, Volume 17, Issue 2, 2026

mate policy frameworks than cropland. The PCA-
based models further support this interpretation.
The first principal component explains a substan-
tial share of variation in policy indicators across
the three samples, but its effect differs by land-use
type. For total organic agricultural land, the PCA-
based policy stringency index is positive and sta-
tistically significant, while for organic cropland,
it is also statistically significant but negative be-
cause the first component in that sample has nega-
tive loadings for all policy variables; substantively,
this still implies that stronger policy stringency is
associated with higher organic cropland develop-
ment if the component direction is reversed. For
organic meadows and pastures, the PCA-based
policy index is not statistically significant. The
supplementary results confirm that the positive ef-
fect of environmental policy stringency is stron-
gest for total organic agricultural land and organ-
ic cropland. In contrast, permanent meadows and
pastures appear to be driven by different structur-
al and land-use factors.

The corrected panel preparation confirms that the
lag structure was generated properly. For example,
in Argentina, the value of lag_y in 2005 corre-
sponds to the organic agriculture share observed
in 2004, while 11_cross also correctly reflects the
previous year’s cross-sectoral policy stringency.
This confirms that the earlier problem with the
first-difference model was caused by incorrect lag
construction rather than by the absence of varia-
tion in the dependent variable. After correction,
the total organic agricultural land share ranges
from 0.007% to 27.173%, with a mean of 4.684%
and a standard deviation of 5.270, indicating sub-
stantial cross-country and intertemporal varia-
tion. The first-difference transformation also pro-
duces meaningful variation: the annual change in
the organic agriculture share ranges from —1.970
to 9.584 percentage points, with a mean increase
of 0.252 percentage points and a standard devia-
tion of 0.701. Therefore, the first-difference specifi-
cation can serve as a robustness check of the base-
line fixed-effects results.

A dynamic fixed-effects specification with a lagged
dependent variable was also tested as an addition-
al robustness check. However, it was not retained
in the reported tables because the estimated co-
efficient for the lagged dependent variable was

242

1.000, and the model produced a perfect fit. This
indicates a mechanical fit rather than a substan-
tively meaningful dynamic relationship. Therefore,
the interpretation is based on the two-way fixed-
effects models with Driscoll-Kraay standard er-
rors, lagged policy specifications, first-difference
robustness checks, and quadratic specifications. A
dynamic fixed-effects specification was also tested
but is not reported in Tables C1-C3 because the
inclusion of the lagged dependent variable led to
a mechanical perfect fit. For this reason, the pre-
ferred interpretation relies on the two-way fixed-
effects models with Driscoll-Kraay standard er-
rors and on the first-difference robustness check.

The first-difference results reported in Table 3 pro-
vide only partial support for the baseline findings.
Changes in lagged cross-sectoral policy stringency
have a positive but statistically insignificant coef-
ficient, suggesting that short-term changes in do-
mestic cross-sectoral policy stringency are not
strongly associated with annual changes in the
total organic agricultural land share. Changes in
lagged international policy stringency are positive
and weakly significant at the 10% level, indicat-
ing that increases in international climate policy
stringency may be associated with subsequent
growth in organic agriculture. However, the evi-
dence is weaker than in the two-way fixed-effects
models. Among the control variables, the change
in agricultural employment is positive and highly
significant, implying that increases in the agricul-
tural employment share are associated with faster
annual growth in organic agricultural land share.
GDP per capita, agricultural value added, and in-
flation are not statistically significant in the first-
difference model. The low R? and within-R? values
indicate that the model explains only a small part
of short-term annual changes, as expected, be-
cause the first-difference approach removes much
of the long-run cross-country variation captured
by fixed-effects models. Table 3 should be inter-
preted as a robustness test rather than as the main
specification: it confirms the positive direction of
the policy effect, especially for international policy
stringency, but shows that the strongest evidence
remains in the two-way fixed-effects models with
Driscoll-Kraay standard errors.

The first-difference specification was used as an ad-
ditional robustness check to assess whether short-
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Table 3. First-difference robustness results for total organic agricultural land share

Variable First-difference model
h inl | li iNGANEY e 9'0763 ,,,,,,,,,,
Chenge inlagged cross-sectoral policystringency ooar
) ) ) ) S S 60.0%3%0.
Change in lagged international policy stringency "'(‘(')‘.0466) """""
Change in GDP per capita, log e 07339 .
""""""" ( 9.7857)
) ) L 0.0517
Change in agriculture, forestry and fishing, value added, % of GDP
(0.0609)
o 0.0008
Change ininflation, GDP deflator, annual %
(00032
Change in employment in agriculture, % of total employment e 0080377 .
(0.0208
Year fixed effects e ves
Standarderrors e Clustgrgd by country
Observations 8o
R 0.027
Within R? 0.0107

Note: The dependent variable is the annual change in the total organic agricultural land share. Standard errors clustered by
country are reported in parentheses below the coefficients. The first-difference transformation was applied after correcting
the lag structure with country-specific ordering by year. The model includes year fixed effects. Significance levels: *** p <

