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Abstract

The global recognition of modern agricultural practices’ impact on the environment has fuelled
policy responses to ameliorate environmental degradation in agricultural landscapes. In the US and
the EU, agri-environmental subsidies (AES) promote widespread adoption of sustainable practices
by compensating farmers who voluntarily implement them on working farmland. Previous studies,
however, have suggested limitations of their spatial targeting, with funds not allocated towards
areas of the greatest environmental need. We analysed AES in the US and EU—specifically through
the Environmental Quality Incentives Program (EQIP) and selected measures of the European
Agricultural Fund for Rural Development (EAFRD)—to identify if AES are going where they are
most needed to achieve environmental goals, using a set of environmental need indicators,
socio-economic variables moderating allocation patterns, and contextual variables describing
agricultural systems. Using linear mixed models and linear models we explored the associations
among AES allocation and these predictors at different scales. We found that higher AES spending
was associated with areas of low soil organic carbon and high greenhouse gas emissions both in the
US and EU, and nitrogen surplus in the EU. More so than successes, however, clear mismatches of
funding and environmental need emerged—AES allocation did not successfully target areas of
highest water stress, biodiversity loss, soil erosion, and nutrient runoff. Socio-economic and
agricultural context variables may explain some of these mismatches; we show that AES were
allocated to areas with higher proportions of female producers in the EU but not in the US, where
funds were directed towards areas with less tenant farmers. Moreover, we suggest that the potential
for AES to remediate environmental issues may be curtailed by limited participation in intensive
agricultural landscapes. These findings can help inform refinements to EQIP and EAFRD
allocation mechanisms and identify opportunities for improving future targeting of AES spending.

© 2021 The Author(s). Published by IOP Publishing Ltd
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1. Introduction

Global concerns surrounding the negative effects of
modern agricultural practices are growing, due to
associated biodiversity loss, worsening water and air
quality, and increased nutrient loading, soil erosion,
and climate change (Laurance et al 2014, Leip
et al 2015, UNESCO 2015, Beckmann et al 2019).
Maintaining agricultural productivity amidst rapid
environmental change requires integrated policy
responses, and the widespread adoption of sustain-
able agricultural practices is a pathway to increase
agricultural outputs while reducing environmental
impacts (UN 2015, Bennett 2017, OECD 2017,
Kremen and Merenlender 2018, Pe’er et al 2020,
Weber et al 2020).

In the United States (US) and the European Union
(EU)—two of the largest agricultural producers and
markets globally—a number of policies seek to ameli-
orate the negative effects of agricultural production
and to support environmentally friendly manage-
ment. Among these, agri-environmental subsidies
(AES) are designed to improve the environmental
quality of agricultural landscapes through monetary
compensation to farmers. Here, we use AES as an
umbrella term covering public schemes devoted to
the voluntary uptake and implementation of envir-
onmentally sustainable agricultural practices. These
are generally known as ‘best management practices’
in the US, and ‘agri-environment schemes’ in the EU.
Specifically, in the US we refer to the Environmental
Quality Incentives Program (EQIP), designed to ‘help
agricultural producers in a manner that promotes
agricultural production and environmental quality as
compatible goals’ (NRCS 2019). In the EU, we con-
sider targeted measures of the European Agricultural
Fund for Rural Development (EAFRD) under Com-
mon Agricultural Policy (CAP) Pillar IT aimed at ‘fos-
tering agricultural competitiveness and ensuring suit-
able management of natural resources and climate
action’ (European Parliament 2020).

Opverall, the ecological efficacy of many AES has
been established; however, previous literature sug-
gests highly context-dependent results (Wallander
and Hand 2011, Uthes and Matzdorf 2013, Moxey and
White 2014). In both the US and the EU, lack of spa-
tial targeting is thought to challenge AES effective-
ness. In the US, Wardropper et al (2015) and Qiu et al
(2017) showed spatial incongruence in the allocation
of water-related AES and areas of poor water qual-
ity. In Germany, Frith-Miiller et al (2019) found that
AES showed varied effectiveness in matching environ-
mental needs and were not targeting high risk areas of
nitrogen imbalance or peatland protection. Similarly,
Uthes et al (2010) identified a mismatch between AES
targeting and environmental needs vis-a-vis erosion
control and grassland extensification. While several
studies have assessed the spatial targeting of AES,
they typically investigate specific countries or regions,
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rather than the continental scale. Additionally, stud-
ies in the US have more frequently focused on farmer
uptake of AES (e.g. Reimer et al 2013, Carlisle 2016).

In this study we thus take a broader perspect-
ive, analysing AES in the US (EQIP) and the EU
(EAFRD), asking: are AES going where they are most
needed to achieve environmental goals? As previous
empirical work indicates a potential mismatch of pay-
ments and environmental needs, we explore to what
extent this might differ in the US and the EU, and
expand on previous research by analysing the extent
to which key socio-economic factors may moderate
the spatial allocation of AES.

The spatial distribution of AES is affected by two
primary drivers—firstly, by the two-tier allocation
mechanisms which determine the amount of funds
directed towards US states and EU member states
(MS) and, subsequently, towards finer-scale areas,
such as counties in the US and NUTS2 regions in the
EU (see appendix A for more details). Secondly, it
is driven by farmers’ participation, which is motiv-
ated by social and economic drivers (Lastra-Bravo
etal 2015, Malek et al 2019, Brown et al 2020, Pifieiro
et al 2020). Thus, while the overarching goals of AES
are environmental, programs may provide additional
subsidies to underserved groups to support rural
development and social equity. For example, the 2014
US Farm Bill enables farmers from historically under-
served groups to access additional resources through
EQIP (NRCS 2014b). Similarly, EAFRD promotes
social aspects through sub-program themes, provid-
ing avenues to address social disadvantage and foster
inclusion (EU 2013). Farmer’s decisions and abilit-
ies to apply for AES are also influenced by a variety
of non-environmental factors (Malek et al 2019)—
here we include age, gender, and tenancy status based
on previous literature (e.g. Barbercheck et al 2014,
Giannakis 2014, Adusumilli and Wang 2019).

We identified indicators of environmental need
that are supported by the literature (table 1) and are
at the core of EQIP and EAFRD goals (table 2). We
define ‘need’ in the context of the intended impacts of
AES to enhance environmental and socio-economic
sustainability of rural landscapes, as stated in their
programmatic goals. Then, we use linear mixed mod-
els and linear models to explore the associations
between our indicator variables and AES funding.
Our consideration of US and EU subsidies, as well
as our interdisciplinary approach spanning socio-
economic and environmental dimensions, present a
comprehensive framework to assess AES targeting
and its potential to achieve sustainability goals.

2. Comparability of AES programs

The environmental need indicators in table 2 reflect
similarities between the overarching goals of EQIP
and EAFRD, which prioritize soil health, water
quality, biodiversity, and greenhouse gases (GHG)
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emissions reduction. Aside from their program-
matic objectives, these policies exhibit comparable
efforts to balance top-down decision-making pro-
cesses with local autonomy. EQIP’s goals are out-
lined nationally by the USDA, a federal agency. States,
however, can incorporate local priorities, a system
strengthened in the 2018 Farm Bill (e.g. State Con-
servationists can designate ‘high-priority’ practices
eligible for increased payments, NRCS 2019). Simil-
arly, EAFRD priorities are set by the European Com-
mission, but parts of the EAFRD are implemented
nationally and sub-regionally based on Community-
Led Local Development models (EC 2014, Palmisano
etal 2016).

While EQIP and EAFRD have similarities, they
also differ in their targets and design. For example,
while EQIP focuses on reducing negative envir-
onmental externalities (Baylis et al 2008), the re-
distributive goals of EAFRD place more emphasis on
rural development and provision of public goods (e.g.
AES for women, young farmers, and cultural land-
scapes, table 2). Moreover, they increase contribu-
tions to poorer regions by reducing direct payments
to larger farms (Johnson et al 2010) and grant greater
autonomy to local entities than EQIP (Hanrahan and
Zinn 2005, EC 2013).

It is important to note that EQIP and EAFRD
are part of broader systems of subsidy programs that
may influence trends in AES payments by affect-
ing farmer opportunity costs. These include dir-
ect payments (Brady et al 2009, Matthews 2013),
crop insurance, and land retirement schemes, such
as the conservation reserve program (CRP) in the
US (McLean-Meyinsse et al 1994, Hellerstein 2017,
appendix B). This study focuses on working farmland
AES to enhance comparability between programs.

3. Methods

3.1. Agri-environmental subsidy data

We analyzed average US EQIP spending between 2012
and 2014, as these are the most recent years with
complete data available (EWG 2020). For the EU
(including the UK), we used European Commission
data on EAFRD spending for the years 2014 and
2015 reported at NUTS2 level (EC 2018). These years
were chosen to reflect the new funding mechanisms
in effect since the 2013 CAP reform, but are close
enough to the EQIP spending years to warrant a com-
parison with the US.

EQIP focuses on a set of over 170 practices, ran-
ging from nutrient and crop residue management to
irrigation and grazing. To approximate the EAFRD
spending allocated for comparable measures, we cor-
rected total EAFRD spending by the proportion of
spending for measures M4 (‘Investments in phys-
ical assets’) and M10 (‘Agri-environment-climate’)
using an additional dataset (EC 2020a). These meas-
ures were deemed analogous to those of EQIP as
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they promote sustainable working land and livestock
agricultural practices while largely excluding forestry
investments. If spending was reported at lower res-
olution (often NUTSI level), we used the same pro-
portion for all underlying NUTS2 regions. Since our
analysis focuses on spatial targeting rather than tem-
poral analysis of AES impacts, we calculated AES
as the average spending per hectare of agricultural
land (table 1) by county in the US ($ha™!) and by
NUTS2 region in the EU (eha™!), modelling 2835 US
counties and 211 EU NUTS2 regions.

3.2. Indicators of environmental need and
contextual variables

We selected 14 indicators based on their envir-
onmental, socio-economic and policy relevance
(table 1). These included: (1) six environmental
indicators targeted by AES and capturing envir-
onmental need; (2) three socio-economic variables
related to how subsidies are allocated and applied for
in practice; and (3) four contextual variables describ-
ing regional agricultural systems. Table 2 describes
their policy relevance within AES frameworks. See
appendix D for indicators’ maps.

Spatial data were masked to agricultural areas
and averaged per region (US county or EU NUTS2).
High indicator scores reflect high environmental need
across all variables. The direction of soil organic car-
bon (SOC) and local biodiversity intactness were
inverted to achieve this. Socio-economic and contex-
tual indicators were included as drivers of allocation
and farmer participation that shape environmental
outcomes. Predictors were scaled to zero mean and
unit standard deviation.

3.3. Statistical analysis

We conducted two sets of analyses for the continental
US (48 states) and most regions of the EU (23 MS)
to reflect the two-tier allocation system of the sub-
sidy programs. First, we evaluated AES spending pat-
terns among states (‘multi-State models’). Then, we
assessed spending patterns within states (‘individual-
State models’) to examine how local spending related
to the general patterns observed in the multi-State
models. All analyses were conducted in R (R Core
Team 2020).

This study covers a limited timespan and his-
torical AES allocation may have influenced the pre-
dictors due to changes in agricultural manage-
ment (Taylor and Morecroft 2009, Meals et al 2010,
MacDonald et al 2012). Thus, our findings regard-
ing AES spending are relevant primarily for the years
analysed.

