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Agri-environmental policies from  
1960 to 2022

David Wuepper    1,2  , Ilsabe Wiebecke2, Lara Meier2, Sarah Vogelsanger2, 
Selina Bramato2, Andrea Fürholz2 & Robert Finger    2

For both research and practice, it is paramount to understand what, where 
and when agri-environmental policies have been put in place. Here we 
present a database of 6,124 agri-environmental policies implemented 
between 1960 and 2022 in about 200 countries. The database comprises 
a wide range of policy types (including regulations and payment 
schemes) and goals (such as biodiversity conservation, safer pesticide 
use and reducing nutrient pollution). We illustrate the application of the 
database by exploring the association between economic development 
and agri-environmental policies and between the soil-related, 
agri-environmental policies of countries and their border discontinuities in 
cropland erosion. A strong, positive link between economic development 
and implemented agri-environmental policies is revealed, and it is found 
that 43% of all global border discontinuities in soil erosion between 
countries can be explained by differences in their policies.

This decade (2021–2030) has been declared by the United Nations as 
‘the decade of ecosystem restoration’1,2. At the centre of attention is 
the global agricultural and food system, essential for human well-being 
but also responsible for a large share of greenhouse gas emissions3, 
biodiversity loss4, land degradation5 and nutrient pollution6.

Every year, a number of policy responses are implemented at 
various scales using a wide range of instruments, for example, from 
legislative changes to new payments for ecosystem services2,7–11. Yet, a 
consistent and coherent overview of these policies and their develop-
ment over time is not available at the global level. Instead, information 
on different relevant policies is scattered across various sources and 
presented in different formats and levels of detail; thus, these policies 
are not directly comparable.

Here we present a comprehensive and systematic database of 
a wide range of policies at the intersection of agriculture and the 
environment, implemented not only by national entities but also by  
subnational and supranational entities, covering different instruments 
(for example, regulations, frameworks, payment programmes) and 
topics (for example, biodiversity, forests, fertilizers, pesticides). To 
create this database, we compiled and harmonized information from 
various existing databases and filled data gaps by adding policies found 

in reports, articles and government websites (see Methods for more 
details). We show the use of the database with two analyses: a simpler 
one focused on the association between agri-environmental policies 
and economic development, and an econometric analysis examining an 
agri-environmental outcome—in particular, how much the soil policies 
of countries have helped mitigate cropland soil erosion.

Database overview
Our database covers roughly 200 countries and a total of 6,123 different 
policies for the period 1960–2022. This period corresponds to the time 
span of most empirical analyses in economics and political science—
which, in turn, reflects the relevance of different policies to current 
policy-making and the availability of complementary data. Arguably, 
going much further back in time would have a diminishing return in 
terms of overall value for research; in any case, the policy database is 
a living resource which can be expanded as needed.

A basic summary of the dataset (including all years and countries) 
reveals that the most common policy type is ‘command and control’ 
(that is, legislations and regulations; Fig. 1a); the number of policies 
has steadily increased over time (Fig. 1b), perhaps reflecting their 
increasing priority on the political agenda; and the most common 
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also exists in understanding the kinds of policies being implemented 
around the world (so far, the focus has been on nitrogen pollution11,16 
and climate change17,18) and to compare environmental policies across 
regions, countries and continents.

Global distribution of agri-environmental 
policies
Agri-environmental policies are unequally distributed across countries 
globally (Fig. 2). European countries have the most policies, which is 
to a large degree driven by the existence of the European Union (EU). 
Comparatively, for example, African countries have implemented the 
least public agri-environmental policies over the same period.

Figure 2a shows a simple count of policies, which is not a pre-
cise measure of actual policy intensity or policy effectiveness, but a 
good starting point. Clearly, one ambitious, well-designed policy (for 
example, stringent, well enforced and precisely targeted) might be 
more effective than multiple less ambitious policies. To improve the 
policy measure, the policies of countries can, for example, be weighted 
according to their policy stringency and enforcement19, and corruption 
levels20, as shown in Fig. 2b. The assumption for such an augmented 
approach is that these country-level weights positively correlate with, 
and thus capture, policy design and implementation, available budget, 
institutional capacity and so on. Generally, the patterns in Fig. 2a,b look 
similar (correlation coefficient, 0.86) and it is an empirical question 
whether the difference is practically relevant for an analysis. It is worth 
noting, however, that between-country differences are magnified under 
the augmented approach because there is a generally positive relation-
ship between the number of environmental policies and the policy 

policy targets are fertilizer use and forest and biodiversity conserva-
tion (Fig. 1c). We have followed the original data sources for policy 
categorizations (according to which, for example, a ‘legislative change’ 
and a ‘regulatory change’ are not always distinguished), but we kept 
the original labelling as well as other complementary policy details 
to enable researchers to adopt their own policy categorization if nec-
essary. For instance, this allows recategorizing or pooling together 
‘legislative changes’ and ‘other regulatory changes’ together, or further 
dividing categories into, for example, ‘minor regulatory changes’ and 
‘major regulatory changes’. Policies that could not clearly be catego-
rized were termed ‘agriculture other’. It should be noted that for many 
other policies too, the boundaries between categories are fuzzy and 
alternative categorizations are possible. For example, depending on 
the application, one could combine the categories ‘biodiversity’, ‘land 
use’ and ‘forests’, or one could divide each of these categories into 
smaller subcategories, such as ‘agricultural biodiversity’, ‘grassland 
biodiversity’ and ‘forest biodiversity’.