0.001, ** p<0.01, * p < 0.05. p < 0.10.

term annual changes in policy stringency are asso-
ciated with annual changes in the organic agricul-
tural land share. This test was applied to the total
organic agricultural land sample, where the main
fixed-effects results showed the strongest and
most consistent evidence of a positive policy effect.
The first-difference model confirms the positive
relationship, particularly for international policy
stringency. However, the statistical significance is
weaker than in the two-way fixed-effects models
with Driscoll-Kraay standard errors. Therefore,
the first-difference results should be interpreted as
supplementary evidence rather than as a replace-
ment for the baseline panel estimates. The main
interpretation of the study remains based on the
two-way fixed-effects specifications, which better
capture within-country variation over time while
controlling for common shocks and unobserved
country-specific characteristics.

The individual policy component models report-
ed in Tables DI-D3 provide additional evidence
on which specific dimensions of environmental
policy stringency are most closely associated with
organic agriculture development. For the total or-
ganic agricultural land sample, Table D1 shows
that public RD&D expenditure, fossil fuel extrac-
tion bans and phase-outs, fossil fuel subsidies pro-
ducer support, international public finance, and
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GHG emissions data and reporting are positively
and significantly associated with the organic agri-
cultural land share. The strongest positive coeffi-
cient is observed for GHG emissions data and re-
porting, followed by international public finance
and support for fossil fuel producers. This sug-
gests that information transparency, climate fi-
nance capacity, and broader policy support mech-
anisms may be particularly relevant to expanding
organic land use. However, methane abatement
policies show a negative, statistically significant
coefficient, suggesting that this policy area is more
closely linked to livestock-sector regulation than
to organic land conversion. GHG emission targets,
net-zero targets, climate governance, treaty ratifi-
cation, and participation in international climate
initiatives are not statistically significant when es-
timated separately with country- and year-fixed
effects. Table D1 indicates that the effect of envi-
ronmental policy stringency is not uniform across
policy domains.

Table D2 presents the same individual policy mod-
els for organic cropland. The results are more selec-
tive than for total organic agricultural land. Fossil
fuel extraction bans and phase-outs, fossil fuel sub-
sidies producer support, and GHG emissions data
and reporting are positively and statistically sig-
nificant, while most other policy components are
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insignificant. This suggests that organic cropland
responds more strongly to policy components that
reflect regulatory restrictions, support for the en-
ergy transition, and emissions-monitoring capacity
than to broad climate pledges or international com-
mitments. Agricultural value added is consistently
negative and statistically significant across all crop-
land models, indicating that a higher agricultural
share in GDP is not automatically associated with
faster organic cropland expansion. This may reflect
the persistence of conventional agricultural struc-
tures in countries where agriculture remains eco-
nomically important. Table D3, by contrast, shows
that individual policy components explain much
less variation in organic permanent meadows and
pastures. Most coefficients are statistically insignif-
icant, and only international public finance has a
negative and significant coefficient, while fossil fuel
bans are weakly significant at the 10% level. These
findings confirm that permanent meadows and
pastures are likely shaped by land-use structure,
livestock systems, geography, and reporting prac-
tices rather than by general environmental policy
stringency alone.

The turning point estimates reported in Table El
provide additional insight into possible non-linear
relationships between environmental policy strin-
gency and organic agriculture. For total organic
agricultural land, the estimated turning point
for cross-sectoral policy stringency is 8.42 on the
0-10 scale, suggesting an inverted U-shaped rela-
tionship. However, the confidence interval is wide,
and the squared term was not statistically signifi-
cant in the quadratic model; therefore, this result
should not be interpreted as robust evidence of a
maximum point. The most substantively mean-
ingful result is found for international policy strin-
gency in the total organic agricultural land model.
The estimated turning point is 2.00, with a 95%
confidence interval from 0.39 to 3.62, and the rela-
tionship is U-shaped. This suggests that at low lev-
els of international policy stringency, the associa-
tion with organic agricultural land may be weak or
negative. Still, above a threshold of approximately
2 points on the 0-10 scale, stronger international
climate policy commitments are increasingly as-
sociated with organic agricultural expansion. For
organic cropland, both estimated turning points
fall outside the 0-10 policy scale and have very
wide confidence intervals, meaning that the qua-
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dratic results do not provide meaningful evidence
of non-linearity. For organic permanent meadows
and pastures, the cross-sectoral policy turning
point is also outside the feasible scale, whereas the
international policy turning point lies within the
feasible scale at 1.81. Nevertheless, its confidence
interval includes negative values, and the underly-
ing quadratic terms were not statistically signifi-
cant; consequently, this result should be treated
as indicative rather than conclusive. Table E1 sup-
ports the interpretation that robust nonlinear ef-
fects are mainly limited to international policy
stringency in the total organic agricultural land
model. In contrast, the remaining turning points
should be considered exploratory.