3.3.1. Multi-state analysis

We analysed the relationship between AES spend-
ing and the 14 predictors with a generalized linear
mixed model (GLMM) that included state factors (US
state, or EU MS) as a random effect using the nlme
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package in R (Pinheiro et al 2020). We first ran full
GLMMs including all indicators as described above.
We used backward variable selection based on AIC
to identify the most important variables using the
MASS package (Venables and Ripley 2002). We then
compared the most important indicators between the
US and EU. Rgvm were calculated as summary stat-
istics using the MuMIn package (Barton 2020) to
summarize the variance explained by fixed effects
(marginal R?) and fixed and random effects together
(conditional R?).

We assessed the stability of the selected variables
using 1000 bootstrap replications (Heinze et al 2018)
and tested for spatial autocorrelation in the residuals
by running a Monte-Carlo simulation of Moran’s I
statistic using the spdep package (Bivand et al 2020).

3.3.2. Individual-state analysis

We ran linear regressions for a selected group of US
states and EU MS, to exclude potential biases caused
by allocation preferences towards certain states at the
federal or EU level and compare allocation within
different agri-economic systems. Only states with at
least 15 counties (US) or NUTS2-regions (EU) were
included in this analysis. In the EU, this restricted the
analysis to the UK, France, Germany and Italy. In the
US, out of all states with more than fifteen counties,
we picked the five states with the greatest and with the
least absolute distance from the average Pearson’s cor-
relation coefficient, as summed across all variables.
Thus, we selected states with the most extreme and
most representative predictor effect across all vari-
ables. For each of these states, we ran linear models
with the same predictors as the reduced model from
the multi-State analysis.

4, Results

4.1. Spatial patterns of environmental subsidies

In the US, high EQIP spending per hectare was con-
centrated in the coastal regions, while allocation in
the Great Plains region was strikingly lower (figure 1).
In the EU, most regions with the highest AES spend-
ing per hectare are found in Austria, Netherlands,
Germany, Italy, Portugal, the Czech Republic and the
UK (figure 1). Total average yearly EAFRD spending
was 3.2 times higher than EQIP spending for the years
of this study (table 3).

4.2. AES allocation patterns in the multi-state
models

For the US, N and P balance, soil erosion, manure
runoff, proportion of young farmers and farm
income did not remain in the final model (figure 2,
appendix E). The total variance explained was rel-
atively high (R*.nditional = 0.65), but only partially
related to the fixed effects (R*marginal = 0.11). SOC
and GHG emissions were positively associated with

S Biffi et al

Table 3. Spending comparison of selected agri-environment
subsidy programs between the US and the EU: total average
spending across the years of this study and average spending by
US county and EU NUTS?2 region. US spending is in USD ($), EU
spending is in EUR (e).

Spending Us EU

Total 0.74M 2.59M

By US

county and

EU NUTS2
per capita 19.5£0.9 58+0.3
per agricultural 5.9+0.3 229+2.1
area (ha)

per full-time 501+13.3 564161.6

farm worker

receipt of subsidies, meaning areas with low SOC and
high GHG emissions received more subsidies. How-
ever, agricultural water stress (AWS) and local biod-
iversity were negatively associated with spending, sug-
gesting a mismatch with these environmental needs.
All socio-economic variables and contextual factors
were negatively related to receipt of subsidies. Agri-
cultural land cover ratio showed the largest effect size.

In the EU, average AWS, biodiversity, manure
runoff, farm size, and proportion of rented land did
not remain in the final model (figure 2, appendix
E). Together, fixed and random effects explained half
of the variance (R* narginal = 0.25, R*conditional = 0.54).
Of the environmental need indicators, GHG emis-
sions, N balance and SOC were positively associated
with receipt of subsidies, indicating a match between
subsidies and these environmental needs, while soil
erosion and P balance showed a negative association,
suggesting a mismatch in allocation. Similarly to the
US, the proportion of agricultural land cover had the
largest effect size, with a negative relationship to AES
payments. Of the socio-economic variables and con-
textual factors, agricultural income, GDP, and pro-
portion of young farmers were negatively associated
with receipt of subsidies. The opposite was true for
the proportion of female farmers.

The US and EU models both had some degree of
spatial autocorrelation in the residuals, with Moran’s
I 0f0.16 and 0.15, respectively. However, the indicat-
ors remained relatively constant when different spa-
tial modelling methods were used (see appendix H for
results).

See appendix F for the distribution of correlation
coefficients between spending and predictors.

4.3. AES allocation patterns in individual-State
models

Average model fit in the US was higher for states with
highest (mean R*> = 0.57 £ 0.27, see appendix G) than
for states with lowest distance from multi-state correl-
ation (mean R?> =0.19 +0.07). GHG emissions were
significant and positively associated with subsidies
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allocation in Arkansas and North Carolina, but neg-
atively associated in Montana. Water stress and biod-
iversity showed negative associations with most selec-
ted states, and were significantly negatively associated
with allocation in Oregon and Wyoming, and New
Mexico and Oklahoma, respectively. Subsidies alloc-
ation in Nebraska, Idaho, and Tennessee showed no
significant association with the indicator variables.

For the EU MS models, few indicators showed sig-
nificant associations to AES spending per area (see
appendix G). In the UK, only the proportion of agri-
cultural land cover was significantly negatively associ-
ated with subsidies, and the positive association with
GHG emissions bordered on significance (P = 0.051).
In France, average farm income was significantly
positively associated with subsidies allocation. Mod-
els for Italy and Germany showed no significant
associations.

5. Discussion

Our results suggest some level of inefficacy of AES in
targeting areas with the highest environmental needs
under current program designs in the US and the
EU. While we found agreement between spending
and low SOC and high GHG emissions in both the
US and the EU, and spending and N surplus in the
EU, our findings suggest a mismatch of payments
with other environmental variables, including AWS
and local biodiversity loss in the US and soil erosion
and P balance in the EU. This partially confirms our
hypothesis of a mismatch between AES and envir-
onmental need when accounting for socio-economic
factors that may moderate allocation. These find-
ings support the growing body of literature advoc-
ating for more robust spatial targeting of AES, as
well as increased consideration of landscape multi-
functionality, synergies and trade-offs in AES alloc-
ation (Shortle et al 2012, Galler et al 2015, Zasada
et al 2018, Pe’er et al 2020, Seppelt et al 2020).

Selected models for the US and the EU retained
many of the original environmental and socio-
economic indicator variables, confirming that both
AES programs rely on similar underlying principles
and utilise comparable funding mechanisms (Baylis
et al 2008). However, differences were found in the
amount of variance explained by the models, with dif-
ferences among states accounting for more variation
in the US than in the EU. This suggests greater variab-
ility in allocation formulas among US states than EU
MS. This may be explained by the EU’s mandate that
25% of the MS budget must be allocated to AES (EU
2005). The uniformity of AES spending in the EU was
also confirmed by the lack of within-MS variation in
allocation emerging from the individual-State mod-
els. These models may have benefitted from finer res-
olution AES data; however, data for NUTS3 regions
is only available from MS-specific databases and was
thus not accessible here.
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5.1. Successful AES allocation for environmental
goals

Our analyses showed success of both EQIP and
EAFRD in targeting areas of high GHGs, reflecting
the programs’ goals regarding agricultural emissions
reduction and carbon sequestration. This alignment
was also reflected in the models of North Carolina and
Arkansas, large producers of livestock, rice, soybeans,
feed grains, and cotton—all strong drivers of agri-
cultural GHGs (EPA 2015, FTM 2016, NASS 2017).
Cropland and livestock emissions reduction are fun-
damental for meeting Paris Climate Agreement of
mitigation targets (Reisinger and Clark 2018, Rogelj
et al 2018), and our results suggest that AES may be
successfully targeting areas of greatest need. Although
both programmes showed a positive association with
SOC, this was only significant in the US. As improved
SOC sequestration and agricultural GHG emissions
mitigation are linked (Frank et al 2017), this may be a
potential win-win scenario from the same AES meas-
ures. These results are promising and warrant further
investigation to understand the drivers of this success-
ful targeting, which could be applied to other areas of
environmental need.

The EU model illustrated EAFRD’s success in tar-
geting areas of greatest N surplus. The EU has been
addressing issues of N imbalance since the 1990s with
the nitrates directive (EU 1991), and our results indic-
ate that the spatial distribution of AES funding may
help further reduce N surplus. In contrast, this match
was not mirrored by P surplus, which was negat-
ively associated with AES spending. This result war-
rants further exploration, as the EU lacks a common
P management strategy (Ronchi et al 2019).

5.2. Mismatches of AES allocation and
environmental need

More so than successes, clear mismatches of fund-
ing and environmental needs emerged from our res-
ults, highlighting potential misdirection of AES and
gaps in environmental targeting of EQIP and EAFRD.
Although indicators of soil erosion, biodiversity loss,
water stress, and nutrient management are explicitly
featured in AES programs’ goals (table 2), both the US
and the EU showed mismatches between policy pri-
orities and funding allocation. Soil erosion was neg-
atively associated with AES in the EU, and did not fea-
ture in the US model, while the opposite was true for
local biodiversity.

In the EU, the discrepancy between funding alloc-
ation and soil erosion comports with previous stud-
ies highlighting how the lack of a common bind-
ing strategy has inhibited soil conservation efforts
(Turpin et al 2017, Helming et al 2018), a short-
coming that the new Healthy Soil Initiative strives
to mitigate (EC 2020b). Moreover, the absence of
an association with biodiversity conforms with exist-
ing literature highlighting insufficient spatial tar-
geting of conservation measures (Pe’er et al 2014,
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Batary et al 2015). In the EU, 0.57% of EAFRD
funding is reserved for Natura 2000 sites (Meas-
ure 12, Dwyer et al 2016); however, the agricul-
tural matrix surrounding protected areas is crucial
in supporting biodiversity (Gonthier et al 2014) and
biodiversity conservation is among the supporting
ecosystem services financed within Measure M10
(‘Agri-environment climate’).

We found that subsidy allocation in the US con-
centrated in areas of reduced water stress need,
while the variable was excluded from the EU model.
Agriculture is a major cause of freshwater ecosys-
tems degradation (Allan 2004, Poole et al 2013) and
water efficiency is becoming increasingly important
in light of climate change and groundwater depletion
(Marshall et al 2015, Cotterman et al 2018). Thus, this
mismatch warrants further policy attention. While it
is possible that high water stress and at-risk biod-
iversity areas are more likely to be enrolled in the
CRP program in the US due to its focus on envir-
onmentally sensitive lands, or in complementary ini-
tiatives like the Conservation Reserve Enhancement
Program, this result also highlights the lack of geo-
graphical targeting by EQIP since its 2002 reform
(Shortle et al 2012, Drevno 2016, Hellerstein 2017).
At the state level, water stress emerged as a strong
negative predictor in Oregon, indicating a mismatch
between EQIP spending and environmental need.
Oregon’s water supply is threatened by droughts and
irrigation demands, with repercussions for agricul-
ture and public health (OEC 2012, Schimpf and Cude
2020). In the EU, the post-2020 CAP reform revised
the water exploitation index to relate water stress
to availability of renewable water resources, possibly
enabling more efficient AES allocation in the future
(EEA, 2020).