As Fig. 1 illustrates, policies can be filtered according to a given 
set of criteria quite simply, for example, ‘legislation addressing soil 
conservation before 2005’ or ‘payment schemes for forest conserva-
tion implemented after 2015’. This database is, for example, useful for 
research in agricultural and environmental economics7,12, to answer 
questions such as how much certain policies have achieved so far, how 
such policies have come about13 or how these policies (for example, 
policy types, implementations and goals) have changed over time. 
Furthermore, these policies can be used to model the preparedness 
of countries for environmental change and their efforts to mitigate 
environmental costs, and to constraint scenarios14,15. Much interest 
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Fig. 1 | Policy characteristics (N = 6,124). a–c, Plots illustrate some of the ways 
in which the policies can be classified: policy types (a), timing (b) and targets 
(c). The keywords are not mutually exclusive. A typical policy is characterized by 
multiple keywords, such as ‘soil’, ‘land use’ and ‘pesticides’, for example, if a policy 
aims to make land use more sustainable by protecting the soil from pesticide 

pollution. In combination, the policy characteristics and keywords make it simple 
to construct policy measures. Examples could be the number of ecosystem 
service payment schemes that aim to conserve agricultural biodiversity per 
country since 2000, or fertilizer regulations since 1960. For a snapshot of the 
database, see Supplementary Fig. 6.
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stringency, enforcement and corruption control of countries. For some 
countries (for example, Russia and China), the augmented approach 
lowers the measure compared with the mere count of their policies, 
whereas for other countries (for example, Canada and Australia),  
the measure is raised.

Regularly, policy design questions will be of first-order interest 
in analyses involving our database21–23. For example, even within the 
narrow domain of a specific policy type and goal, different countries 
and different regions within countries may have designed a given 
policy in distinct ways, with implications for these policies’ effec-
tiveness and efficiency24,25. Our database can aid such an investiga-
tion at the global level and for a long period of time—for instance, 
one can match it with information on policy designs and mixes to 
examine how contextual factors and policy designs interact; when 
and how policy change has come about; when and where goals and 
means have changed; whether minor design changes over time have 
generated change compared with punctuated, ‘transformational’ 
change; and many more.

Case study 1
There is an extensive literature on the relationship between economic 
development and environmental outcomes26. On the one hand, rising 
incomes lead to increased consumption, with associated negative 
environmental impacts. On the other hand, political priorities might 
change in a pro-environmental direction, and higher-income countries 
might implement more environmental policies. Using the database, 
we can look at this question empirically by examining this relationship 
at global level and for policies at the intersection of agriculture and 
the environment.

By regressing the number of agri-environmental policies of coun-
tries on their gross domestic product (GDP), we see a basically linear, 
positive relationship—but also an increasing variance, as a growing con-
cern for the environment does not develop at the same pace and extent 
in every country. Several high-income countries, such as Kuwait, Qatar 
and the United Arab Emirates, have so far implemented a similarly low 
number of agri-environmental policies as countries with much lower 
GDP (Fig. 3a). If we turn again to the augmented policy index intro-
duced earlier, the relationship turns from linear to exponential given a 
positive interaction effect between the number of agri-environmental 
policies and beneficial contextual factors, such as high stringency and 
enforcement of policies and comparably low corruption (Fig. 3b). This 
is especially pronounced among EU countries.

Case study 2
For our second case study, we revisit the study of Wuepper et al.27 on 
soil erosion discontinuities at country borders, which uses a spatial 
regression discontinuity design to separate the share of soil erosion 
that is explained by country-level variables and the share of soil ero-
sion that is explained by environmental and local variables. The study 
finds that almost half of the global rate of soil erosion is shifted by 
socio-economic country characteristics, such as national institutions, 
policies, markets and culture. However, for a lack of comprehensive 
policy data, finer mechanisms could not be identified beyond sugges-
tive evidence about the importance of agriculture27.

Here we examine the extent to which differences in the soil-related 
policies of countries—as extracted from our database—explain the 
large border discontinuities in soil erosion between countries. We first 
replicate the identification of general border discontinuities in soil 

a

93–183
42–92
25–41
18–24
13–17
9–12
7–8
4–6
1–3

Number of policies

b

26–100
10–25
6–9
4–5
1.7–3
0.9–1.6
0.4–0.8
0.1–0.3
0

Policy intensity index

Fig. 2 | Number of agri-environmental policies and policy intensity index per 
country. a, A simple count of each country’s regulations, frameworks, payment 
programs and so on may offer hints into agri-environmental policy efforts, but 
ignores important policy characteristics such as ambition, targeting, stringency 
and enforcement. b, An alternative is to use a more complex metric by taking 
into account the general policy stringency and enforcement of these countries 

or the level of corruption they face. Arguably, agri-environmental policies are 
on average more effective when implemented by and in countries that generally 
have more stringent and better-enforced environmental policies and lower levels 
of corruption. By weighting the simple measure shown in a by these factors, 
an augmented measure can be obtained, as shown in b (Methods). EU member 
states have their own policies plus those of the EU.
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erosion on cropland from Wuepper et al.27, sorting countries pairwise 
at international borders according to whether they have higher or lower 
rates of soil erosion (Fig. 4a, and a–c of Fig. 4c) and then by whether 
they have implemented more soil policies, again pairwise, compar-
ing neighbouring countries at each shared border (Fig. 4b, and d–f of 
Fig. 4c). For both country and policy discontinuities, we show three 
specifications: a baseline (a and d of Fig. 4c), one controlling for natural 
erosion determinants such as rainfall and soil characteristics (b and e 
of Fig. 4c) and one controlling for the socio-economic characteristics 
of countries (GDP, Environmental Performance Index (EPI), corruption 
and private property index) (c and f of Fig. 4c). Comparing estimated 
coefficients ‘a, b, c’ with ‘d, e, f’, we find that at least 43% of the country 
effect is explainable by the policies of countries.