4. DISCUSSION

The results confirm that environmental policy
stringency is positively associated with organic
agriculture development, especially when poli-
cy stringency is expressed through international
commitments and broader cross-sectoral policy
frameworks. This finding is consistent with the
literature, which treats organic agriculture not
simply as a farming technique but as a regulated,
institutionally embedded model of sustainable
land use. The positive coefficient of international
policy stringency in the preferred two-way fixed-
effects model for total organic agricultural land,
equal to 0.721, suggests that international com-
mitments, reporting mechanisms and climate-
policy coordination may create a favorable insti-
tutional environment for organic land expansion.
This corresponds to the argument that organic ag-
riculture depends on certification systems, public
authority, cross-regional standards, and coherent
policy frameworks rather than on market demand
alone (Guthman, 1998; Stolze & Lampkin, 2009;
Schwindenhammer, 2018). The weaker but still
positive coefficient for cross-sectoral policy strin-
gency, equal to 0.155, also supports previous find-
ings that agri-environmental regulation and rural
development programs can improve environmen-
tal performance when implemented as part of in-
tegrated policy packages (Aldanondo-Ochoa et
al., 2014; Cisilino et al., 2019). Therefore, the study
extends the previous literature by showing that
broad macro-level environmental policy stringen-
cy is associated with measurable organic land-use
outcomes across countries.
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The stronger and more stable results for organic
cropland than for organic permanent meadows
and pastures provide an important qualification
to the general policy argument. In the cropland
models, both cross-sectoral and international
policy stringency are positive and statistically sig-
nificant, with coefficients of 0.216 and 0.354, re-
spectively. This indicates that organic cropland
responds more clearly to environmental policy
frameworks than organic permanent meadows
and pastures. This result is consistent with stud-
ies showing that sustainable crop production, eco-
efficiency, and agri-environmental subsidies de-
pend on the interactions among policy incentives,
production structures, and technological capaci-
ties (Geseviciené et al., 2025; Richterova & Richter,
2025). It also supports evidence that sustainable
agricultural transformation requires both envi-
ronmental regulation and farm-level adaptation,
including changes in technologies, waste manage-
ment, input use, and production practices (Aziz
et al., 2024; Garcia-Agiiero et al., 2024; Lemke et
al., 2024). By contrast, the insignificant policy co-
efficients for permanent meadows and pastures
suggest that geographical conditions, livestock
systems, land-use traditions, and reporting differ-
ences more strongly determine grassland-related
organic agriculture. This finding is compatible
with the broader literature on nutrient pressure,
agricultural emissions, and ecological spillovers,
which shows that different land-use systems react
unevenly to environmental policy because their
ecological and production mechanisms differ
(Larsson & Granstedt, 2010; Kuzior et al., 2025a;
Szymanska & Ttuczak, 2026).

The results of the supplementary models further
show that not all environmental policy components
matter equally for organic agriculture. For total or-
ganic agricultural land, statistically significant posi-
tive associations are observed for public RD&D ex-
penditure, fossil fuel extraction bans and phase-outs,
fossil fuel subsidies producer support, international
public finance, and GHG emissions data and report-
ing, with the strongest coeflicient for GHG emis-
sions data and reporting at 0.361. This supports the
view that sustainable agricultural transformation
depends not only on regulation, but also on innova-
tion, finance, monitoring capacity, and policy cred-
ibility (Makarenko et al., 2025; Pimenow et al., 2026;
Sitnicki et al., 2026). At the same time, the negative
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coeflicient for methane abatement policies, equal
to —0.285, suggests that some climate-policy instru-
ments may be more closely linked to livestock-sector
regulation than to organic land expansion. The first-
difference robustness check confirms the positive
direction of the international policy effect. However,
the coefficient is weaker at 0.093, whereas the qua-
dratic model identifies a U-shaped relationship for
international policy stringency, with a turning point
of approximately 2.00 on the 0-10 scale. This implies
that international policy commitments may become
more supportive of organic agriculture only after a
minimum level of stringency is reached. Overall, the
findings complement the literature on food-system
resilience, public support, and governance by show-
ing that environmental policy stringency is most rel-
evant when it combines institutional commitment,
financial support, monitoring capacity, and imple-
mentation credibility (Atashov et al., 2025; Bilan et
al,, 2023; Lyeonov et al., 2025).