Nutrient surplus and runoff, especially when tied
with water stress and flooding, have serious socio-
environmental repercussions that can be amelior-
ated with sustainable practices (Jones et al 2017,
Blanco-Canqui 2018, Roy et al 2021); however, they
did not remain in the US model. As the US accounts
for large proportions of global livestock production
and cropland N surplus (West et al 2014, FAO 2019b),
nutrients are known threats to the US water supply
(Grant et al 2002, Howarth et al 2002). EQIP sub-
sidizes nutrient management plans and infrastruc-
ture development to improve surface water quality,
and mandates 50% of total spending to livestock
producers (NRCS 2017). Notably, it provides waste
management assistance to concentrated animal feed-
ing operations, leading sources of nonpoint water
pollution due to chemical inputs and manure run-
off from animal feed crops (Burkholder et al 2007,
Martin et al 2018). While conservation practices
have been shown to reduce nonpoint source load-
ings locally (Poudel 2016, Liu et al 2018, Sneeringer
et al 2018), significant amounts of agricultural land
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are over-fertilised and need improved nutrient man-
agement (Jackson eral 2000, NRCS 2011, 2013, 2014a,
Long et al 2018). Moreover, these ‘pay-the-polluter’
initiatives have been criticised due to insufficient
resources, as well as their full reliance on voluntary
compliance (Collins 2012, Shortle et al 2012, Shortle
and Uetake 2015, Drevno 2016). It should be noted
that demand for EQIP funding consistently exceeds
allocation (Stubbs 2010), thus, funding limitations
may constrain AES’ ability to optimize spatial target-
ing; our results highlight a potential gap in AES tar-
geting which should be further investigated, partic-
ularly due to the severe impacts of nutrient surplus
and manure runoff associated with US high livestock
densities.

5.3. AES allocation and socio-economic variables
In some cases, social context may explain the mis-
match between funding and environmental need. In
the EU, AES were allocated to areas with higher pro-
portions of female producers, suggesting that EAFRD
program goals regarding gender equality and rural
development successfully influenced funding alloca-
tion, despite, or perhaps in competition with, envir-
onmental need. In the US, instead, the propor-
tion of female producers was negatively associated
with county spending. This could be due to gender
inequality not being a main focus of EQIP per se,
but only of overarching USDA policies (NRCS 2019).
There may be opportunities for EQIP to learn from
EAFRD’s focus on social inclusion, especially consid-
ering the propensity of women farmers to farm in sus-
tainable, conservation-oriented ways in line with AES
program goals (Paul and Fremstad 2016).

Neither program was successful at targeting
younger farmers, although only the EU includes addi-
tional benefits for young farmers in policy targets
(table 2). This supports the findings from an EU audit
that despite policy priorities, young farmer participa-
tion is declining due to poorly defined interventions
and unsatisfactory monitoring systems (ECA 2017).
Rented land did not remain in the EU model, and
our findings suggest a negative association between
tenancy and AES in the US. While Reimer et al
(2013) argued that EQIP funding may be preferred
over CRP in states with larger proportions of ren-
ted land, other studies indicated land ownership as
a positive predictor of EQIP participation at local
scales (Parker et al 2007, Nyaupane et al 2012, Zhong
et al 2016). Rented land is not an explicit target of
either AES program; however, previous studies have
evidenced lower uptake of sustainable practices by
tenant farmers, particularly in conventional systems
(Sklenicka et al 2015, Walmsley and Sklenicka 2017,
Ranjan et al 2019). Local EQIP initiatives and selec-
ted EAFRD measures could thus be tailored towards
tenants to increase widespread adoption of sustain-
able practices in conventional landscapes.
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Given EAFRD’s re-distributive goals, it is some-
what surprising that farm income was not signi-
ficantly associated with AES allocation in the EU,
although a negative association did exist. This could
be due to our focus on measures M4 (‘Investments
in physical assets’) and M10 (‘Agri-environment-
climate’), while excluding other EAFRD funds. Fur-
thermore, there are myriads of drivers which could
motivate farmer AES applications that we do not
capture here, including personal beliefs, previous
experiences and crop prices (McCracken et al 2015,
Pavlis et al 2016, Holland et al 2020). Without
detailed information on the applications received and
approved, we cannot isolate drivers of farmer adop-
tion from those of EQIP and EAFRD’s selection cri-
teria when interpreting socio-economic patterns of
AES allocation.

5.4. Influence of farming context on AES allocation
Contextual factors related to agricultural production
systems may also explain mismatches between AES
spending and environmental need, as previous stud-
ies have suggested that production system type and
structure are a larger driver of subsidy allocation than
environmental conditions (Reimer et al 2013, Reimer
and Prokopy 2014, Zasada et al 2018). Our find-
ings suggest that the potential for AES to remediate
environmental issues may be curtailed within policy
frameworks by limited participation from farmers
engaged in highly intensive and expansive operations.
This may be due to higher utilisation costs of cer-
tain conservation practices in intensive farming, or
a greater predisposition for these practices in lower
intensity areas (see Frith-Miiller et al 2019). This was
evidenced by significant negative associations with
the proportion of agricultural land cover in the US
and EU, and with farm size in the US. In the US,
AES spending per area was strikingly lower in cent-
ral regions typically dominated by large farms, while
coastal areas had higher spending, despite being less
dominated by agriculture. Similarly, in the EU, pre-
dominantly agricultural regions such as central Ger-
many and France received lower payments per area.

Our results align with Zasada et al (2018), who
also found that smaller farms were more likely to
receive higher AES in the EU. However, previous
research on the influence of farm size on US con-
servation practice adoption reports contrasting res-
ults, with some finding larger farms more (Baradi
2009) and other less (McLean-Meyinsse et al 1994)
likely to adopt conservation practices. Others assert
that the influence of farm size varies depending on
the management practice and conservation program
in question (Soule et al 2000, Lambert et al 2007,
Reimer 2015). Future research should further explore
whether these farms are less likely to engage with
AES—particularly since they are drivers of sustain-
ability issues and experience environmental risks that
AES may help mitigate.
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6. Conclusions

Our analysis is novel in its approach to compare
subsidy systems across continents using an interdis-
ciplinary, human-environment systems perspective.
The differences between US and EU AES systems
are well documented; however, by developing a con-
sistent framework to assess environmental need, we
have identified successes and mismatches in subsidies
allocation, and common challenges and opportunit-
ies for future policy development and research in both
the US and the EU. These findings can help inform
refinements to EQIP and EAFRD allocation mechan-
isms and identify opportunities for improved spatial
targeting of AES spending. Furthermore, we identify
several socio-economic factors associated with AES
allocation that bear further investigation, including
the relationship between production system and like-
lihood of applying for and receiving payments. Finer-
scale analyses could assess further indicators of par-
ticular interest for the US or the EU, which we did
not include for comparability—for example, demo-
graphic indicators to account for underserved pro-
ducers, including racial minorities and farmers with
income at or below the national poverty level in the
US, and traditional farmers in the EU. Moreover,
we did not account for environmental and socio-
economic climate change risks in this analysis, a crit-
ical area for the sector, and a strong opportunity
for future research. Finally, although we investig-
ate spatial targeting of subsidies, we did not analyse
the temporal impact of AES. Long-term mainten-
ance of conservation practices is critical to ameliorate
the negative externalities of agriculture. For example,
changes in soil carbon can take decades to mani-
fest. Additionally, historical AES payments may show
varying associations to environmental needs, due to
changes in policy frameworks and allocation formu-
las that have occurred in recent decades.

This research contributes to the growing
evidence-base surrounding spatial targeting of AES
programs, with implications for farmer engagement
and environmental quality. Identifying mismatches
in allocation is particularly relevant in light of recent
and upcoming reforms of both subsidy programs.
While EQIP is increasing its focus on addressing
soil health and climate resilience, biodiversity loss,
nutrient management, and water stress warrant fur-
ther attention. Similarly, as the CAP 2020 reform
recognises the need for fundamental approaches to
sustainable agricultural management, we identified
loss of biodiversity, P surplus, and water stress as
EAFRD sustainability goals that may need additional
targeting.

Data availability statement

The data that support the findings of this study are
available upon reasonable request from the authors.
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Appendix A. Brief overview of funding
allocation mechanisms

A.1.EQIP

Allocation is administered by the USDAs Natural
Resource Conservation Service (NRCS), distributed
from the federal government to each state first, and
then distributed within each state to its counties. For
the national allocation to states, NRCS determines
each state’s EQIP funds using a formula that reflects
national priorities and available natural resources,
including: the significance of environmental and
natural resource concerns and the opportunity for
environmental improvement, the ways the program
can best assist producers in complying with Fed-
eral, State, local, and Tribal environmental laws, and
the amount of agricultural land in different land
use categories. For state-level fund distribution, the
State Conservationist develops an allocation formula,
considering State and local level resource concerns,
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science-based information on environmental status,
and relevant local programs and specialized farm-
ing operations (e.g. specialty crops, livestock, organic,
small-scale), among other factors (NRCS 2019). The
incentives provided include technical assistance and
cost-shares of up to 75% of implementation costs.

A.2. EAFRD

Funds are provided in the form of less favoured area
payments, agri-environment schemes, and invest-
ment support towards rural development in MS. The
framework for fund allocation is based on a two-
tier process: at the central stage (EU level), the over-
all framework is established, financial modalities are
outlined and eligibility criteria are defined. Addi-
tionally, the EU outlines a set of six priority areas,
including fostering knowledge transfer and innova-
tion; enhancing viability and competitiveness of agri-
culture; promoting food chain organization, animal
welfare and risk management; promoting resource
efficiency, and low-carbon and climate resilient agri-
culture; preserving and enhancing ecosystems; and
promoting social inclusion, poverty reduction, and
economic development in rural areas. The distri-
bution of the overall amount for rural develop-
ment between MS is based on objective criteria and
past performance. At the second level, MS develop
national strategic plans and set quantitative object-
ives for priority areas. At least four of these national
level priorities must address the EU level priorit-
ies. A minimum value of 30% of rural development
funds must be set aside for environmental manage-
ment measures, falling primarily within the measures
considered in this study: M4 ‘Investments in phys-
ical assets’, which receives the highest share of EAFRD
budget (24%), and M10 (‘Agri-Environment Cli-
mate’), which receives the third highest share (20%,
ENRD CP 2015). There are several AESs across dif-
ferent EU MS, and the allocation mechanisms for spe-
cific subsidies tend to vary depending on the focus of
the scheme (EC 2013).

Appendix B. Brief overview of the
conservation reserve program

Administered by the USDAs Farm Service Agency
(FSA), the CRP is a land retirement program. In
exchange for a yearly rental payment for 10-15 years,
farmers enrolled in the program agree to remove
environmentally sensitive land from agricultural pro-
duction and plant species that will improve envir-
onmental health and quality (Hellerstein 2017). The
long-term goal of the program is to re-establish valu-
able land cover to help improve water quality, prevent
soil erosion, and reduce loss of wildlife habitat. The
main mechanism of farmer enrolment in this pro-
gram is through a competitive process known as CRP
General Sign-up. During a bidding period, any farmer
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with highly erodible or environmentally sensitive cro-
pland can apply for the program by indicating the
parcels they wish to enrol and the annual payments
they require together with the contract length. FSA
then determines allocation based on national rank-
ings of an Environmental Benefits Index (EBI) score
and based on an overall budget that varies year by
year. All parcels with an EBI score above the critical
national cutoff are accepted while all parcels with an
EBI score below the cutoff are rejected (Hellerstein
2017). Because CRP is largely a land retirement pro-
gram, and because of its distinctly bottom-up fund-
ing allocation mechanism and decision-making pro-
cess, this program is fundamentally different from the
focus of our study—conservation practices used on
working farmland supported by EQIP and EAFRD
with largely top-down allocation strategies.