Conclusion
Both analyses—of the relationship between economic development 
and agri-environmental policies, and of the role of public policies 
in the soil erosion effect of countries—add important insights to 
the existing literature. An early study by Grossman and Krueger28 
showed that environmental indicators (on air pollution and river 
water quality) first deteriorate with economic development but 
then improve again. However, as discussed by Jayachandran26, based 
on subsequent empirical research on the topic, the relationship 
between these variables is complex and context dependent. This 
means that it is advantageous to ask narrow and well-defined ques-
tions, such as what the relationship is between economic develop-
ment and the implementation of agri-environmental policies. The 
database presented here provides the necessary data to look exactly 
at this question.

The role of public policies in explaining between-country differ-
ences in environmental performance is an equally important question. 
There are empirical estimates for some environmental outcomes, 
notably climate change mitigation29, pesticide pollution30 and forest 
conservation31. In each case, public policies are found to improve 
environmental outcomes, but the effect is small for overall climate 
change mitigation (in the overall economy) and comparatively larger 
for pesticide pollution and forest conservation. Our database includes 
soil-focused policies, so we can estimate their impact on global soil ero-
sion, another major agricultural sustainability issue15—and this reveals 
a large effect (Fig. 4): about 43% of the overall impact of countries is 
explained by their policies.

Similar previous work to compile data on the agri-environmental 
policies of countries must be acknowledged, which is the basis of this 
current effort. For instance, Kanter et al.11 collated a global database of 
nitrogen policies, Ezzine-de-Blas et al.32 provided a global database on 
payment for ecosystem services, Eskander and Fankhauser29 examined 
legislative changes to address climate change, Tang et al.33 provided 
a global database on pesticide regulations and Börner et al.8 offered 
information on forest conservation policies. Moreover, Olczak et al.18 
created a global dataset on methane policies and Yang et al.16 have 
focused specifically on nitrogen policies in Southeast Asia. There 
also exist multiple online databases with inputs to the studies above 
and this study34–37 (Methods). Still, our database can be conveniently 
used—either directly (for example, to check whether a political entity 
has implemented certain kinds of policies at some point in time) or 
in combination with other data sources (for example, merged at the 
national level via International Organization for Standardization (ISO) 
country codes).
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Fig. 3 | Relationship between GDP and number of agri-environmental 
policies. a, Each dot represents a country in the database. The fitted line and 
corresponding 95% confidence interval to indicate the general trend come 
from a linear regression. Countries with a higher GDP implement more agri-
environmental policies than those with a lower GDP (N = 186). b, As in Fig. 1,  
we can use an augmented policy effort measure (‘policy intensity index’) 
that weights the simple number of policies by the average policy stringency 
and enforcement of countries as well their level of corruption. The empirical 

relationship between this measure and the GDP of countries is even stronger 
than the relationship with the simpler measure shown in a. Whereas the 
relationship with the simpler measure is approximately linear, the relationship 
with the augmented measure is approximately exponential. The fitted line and 
corresponding 95% confidence interval to indicate the general trend come from 
a nonlinear regression (N = 176). As shown in Supplementary Fig. 5, a similar 
but reversed pattern appears if one replaces the GDP of countries with the 
agricultural share of their GDP.
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Methods
The policy database presented here is fully modular and can be expanded 
and reused in many forms and directions. Currently, it includes the  
following general themes: agricultural and related land use, nitrogen 
fertilizer, pesticides, biodiversity, forests and soils. We do not make 
any distinction between policies, laws and legislations, and treat all of 
them as policies, acknowledging that in some disciplines and contexts, 
there is an important distinction.

To be included in the database, a policy had to fulfil a number of 
conditions. First, it must be relevant for agriculture. This does not 
mean it must be strictly an agricultural policy (for example, a general 
groundwater policy can be highly relevant for agriculture), but many 
environmental policies that do not have a direct link to agriculture (for 
example, policies focused on the protection of marine biodiversity 
or industrial pollutants) were excluded. Second, it must be a ‘public 
policy’ (here understood as a policy that is mostly implemented by 
non-governmental actors, such as an industry or even single compa-
nies, or large international organizations such as the World Bank). 
We have included policies that are supported by an international or 
private organization (for example, REDD+ (Reducing Emissions from 
Deforestation and Forest Degradation), World Bank) as well as policies 
from the EU as it consists of governmental actors and is integrated into 
national and subnational policy-making albeit being supranational. In 
the database, EU policies are separately reported from the policies of 
individual countries, but for most applications, these should be added 
to the policies of EU member countries.

The database is not exhaustive but aims to cover the most relevant 
policies. In an effort to capture as many relevant policies as possible, 
we have conducted cross-checks (that is, a researcher who collected 
policies on some countries double checked other countries) and discus-
sions with experts on specific countries. Some policies were probably 
left out (including those that are not published digitally or in a language 
that is not using a Latin alphabet); however it is to be expected that 
more influential and important policies are also easier to identify.

The policies in our database include both ‘command and control’ 
and ‘incentives based’ policies (that is, they include policies that imply 
that landowners are mandated to change their behaviour and those that 
imply that landowners are offered payments to do so). Here we describe 
from where and how each of these two types were derived. The final 
database contains country names and ISO3 codes for identification, 

two columns of keywords (for example, ‘agriculture’ and ‘soil erosion’), 
the policy type, the year of policy implementation and up to three 
reforms, whether a policy was discontinued, additional descriptors 
(more detailed than the keywords and unique for each policy), the title 
of the policy, a web link, a pdf with the policy text and an abstract for 
6,124 agri-environmental policies.

Data records
Three datasets were used. The main dataset contains all policies at 
the intersection of agriculture and the environment, implemented 
between 1960 and 2022, with full details. The baseline version is pub-
lished on Zenodo (Data Availability) and will be updated and augmented 
regularly. It currently contains 6,124 agri-environmental policies imple-
mented at different scales.

