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benefits but stop initiatives with substantial spillover losses in the face of widespread budget cuts, better meeting
the United Nations’ sustainable development goals.

1. Introduction

Humanity stands in an unprecedented era of climate change, envi-
ronmental degradation, and rapid biodiversity loss. These interrelated
crises threaten the very existence and survival of humanity (Hooper
et al., 2012). In response, the United Nations launched the 2030 Sus-
tainable Development Goals and the Green Climate Fund (Rosa, 2017),
along with numerous geographically widespread and costly “green ini-
tiatives”—which we define as endeavors (e.g., programs, funds, pay-
ments, policies) that aim to restore, sustain, or improve nature’s
capacity to benefit human beings (detail in (An et al., in review), Section
1 or AS 1). Many green initiatives—be they in operation, such as the
European Union’s Green Deal (European Commission, 2019; von der
Leyen, 2020), the United Nations Framework Convention on Climate
Change (UNFCCC, 1992), and the United Nations’ Green Climate Fund
(Board of the Green Climate Fund, 2020), or suspended, such as the
Green New Deal bill proposed to the United States Congress (Ocasio-
Cortez, 2021)—all have ambitious goals to conserve the environment,
including “climate neutrality” (von der Leyen, 2020), “net-zero global
[carbon] emissions” (Ocasio-Cortez, 2021) by 2050, and conservation of
biodiversity (IPBES, 2019).

Green initiatives are becoming increasingly widespread and popular
across the globe to combat the aforementioned crises. For instance, the
Reducing Emissions from Deforestation and Forest Degradation’
(REDD+) program alone covered a forest area of approximately 1.49
billion hectares (37 % of the global forest area) as of July 2019 (Food
and Agriculture Organization of the United Nations, 2019). Green ini-
tiatives also involve large amounts of investments: According to the
Intergovernmental Panel on Climate Change (IPCC), transitioning the
global energy system alone would warrant an average annual invest-
ment of approximately USD 2.4 trillion (equivalent to ~2.5 % of global
yearly GDP) from 2016 to 2035 to meet the Paris Agreement’s goal to
‘limit the temperature increase to 1.5 °C or less (UNFCCC, 2015).

The growing impetus to balance ecological and human well-being
worldwide has led to the simultaneous implementation of multiple
green initiatives, which cover the same geographic area(s) and/or
involve the same recipient(s). We define such green initiatives as con-
current green initiatives. To demonstrate the popularity of such concur-
rent green initiatives, we narrow our focus to concurrent payments for
environmental services (PES), an essential type of green initiatives. Spe-
cifically, we focused on the 55 PES programs identified by Ezzine-de-
Blas et al. (Fzzine-de-Blas et al., 2016b) and found that over half of
these 55 selected PES programs have concurrent PES programs (An
et al., 2022, pp. 25-26).

Many concurrent green initiatives were generally designed and/or
implemented as if they were independent of each other, as in the case of
the Environmental Quality Incentives Program (EQIP) and the Conser-
vation Reserve Program (CRP)—two of the most significant concurrent
green initiatives in the USA (Section 3). Ironically, this lack of coordi-
nation has happened in a context where calls have been made to explore
cross-area or cross-program interactions (Table 1).

The COVID-19 pandemic wreaked a human tragedy, causing a global
economic recession and subsequent budget cuts in nearly all sectors,
including investment in green initiatives. At the global level, green
initiatives received very little of the USD 9 trillion fiscal allotments

! Major acronyms used in this paper: REDD+—Reducing Emissions from
Deforestation and Forest Degradation; CRP—Conservation Reserve Program;
EQIP—Environmental Quality Incentives Program; GTGP—Grain-to-Green
Program; FEBC—Forest Ecological Benefit Compensation program.

towards pandemic relief (Barbier, 2020). Calls have been made to (re)
evaluate green initiatives—regardless of concurrent ones or not—in
terms of policy (re)design, spending and finance reforms, and improved
integration of socio-economic and environmental goals so that green
initiatives may support long-term sustainability (Lopez-Feldman et al.,
2020).

2. Theory/calculation

To (re)evaluate global green initiatives, concurrent green initiatives
in particular, with a focus on what makes them succeed or fail, we
propose a conceptual framework, along with an analytical framework
with 15 case studies from around the world. Our aim is to detect and
address spillover effects among concurrent green initiatives and thus
improve their effectiveness globally. The term “spillover effect” refers to
the phenomenon in which one initiative generates unintended impacts
on a different initiative implemented in the same or nearby area(s) or
contracted to the same recipient(s) (detail in Section 2.1).