This study has several limitations that should be con-
sidered when interpreting the results. First, although
the analysis includes lagged policy variables and
several robustness checks, the empirical design re-
mains observational and does not allow strict causal
identification. Second, the first-difference robustness
check was applied primarily to the total organic ag-
ricultural land model, where the strongest baseline
relationship was observed. Therefore, the findings for
organic cropland and organic permanent meadows
and pastures should be interpreted more cautious-
ly, especially because these land-use categories may
be driven by specific agronomic, geographical, live-
stock-related, and reporting factors that are not fully
captured by broad environmental policy indicators.
Third, the lagged policy specifications should be un-
derstood as evidence of delayed associations rather
than as precise estimates of policy transmission
periods, since environmental policy indicators are
highly persistent over time, and different lag struc-
tures may be strongly correlated. Another limitation
is the presence of very large agricultural countries,
including Russia, China, India, Australia, and Saudi
Arabia. Although relative indicators, fixed effects
and robust standard errors reduce their influence,
exclusion-based robustness checks were not con-
ducted. Therefore, the results should be interpreted
as average conditional associations for the available
sample, while future research could test sensitivity to
excluding large or geopolitically specific economies.
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A further limitation is that the land-use-specific in-
dicators use total agricultural land as the denomina-
tor; therefore, they capture the contribution of or-
ganic cropland, organic permanent meadows, and
pastures to the overall agricultural land structure
rather than the organic conversion rate within each
land-use category. Finally, the dynamic fixed-effects

not retained because it produced a mechanical per-
fect fit, suggesting that it was not suitable for substan-
tive interpretation in this dataset. Future research
could extend the analysis by using more disaggre-
gated agricultural policy variables, longer time series,
alternative denominators for land-use-specific or-
ganic shares, and quasi-experimental identification

specification with a lagged dependent variable was  strategies.

CONCLUSION

This study investigated whether stricter environmental policy frameworks are associated with the ex-
pansion of organic agriculture in OECD member countries, accession candidates, and key partner
economies covered by the OECD environmental policy stringency framework.

The empirical analysis used three unbalanced panel datasets for 2004-2023 and combined panel-data
specifications with fixed effects, robust standard errors, and supplementary robustness checks. Organic
land-use indicators were constructed as shares of total agricultural land, meaning that the cropland and
permanent meadows/pastures variables reflect their contributions to the overall agricultural land struc-
ture rather than conversion rates within each specific land-use category.

The findings indicate that environmental policy stringency is more closely associated with organic agri-
culture when it reflects international commitments, reporting mechanisms, public finance, and policy
coordination. International policy stringency shows the most consistent relationship with total organ-
ic agricultural land, while cross-sectoral policy stringency has a weaker but still relevant association.
Organic cropland appears more responsive to environmental policy frameworks than organic perma-
nent meadows and pastures, suggesting that policy-related incentives and institutional conditions are
more easily translated into changes in crop-oriented organic land use. By contrast, permanent meadows
and pastures seem to depend more on geographical, livestock-related, structural, and reporting factors.
Overall, the results suggest that organic agriculture development is connected not only with agricul-
tural policy but also with broader environmental governance capacity.

From a policy perspective, the findings imply that organic agriculture should be supported through co-
herent, internationally embedded, and cross-sectoral policy frameworks rather than isolated measures.
International commitments, climate reporting, public finance, innovation support, and emissions-
monitoring capacity should be combined with targeted agricultural instruments that reflect differences
between cropland and grassland systems. For cropland, policy should strengthen organic transition
incentives, knowledge transfer, innovation, and input-reduction measures. For permanent meadows
and pastures, broader environmental policy should be complemented by livestock and grassland man-
agement, as well as region-specific land-use instruments. Future research could extend this analysis by
using more detailed agricultural policy variables, alternative denominators for land-use-specific indica-
tors, exclusion-based robustness checks for very large agricultural countries, and quasi-experimental
approaches to strengthen causal interpretation.
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APPENDIX A. Descriptive statistics

Table Al. Descriptive statistics for the sample based on the total agricultural area under organic
agriculture

Variable © Obs. : Mean : Std.dev.: Median | Min. @ Max. :Skewness: Kurtosis

Cross-sectoral policies
stringency, 0-10 scale

-0.24

GHG emission targets

Net Zero Targets .
Public RD&D expendityre

Bans and phase-out on fossil
fuel extraction

Fossil fuel subsidies producer
support

Methane abatement policies

Climate governance

International policies

Ratification of key internationa
climate treaties

Participation in international
climate initiatives

International public finance

GHG emissions data and
reporting

Agriculture area under organic
agriculture, 1000 ha

Agricultural land, 100@ ha

GDP per capita, constant 2015
usb

Agriculture, forestry and fishing

vlueadded,otcop M FF 3w 0% B o
ion, GD |
:;ﬂatlon, GDP deflator, annua 4.45 8.14 2.60 ~16.56 136.74 8.03 99.92
0
H 1 0
Employment in agriculture, % 8.23 9.43 461 0.75 55.02 2.44 6.37

of total employment

Note: Country and year identifiers are excluded because they are categorical panel identifiers. Policy variables are measured
on a 0-10 stringency scale, with higher values indicating greater stringency.

Table A2. Descriptive statistics for the sample based on cropland area under organic agriculture

Variable i Obs. i Mean & Std.dev.: Median { Min. : Max. :Skewness Kurtosis

Cross-sectoral policies 461 3.21 1.95 3.04 0.00 8.30 0.22 -0.61

stringency, 010 scale A

“‘gl‘—'i‘ggmission targets 461 3.29 3.43 3.75 0.00 9.38 034 ¢ - - 155 .......

ml.\‘l.g‘t“;ero Targets 461 2.63 3.74 0.00 0.00 10.00 082 : - - 115 .......