The second dataset contains only national policies, merged with 
multiple other country-level variables, capturing economic, institutional  
and various other characteristics, collapsed across all years. We use 
the second dataset to create the maps in Fig. 2 and Supplementary 
Figs. 1–4, as well as the plots shown in Fig. 3 and Supplementary Fig. 5.

The third dataset contains global high-resolution data on crop-
land soil erosion rates at a resolution of 500 × 500 m, matched with 
our policy data and selected control variables. Supplementary Table 1 
shows the variables in the main dataset (POLICY DATABASE 1.0). Sup-
plementary Table 2 shows the variables in our national-level dataset 
(COUNTRY DATA 1.0). Supplementary Table 3 shows the variables in 
our soil erosion dataset (SOIL POLICIES 1.0).

Command-and-control policies
Three major databases exist from which command-and-control policies  
can be filtered and curated: ECOLEX (https://www.ecolex.org/), 
FAOLEX (https://www.fao.org/faolex/en/) and SOILEX (https://www.
fao.org/soils-portal/soilex/en/). ECOLEX has already been used to 
quantify the nitrogen fertilizer38 and climate change policies29 of coun-
tries. FAOLEX and SOILEX add more details on agriculture-specific 
and soil-specific topics. Together, these three databases are the web’s 
most comprehensive and reliable source of agri-environmental poli-
cies. They are run by the Food and Agriculture Organization (of the 
United Nations), International Union for Conservation of Nature and 
United Nations Environment Programme and contain information 
on national, international and regional laws, categorized by sector, 
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Fig. 4 | Global border discontinuities in soil erosion. a, Spatial distribution of 
cropland soil erosion rates (t ha−1 yr−1) within 80 km of international borders. The 
brown dots are 2 km long, local averages; the blue lines are fitted spatial trends. 
The dotted line is the average global border. All data points from countries 
with a higher erosion rate than their pairwise neighbour are plotted to the 
left of the border, whereas all data points from countries with a lower erosion 
rate than their pairwise neighbour are plotted to the right. A country effect is 
indicated by the discontinuity right at the border. b, Countries sorted according 
to their number of implemented soil policies. All data points from countries 
with more soil policies than their pairwise neighbour are plotted to the left of 
the border, whereas all data points from countries with fewer soil policies than 

their pairwise neighbour are plotted to the right. A policy effect is indicated 
by the discontinuity right at the border. c, Estimated coefficients (the centres 
of the bars) and corresponding 99%, 95% and 90% confidence intervals (the 
bars) from a spatial regression discontinuity design. The first three coefficients 
show the percentage soil erosion change that is estimated for a grid cell being 
in the country that causes more soil erosion compared with one being located 
in the neighbouring country that causes less (a–c). The last three coefficients 
show the percentage soil erosion change that is estimated for a grid cell being 
in the country that has implemented more soil policies compared with one 
being located in the neighbouring country that implemented fewer (d–f). 
(N = 15,687,325).
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issue, policy type and many more. Information that is not available 
from these databases includes costs and budgets, enforcement and 
implementation on the ground, and quantitative measures more gen-
erally, for example, a measurement of ambition or effectiveness. Most 
information is qualitative, but in such a detail that simple quantitative 
measures can be derived.

To find the relevant policies for our research, we used various 
search terms. The starting points were the broader topics that we 
aimed to include, such as land use or forests (Fig. 1). We then searched 
for alternative keywords, first by searching for related terms and 
then by searching for terms that came up during the search. For 
example, for agricultural land use, we searched for general terms like 
‘agricultural land’ and even generally ‘land use’, and specific terms, 
such as ‘pastoralism’ or ‘cropland’. For forest policies, keywords 
included ‘forestry’, ‘forest protection measures’, ‘agro-forestry’, 
‘timber’, ‘logging’, ‘extraction’ and other similar terms. Also, the 
keyword ‘biodiversity’ produces many forest policy results, but also 
separate non-forest biodiversity policies. The databases also provide 
an object filter, and keywords include ‘forestry’, ‘agricultural and 
rural development’, ‘land and soil’, and ‘wild species and ecosystems’. 
Only legislations were considered and not, for example, bilateral 
treaties, and only the main policies were retained, based on two 
criteria: scope (for example, the main focus is one of our subjects, 
for example, ‘forests’ or ‘soils’, and in relation to agriculture, so not, 
for example, soil contamination from mining) and scale (a major 
legislative change with potentially important implications, not, for 
example, a small local policy change). We recorded policy reforms in 
addition to the initial introduction of a policy but did not count these 
as new policies. Operationally, this means many policies have more 
than one date, with each date showing one reform, and sometimes 
a note that the policy was discontinued.

Incentive-based policies
For incentive-based policies, Ezzine-de-Blas et al.32 created a quantita-
tive database of 55 payment-for-ecosystem service schemes around 
the world. Moreover, Chabé-Ferret and Voia39 and Chabé-Ferret and 
Voia40 collected data on payment schemes for forests and grasslands. 
An overview of REDD+ projects can be found on the IDRECCO data-
base34. In addition, we searched for relevant policies using Google as 
well as published articles and reports. The majority of the relevant 
incentive-based policies offer either payments for the adoption of more 
sustainable agricultural practices to farmers (often in higher-income 
countries) or payments for forest conservation to landowners (often 
in lower-income countries), but others also exist (for example,  
payments to farmers for measured biodiversity outcomes). Most of 
these policies were found using the terms ‘payments for ecosystem 
services’, ‘agri-environment scheme’ and variations thereof.

An important additional inclusion criterion for incentive-based 
policies is whether or not they are mostly public and governmental. 
By contrast to command-and-control policies, incentive-based poli-
cies are implemented by a wide range and combination of actors, 
including companies, international supernational organizations and 
programmes, and so on. The database includes only policies that are 
mainly controlled by a regional or national government. For example, 
we included only REDD+ initiatives that were mainly financed by the 
host country and not otherwise (assuming that the actor who finances 
the initiative is the most powerful actor).