2.1. Conceptual framework

Despite the differences in detail, green initiatives are largely
comprised of the following three dimensions (Fig. 1A): launching a
policy, engaging people in a particular behavior or change(s) in behavior,
and achieving specific gain(s) in the form of, e.g., conserving natural
capitals, protecting biodiversity, and/or achieving climate neutrality
(Ocasio-Cortez, 2021). Currently, there exists abundant literature about
the links between the three dimensions within the same given green
initiative, which we define as internal effects (represented as solid ar-
rows in Fig. 1). Such internal effects include how a specific policy may
motivate people to adopt or abandon a particular behavior or make
changes in previous behaviors (the arrow from Policy to Behavior;
Fig. 1A), and whether and how such behavior or changes in behaviors
may help achieve the intended gain (the arrow from Behavior to Gain;
Fig. 1A). Occasionally, the researcher may explore how a certain gain(s)
may loop back and influence/reformulate the original policy (the arrow
from Gain to Policy; Fig. 1A ~1C). Undoubtedly, the studies about these
dimensions and the relevant internal effects are valuable and necessary
(for relevant literature, including examples, see (An et al., 2022, pp.
1-8).

When multiple green initiatives become implemented simulta-
neously in the same area or contracted to the same recipients (Fig. 1A,
B), influences might spill over from one to the other. We define such

Table 1
Calls for cross-policy and cross-area interactions in green initiative studies.

Dimensions Content References

Policymix & Policy-policy interactions (Ezzine-de-Blas et al.,

policyscape 2016a)
Telecoupling Impacts across geographic areas (Liu et al., 2013)
Conservation Leakage between protected areas (Ewers and Rodrigues,

crossovers 2008)
Avoiding oversimplified designand ~ (Wunder et al., 2018)
implementation to minimize
negative leakages from one
initiative to another
Impacts of an intervention on non-
targeted environmental services
Bundling and stacking of relevant
conservation payments

(Naeem et al., 2015)

(Gren and Elofsson,
2017; Program
Evaluation Division,
2009)
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cross-initiative influences as “spillover effects” (An et al., 2022; Liu
et al., 2013). As there is a “lack of coordination” between concurrent
green initiatives, this paper’s overarching goal is to examine whether
spillover effects exist and how they can be leveraged in conservation
science and practice. Under this goal, we have the following three ob-
jectives. First, we detect spillover effects between two initiatives on the
same dimension, e.g., one initiative’s policy dimension affects a
different initiative’s policy dimension (Policy-Policy spillover effects). In
the same way, we explore Behavior-Behavior and Gain-Gain spillover ef-
fects. Second, we identify spillover effects across different dimensions, e.
g., the policy dimension of one initiative may affect the behavior
dimension of another initiative (Policy-Behavior spillover effects); simi-
larly, we examine Behavior-Gain and Gain-Policy spillover effects (dotted
arrows in Fig. 1C). The spillover effects can manifest in two ways: one
green initiative benefits or harm another initiative in the relevant
dimension(s), which we name beneficial or detractive spillover effects,
respectively. Third, we seek insights into leveraging such spillover ef-
fects to support green initiatives (including the associated proposals or
bills) that generate substantial co-benefits and/or suspend those that
undermine other concurrent green initiatives. This is particularly
important when the budgets are not sufficient or large-scale budget cuts
are unavoidable (e.g., due to the pandemic).

2.2. Analytical framework

To detect potential influences between concurrent green initiatives,
we adopt the Sustainable Livelihoods Framework, where a particular
stakeholder’s (e.g., farm, household, community) human, social, natu-
ral, physical, and financial capitals may substantially affect relevant
livelihood decisions (United Nations Development Programme, 2017).
Under this framework, we collect relevant data (details in Sections 3.1
and 3.2) and use them in the corresponding regression analysis; subse-
quently, the framework also helps justify our choice of the dependent
and independent variables and quantify the influences between them.
To consolidate any detected influences (rather than simply correlations),
we also leverage literature in relevant disciplines, field observations,
and data (detail in Sections 3.1 and 3.2).

In this research, we explore how spillover effects can be leveraged to
maintain the total amount of certain type of conservation areas under
given critical situations (e.g., budget cuts, pandemic). For example, the
conservation community has long considered protected areas an essen-
tial green initiative (Jonas et al., 2014; Maxwell et al., 2020a). More
recently, ‘other effective area-based conservation measures’ (OECMs)
are defined by the Convention on Biological Diversity as areas that are
achieving the effective in-situ conservation of biodiversity outside of
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protected areas (Maxwell et al., 2020b). Following the concept of area-
based conservation measures —with OECMs included—we designed
scenarios to show how spillover effects may be leveraged for conserva-
tion purposes (detail in Section 3.3).