Public RD&D expenditure 461 3.96 3.33 4.80 0.00 975 -0.02 -157
Bans and phase-out on fossil 461 | 020 ¢ 100 . 000 . 000 . 700 | 518 i 2674

fuelextraction : : : : ; ; T
Fossil fuel subsidies producer 461 : 617 : 412 800 i 000 : 1000 : -0.60 i -1.36

support : : : : : : R
461 1.07 255 0.00 0.00 10.00 254 . 550

B ate governance 461 1.58 2.77 0.00 0.00 9.80 1.45

_International policies 461 3.69 1.98 3.11 0.76 8.73 0.85 _-019
Ratification of key international -, = g49 © 155 g33  sg00 . 1000 @ 012 | -17a

_climate treaties ; : : : : ; ; T
Participation in international 461 © 408 : 371 : 400 i 000 | 1000 | 027 | -1.44

_Climate initiatives ; : : : : : : R

_International public finance ¢ 461 ¢ 108 ¢ 228 000 © 000 : 925 © 193 i 235
GHG emissions data and 461 ¢ 529 ¢ 236 ¢ 537 i 000 | 1000 | -014 | -063
reporting ; : ; : : : ;
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Table A2 (cont.). Descriptive statistics for the sample based on cropland area under organic
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agriculture
Variable Obs. Mean : Std.dev. . Median Min. @ Max. Skewness: Kurtosis
Agricultural land, 1000 ha 461 1 17561.08 : 59,667.59 : 3,003.00 829 1520,507.00 : 621 4210
S?DP per capita, constant 2015 461 | 33,843.97  25243.00 | 22,397.76 | 635355 :110,873.19 1 119 0.63
..Aé‘r’i‘gﬁlture, forestry é‘r'iud‘f"‘ishing, ...............
alve added, % of GOP . 461 233 1.41 2.05 0.05 8.83 s 221 ......
Inflation, GDP deflator, 461 3.23 3.86 2.6 -11.08 28.42 1.80 7.20
B LAl L N SO FO Y S A N W N
Employment in agriculture, % 461 537 4.35 3.90 0.75 24.08 1.62 2.50
B L S ST NS SN S S S S
Cropland area under organic 461 236.94 400.16 92.70 0.05 2,753.70 321 1236

agriculture, 1000 ha

Note: Country and year identifiers are excluded because they are categorical panel identifiers. Policy variables are measured
on a 0-10 stringency scale, with higher values indicating greater stringency.

Table A3. Descriptive statistics for the sample based on the permanent meadows and pastures area

under organic agriculture

Variable Obs. Mean : Std.dev. . Median | Min Max. Skewness: Kurtosis
Cross-sectoral policies 457 3.23 1.94 0.00 8.30 0.22 -0.62
stringency, 0-10 scale e
GHG emission targets -4 331 343 ..0.00 938 034 o A5S
NetZeroTargets 457 264 376 .0.00 ..0.00 1000 082
Public RD&D expenditure 457 .3.98 .33 483 ..0.00 975 7004
Bans and phase-out on fossil 457 0.20 1.00 0.00 0.00 7.00 5.16
fuel extraction . O O oS S S A S
Fossil fuel subsidies producer 457 6.21 4.10 8.00 0.00 10.00 ~0.61
support . S OSSO SO SO ST SN SIS S
Methane abatement policies & 457 100 244 ..0.00 ..0.00 1000 265
Climate governance -4 ) 279 .0.00 ..0.00 980 143
International policies B - 372 197 318 076 873 o8l
Ratification of key internationa 457 8.20 156 8.33 5.00 10.00 0.11
climate treaties . S S oSS S S A S
Participation in international 412 3.69 4.00 0.00 10.00 0.24
climate initiatives
International public finance 106 227 ..0.00 ..0.00 925 194
GHG emissions data and 5.35 231 5.50 0.00 1000 | -0.19 -0.58
reporting . A S S S S A B
Agricultural land, 1000ha @ 457 | 1366643  42,778.28 | 300300 | 875 36351900 647 45.70

GDP per capita, constant 2015
uss '

Agriculture, forestry and fishing
value"added, % ofGDI'D

Inflation, GDP deflator, annual
%

Employment in agriculture, %
of total employment

Permanent meadows and
pastures area under organic
agriculture, 1000 ha

34,240.09 | 25,311.48 22,811.81 | 6,309.68 110,873.19§ 1.15
2.31 1.38 2.05 0.19 8.83 1.02
3.22 3.81 2.26 -11.08 28.42 1.73
5.26 411 3.90 0.75 20.38 1.49

771.97 5,733.48 85.70 000 §90423.00 i 11.51

2.08

7.12

151.12

Note: Country and year identifiers are excluded because they are categorical panel identifiers. Policy variables are measured
on a 0-10 stringency scale, with higher values indicating greater stringency.
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APPENDIX B. Dynamics of organic agriculture indicators