Appendix C. Manure nitrogen runoff
vulnerability index

For each county, the index was calculated following
Kellogg (2000):

15

S Biffi et al

Vulnerability = N in manure

runoff

national average runoff
crop area + pasture area

total area

Surface runoff is a measure of the potential for
water soluble nutrients to run off fields during pre-
cipitations and flooding. Thus, the index estimates
the maximum potential for livestock manure nitrogen
to move from farms to the water supply. We estim-
ated the amount of nitrogen excreted by each livestock
type following the nitrate vulnerable zones guidance
(DEFRA 2013, 2019).

Total N produced by 1
Livestock type livestock unit (kg Nyear™")
Adult bovine 101
Adult swine 88
Sheep 7.6
Goat 15
Poultry 231
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Appendix F. Distribution of correlation coefficients with spending

A
USA (n = 46)
Biodiversity -
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GHG emissions-
Water stress
Female farmers A
Rented land- =
Farm size
GDP
Ag. land cover
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Pearson correlation coefficient
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Figure F3. Violin plots of Pearson correlation coefficients between (A) EQIP spending per hectare of agricultural area in the US
and (B) EAFRD spending for selected measures per hectare of agricultural area in the EU and the indicator variables. Only
correlation coefficients for states and MS with >4 regions are shown.
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Table G2. Estimate model results for individual-state analysis in the US for the five states with the greatest and least absolute distance
from the average Pearson’s correlation coefficient summed across all model variables. *P < 0.05: **P < 0.01: ***P < 0.001.

State Variable Estimate SE t-value Sig.
Greatest distance
New Mexico (n=29) R* =0.85 Intercept 5.71 2.20 2.59 *
Local biodiversity —6.68 1.34 —5.00 o
Soil organic carbon 9.63 2.43 3.96 o
GHG emissions 0.90 0.98 0.92 ns
Water stress 0.97 0.65 1.49 ns
Prop. female farmers —0.03 0.13 —0.21 ns
Prop. renting farmers 0.43 0.16 2.69 *
Farm size 0.10 0.10 0.94 ns
GDP per capita —0.19 0.12 —1.58 ns
Prop. agricultural land —0.55 0.19 —2.91 -
Montana (n=52) R> =0.56 Intercept —1.09 0.99 —1.10 ns
Local biodiversity —0.58 0.89 —0.65 ns
Soil organic carbon 1.02 0.97 1.05 ns
GHG emissions —2.85 0.98 —2.90 -
Water stress —0.49 0.49 —1.00 ns
Prop. female farmers 0.16 0.22 0.74 ns
Prop. renting farmers 0.62 0.22 2.78 -
Farm size —0.15 0.09 —1.77 ns
GDP per capita —0.12 0.14 —0.85 ns
Prop. agricultural land 0.47 0.30 1.60 ns
Nebraska (n=92) R>=0.17 Intercept 2.12 0.70 3.01 >
Local biodiversity —0.89 0.80 —1.11 ns
Soil organic carbon 0.20 0.67 0.30 ns
GHG emissions 0.22 0.16 1.42 ns
Water stress —0.60 0.36 —1.65 ns
Prop. female farmers —0.15 0.28 —0.54 ns
Prop. renting farmers 0.05 0.39 0.13 ns
Farm size —0.02 0.24 —0.10 ns
GDP per capita 0.30 0.22 1.36 ns
Prop. agricultural land —0.35 0.53 —0.65 ns
Oregon (n=33) R*=0.49 Intercept 1.85 3.86 0.48 ns
Local biodiversity —7.09 4.39 —1.61 ns
Soil organic carbon —1.65 2.78 —0.59 ns
GHG emissions 7.26 4.37 1.66 ns
Water stress —14.68 5.71 —2.57 *
Prop. female farmers —0.90 1.28 —0.71 ns
Prop. renting farmers 0.61 0.94 0.65 ns
Farm size —1.36 1.01 —1.34 ns
GDP per capita 0.50 0.36 1.38 ns
Prop. agricultural land —0.14 1.34 —0.10 ns
Wyoming (n=21) R* =0.61 Intercept —4.99 3.17 —1.57 ns
Local biodiversity —2.44 3.94 —0.62 ns
Soil organic carbon 6.59 5.23 1.26 ns
GHG emissions 3.69 3.69 1.00 ns
Water stress —3.31 1.42 —2.33 *
Prop. female farmers —0.61 0.50 —1.20 ns
Prop. renting farmers —1.04 0.41 —2.53 *
Farm size —0.28 0.16 —-1.73 ns
GDP per capita 0.03 0.20 0.14 ns
Prop. agricultural land —0.95 0.73 —1.31 ns

(Continued.)
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Table G2. (Continued.)

State Variable Estimate SE t-value Sig.

Least distance

Arkansas (n=75) R* =0.14 Intercept 0.85 4.68 0.18 ns
Local biodiversity —1.06 3.80 —0.28 ns
Soil organic carbon 2.22 7.50 0.30 ns
GHG emissions 2.64 1.24 2.12 *
Water stress -3.17 4.27 —0.74 ns
Prop. female farmers —1.61 1.93 —0.83 ns
Prop. renting farmers —1.35 1.74 —0.78 ns
Farm size —4.13 5.25 —0.79 ns
GDP per capita —1.02 1.28 —0.80 ns
Prop. Agricultural land —2.22 4.62 —0.48 ns

Idaho (n =40) R> =0.14 Intercept 4.54 1.72 2.65 *
Local biodiversity —5.68 4.44 —1.28 ns
Soil organic carbon 0.36 1.94 0.19 ns
GHG emissions —0.32 0.76 —0.41 ns
Water stress —4.43 4.50 —0.98 ns
Prop. female farmers —0.76 1.02 —0.74 ns
Prop. renting farmers —0.13 0.78 —0.17 ns
Farm size —0.02 1.82 —0.01 ns
GDP per capita —1.41 1.03 —1.38 ns
Prop. Agricultural land —1.85 1.68 —1.10 ns

North Carolina (n=92) R =0.13 Intercept —0.10 3.94 —0.03 ns
Local biodiversity 1.51 3.27 0.46 ns
Soil organic carbon 0.55 1.06 0.52 ns
GHG emissions 1.88 0.62 3.03 -
Water stress —1.35 3.09 —0.44 ns
Prop. female farmers 0.43 0.89 0.48 ns
Prop. renting farmers 0.91 1.01 0.90 ns
Farm size —11.20 6.38 —1.76 ns
GDP per capita —2.21 0.97 —2.27 *
Prop. Agricultural land —2.67 3.35 —0.80 ns

Oklahoma (n=77) R*=0.20 Intercept 1.43 0.51 2.80 .
Local biodiversity —1.92 0.66 —2.90 -
Soil organic carbon 2.11 0.80 2.64 *
GHG emissions 0.66 0.39 1.67 ns
Water stress —0.65 0.40 —1.63 ns
Prop. female farmers —0.24 0.34 —0.70 ns
Prop. renting farmers 0.50 0.32 1.57 ns
Farm size 0.18 0.71 0.26 ns
GDP per capita —0.23 0.19 —1.21 ns
Prop. Agricultural land —0.14 0.40 —0.34 ns

Tennessee (n=93) R> =0.15 Intercept 2.13 1.73 1.23 ns
Local biodiversity —1.61 1.54 —1.05 ns
Soil organic carbon 2.67 2.29 1.17 ns
GHG emissions 1.98 1.20 1.65 ns
Water stress —0.94 1.95 —0.48 ns
Prop. female farmers —1.70 0.97 —1.75 ns
Prop. renting farmers —1.28 0.96 —1.33 ns
Farm size 3.03 4.00 0.76 ns
GDP per capita —0.14 0.64 —0.22 ns
Prop. Agricultural land —1.42 1.70 —0.84 ns
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Table G3. Estimate model results for individual-State analysis in the EU for the member states with more than 15 NUTS2. *P < 0.05:

**P < 0.01:***P < 0.001.

Member state Variable Estimate SE t-value Sig.
United Kingdom (n=31) R*=0.81 Intercept 74.24 31.63 2.35 *
Phosphorous balance —28.18 20.96 —1.35 ns
Nitrogen balance —16.87 16.11 —1.05 ns
Soil erosion 8.34 12.29 0.68 ns
Soil organic carbon 14.37 9.81 1.47 ns
GHG emissions 40.39 19.42 2.08 ns
Prop. of female farmers —8.64 17.63 —0.49 ns
Prop. of young farmers —20.85 19.21 —1.09 ns
Farm income —5.24 13.75 —0.38 ns
GDP per capita —0.09 9.46 —0.01 ns
Prop. agricultural land —53.20 9.58 —5.55 o
France (n=21) R* =0.74 Intercept 6.94 2.67 2.60 *
Phosphorous balance 4.30 2.24 1.92 ns
Nitrogen balance —1.30 1.40 —0.93 ns
Soil erosion —0.23 1.86 —0.13 ns
Soil organic carbon 0.19 2.08 0.09 ns
GHG emissions —0.64 2.60 —0.25 ns
Prop. of female farmers —1.90 1.82 —1.05 ns
Prop. of young farmers 0.07 2.00 0.04 ns
Farm income 13.55 4.29 3.16 *
GDP per capita —1.66 1.32 —1.26 ns
Prop. agricultural land 3.60 2.47 1.46 ns
Ttaly (n=19) R* = 0.64 Intercept 87.53 101.06 0.87 ns
Phosphorous balance —107.21 87.54 —1.23 ns
Nitrogen balance 84.46 83.71 1.01 ns
Soil erosion —0.03 10.13 0.00 ns
Soil organic carbon 87.56 105.45 0.83 ns
GHG emissions 46.50 36.99 1.26 ns
Prop. of female farmers 46.12 36.30 1.27 ns
Prop. of young farmers 52.18 28.67 1.82 ns
Farm income 28.36 185.64 0.15 ns
GDP per capita —6.06 30.49 —0.20 ns
Prop. agricultural land 23.33 36.64 0.64 ns
Germany (n =34) R* = 0.42 Intercept 23.97 15.05 1.59 ns
Phosphorous balance 6.33 5.57 1.14 ns
Nitrogen balance —5.21 5.60 —0.93 ns
Soil erosion 14.96 17.92 0.84 ns
Soil organic carbon 4.41 6.45 0.68 ns
GHG emissions —1.04 8.21 —0.13 ns
Prop. of female farmers —4.16 12.00 —0.35 ns
Prop. of young farmers —2.60 5.91 —0.44 ns
Farm income 7.60 6.46 1.18 ns
GDP per capita —5.98 4.64 —1.29 ns
Prop. agricultural land 6.79 9.54 0.71 ns
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Appendix H. Spatial models

We used Moran’s I statistic to determine the rela-
tionship between the US and EU model residuals
and their surrounding values. We tested this with
a Monte-Carlo simulation with 1000 permutations
using moran.mc in the spdep R package. This com-
pares the observed value of Moran’s I with a simulated
distribution to assess the likelihood that the observed
values could be observed at random. We tested sev-
eral spatial models on our data, and present the spa-
tial error models obtained with errorsarlm from the
spatialreg package in R.