3. Materials and methods

Building on the literature (Section 1) and the hypothetical existence
of concurrent green initiatives and corresponding spillover effects
(Section 2), we present two case studies, one in the US and the other in
China (Fig. 2), to support or oppose such hypothetical existence. If
supporting evidence is found in the two cases, we expand the explora-
tion to other parts of the world to reaffirm or rebut such hypothetical
existence.

The first set of case studies on potential cross-initiative spillover ef-
fects is from the U.S. and China, the two largest economies, with six
cases from local to national levels (Fig. 3). To assess the generality of
such effects (if any), we performed a second set of case study analyses
with nine additional cases that span different geographic regions, pro-
gram sizes, urban-rural gradients, levels of economic development, and

Case study
from the US

Concurrent green
initiatives & spillover
effects?

15 cases
worldwide

Case study
from China

Fig. 2. Diagram for methodology. Single solid arrows represent the methodo-
logical “trigger” or “stimulate” actions starting from the research question to
the two case studies (China and the US) and then to the 15 cases worldwide (the
single dashed arrow represents a secondary action). Single hollow arrows stand
for “reaffirm” or “rebut” steps or actions.

Behavior

Behavior

Fig. 1. Green initiatives with policy, behavior, and gain dimensions. Panels A and B represent two initiatives that are implemented in the same area or involve the
same recipient(s), and considered independent, where only solid arrows (i.e., internal effects) are studied: how policy may affect behavior or changes in behavior,
how behavior or changes in behavior may lead to gain(s) in the environment, and how such gain(s) may feedback to affect the original policy, which are represented
by the Policy-Behavior, Behavior-Gain, and Gain-Policy solid arrows in Panels A and B. Panel C represents our conceptual framework, where two-way grey arrows or
one-way dotted arrows (i.e., spillover effects between green initiatives) are explored in addition to the solid arrows (modified from (An et al., 2022, pp. 12-13)).
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Population 1,394,015,977

gh'na fforts: Area: 9,326,410 km?
réen eforts. Spillover type:

GTGP vs. FEBC  pojicy-Behaviour, etc.

| Tianma
Population: 12,295

Fig. 3. Map of study sites. Circles with numbers 1 through 15 represent sites with concurrent green initiatives. Yellow circles are study cases with zoomed-in

illustrations.

types of payment funders.

3.1. Cases in the U.S.

We first explore potential spillover effects in the U.S. between the
Conservation Reserve Program (CRP) and the Environmental Quality
Incentives Program (EQIP). These programs aim to 1) retire environ-
mentally sensitive land and 2) adopt environmentally friendly practices
on working lands, respectively. These two programs do not purposefully
target the same area or same recipient(s) simultaneously by design, but
some lands or farmers may be qualified for both programs, making EQIP
and CRP concurrent green initiatives for these lands or farmers ac-
cording to our definition in Section 1. Based on the evidence for the
offsetting spillover effect from EQIP to CRP at some sites (e.g., Topashaw
Canal watershed, Mississippi (Wilson et al., 2008)), the “slippage ef-
fects” (i.e., equivalent to spillover effects in our article) from CRP pay-
ments to changes in farmland (Wu, 2000), and a rapid decline in CRP
enrollment in recent years (An et al., 2022, pp. 57), we hypothesize that
participation in EQIP (Behavior 1) had a detractive spillover effect on
CRP enrollment (Behavior 2; AS 2).

To test this hypothesis, we collected county-level data for the entire
country from the U.S. Department of Agriculture (USDA Farm Produc-
tion and Conservation Business Center, 2020) and performed regression
analysis. As differentiation between causation and correlation is
constantly a challenge in regression analysis, especially when no lon-
gitudinal dataset or large dataset exists to build a baseline or calculate
the counterfactual rate, we made our choice (there is a causal link from
EQIP to CRP) according to 1) the UN’s Sustainable Livelihoods Frame-
work (United Nations Development Programme, 2017), 2) empirical
evidence mentioned above (Wilson et al., 2008), and 3) relevant

literature in agricultural economics—e.g., CRP enrollment has “slippage
effects” of increasing farmland acreage in the central United States (Wu,
2000). The multivariate linear regression takes the following form:

4
y=by+biXi+ Y bXi+e )

i=2

where y is the dependent variable CRP_Area that represents land
enrolled in CRP (acres) in each county (the remaining independent
variables are county-level measures); b, is the intercept; b; is the coef-
ficient of X; (EQIP_Area), the variable that represents contracted land in
EQIP (acres), and b; are the coefficients of the three control variables (i
=2, 3, and 4 for total planted farmland area (acres), median household
income, and county population size (Table 2). To examine whether the
spillover effects are scale-specific (e.g., only at the national scale as
shown in the CRP-EQIP case vs. local scale), we collected data at the
Neuse River basin and Jordan Lake in North Carolina to further explore
spillover effects at a local scale (AS 2.3).