Organic area as % of agricultural land

2005 2010 2015 2020
Year

Figure B1. Average organic agriculture share: Total organic agricultural land, 2004—-2023

Organic area as % of agricultural land
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Figure B2. Average organic agriculture share: Organic cropland, 2004-2023
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Figure B3. Average organic agriculture share: Organic permanent meadows and pastures, 2004-2023
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APPENDIX C. Main environmental policy models

Table C1. Main panel regression results for the total organic agricultural land share

Variables Pooled OLS Country FE

 TWEE cluster :

TWFE DK

 Distributed lag

Quadratic

Cross-sectoral policy stringency, lag 1

Employment in agriculture, % of total
employment

" (0.1166)

0.1551
01906

0.1108

0.1551*
0.0692

0.0257

1551
0.0692)

0.4040

(0.1952)

-0.5694*

(0.2675)

-1.7880**

(0.6186)

0.0307

(0.0828)

-0.0053

(0.0045)

-0.0140

(0.0240)

La

Cross-sectoral policy stringency squared

NO ,,,,,,,,,,,,,,,,,,,, Yes ,,,,,,,,,,,,
NO ,,,,,,,,,,,,,,,,,,,, NO ,,,,,,,,,,,,
Clustered by Clustered by

country
948

948

Within R?

gged dependent variable

Clustered by
country

.20.0285
(0.0209)

1237%**

Driscoll-Kraay

948

0.9204

0.1384

Note: Standard errors are reported in parentheses. The dependent variable is the share of total agricultural land under organic agriculture. Driscoll-Kraay standard errors are reported
with lag length 2. Significance levels: *** p <0.001, ** p <0.01, * p <0.05, p < 0.10. Three observations were removed because of missing values in the right-hand-side variables. Dynamic
fixed-effects estimates are not reported because the lagged dependent variable produced a mechanical perfect fit. Identical coefficients across lag specifications reflect high persistence
and collinearity among lagged policy variables; therefore, lag models are interpreted as robustness checks for delayed associations, not as separate one-, two-, and three-year policy ef-
fects. The sign of the first principal component is arbitrary; therefore, when all policy-component loadings have the same sign, the substantive interpretation is based on the direction of
common policy stringency rather than on the numerical sign of the PCA coefficient alone.
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Table C2. Robustness panel regression results for the organic cropland as a share of total agricultural land

Variables ‘ Pooled OLS | Country FE :TWFE cluster; TWFE DK Lag 2 Lag 3 ' Distributed lag | Quadratic PCA model
. ) 0.3220 0.3447** 0.2160 0.2160* 0.2160* : 0.0770
Cross-sectoral policy stringency, lag 1
"""""""""" (0.3121) (0.1200) (0.1373) (0.0994) (0.0994) 33
International policy stringency. lag 1 0.4117* 0.2641* 0.3538. 0.3538* 0.3538* 0.1915
"""""""" POTICY stringency, 1ag = (0.2024) (0.0998) (0.1751) (0.1404) (0.1404)
Cross-sectoral policy stringency, lag 2
International policy stringency, lag 2
Cross-sectoral policy stringency, lag 3
International policy stringency, lag 3
PCA-based policy stringency index, lag 1
GDP s |ta o I -0.0315 0.2822 -0.5018 -0.5018 -0.5018 -0.5018 -0.5018
....... percapita,fog (1.0830) (2.0710) (2.3020) (0.9103) (0.9103) (0.9103) (0.9103)
Agriculture, forestry and fishing, value added, % 0.3218 -0.7165. -0.7406 -0.7406*** © -0.7406%**  -0.7406*** -0.7406***
ofeDP (0.5808) (0.3579) (0.4029) (0.1677) (0.1677) (0.1677) (0.1677)
-0.04 . 7 .01 .01 .01 .01 .01
Inflation, GDP deflator, annual % 0.0439 0.006 0.0130 0.0130 0.0130 0.0130 0.0130
""""""""""""""" (0.0605) (0.0156) (0.0165) (0.0217) (0.0217) (0.0217) (0.0217)
) . -0.1609 0.0030 0.0094 0.0094 0.0094 0.0094 0.0094
Employment in agriculture, % of total employment :
¢ (0.1423) (0.1277) (0.1253) (0.0693) (0.0693) (0.0693) (0.0693)
Lagged dependent variable
Crosesectoral oolicy str ] % = 00176 7
ross-sectoral policy stringency square (0.0171)
International policy stringency squared
Country fixed effects No ves ves ves Yes ves S o YES i e JES
Year fixed effects No No Yes Yes Yes Yes Yes Yes Yes

i Clustered by :

Clustered by :

Clustered by Driscoll-Kraay

Driscoll-Kraay

Driscoll-Kraay

Driscoll-Kraay

Driscoll-Kraay

N

""""""""""""""" country country country

W.C‘)'!:')‘servaﬁon§ """"""" 461 461 461 461 461 461 461

R2 """"""""" 0.1659 0.9272 0.9316 0.9316 0.9316 0.9316 0.9316
Within R? 0.4879 0.0892 0.0892 0.0892 0.0892 0.0892