The US model had a Moran’s I of 0.16 indicat-
ing that there was some spatial autocorrelation in the
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residuals. There was a correlation of each county and
the adjacent counties of 0.31, and the random inter-
cepts for each state revealed a pattern of coastal states
having positive random intercepts. Figure H5 shows
the residuals of the model, and figure H6 the random
intercepts. Table H4 and figure H7 present the spatial
error model.

The EU model also had a Morans I of 0.15.
The random intercepts did not show a clear geo-
graphic pattern, however, there was a correlation
of each NUTS2 region and the adjacent regions of
0.26. Figure H8 shows the residuals at NUTS2 level,
figure H9 the random intercept for each country, and
table H5 the spatial error model output shown in
figure H10.
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Table H4. Spatial error model for the US. *P < 0.05;**P < 0.01; ***P < 0.001.

Variable Estimate SE z-value Sig.
Intercept 1.123 0.14 7.993 o
Local biodiversity —0.097 0.05 —2.004 *
Soil organic carbon 0.164 0.04 4.423 o
GHG emissions 0.253 0.03 9.636 o
Water stress —0.107 0.05 —2.344 *
Prop. female farmers —0.069 0.02 —2.928 -
Renting farmers —0.068 0.02 —2.878 -
Farm size —0.111 0.03 —4.367 o
GDP per capita —0.06 0.02 —3.678 o
Prop. agricultural —0.318 0.04 —7.906 o
land

Table H5. Spatial error model for the EU. xP < 0.05;**P < 0.01; ***P < 0.001.
Variable Estimate SE z-value Sig.
Intercept 2.751 0.339 8.113 o
Nitrogen balance 0.166 0.081 2.062 *
Phosphorous balance —0.173 0.084 —2.051 *
Soil erosion —0.142 0.062 —2.302 *
Soil organic carbon 0.197 0.082 2.401 *
GHG emissions 0.313 0.077 4.046 o
Prop. of female 0.258 0.084 3.056 -
farmers
Prop. of young 0.001 0.104 0.007 ns
farmers
Farm income —0.127 0.048 —2.631 -
GDP per capita —0.097 0.061 —1.592 ns
Prop. agricultural —0.487 0.089 —5.449 o
land
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US Residuals

Figure H5. Residuals of the US model by county.

26



S Biffi et al

Environ. Res. Lett. 16 (2021) 054067

10P Publishing

0'L-

G0-

00

G0

0l

Sl

0¢

G'¢c

"21e1s £q [Ppowr S Y Jo sidadIdur wopuey *9H 213y

T T

A H
1

N

aje}s yoea 10} 3dasiaju| 10843 wopuey

27



S Biffi et al

Environ. Res. Lett. 16 (2021) 054067

10P Publishing

‘Ayunod £q [popour 10115 [eryeds ay) Jo s[enpisay LM 2InSLy

|apoly Joui3 |eneds s|enpisay SN

28



S Biffi et al

10P Publishing

EU Residuals

1.5

1.0

0
o

0.0

10.5
11.0

-1.5

*

Z v
s
s
»

&y~ iy

.
2
L
) : ¥
FJ 5 0 Y 4
4, - e S

Qret,
7 oty
YA oy

S ﬂ;‘

%!

(A

)

o

-

Figure H8. Residuals of the EU model by NUTS2.

29



S Biffi et al

n. Res. Lett. 16 (2021) 054067

Enviro

10P Publishing

EU Random Intercepts by Country

epts of the EU model by member State.

Figure H9. Random interc

30



10P Publishing

EU Residuals Spatial Error Model

Figure H10. Residuals of the EU spatial error model by NUTS2.

31

S Biffi et al

1.5

1.0

0.5

0.0

-0.5

-1.0

-1.5



10P Publishing

Environ. Res. Lett. 16 (2021) 054067

ORCID iDs

Sofia Biffi ® https://orcid.org/0000-0002-7474-389X

Rebecca Traldi ® https://orcid.org/0000-0001-8340-
0007

Bart Crezee ® https://orcid.org/0000-0002-1459-
6402

Michael Beckmann ® https://orcid.org/0000-0002-
5678-265X

Lukas Egli ® https://orcid.org/0000-0001-7617-3272
Dietrich Epp Schmidt ® https://orcid.org/0000-

0003-4246-4228
Murat Okumah ® https://orcid.org/0000-0002-
2937-8467
Ralf Seppelt
7150
Eleonore Louise Slabbert
0001-8370-4051
Kate Tiedeman

https://orcid.org/0000-0002-2723-
https://orcid.org/0000-

https://orcid.org/0000-0001-9647-

0370
Guy Ziv © https://orcid.org/0000-0002-6776-0763
References

Adusumilli N and Wang H 2019 Conservation adoption among
owners and tenant farmers in the Southern United States
Agriculture 9 53

Ahnstrom J, Hockert J, Berged H L, Francis C A, Skelton P and
Hallgren L 2009 Farmers and nature conservation: what is
known about attitudes, context factors and actions affecting
conservation? Renew. Agric. Food Syst. 24 38—47

Allan J D 2004 Landscapes and riverscapes: the influence of land
use on stream ecosystems Annu. Rev. Ecol. Evol. Syst.
35257-84

Baradi N K 2009 Factors affecting the adoption of tillage systems
in Kansas PhD Thesis Kansas State University

Barbercheck M, Brasier K, Kiernan N E, Sachs C and Trauger A
2014 Use of conservation practices by women farmers in the
Northeastern United States Renew. Agric. Food Syst. 29 65-82

Barton K 2020 MuMIn: Multi-Model Inference (available at:
https://cran.r-project.org/web/packages/MuMIn/index.
html)

Batéry P, Dicks L'V, Kleijn D and Sutherland W J 2015 The role of
agri-environment schemes in conservation and
environmental management Conservation Biol. 29 1006—16

Baumgart-Getz A, Prokopy L S and Floress K 2012 Why farmers
adopt best management practice in the United States: a
meta-analysis of the adoption literature J. Environ. Manage.
96 17-25

Baylis K, Peplow S, Rausser G and Simon L 2008
Agri-environmental policies in the EU and United States: a
comparison Ecol. Econ. 65 75364

Beckmann M et al 2019 Conventional land-use intensification
reduces species richness and increases production: a global
meta-analysis Glob. Change Biol. 25 1941-56

Bennett E M 2017 Changing the agriculture and environment
conversation Nat. Ecol. Evol. 1 1-2

Bivand R et al 2020 SPDEP: Spatial Dependence: Weighting
Schemes, Statistics (available at: https://r-spatial.github.io/
spdep/)

Blanco-Canqui H 2018 Cover crops and water quality Agron.

J. 110 1633-47

Borrelli P et al 2017 An assessment of the global impact of 21st
century land use change on soil erosion Nat. Commun.
82013

Brady M, Kellermann K, Sahrbacher C and Jelinek L 2009 Impacts
of decoupled agricultural support on farm structure,

32

S Biffi et al

biodiversity and landscape mosaic: some EU results J. Agric.
Econ. 60 563-85

Brown C et al 2020 Simplistic understandings of farmer
motivations could undermine the environmental potential
of the common agricultural policy Land Use Policy 101
105136

Burkholder J, Libra B, Weyer P, Heathcote S, Kolpin D, Thorne P S
and Wichman M 2007 Impacts of waste from concentrated
animal feeding operations on water quality Environ. Health
Perspect. 115 308—12

Carlisle L 2016 Factors influencing farmer adoption of soil health
practices in the United States: a narrative review Agroecol.
Sustain. Food Syst. 40 583-613

Collins S R 2012 Striking the proper balance between the carrot
and the stick approaches to animal feeding operation
regulation note Univ. Illinois Law Rev. 2012 923-68

Cotterman K A, Kendall A D, Basso B and Hyndman D W 2018
Groundwater depletion and climate change: future
prospects of crop production in the central high plains
aquifer Clim. Change 146 187-200

Crippa M, Oreggioni G, Guizzardi D, Muntean M, Schaaf E, Lo
Vullo E, Solazzo E, Monforti-Ferrario F, Olivier ] and
Vignati E 2019 Fossil CO, and GHG emissions of all world
countries Technical Report EUR 29849 EN, Publications
Office of the European Union, Luxembourg

Daloglu I, Nassauer ] I, Riolo R L and Scavia D 2014 Development
of a farmer typology of agricultural conservation
behavior in the American Corn Belt Agric. Syst.

129 93-102

DEFRA, Department for Environment Food and Rural Affairs
2013 NVZ guidance—blank ‘farmer completion’ and
‘standard values’ tables (available at: www.gov.uk/
government/uploads/system/uploads/attachment_data/file/
267685/nvz-guidance-blank-completion-data-tables-
201312.xlsm)

DEFRA, Department for Environment Food and Rural Affairs
2019 The guide to cross compliance in England 2019
(available at: https://assets.publishing.service.gov.uk/
government/uploads/system/uploads/attachment_data/file/
918580/Cross_Compliance_2019_rules_ GCCE_v2.0_.pdf)

Drevno A 2016 Policy tools for agricultural nonpoint source water
pollution control in the US and EU Manage. Environ.
Quality: Int. J. 27 106-23

Dwyer J, Kubinakova K, Powell J, Vigani M, Lewis N, Grajewski R,
Fihrmann B, Gocht A, Coto M, Cachinero P, Mantino F,
Berriet-Solliec M and Pham H V 2016 Research for AGRI
committee—programmes implementing the 2015-2020
rural development policy Technical Report European
Parliament

EC JRC, European Commission Joint Research Centre 2020
European Soil Data Centre (ESDAC) (available at: https://
esdac.jrc.ec.europa.eu/)

EC, European Commission 2013 Regulation (EU) No 1305/2013
of the European parliament and of the council of 17
December 2013 on support for rural development by the
European Agricultural Fund for Rural Development
(EAFRD) and repealing Council Regulation (EC) No
1698/2005 OJ L (Official J. European Union L 347/487) 347:
487-548

EC, European Commission 2014 Guidance for local actors on
community-led local development (available at: https://
ec.europa.eu/regional_policy/sources/docgener/informat/
2014/guidance_clld_local_actors_en.pdf)

EC, European Commission 2018 Historic EU payments (available
at: https://cohesiondata.ec.europa.eu/Other/Historic-EU-
payments-regionalised-and-modelled/tc55-7ysv)

EC, European Commission 2019 Eurostat database (available at:
https://ec.europa.eu/eurostat/data/database)