Here, too, another inclusion criterion is the importance and size 
of the policy. This is even more relevant for incentive-based policies 
because many schemes start as small pilots or are intended to be only 
locally implemented. Incentive-based policies that did not cover at 
least one entire subnational administrative unit (for example, federal 
state, region, canton) were thus excluded, especially policies imple-
mented at the level of watersheds—which may even combine local 
and private actors.

Technical validation
During data collation, the entered data were constantly cross-checked, 
that is, one researcher entered data and another researcher confirmed 
correctness. The final product was then finally checked once more for 
duplicates and errors, going through the entire list of 6,124 policies 
once more.

Data combination and augmentation
All policies are collated in a single database that can be filtered by 
various keywords and matched with additional information. The main 
variable to match additional national variables is the country ISO3 
code, which allows simpler matching than matching using country 
names that might slightly differ between datasets. A potential main 
use of this policy database is for quantifying regional or national 
agri-environmental policy efforts. For example, the research question 
might be how much public agri-environmental policies have reduced 
the risk of pesticide or fertilizer pollution, or how much such policies 
have protected forests, or how much soil erosion could be avoided by 
implemented public policies. One way to analyse these questions is to 
adopt an econometric research design such as a regression discontinu-
ity design41 or a difference in differences design42, for example. That 
way, one can estimate whether there is a discontinuity at an administra-
tive boundary (for example, an international border) between political 
entities that have implemented a relevant policy and those that have 
not—possibly even over time, showing that there was no discontinuity 
before and then one arose after the policy was implemented43, or how 
temporal dynamics have changed over time between those political 
entities that implemented a relevant policy and those that have not.

Policy intensity indices
Sometimes, it can be useful—or even necessary—to summarize more 
than one policy per political unit, in a sort of ‘policy intensity index’. 
For example, Eskander and Fankhauser29 recently asked the question 
how much greenhouse gas emissions (if any) were reduced by national 
climate legislation changes. Over time, many countries implemented 
many changes, so Eskander and Fankhauser29 chose the cumulative 
number of climate change mitigation laws as their explanatory vari-
able (in their main specification divided into more recent and older 
laws). The main assumption here is that the number of policies and 
changes correlates sufficiently closely with the actual policy ‘effort’ or 
‘intensity’. Knill et al.44 and Schaffrin et al.17 use six indicators to measure 
this—namely, objectives, scope, integration, budget, implementation 
and monitoring—for a small selection of countries. Their work aimed 
to measure how policy intensity changes over time. For example, the 
same policy might become more effective over time if its budget is 
increased or monitoring is improved. Zhang et al.45 recently proposed 
a machine learning approach that aims to collate a wide range of policy 
indicators and produces a policy intensity indicator for China between 
1978 and 2019.

Here we consider various relatively simple measures of 
policy intensity. We start by mapping the number of national 
agri-environmental policies per country since roughly the 1960s. 
We then adjust this measure by weighting the number of policies by 
the Environmental Policy Stringency Index and Bayesian Corrup-
tion Index20 of countries, just to illustrate how this can be done. This 
augmentation possibly improves the simpler measure of counting 
policies. We show maps, both here and in the Supplementary Infor-
mation, that demonstrate how much the different measures differ 
from each other, for example, in terms of relative country rankings. 
In the Supplementary Information, we show a strikingly strong cor-
respondence between our different policy intensity measures and 
the 2022 EPI46,47. The database is open access and allows for constant 
updating and augmentation by any user. Moreover, the collection of 
all variables has been done manually, but our intention is to have it 
automated to some extent48.

http://www.nature.com/natfood
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Policy stringency and enforcement. A measure of the environmental 
policy stringency and enforcement in countries has been developed 
by the World Economic Forum. This is based on a survey of business 
leaders19. The respondents are asked the following two questions:

	(1)	 How would you assess the stringency of your country’s environmen-
tal policy? (Scale 1 = very lax; 7 = among the world’s most stringent)

	(2)	 How would you assess the enforcement of environmental 
regulations in your country? (Scale 1 = very lax; 7 = among the 
world’s most rigorous)

These measurements are based on those developed by  
Dasgupta et al.49, which have subsequently been augmented and 
expanded by Eliste and Fredriksson50, and Wagner and Timmins51. See 
also Dechezleprêtre and Sato52 and Sauter53 for reviews. These two 
variables have obvious limitations (they are not policy specific, only 
business leaders have been surveyed and they are general and simple 
overall) but do contain helpful information—and currently, there is not 
a superior alternative at the global level.

EPI. Based on 40 different performance indicators across 11 categories 
of issues, the EPI46,47 evaluates countries regarding their climate change 
performance, environmental health and ecosystem vitality. In contrast 
to the above-discussed survey-based indicators, the EPI is purely data 
driven and based on objective measurements. The 11 indicator catego-
ries are (1) climate change, (2) air quality, (3) sanitation and drinking 
water, (4) heavy metals, (5) waste management, (6) biodiversity and 
habitat, (7) ecosystem services, (8) fisheries, (9) acid rain, (10) agricul-
ture and (11) water. The EPI combines multiple variables of completely 
different categories, including policy outputs and policy outcomes, 
which should be noted when this variable is used.