0.0929 0.0782

Note: Standard errors are reported in parentheses below the coefficients. Driscoll-Kraay standard errors are reported with lag length 2. Significance levels: *** p < 0.001, ** p < 0.01,
* p <0.05. p<0.10. In the lag and distributed-lag specifications, several lagged variables were removed because of collinearity. Dynamic fixed-effects estimates are not reported because
the lagged dependent variable produced a mechanical perfect fit. Identical coefficients across lag specifications reflect high persistence and collinearity among lagged policy variables;
therefore, lag models are interpreted as robustness checks for delayed associations, not as separate one-, two-, and three-year policy effects. The sign of the first principal component
is arbitrary; therefore, when all policy-component loadings have the same sign, the substantive interpretation is based on the direction of common policy stringency rather than on the

numerical sign of the PCA coefficient alone.
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Table C3. Robustness panel regression results for organic permanent meadows and pastures as a share of total agricultural land

Variables Pooled OLS Country FE .| TWFE cluster TWFE DK Lag 2 Lag 3 Distributed lag: Quadratic PCA model
-1.6000 -3:3010 -3:5130 -3.5130

Cross-sectoral policy stringency, lag 1

Agriculture, forestry and fishing, value
added, % of GDP

Employment in agriculture, % of total
employment

(09782) | (0.7510)
Lagged dependent variable

Cross-sectoral policy stringency squared

Standard errors

Observations
RZ
Within R?

Note: Standard errors are reported in parentheses below the coefficients. Driscoll-Kraay standard errors are reported with lag length 2. Significance levels: *** p < 0.001, ** p < 0.01,
* p<0.05. p<0.10. In the lag and distributed-lag specifications, several lagged variables were removed because of collinearity. Dynamic fixed-effects estimates are not reported because
the lagged dependent variable produced a mechanical perfect fit. Identical coefficients across lag specifications reflect high persistence and collinearity among lagged policy variables;
therefore, lag models are interpreted as robustness checks for delayed associations, not as separate one-, two-, and three-year policy effects. The sign of the first principal component
is arbitrary; therefore, when all policy-component loadings have the same sign, the substantive interpretation is based on the direction of common policy stringency rather than on the
numerical sign of the PCA coefficient alone.
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APPENDIX D. INDIVIDUAL ENVIRONMENTAL POLICY COMPONENT MODELS

Table D1. Individual environmental policy component models for the total organic agricultural land share

Variable %PublicRD&D% Fossilbans§ Fossil Methane Climate Treaties ;In.tt-z.rfla‘f'lonalg !’Ubhc GHG:
5 5 . support : governance initiatives : finance : reporting

01613* | 0.1382* | 02030%* | -0.2849%*** -0.0671 | 0.3029%* | 0.3606***

Individual policy

component, lag 1 (0.0657) | (0.0509) | (0.0569) (0.0788) (0.0846) (0.0868)
—2.974%* —2.762%* -2.073%* -3.015%* —2.713%* —2.041%*
GDP percapita, log i e e
(0.8205) i (0.7661) i (0.5728) (0.8245) (0.7434) (0.5909)
Agriculture, forestryand . 00571 00582 0.0370 00748 """ 00023 0.0968 00702 0.0817 00004
fishing, value added, % H H
of GDP (0.1075) i (0.1138) |  (0.1161) (0.1264) (0.1033) § (0.1152) | (0.1177)
Inflation, GDP deflator, -0.0195* -0.0181% -0.0189**  -00203** | -0.0144*
annual % (0.0062) : (0.0063) (0.0062) (0.0063) (0.0060)
Employment in agriculture, 00293 00352 | 0.0470* - 0.0383 00205 00143 . 00410% . 00465* 00483* . 00339 . 00442
% of total employment (0.0212) | (0.0221) | (0.0228) (0.0254) (0.0190) (0.0224) (0.0302)
Country fixed effects Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes Yes Yes Yes
Standard errors DK DK DK DK DK DK DK
Observations 899 899 A 899 899 899 899 899
R 0.9213 0.9203 0.9241 0.9218 0.9203 0.9215 0.9247
Within R? 0.0575 0.0462 0.0915 0.0641 0.0458 0.0607 0.0987
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Table D2. Individual environmental policy component models for organic cropland as a share of total agricultural land

Variable éGHGtargetsé Netzero PublicRD&D Fossil bans Fossil . Methane | Climate . Treaties éln'te'rPa‘t'lonaI% PUbIIC GHG_
i support i governance i initiatives ; finance reporting

0.0353

Individual policy
component, lag 1

Agriculture, forestry and
fishing, value added, %
of GDP

Inflation, GDP deflator,
annual %

Employment in
agriculture, % of total
employment

Country fixed effects

Within R?
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Table D3. Individual environmental policy component models for organic permanent meadows and pastures as a share of total agricultural land