EC, European Commission 2020a ESIF 2014-2020 Finance
Implementation Details | Data | European Structural and
Investment Funds (available at: https://cohesiondata.
ec.europa.eu/2014-2020-Finances/ESIF-2014-2020-Finance-
Implementation-Details/99js-gm52)


https://orcid.org/0000-0002-7474-389X
https://orcid.org/0000-0002-7474-389X
https://orcid.org/0000-0001-8340-0007
https://orcid.org/0000-0001-8340-0007
https://orcid.org/0000-0001-8340-0007
https://orcid.org/0000-0002-1459-6402
https://orcid.org/0000-0002-1459-6402
https://orcid.org/0000-0002-1459-6402
https://orcid.org/0000-0002-5678-265X
https://orcid.org/0000-0002-5678-265X
https://orcid.org/0000-0002-5678-265X
https://orcid.org/0000-0001-7617-3272
https://orcid.org/0000-0001-7617-3272
https://orcid.org/0000-0003-4246-4228
https://orcid.org/0000-0003-4246-4228
https://orcid.org/0000-0003-4246-4228
https://orcid.org/0000-0002-2937-8467
https://orcid.org/0000-0002-2937-8467
https://orcid.org/0000-0002-2937-8467
https://orcid.org/0000-0002-2723-7150
https://orcid.org/0000-0002-2723-7150
https://orcid.org/0000-0002-2723-7150
https://orcid.org/0000-0001-8370-4051
https://orcid.org/0000-0001-8370-4051
https://orcid.org/0000-0001-8370-4051
https://orcid.org/0000-0001-9647-0370
https://orcid.org/0000-0001-9647-0370
https://orcid.org/0000-0001-9647-0370
https://orcid.org/0000-0002-6776-0763
https://orcid.org/0000-0002-6776-0763
https://doi.org/10.3390/agriculture9030053
https://doi.org/10.3390/agriculture9030053
https://doi.org/10.1017/S1742170508002391
https://doi.org/10.1017/S1742170508002391
https://doi.org/10.1146/annurev.ecolsys.35.120202.110122
https://doi.org/10.1146/annurev.ecolsys.35.120202.110122
https://doi.org/10.1017/S1742170512000348
https://doi.org/10.1017/S1742170512000348
https://cran.r-project.org/web/packages/MuMIn/index.html
https://cran.r-project.org/web/packages/MuMIn/index.html
https://doi.org/10.1111/cobi.12536
https://doi.org/10.1111/cobi.12536
https://doi.org/10.1016/j.jenvman.2011.10.006
https://doi.org/10.1016/j.jenvman.2011.10.006
https://doi.org/10.1016/j.ecolecon.2007.07.034
https://doi.org/10.1016/j.ecolecon.2007.07.034
https://doi.org/10.1111/gcb.14606
https://doi.org/10.1111/gcb.14606
https://doi.org/10.1038/s41559-016-0018
https://doi.org/10.1038/s41559-016-0018
https://r-spatial.github.io/spdep/
https://r-spatial.github.io/spdep/
https://doi.org/10.2134/agronj2018.02.0077
https://doi.org/10.2134/agronj2018.02.0077
https://doi.org/10.1038/s41467-017-02142-7
https://doi.org/10.1038/s41467-017-02142-7
https://doi.org/10.1111/j.1477-9552.2009.00216.x
https://doi.org/10.1111/j.1477-9552.2009.00216.x
https://doi.org/10.1016/j.landusepol.2020.105136
https://doi.org/10.1016/j.landusepol.2020.105136
https://doi.org/10.1289/ehp.8839
https://doi.org/10.1289/ehp.8839
https://doi.org/10.1080/21683565.2016.1156596
https://doi.org/10.1080/21683565.2016.1156596
https://doi.org/10.1007/s10584-017-1947-7
https://doi.org/10.1007/s10584-017-1947-7
https://doi.org/10.1016/j.agsy.2014.05.007
https://doi.org/10.1016/j.agsy.2014.05.007
https://esdac.jrc.ec.europa.eu/
https://esdac.jrc.ec.europa.eu/
https://esdac.jrc.ec.europa.eu/
https://esdac.jrc.ec.europa.eu/
https://ec.europa.eu/regional_policy/sources/docgener/informat/2014/guidance_clld_local_actors_en.pdf
https://ec.europa.eu/regional_policy/sources/docgener/informat/2014/guidance_clld_local_actors_en.pdf
https://ec.europa.eu/regional_policy/sources/docgener/informat/2014/guidance_clld_local_actors_en.pdf
https://doi.org/10.1108/MEQ-12-2014-0177
https://doi.org/10.1108/MEQ-12-2014-0177
https://cohesiondata.ec.europa.eu/Other/Historic-EU-payments-regionalised-and-modelled/tc55-7ysv
https://cohesiondata.ec.europa.eu/Other/Historic-EU-payments-regionalised-and-modelled/tc55-7ysv
https://ec.europa.eu/eurostat/data/database
https://ec.europa.eu/eurostat/data/database
https://ec.europa.eu/eurostat/data/database
https://cohesiondata.ec.europa.eu/2014-2020-Finances/ESIF-2014-2020-Finance-Implementation-Details/99js-gm52
https://cohesiondata.ec.europa.eu/2014-2020-Finances/ESIF-2014-2020-Finance-Implementation-Details/99js-gm52
https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions
https://www.europarl.europa.eu/factsheets/en/sheet/110/second-pillar-of-the-cap-rural-development-policy
https://www.europarl.europa.eu/factsheets/en/sheet/110/second-pillar-of-the-cap-rural-development-policy
https://www.europarl.europa.eu/factsheets/en/sheet/110/second-pillar-of-the-cap-rural-development-policy

10P Publishing

Environ. Res. Lett. 16 (2021) 054067

EC, European Commission 2020b Healthy soils—new EU soil
strategy

ECA, European Court of Auditors 2017 EU support to young
farmers should be better targeted to foster effective
generational renewal 10

ENRD CP, Contact Point of the European Network for Rural
Development 2015 RDP analysis: support to environment &
climate change. M04 investment in physical assets Technical
Report (European Network for Rural Development)

EPA, United States Environmental Protection Agency 2015
Sources of greenhouse gas emissions (available at:
www.epa.gov/ghgemissions/sources-greenhouse-gas-
emissions)

EU 1991 Council directive of 12 December 1991 concerning the
protection of waters against pollution caused by nitrates
from agricultural sources (91/676/EEC)

EU 2005 Council regulation (EC) No. 1698/2005 of 20 September
2005 on support for rural development by the European
agricultural fund for rural development (EAFRD)

EU 2013 Regulation (EU) No 1305/2013 of the European
Parliament and of the Council of 17 December 2013 on
support for rural development by the European Agricultural
Fund for Rural Development (EAFRD) and repealing
Council Regulation (EC) No. 1698/2005

European Parliament 2020 Second pillar of the CAP: rural
development policy (available at: www.europarl.europa.eu/
factsheets/en/sheet/110/second-pillar-of-the-cap-rural-
development-policy)

EWG, Environmental Working Group 2020 Farm subsidy
database (available at: http://farm.ewg.org/index.php)
Environmental Working Group

FAO, Food and Agriculture Organization 2019a GLOSIS GSO
map v1.5.0 (available at: http://54.229.242.119/GSOCmap/)

FAO, Food and Agriculture Organization 2019b Livestock
primary (available at: http://www.fao.org/faostat/en/#data/
QL/visualize)

Fekete B M, Vorosmarty C J and Grabs W 2002 High-resolution
fields of global runoff combining observed river discharge
and simulated water balances Glob. Biogeochem. Cycles
16 15-1-10

Frank S et al 2017 Reducing greenhouse gas emissions in
agriculture without compromising food security? Environ.
Res. Lett. 12 105004

Franzluebbers A J 2010 Achieving soil organic carbon
sequestration with conservation agricultural systems in the
Southeastern United States Soil Sci. Soc. Am. ]. 74 347-57

Frith-Miiller A, Bach M, Breuer L, Hotes S, Koellner T, Krippes C
and Wolters V 2019 The use of agri-environmental measures
to address environmental pressures in Germany: spatial
mismatches and options for improvement Land Use Policy
84 347-62

FTM, Field to Market: The Alliance for Sustainable Agriculture
2016 Environmental and socioeconomic indicators for
measuring outcomes of on farm agricultural production in
the United States (3rd edn), Technical Report 9, 6 Field to
Market: The Alliance for Sustainable Agriculture,
Washington DC

Galler C, von Haaren C and Albert C 2015 Optimizing
environmental measures for landscape multifunctionality:
effectiveness, efficiency and recommendations for
agri-environmental programs J. Environ. Manage.

151 243-57

Giannakis E 2014 Modelling farmers’ participation in
agri-environmental schemes in Greece Int. J. Agric. Resour.
Governance Ecol. 10 227

Gonthier D J et al 2014 Biodiversity conservation in agriculture
requires a multi-scale approach Proc. R. Soc. B 281 20141358

Grant C A, Peterson G A and Campbell C A 2002 Nutrient
considerations for diversified cropping systems in the
Northern great plains Agronomy J. 94 186-98

Hanrahan C E and Zinn J A 2005 Green Payments in U.S. and
European Union Agricultural Policy RL32624 (Library of
Congress, Congressional Research Service)

33

S Biffi et al

Heinze G, Wallisch C and Dunkler D 2018 Variable selection—a
review and recommendations for the practicing statistician
Biometrical J. 60 43149

Hellerstein D M 2017 The US conservation reserve program: the
evolution of an enrollment mechanism Land Use Policy
63 601-10

Helming K, Daedlow K, Hansjiirgens B and Koellner T 2018
Assessment and governance of sustainable soil management
Sustainability 10 4432

Holland A, Bennett D and Secchi S 2020 Complying with
conservation compliance? An assessment of recent evidence
in the US Corn Belt Environ. Res. Lett. 15 084035

Howarth R W, Sharpley A and Walker D 2002 Sources of
nutrient pollution to coastal waters in the United States:
implications for achieving coastal water quality goals
Estuaries 25 656-76

Jackson L L, Keeney D R and Gilbert E M 2000 Swine manure
management plans in North-Central Iowa: nutrient loading
and policy implications J. Soil Water Conserv. 55 205—12

Johnson R, Hanrahan C and Schepf R 2010 Comparing US and
EU program support for farm commodities and
conservation, CRS Report for Congress Washington DC

Jones J I et al 2017 Do agri-environment schemes result in
improved water quality? J. Appl. Ecol. 54 537-46

Kellogg R L 2000 Potential priority watersheds for protection of
water quality from contamination by manure nutrients Proc.
Water Environment Federation vol 2000 pp 646—65

Kremen C and Merenlender A M 2018 Landscapes that work for
biodiversity and people Science 362 6412

Lambert D M, Sullivan P, Claassen R and Foreman L 2007 Profiles
of US farm households adopting conservation-compatible
practices Land Use Policy 24 7288

Lastra-Bravo X B, Hubbard C, Garrod G and Tol6n-Becerra A
2015 What drives farmers’ participation in EU
agri-environmental schemes?: Results from a qualitative
meta-analysis Environ. Sci. Policy 54 1-9

Laurance W F, Sayer ] and Cassman K G 2014 Agricultural
expansion and its impacts on tropical nature Trends Ecol.
Evol. 29 107-16

Leip A et al 2015 Impacts of European livestock production:
nitrogen, sulphur, phosphorus and greenhouse gas
emissions, land-use, water eutrophication and biodiversity
Environ. Res. Lett. 10 115004

Liu T, Bruins R J F and Heberling M T 2018 Factors influencing
farmers’ adoption of best management practices: a review
and synthesis Sustainability 10 432

Long C M, Muenich R L, Kalcic M M and Scavia D 2018 Use of
manure nutrients from concentrated animal feeding
operations J. Gt. Lakes Res. 44 245-52

Luhrs D E 2016 Consider the daughters, they are important to
family farms and rural communities too: family-farm
succession Gender Place Culture 23 1078-92

MacDonald G K, Bennett E M and Taranu Z E 2012 The influence
of time, soil characteristics and land-use history on soil
phosphorus legacies: a global meta-analysis Glob. Change
Biol. 18 1904-17

Malek Z, Douw B, Vliet ] V, Zanden E HV D and Verburg P H
2019 Local land-use decision-making in a global context
Environ. Res. Lett. 14 083006

Mallin M A, Mclver M R, Robuck A R and Dickens A K 2015
Industrial swine and poultry production causes chronic
nutrient and fecal microbial stream pollution Water Air Soil
Pollut. 226 407