Corruption. The level of corruption each country faces can influence 
agri-environmental policies in multiple important ways. Potentially, 
corruption can mean that policies are not designed to be effective8,54 
or that they are not implemented in a way that makes them effective55,56. 
There are alternative international corruption measures available, 
such as the Corruption Perception Index of Transparency Interna-
tional57 and the Worldwide Governance Indicators of the World Bank58. 
Arguably the most reliable measure currently available is the Bayes-
ian Corruption Index of Standaert20. It is common knowledge that 
corruption is difficult to measure because it is usually hidden. Thus, 
as for the policy stringency and enforcement indicators above, also 
corruption in countries is measured using subjective perceptions. 
The Bayesian Corruption Index is an amalgamation of the corrup-
tion perceptions of each country’s inhabitants, companies operating 
there, non-governmental organizations and officials working both in 
governmental and supragovernmental organizations. It then combines 
the information of 20 different surveys and more than 80 different 
survey questions that cover the perceived level of corruption. Also, this 
variable has its clear limitations, in particular the fact that it is based 
on perceptions that cannot be independently verified.

Public policies and soil erosion
It has been estimated that at national borders, the global rate of soil 
erosion changes (on global average) by about 1.4 t ha−1 yr−1 (ref. 27). This 
cannot be explained by natural causes but is caused by socio-economic 
differences between countries27. So far, however, it remained unclear 
where the impact of countries comes from exactly27. Potential expla-
nations are many, including differences in institutions, policies,  
economic structures and development, culture, trade and many more.  
Wuepper et al.27 could only identify that the impacts of countries are 
associated with agricultural differences between the countries. To esti-
mate how much of the impact of countries is explained by differences in 
their public policies, we use a spatial regression discontinuity design, 
like in the original study59. The first step of the approach is to focus only 

on border areas around the world, where many confounding factors are 
relatively similar on either side (for example, close to a typical national 
border, environmental determinants of soil erosion—such as topogra-
phy, soil types and rainfall—tend to be similar, whereas they tend to be 
quite different when comparing countries to each other as a whole). This 
situation resembles a naturally occurring experiment, in which a grid 
cell of land is assigned to the policies of the country to which it belongs, 
which might be the country with more policies (D = 1) or with less (D = 0), 
and we control for the distance from each grid cell to the border, which 
controls for spatially continuous confounding variables (for example, 
remaining differences in topography, rainfall, soil types). We estimate 
the regression discontinuity design in two versions. First, we estimate 
the average soil erosion border discontinuity between countries with 
a higher rate (D = 1) and those with a lower rate (D = 0), to identify the 
overall border discontinuity between countries. Second, we estimate 
the average soil erosion border discontinuity between countries that 
implemented more soil policies (D = 1) and those that implemented less 
(D = 0), for a comparison of magnitudes. The ratio of the second to the 
first estimate approximately quantifies the role of the public policies of 
countries in their overall impact27,59. This can be expressed as:

Yi = α + τD + β1Xi
A + β2Xi

B + θ + εi (1)

with Yi being the rate of soil erosion on cropland, which varies at the 
grid-cell level with a resolution of 500 m × 500 m; α is a constant; 
and D is the treatment variable; we control for the border distance of 
each grid cell (Xi) separately on either side of each border (side A and  
side B), and geographic fixed effects θ, and εi is the error term.

Reporting summary
Further information on research design is available in the Nature 
Portfolio Reporting Summary linked to this article.

Data availability
All data are available via Zenodo at https://doi.org/10.5281/ 
zenodo.10422463 (ref. 60).

Code availability
All code is available via Zenodo at https://doi.org/10.5281/
zenodo.10422463 (ref. 60).

References
1.	 United Nations The UN decade on ecosystem restoration  

https://www.decadeonrestoration.org/ (2022).
2.	 Mirzabaev, A. & Wuepper, D. Economics of ecosystem restoration. 

Annu. Rev. Resour. Econ. 15, 329–350 (2023).
3.	 Crippa, M. et al. Food systems are responsible for a third of global 

anthropogenic GHG emissions. Nat. Food 2, 198–209 (2021).
4.	 Leclère, D. et al. Bending the curve of terrestrial biodiversity 

needs an integrated strategy. Nature 585, 551–556 (2020).
5.	 Wuepper, D. et al. A ‘debt’ based approach to land degradation as an 

indicator of global change. Glob. Change Biol. 27, 5407–5410 (2021).
6.	 Gu, B. et al. Cost-effective mitigation of nitrogen pollution from 

global croplands. Nature 613, 77–84 (2023).
7.	 Sterner, T. et al. Policy design for the Anthropocene. Nat. Sustain. 

2, 14–21 (2019).
8.	 Börner, J., Schulz, D., Wunder, S. & Pfaff, A. The effectiveness of 

forest conservation policies and programs. Annu. Rev. Resour. 
Econ. 12, 45–64 (2020).

9.	 Baylis, K., Coppess, J., Gramig, B. M. & Sachdeva, P. 
Agri-environmental programs in the United States and Canada. 
Rev. Environ. Econ. Policy 16, 83–104 (2022).

10.	 Baylis, K., Peplow, S., Rausser, G. & Simon, L. Agri-environmental 
policies in the EU and United States: a comparison. Ecol. Econ. 65, 
753–764 (2008).

http://www.nature.com/natfood
https://doi.org/10.5281/zenodo.10422463
https://doi.org/10.5281/zenodo.10422463
https://doi.org/10.5281/zenodo.10422463
https://doi.org/10.5281/zenodo.10422463
https://www.decadeonrestoration.org/
https://www.decadeonrestoration.org/


Nature Food | Volume 5 | April 2024 | 323–331 330

Analysis https://doi.org/10.1038/s43016-024-00945-8

11.	 Kanter, D. R., Chodos, O., Nordland, O., Rutigliano, M. & 
Winiwarter, W. Gaps and opportunities in nitrogen pollution 
policies around the world. Nat. Sustain. https://doi.org/10.1038/
s41893-020-0577-7 (2020).

12.	 Sterner, T. & Robinson, E. J. Z. in Handbook of Environmental 
Economics Vol. 4 (eds Dasgupta, P. et al.) 231–284 (Elsevier, 2018).