. . . Fossil Climate . International Public GHG
Variable GHG targets: Netzero :(Public RD&D: Fossil bans Methane Treaties e . X .
support governance initiatives finance reporting
L . -2.5790 -1.5900 0.1880 -1.2110 -1.4900 -0.4088 -0.3390 -0.3753 -0.4638 -2.3390* 1.3570
INAIVIAUAL POIICY COMPONENT, o e e e e e oo oo
lag 1 (2.2010) (1.3380) (0.5978) (0.6086) (1.5170) (0.5280) (0.2661) (1.3300) (0.4552) (1.0150) (1.1260)
37.4200 37.5100 44.7100 43.3200 43.2100 44.6300 44.1500 45.0000 41.5700 41.8800 43.7500

GDP per capita, log

Inflation, GDP deflator, annual
%

Employment in agriculture, %
of total employment

Country fixed effects

Year fixed effects

Standard errors

Observations

R?

Within R?

0.0158

0.0209

Note: Standard errors are reported in parentheses below the coefficients. Each column reports a separate two-way fixed-effects model in which only one lagged individual policy com-

ponent is included at a time, together with the same set of control variables. Driscoll-Kraay standard errors are reported with lag length 2. Significance levels: *** p <0.001, ** p < 0.01,
* p <0.05. p <0.10. DK = Driscoll-Kraay.
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APPENDIX E. Turning point estimates from quadratic specifications

Table E1. Turning point estimates from quadratic models

- . ‘ Turnin SE of the turning | . 95%cCl Withina .
Land type ¢ Policy variable : B1 B2 . g . J :95% Cl lower : ? Shape ¢ Interpretation
i point point upper 0-10 scale
Total organic agricultural land ~ CTOSSS€Ctral g 3805 50230 8.4247 3.8591 0.8609 15.9885 Inverted Yes | Feasible but not
i policy stringency : : U-shaped robust
Total organic agricultural land | MterMational t g, ch0s 01273 2.0015 0.8245 0.3854 36175 U-shaped Yes Substantively
policy stringency meaningful
Organic cropland Cross-sectoral 1) 700 1 00176 -2.1921 7.9535 -17.7809 13.3967 U-shaped No Mot
policy stringency interpretable
) International Not
Organic cropland A ) 0.1915 0.0117 -8.1834 22.7519 -52.7773 36.4104 U-shaped No .
policy stringency interpretable
Organic permanent meadows Cross—sgctoral 17715 ~0.2305 38478 79281 193818 11,6963 Inverted No A Not
and pastures policy stringency U-shaped interpretable
Organic permanent meadows : International -1.9940 0.5506 18108 15443 12161 4.8376 U-shaped Ves Feasible but

and pastures

i policy stringency

i weak evidence

Note: B1 denotes the coefficient of the linear policy stringency term, while B2 denotes the coefficient of the squared policy stringency term. The turning point is calculated as -B1/2p2.
A positive B2 indicates a U-shaped relationship, while a negative B2 indicates an inverted U-shaped relationship. Turning points outside the 0—10 policy stringency scale are not substan-
tively interpretable. Turning points should be considered robust only when the squared term is statistically significant, and the estimated threshold falls within the feasible policy range.
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APPENDIX F. Countries included in the samples

Table F1. Country coverage by sample

Number of

Sample : . :
P : countries

Countries

i Argentina; Australia; Austria; Belgium; Bulgaria; Canada; Chile; China; Colombia; Costa Rica;

i Croatia; Czechia; Denmark; Estonia; Finland; France; Germany; Greece; Hungary; Iceland;
49 India; Indonesia; Ireland; Israel; Italy; Japan; Korea; Latvia; Lithuania; Luxembourg; Malta;

i Mexico; Netherlands; New Zealand; Norway; Peru; Poland; Portugal; Romania; Russia; Saudi
i Arabia; Slovak Republic; Slovenia; South Africa; Spain; Sweden; Switzerland; Turkiye; United
ingdom

Total organic agricultural
land :

Organic cropland 35 Estonia; Finland; France; Germany; Greece; Hungary; Ireland; Italy; Latvia; Lithuania;
8 P Luxembourg; Malta; Mexico; Netherlands; Norway; Poland; Portugal; Romania; Saudi Arabia;

: ustralia; Austria; Belgium; Bulgaria; Chile; Colombia; Croatia; Czechia; Denmark; Estonia;

Organic permanent 35 Finland; France; Germany; Greece; Hungary; Iceland; Ireland; Italy; Latvia; Lithuania;

meadows and pastures : Luxembourg; Malta; Mexico; Netherlands; Norway; Poland; Portugal; Romania; Saudi Arabia;
: Slovak Republic; Slovenia; Spain; Sweden; Switzerland; United Kingdom

Note: Country coverage differs across the three samples because FAOSTAT availability varies by organic land-use category.
The total organic agricultural land sample has broader coverage than the cropland and permanent meadows/pastures sam-
ples. The empirical analysis is therefore conducted separately for each dependent variable.
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