Marshall E, Aillery M, Malcolm S and Williams R 2015
Agricultural production under climate change: the potential
impacts of shifting regional water balances in the United
States Am. J. Agric. Econ. 97 568-88

Martin K L, Emanuel R E and Vose ] M 2018 Terra incognita: the
unknown risks to environmental quality posed by the spatial
distribution and abundance of concentrated animal feeding
operations Sci. Total Environ. 642 887-93

Matthews A 2013 Greening agricultural payments in the EU’s
common agricultural policy Bio-based Appl. Econ. 2 1-27


http://farm.ewg.org/index.php
http://farm.ewg.org/index.php
http://54.229.242.119/GSOCmap/
http://54.229.242.119/GSOCmap/
http://54.229.242.119/GSOCmap/
http://www.fao.org/faostat/en/#data/QL/visualize
www.nass.usda.gov/Publications/AgCensus/2017/Full_Report/Census_by_State/index.php
https://ssti.org/blog/useful-stats-gdp-capita-county-2012-2015
https://ssti.org/blog/useful-stats-gdp-capita-county-2012-2015
https://doi.org/10.1029/1999GB001254
https://doi.org/10.1029/1999GB001254
https://doi.org/10.1088/1748-9326/aa8c83
https://doi.org/10.1088/1748-9326/aa8c83
https://doi.org/10.2136/sssaj2009.0079
https://doi.org/10.2136/sssaj2009.0079
https://doi.org/10.1016/j.landusepol.2018.10.049
https://doi.org/10.1016/j.landusepol.2018.10.049
https://doi.org/10.1016/j.jenvman.2014.12.011
https://doi.org/10.1016/j.jenvman.2014.12.011
https://doi.org/10.1504/IJARGE.2014.064005
https://doi.org/10.1504/IJARGE.2014.064005
https://doi.org/10.1098/rspb.2014.1358
https://doi.org/10.1098/rspb.2014.1358
https://doi.org/10.2134/agronj2002.0186
https://doi.org/10.2134/agronj2002.0186
https://doi.org/10.1002/bimj.201700067
https://doi.org/10.1002/bimj.201700067
https://doi.org/10.1016/j.landusepol.2015.07.017
https://doi.org/10.1016/j.landusepol.2015.07.017
https://doi.org/10.3390/su10124432
https://doi.org/10.3390/su10124432
https://doi.org/10.1088/1748-9326/ab8f60
https://doi.org/10.1088/1748-9326/ab8f60
https://doi.org/10.1007/BF02804898
https://doi.org/10.1007/BF02804898
https://doi.org/10.1111/1365-2664.12780
https://doi.org/10.1111/1365-2664.12780
https://doi.org/10.1126/science.aau6020
https://doi.org/10.1126/science.aau6020
https://doi.org/10.1016/j.landusepol.2005.12.002
https://doi.org/10.1016/j.landusepol.2005.12.002
https://doi.org/10.1016/j.envsci.2015.06.002
https://doi.org/10.1016/j.envsci.2015.06.002
https://doi.org/10.1016/j.tree.2013.12.001
https://doi.org/10.1016/j.tree.2013.12.001
https://doi.org/10.1088/1748-9326/10/11/115004
https://doi.org/10.1088/1748-9326/10/11/115004
https://doi.org/10.3390/su10020432
https://doi.org/10.3390/su10020432
https://doi.org/10.1016/j.jglr.2018.01.006
https://doi.org/10.1016/j.jglr.2018.01.006
https://doi.org/10.1080/0966369X.2015.1090405
https://doi.org/10.1080/0966369X.2015.1090405
https://doi.org/10.1111/j.1365-2486.2012.02653.x
https://doi.org/10.1111/j.1365-2486.2012.02653.x
https://doi.org/10.1088/1748-9326/ab309e
https://doi.org/10.1088/1748-9326/ab309e
https://doi.org/10.1007/s11270-015-2669-y
https://doi.org/10.1007/s11270-015-2669-y
https://doi.org/10.1093/ajae/aau122
https://doi.org/10.1093/ajae/aau122
https://doi.org/10.1016/j.scitotenv.2018.06.072
https://doi.org/10.1016/j.scitotenv.2018.06.072
https://doi.org/10.22004/ag.econ.149214
https://doi.org/10.22004/ag.econ.149214

10P Publishing

Environ. Res. Lett. 16 (2021) 054067

McCracken M E et al 2015 Social and ecological drivers of success
in agri-environment schemes: the roles of farmers and
environmental context J. Appl. Ecol. 52 696-705

McLean-Meyinsse P E, Hui ] and Joseph R ] 1994 An empirical
analysis of Louisiana small farmers’ involvement in the
conservation reserve program J. Agric. Appl. Econ. 26 1-7

Meals D W, Dressing S A and Davenport T E 2010 Lag time in
water quality response to best management practices: a
review J. Environ. Quality 39 85-96

Motew M, Booth E G, Carpenter S R, Chen X and Kucharik CJ
2018 The synergistic effect of manure supply and extreme
precipitation on surface water quality Environ. Res. Lett.

13 044016

Moxey A and White B 2014 Result-oriented agri-environmental
schemes in Europe: a comment Land Use Policy 39 397-9

NASS National Agriculture Statistics Service 2017 Census of
agriculture summary and state data (available at:
www.nass.usda.gov/Publications/AgCensus/2017/
Full_Report/Census_by_State/index.php)

Newbold T et al 2015 Global effects of land use on local terrestrial
biodiversity Nature 520 45-50

NRCS 2011 Assessment of the effects of conservation practices on
cultivated cropland in the Chesapeake bay region, Technical
report USDA National Resources Conservation Service
(NRCS)

NRCS 2013 Assessment of the effects of conservation practices on
cultivated cropland in the lower Mississippi river basin,
Technical Report USDA National Resources Conservation
Service (NRCS)

NRCS 2014a Assessment of the effects of conservation practices
on cultivated cropland in the Delaware river basin, Technical
report, USDA National Resources Conservation Service
(NRCS)

NRCS 2014b EQIP & CSP for historically underserved producers,
Technical report, USDA National Resources Conservation
Service (NRCS)

NRCS 2017 Environmental quality incentives program: livestock,
Technical report, USDA National Resources Conservation
Service (NRCS)

NRCS 2019 Environmental quality incentives program, Federal
Register Rules and Regulations Vol. 84, No. 242, USDA
National Resources Conservation Service (NRCS)

Nyaupane N P, Gillespie ] M and Paudel K P 2012 Economic
impacts of adoption of best management practices by
crawfish producers: the role of the environmental quality
incentives program Agric. Res. Econ. Rev. 41 247-59

OEC, Oregon Environmental Council 2012 Making water work:
strategies for advancing water conservation in Oregon
agriculture Technical report

OECD 2017 Diffuse pollution, degraded waters: emerging policy
solutions Technical report Organisation for Economic
Co-operation and Development Publishing, Paris, France

Pachauri R K and Reisinger A 2007 IPCC 4th assessment report,
IPCC, Geneva 2007

Palmisano G O, Govindan K, Boggia A, Loisi R V, De Boni A and
Roma R 2016 Local action groups and rural sustainable
development. A spatial multiple criteria approach for
efficient territorial planning Land Use Policy 59 12-26

Panagos P, Borrelli P, Poesen J, Ballabio C, Lugato E,

Meusburger K, Montanarella L and Alewell C 2015 The new
assessment of soil loss by water erosion in Europe Environ.
Sci. Policy 54 438-47

Panagos P, Imeson A, Meusburger K, Borrelli P, Poesen ] and
Alewell C 2016 Soil conservation in Europe: wish or reality?
Land Degrad. Dev. 27 1547-51

Parker J S, Moore R and Weaver M 2007 Land tenure as a variable
in community based watershed projects: some lessons from
the Sugar Creek Watershed, Wayne and Holmes Counties,
Ohio Soc. Nat. Res. 20 815-33

Paul M and Fremstad A 2016 Opening the farm gate to women?
Sustainable agriculture in the United States Working Paper
Series 422 Political Economy Research Institute

34

S Biffi et al

Pavlis E S, Terkenli T S, Kristensen S B, Busck A G and Cosor G L
2016 Patterns of agri-environmental scheme participation in
Europe: indicative trends from selected case studies Land
Use Policy 57 800—12

Pe’er G et al 2014 EU agricultural reform fails on biodiversity
Science 344 1090-2

Pe’er G et al 2020 Action needed for the EU common agricultural
policy to address sustainability challenges People Nat.

2 305-16

Phoenix G K et al 2012 Impacts of atmospheric nitrogen
deposition: responses of multiple plant and soil parameters
across contrasting ecosystems in long-term field
experiments Glob. Change Biol. 18 1197-1215

Pifieiro V et al 2020 A scoping review on incentives for adoption
of sustainable agricultural practices and their outcomes Nat.
Sustain. 3 809-20

Pinheiro J, Bates D, DebRoy S, Sarkar D and Team R C 2020
NLME: Linear and Nonlinear Mixed Effects Models

Poole A E, Bradley D, Salazar R and Macdonald D W 2013
Optimizing agri-environment schemes to improve river
health and conservation value Agric. Ecosyst. Environ.

181 157-68

Poore J and Nemecek T 2018 Reducing food’s environmental
impacts through producers and consumers Science
360 987-92

Poudel D D 2016 Surface water quality monitoring of an
agricultural watershed for nonpoint source pollution
control J. Soil Water Conserv. 71 17

Qiu J, Wardropper C B, Rissman A R and Turner M G 2017
Spatial fit between water quality policies and hydrologic
ecosystem services in an urbanizing agricultural landscape
Landscape Ecol. 32 5975

R Core Team 2020 R: a language and environment for statistical
computing (available at:https://www.R-project.org/)

Ranjan P, Wardropper C B, Eanes F R, Reddy S M, Harden S C,
Masuda Y J and Prokopy L S 2019 Understanding barriers
and opportunities for adoption of conservation
practices on rented farmland in the US Land Use Policy
80 214-23

Reimer A P, Gramig B M and Prokopy L S 2013 Farmers and
conservation programs: explaining differences in
environmental quality incentives program applications
between states J. Soil Water Conserv. 68 110-19

Reimer A 2015 Ecological modernization in US
agri-environmental programs: trends in the 2014 farm bill
Land Use Policy 47 209-17

Reimer A and Prokopy L 2014 One federal policy, four different
policy contexts: an examination of agri-environmental
policy implementation in the Midwestern United States
Land Use Policy 38 605—14

Reisinger A and Clark H 2018 How much do direct livestock
emissions actually contribute to global warming? Glob.
Change Biol. 24 1749-61

Rogelj J et al 2018 Chapter 2: mitigation pathways compatible
with 1.5°C in the context of sustainable development Global
warming of 1.5°C pp 93—-174

Ronchi S, Salata S, Arcidiacono A, Piroli E and Montanarella L
2019 Policy instruments for soil protection among the EU
member states: a comparative analysis Land Use Policy
82 763-80

Roy E D, Wagner C R H and Niles M T 2021 Hot spots of
opportunity for improved cropland nitrogen management
across the United States Environ. Res. Lett. 16 035004

Schimpf C and Cude C 2020 A systematic literature review on
water insecurity from an oregon public health perspective
Int. ]. Environ. Res. Public Health 17 1122

Schroeder L A, Isselstein ], Chaplin S and Peel S 2013
Agri-environment schemes: farmers’ acceptance and
perception of potential ‘payment by results’ in grassland—a
case study in England Land Use Policy 32 134—44