13.	 Fesenfeld, L. P., Wicki, M., Sun, Y. & Bernauer, T. Policy packaging 
can make food system transformation feasible. Nat. Food 1, 
173–182 (2020).

14.	 Carbone, J. C., Bui, L. T., Fullerton, D., Paltsev, S. & Sue Wing, I. 
When and how to use economy-wide models for environmental 
policy analysis. Annu. Rev. Resour. Econ. 14, 447–465 (2022).

15.	 Borrelli, P. et al. Land use and climate change impacts on global 
soil erosion by water (2015–2070). Proc. Natl Acad. Sci. USA 117, 
21994–22001 (2020).

16.	 Yang, A. L. et al. Policies to combat nitrogen pollution in South 
Asia: gaps and opportunities. Environ. Res. Lett. 17, 025007 (2022).

17.	 Schaffrin, A., Sewerin, S. & Seubert, S. Toward a comparative 
measure of climate policy output. Policy Stud. J. 43, 257–282 (2015).

18.	 Olczak, M., Piebalgs, A. & Balcombe, P. A global review of 
methane policies reveals that only 13% of emissions are covered 
with unclear effectiveness. One Earth 6, 519–535 (2023).

19.	 Browne, C., Di Battista, A., Geiger, T. & Gutknecht, T. in The Global 
Competitiveness Report 2014–2015 (eds Bilbao-Osorio, B. et al.) 
Chapter 1.3 (World Economic Forum, 2014).

20.	 Standaert, S. Divining the level of corruption: a Bayesian 
state-space approach. J. Comp. Econ. 43, 782–803 (2015).

21.	 Sewerin, S., Cashore, B. & Howlett, M. New pathways to paradigm 
change in public policy: combining insights from policy design, 
mix and feedback. Policy Politics 50, 442–459 (2022).

22.	 Capano, G. & Howlett, M. The knowns and unknowns of policy 
instrument analysis: policy tools and the current research agenda 
on policy mixes. Sage Open 10, 2158244019900568 (2020).

23.	 Peters, B. G. et al. Designing for Policy Effectiveness: Defining and 
Understanding a Concept (Cambridge Univ. Press, 2018).

24.	 Wunder, S., Börner, J., Ezzine-de-Blas, D., Feder, S. & Pagiola, S. 
Payments for environmental services: past performance and 
pending potentials. Annu. Rev. Resour. Econ. 12, 209–234 (2020).

25.	 Börner, J. et al. The effectiveness of payments for environmental 
services. World Dev. 96, 359–374 (2017).

26.	 Jayachandran, S. How Economic Development Influences the 
Environment (National Bureau of Economic Research, 2021).

27.	 Wuepper, D., Borrelli, P. & Finger, R. Countries and the global rate 
of soil erosion. Nat. Sustain. 3, 51–55 (2020).

28.	 Grossman, G. M. & Krueger, A. B. Economic growth and the 
environment. Q. J. Econ. 110, 353–377 (1995).

29.	 Eskander, S. M. S. U. & Fankhauser, S. Reduction in greenhouse 
gas emissions from national climate legislation. Nat. Clim. Change 
https://doi.org/10.1038/s41558-020-0831-z (2020).

30.	 Wuepper, D., Tang, F. H. & Finger, R. National leverage points to 
reduce global pesticide pollution. Glob. Environ. Change 78, 
102631 (2023).

31.	 Wuepper, D. et al. Public policies and global forest conservation: 
empirical evidence from national borders. Glob. Environ. Change 
84, 102770 (2024).

32.	 Ezzine-de-Blas, D., Wunder, S., Ruiz-Pérez, M. & Moreno-Sanchez, 
R. D. P. Global patterns in the implementation of payments for 
environmental services. PLoS ONE 11, e0149847 (2016).

33.	 Tang, F. H., Lenzen, M., McBratney, A. & Maggi, F. Risk of pesticide 
pollution at the global scale. Nat. Geosci. 14, 206–210 (2021).

34.	 REDD+ Project Overview (IDRECCO, 2023); https://www.
reddprojectsdatabase.org/

35.	 FAOLEX Database (FAOLEX, 2022); http://www.fao.org/faolex/en/
36.	 ECOLEX. The Gateway to Environmental Law (ECOLEX, 2022); 

https://www.ecolex.org

37.	 SoiLEX—Soil Related Legal Instruments and Soil Governance 
(SoiLEX, 2022); http://www.fao.org/soils-portal/soilex/en/

38.	 Kanter, D. R. et al. Nitrogen pollution policy beyond the farm.  
Nat. Food https://doi.org/10.1038/s43016-019-0001-5 (2019).

39.	 Chabé-Ferret, S. & Voia, A. Are Forest Conservation Programs 
a Cost-Effective Way to Fight Climate Change? A Meta-Analysis 
Working Paper (Toulouse School of Economics, 2023).

40.	 Chabé-Ferret, S. & Voia, A. Are Grassland Conservation Programs a 
Cost-Effective Way to Fight Climate Change? Evidence from France 
Working Paper (Toulouse School of Economics, 2023).

41.	 Wuepper, D., Le Clech, S., Mueller, N., Zilberman, D. & Finger, 
R. Countries influence the trade-off between crop yields and 
nitrogen pollution. Nat. Food 1, 713–719 (2020).

42.	 Wuepper, D. & Huber, R. Comparing effectiveness and 
return on investment of action- and results-based 
agri-environmental payments in Switzerland. Am. J. Agric. 
Econ. 104, 1585–1604 (2022).

43.	 Garg, T. & Shenoy, A. The ecological impact of place-based 
economic policies. Am. J. Agric. Econ. 103, 1239–1250 (2021).