Seppelt R, Arndt C, Beckmann M, Martin E A and Hertel T W
2020 Deciphering the biodiversity—production


https://doi.org/10.1111/1365-2664.12412
https://doi.org/10.1111/1365-2664.12412
https://doi.org/10.1017/S1074070800026304
https://doi.org/10.1017/S1074070800026304
https://doi.org/10.2134/jeq2009.0108
https://doi.org/10.2134/jeq2009.0108
https://doi.org/10.1088/1748-9326/aaade6
https://doi.org/10.1088/1748-9326/aaade6
https://doi.org/10.1016/j.landusepol.2014.04.008
https://doi.org/10.1016/j.landusepol.2014.04.008
https://waterwatch.usgs.gov/
https://waterwatch.usgs.gov/
https://doi.org/10.1038/nature14324
https://doi.org/10.1038/nature14324
https://doi.org/10.1017/S1068280500003385
https://doi.org/10.1017/S1068280500003385
https://doi.org/10.1016/j.landusepol.2016.08.002
https://doi.org/10.1016/j.landusepol.2016.08.002
https://doi.org/10.1016/j.envsci.2015.08.012
https://doi.org/10.1016/j.envsci.2015.08.012
https://doi.org/10.1002/ldr.2538
https://doi.org/10.1002/ldr.2538
https://doi.org/10.1080/08941920701460283
https://doi.org/10.1080/08941920701460283
https://doi.org/10.1016/j.landusepol.2015.09.024
https://doi.org/10.1016/j.landusepol.2015.09.024
https://doi.org/10.1126/science.1253425
https://doi.org/10.1126/science.1253425
https://doi.org/10.1002/pan3.10080
https://doi.org/10.1002/pan3.10080
https://doi.org/10.1111/j.1365-2486.2011.02590.x
https://doi.org/10.1111/j.1365-2486.2011.02590.x
https://doi.org/10.1038/s41893-020-00617-y
https://doi.org/10.1038/s41893-020-00617-y
https://doi.org/10.1016/j.agee.2013.09.015
https://doi.org/10.1016/j.agee.2013.09.015
https://doi.org/10.1126/science.aaq0216
https://doi.org/10.1126/science.aaq0216
https://doi.org/10.2489/jswc.71.4.310
https://doi.org/10.2489/jswc.71.4.310
https://doi.org/10.1007/s10980-016-0428-0
https://doi.org/10.1007/s10980-016-0428-0
https://www.R-project.org/
https://doi.org/10.1016/j.landusepol.2018.09.039
https://doi.org/10.1016/j.landusepol.2018.09.039
https://doi.org/10.2489/jswc.68.2.110
https://doi.org/10.2489/jswc.68.2.110
https://doi.org/10.1016/j.landusepol.2015.04.013
https://doi.org/10.1016/j.landusepol.2015.04.013
https://doi.org/10.1016/j.landusepol.2014.01.008
https://doi.org/10.1016/j.landusepol.2014.01.008
https://doi.org/10.1111/gcb.13975
https://doi.org/10.1111/gcb.13975
https://doi.org/10.1016/j.landusepol.2019.01.017
https://doi.org/10.1016/j.landusepol.2019.01.017
https://doi.org/10.1088/1748-9326/abd662
https://doi.org/10.1088/1748-9326/abd662
https://doi.org/10.3390/ijerph17031122
https://doi.org/10.3390/ijerph17031122
https://doi.org/10.1016/j.landusepol.2012.10.009
https://doi.org/10.1016/j.landusepol.2012.10.009

10P Publishing

Environ. Res. Lett. 16 (2021) 054067

mutualism in the global food security debate Trends Ecol.
Evol. 35 1011-20

Shortle J S, Ribaudo M, Horan R D and Blandford D 2012
Reforming agricultural nonpoint pollution policy in an
increasingly budget-constrained environment Environ. Sci.
Technol. 46 1316-25

Shortle J S and Uetake T 2015 Public goods and externalities:
agri-environmental policy measures in the United States
No. 84 (Paris: OECD Publishing) (https://doi.org/10.1787/
5js08hwhg8mw-en)

Sklenicka P, Molnarova K J, Salek M, Simova P, Vlasak J, Sekac P
and Janovska V 2015 Owner or tenant: who adopts
better soil conservation practices? Land Use Policy
47 253-61

Smith D R, Owens P R, Leytem A B and Warnemuende E A 2007
Nutrient losses from manure and fertilizer applications as
impacted by time to first runoff event Environ. Pollut.
147 131-7

Sneeringer S, Key N and Pon S 2018 Do Nutrient management
plans actually manage nutrients? Evidence from a
nationally-representative survey of hog producers Appl.
Econ. Perspect. Policy 40 63252

Soule M J, Tegene A and Wiebe K D 2000 Land tenure and the
adoption of conservation practices Am. J. Agric. Econ.
82 993-1005

SSTI, State Science & Technology Institute 2020 GDP per
capita by county, 2012-2015 (available at: https://
ssti.org/blog/useful-stats-gdp-capita-county-2012-2015)

Stubbs M 2010 Environmental Quality Incentives Program (EQIP):
Status and Issues R40197 (Congressional Research Service)

Taylor M E and Morecroft M D 2009 Effects of agri-environment
schemes in a long-term ecological time series Agric. Ecosyst.
Environ. 130 9-15

Turpin N et al 2017 An assessment of policies affecting sustainable
soil management in Europe and selected member states
Land Use Policy 66 241-9

UN United Nations 2015 Transforming our world: the 2030
agenda for sustainable development United Nations General
Assembly Resolution A/RES/70/1

UNESCO 2015 The United Nations world water development
report 2015: water for a sustainable world Technical Report,
UN-Water, Paris, France

35

S Biffi et al

USGS, United States Geological Survey 2020 Waterwatch
(available at: https://waterwatch.usgs.gov/)

Uthes S and Matzdorf B 2013 Studies on agri-environmental
measures: a survey of the literature Environ. Manage.
51 251-66

Uthes S, Matzdorf B, Miiller K and Kaechele H 2010 Spatial
targeting of agri-environmental measures: cost-effectiveness
and distributional consequences Environ. Manage.
46 494-509

Venables W N and Ripley B D 2002 Modern Applied Statistics With
S 4th edn (New York: Springer)

Vorosmarty CJ et al 2010 Global threats to human water security
and river biodiversity Nature 467 555-61

Wallander S and Hand M S 2011 Measuring the impact of the
environmental quality incentives program (EQIP) on
irrigation efficiency and water conservation 103269
(Agricultural and Applied Economics Association)

Walmsley A and Sklenicka P 2017 Various effects of land tenure
on soil biochemical parameters under organic and
conventional farming—implications for soil quality
restoration Ecol. Eng. 107 137-43

Wardropper C B, Chang C and Rissman A R 2015 Fragmented
water quality governance: constraints to spatial targeting for
nutrient reduction in a Midwestern USA watershed
Landscape Urban Plan. 137 64-75

Weber H, Poeggel K, Eakin H, Fischer D, Lang D J, Wehrden HV
and Wiek A 2020 What are the ingredients for food systems
change towards sustainability?—insights from the literature
Environ. Res. Lett. 15 113001

West P C et al 2014 Leverage points for improving global food
security and the environment Science 345 325-8

Yang L et al 2018 A new generation of the United States national
land cover database: requirements, research priorities,
design and implementation strategies ISPRS J. Photogramm.
Remote Sens. 146 108-23

Zasada I, Weltin M, Reutter M, Verburg P H and Piorr A 2018
EU’s rural development policy at the regional level—are
expenditures for natural capital linked with territorial
needs? Land Use Policy 77 344-53

Zhong H, Qing P and Hu W 2016 Farmers’ willingness to
participate in best management practices in Kentucky J.
Environ. Plan. Manage. 59 1015-39


https://doi.org/10.1016/j.tree.2020.06.012
https://doi.org/10.1016/j.tree.2020.06.012
https://doi.org/10.1021/es2020499
https://doi.org/10.1021/es2020499
https://doi.org/10.1787/5js08hwhg8mw-en
https://doi.org/10.1787/5js08hwhg8mw-en
https://doi.org/10.1016/j.landusepol.2015.04.017
https://doi.org/10.1016/j.landusepol.2015.04.017
https://doi.org/10.1016/j.envpol.2006.08.021
https://doi.org/10.1016/j.envpol.2006.08.021
https://doi.org/10.1093/aepp/ppx057
https://doi.org/10.1093/aepp/ppx057
https://doi.org/10.1111/0002-9092.00097
https://doi.org/10.1111/0002-9092.00097
https://ssti.org/blog/useful-stats-gdp-capita-county-2012-2015
https://ssti.org/blog/useful-stats-gdp-capita-county-2012-2015
https://doi.org/10.1016/j.agee.2008.11.004
https://doi.org/10.1016/j.agee.2008.11.004
https://doi.org/10.1016/j.landusepol.2017.04.001
https://doi.org/10.1016/j.landusepol.2017.04.001
https://waterwatch.usgs.gov/
https://doi.org/10.1007/s00267-012-9959-6
https://doi.org/10.1007/s00267-012-9959-6
https://doi.org/10.1007/s00267-010-9518-y
https://doi.org/10.1007/s00267-010-9518-y
https://doi.org/10.1038/nature09440
https://doi.org/10.1038/nature09440
https://doi.org/10.1016/j.ecoleng.2017.07.006
https://doi.org/10.1016/j.ecoleng.2017.07.006
https://doi.org/10.1016/j.landurbplan.2014.12.011
https://doi.org/10.1016/j.landurbplan.2014.12.011
https://doi.org/10.1088/1748-9326/ab99fd
https://doi.org/10.1088/1748-9326/ab99fd
https://doi.org/10.1126/science.1246067
https://doi.org/10.1126/science.1246067
https://doi.org/10.1016/j.isprsjprs.2018.09.006
https://doi.org/10.1016/j.isprsjprs.2018.09.006
https://doi.org/10.1016/j.landusepol.2018.05.053
https://doi.org/10.1016/j.landusepol.2018.05.053
https://doi.org/10.1080/09640568.2015.1052379
https://doi.org/10.1080/09640568.2015.1052379

	Aligning agri-environmental subsidies and environmental needs: a comparative analysis between the US and EU
	1. Introduction
	2. Comparability of AES programs
	3. Methods
	3.1. Agri-environmental subsidy data
	3.2. Indicators of environmental need and contextual variables
	3.3. Statistical analysis
	3.3.1. Multi-state analysis
	3.3.2. Individual-state analysis


	4. Results
	4.1. Spatial patterns of environmental subsidies
	4.2. AES allocation patterns in the multi-state models
	4.3. AES allocation patterns in individual-State models

	5. Discussion
	5.1. Successful AES allocation for environmental goals
	5.2. Mismatches of AES allocation and environmental need
	5.3. AES allocation and socio-economic variables
	5.4. Influence of farming context on AES allocation

	6. Conclusions
	Acknowledgments
	Appendix A. Brief overview of funding allocation mechanisms
	A.1. EQIP
	A.2. EAFRD

	Appendix B. Brief overview of the conservation reserve program
	Appendix C. Manure nitrogen runoff vulnerability index
	Appendix D. Maps of predictors used in the analysis
	Appendix E. Multi-state models results
	Appendix F. Distribution of correlation coefficients with spending
	Appendix G. Individual-state models results
	Appendix H. Spatial models
	References