44.	 Knill, C., Schulze, K. & Tosun, J. Regulatory policy outputs 
and impacts: exploring a complex relationship. Regul. Gov. 6, 
427–444 (2012).

45.	 Zhang, G. et al. China’s environmental policy intensity for 
1978–2019. Sci. Data 9, 75 (2022).

46.	 Hsu, A. & Zomer, A. in Wiley StatsRef: Statistics Reference Online 
(eds Balakrishnan, N. et al.) 1–5 (Wiley, 2014).

47.	 Wolf, M., Emerson, J., Esty, D., de Sherbinin, A. & Wending, Z. 2022 
Environmental Performance Index (EPI) Results (Yale Center for 
Environmental Law & Policy, 2022).

48.	 Korinek, A. Language Models and Cognitive Automation for 
Economic Research (National Bureau of Economic Research, 2023).

49.	 Dasgupta, S., Mody, A., Roy, S. & Wheeler, D. Environmental 
regulation and development: a cross-country empirical analysis. 
Oxf. Dev. Stud. 29, 173–187 (2001).

50.	 Eliste, P. & Fredriksson, P. G. Environmental regulations, transfers, 
and trade: theory and evidence. J. Environ. Econ. Manag. 43, 
234–250 (2002).

51.	 Wagner, U. J. & Timmins, C. D. Agglomeration effects in foreign 
direct investment and the pollution haven hypothesis. Environ. 
Resour. Econ. 43, 231–256 (2009).

52.	 Dechezleprêtre, A. & Sato, M. The impacts of environmental 
regulations on competitiveness. Rev. Environ. Econ. Policy 11, 
183–206 (2017).

53.	 Sauter, C. How Should We Measure Environmental Policy 
Stringency? A New Approach IRENE Working Paper (Univ. 
Neuchatel, 2014).

54.	 Garrett, R. D. et al. Forests and sustainable development in the 
Brazilian Amazon: history, trends, and future prospects. Annu. 
Rev. Environ. Resour. 46, 625–652 (2021).

55.	 Balboni, C., Berman, A., Burgess, R. & Olken, B. A. The  
economics of tropical deforestation. Annu. Rev. Econ. 15,  
723–754 (2023).

56.	 Burgess, R., Hansen, M., Olken, B. A., Potapov, P. & Sieber, S. The 
political economy of deforestation in the tropics. Q. J. Econ. 127, 
1707–1754 (2012).

57.	 The Corruption Perception Index. Transparency International 
https://www.transparency.org/en/cpi/2021 (2022).

58.	 Worldwide governance indicators (WGI). The World Bank  
https://info.worldbank.org/governance/wgi/ sssss (2022).

59.	 Wuepper, D. & Finger, R. Regression discontinuity designs in 
agricultural and environmental economics. Eur. Rev. Agric. Econ. 
50, 1–28 (2023).

60.	 Wuepper, D. et al. Countries’ agri-environmental policies 
database. Zenodo https://doi.org/10.5281/zenodo.10422463 
(2023).

http://www.nature.com/natfood
https://doi.org/10.1038/s41893-020-0577-7
https://doi.org/10.1038/s41893-020-0577-7
https://doi.org/10.1038/s41558-020-0831-z
https://www.reddprojectsdatabase.org/
https://www.reddprojectsdatabase.org/
http://www.fao.org/faolex/en/
https://www.ecolex.org
http://www.fao.org/soils-portal/soilex/en/
https://doi.org/10.1038/s43016-019-0001-5
https://www.transparency.org/en/cpi/2021
https://info.worldbank.org/governance/wgi/
https://info.worldbank.org/governance/wgi/
https://doi.org/10.5281/zenodo.10422463


Nature Food | Volume 5 | April 2024 | 323–331 331

Analysis https://doi.org/10.1038/s43016-024-00945-8

Acknowledgements
D.W. acknowledges support for this work by the European Research 
Council (ERC), grant number 101075824, and the German Research 
Foundation (DFG), under Germany’s Excellence Strategy—EXC 
2070, grant number 390732324. Views and opinions expressed 
are those of the authors only and do not necessarily reflect those 
of the EU, the European Research Council or the German Research 
Foundation.

Author contributions
D.W., I.W., L.M., S.V., S.B. and A.F. compiled the policy  
information; D.W. and A.F. cross-validated the entered  
information; D.W. harmonized the data and performed all  
analyses; and D.W., I.W., L.M., S.V., S.B., A.F. and R.F. wrote  
the article.

Funding
Open access funding provided by Swiss Federal Institute of 
Technology Zurich.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information The online version  
contains supplementary material available at  
https://doi.org/10.1038/s43016-024-00945-8.

Correspondence and requests for materials should be addressed to 
David Wuepper.

Peer review information Nature Food thanks Edwin Alblas,  
Mirta Alessandrini and the other, anonymous, reviewer(s) for their 
contribution to the peer review of this work.

Reprints and permissions information is available at  
www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended use 
is not permitted by statutory regulation or exceeds the permitted use, you 
will need to obtain permission directly from the copyright holder. To view 
a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

http://www.nature.com/natfood
https://doi.org/10.1038/s43016-024-00945-8
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/









	Agri-environmental policies from 1960 to 2022

	Database overview

	Global distribution of agri-environmental policies

	Case study 1

	Case study 2

	Conclusion

	Methods

	Data records

	Command-and-control policies

	Incentive-based policies

	Technical validation

	Data combination and augmentation

	Policy intensity indices

	Policy stringency and enforcement
	EPI
	Corruption

	Public policies and soil erosion

	Reporting summary


	Acknowledgements

	Fig. 1 Policy characteristics (N = 6,124).
	Fig. 2 Number of agri-environmental policies and policy intensity index per country.
	Fig. 3 Relationship between GDP and number of agri-environmental policies.
	Fig. 4 Global border discontinuities in soil erosion.