3.2. Cases in China

Next, we examined potential spillover effects between China’s Grain-
to-Green Program (GTGP) and Forest Ecological Benefit Compensation
(FEBC) program, two concurrent green initiatives that pay local stake-
holders to 1) restore vegetation on marginal farmland or grassland and
2) conserve selected natural forestlands through a logging ban, respec-
tively (for details of GTGP and FEBC, see AS 3). We collected data at
Fanjingshan National Nature Reserve and Tianma National Nature
Reserve in China (AS 3.1). We handled the causation vs. correlation
challenge and made our choice (there is a causal link from FEBC to
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Table 2

The relationship between EQIP enrollment and CRP enrollment with several selected variables under control.
Variable Description Parameter Standard t Value Pr > |t| Variance

Estimate Error Inflation

Intercept 5070.8004 2914.5547 1.74 0.0826 0
EQIP_Area Area of EQIP land (acres) —0.2178%** 0.0509 —4.28 <0.0001 1.2061
Farmland_Area Total planted farmland area (acres) 0.0312%*** 0.0025 12.71 <0.0001 1.2087
M_HH_Inc Median household income —0.0605 0.0542 -1.11 0.2656 1.0584
CountyPop County population size (1000 people) —1.3009 2.3583 —0.55 0.5815 1.0594

R? (adjusted R?)

0.2832 (0.2764)

Note: * p < 0.10; ** p < 0.05; *** p < 0.01.

GTGP) in the same way as we did for the EQIP-CRP case (Section 3.1): 1)
the UN’s Sustainable Livelihoods Framework, 2) empirical evidence and
observations in the field, and 3) relevant literature provide the guide-
lines and support for this choice. For instance, the amount of land
enrolled in FEBC was found to significantly reduce the landowner’s
willingness to participate in GTGP under a set of hypothetical conditions
(Yost et al., 2020). We hypothesized that FEBC payments might have a
spillover effect on GTGP participation, a Policy-Behavior spillover effect.
Also, following the previous analytical framework (Section 2.2), we
modeled the area of cropland enrolled in GTGP as a function of payment
from FEBC (at Tianma only; area of forestland enrolled in FEBC at
Fanjingshan) with a set of controlled variables that represent various
capitals as in the CRP and EQIP case (Section 3.1).

To test whether the above FEBC-GTGP spillover effects may vary
over time, we surveyed local farmers regarding their willingness to
participate in GTGP under several hypothetical conditions at Fanjing-
shan. We then modeled how the FEBC payment amount may affect the
corresponding interviewee’s stated choice (a binary variable for will-
ingness to enroll a land parcel in GTGP) with several control variables
that represent similar capitals as above. The model is similar to Yost
et al. (2020), except that a more recent dataset is used. Furthermore, we
examined the results from a published paper (Yang et al., 2016)
regarding local villagers’ income growth at Wolong Nature Reserve in
China to explore potential spillover effects (detail in AS 3.3).

3.3. Reallocation scenario analysis

The conservation community has long considered protected areas, an
essential type of green initiative, as the foundation of biodiversity con-
servation and has more recently started recommending area-based
conservation measures for conservation purposes (Jonas et al., 2014;
Maxwell et al., 2020b). Under this concept, the total area under different
conservation initiatives is a key indicator of conservation effectiveness.
To explore how spillover effects can be leveraged to reduce the amount
of financial support with zero or minimized decrease in the total amount
of area-based conservation initiatives (including ‘other effective area-
based conservation measures’; Section 2.2), we perform scenario anal-
ysis to reallocate various amounts of land enrolled in one program to the
other program. As the two programs— CRP vs. EQIP in the U.S. or GTGP
vs. EQIP in China—have very different pay rates, such a reallocation
should maintain the sum of land enrolled in the two programs the same
but reduce the total amount of payments. We did such scenario analysis
in both the U.S. (AS 2.2) and China (AS 3.2) to calculate the potential for
reducing payments whilst maintaining the total amount of land enrolled
in the two programs unchanged.

3.4. Cases worldwide

We examine whether spillover effects can be found in other parts of
the world beyond those found in the U.S. (Section 3.1) and China
(Section 3.2). This study continues with a literature search under the
“topic on payment(s) for ecosystem services, payment(s) for environ-
mental services or PES” and a review based on several online data
sources and archives, including Web of Science, Google Scholar, and the

journal Ecosystem Services (for details see AS 4).
4. Results
4.1. Spillover effects between EQIP and CRP in the U.S.

The regression results indicate that enrolling each hectare of land in
EQIP was associated with a loss of 0.22 ha of land enrolled in CRP with a
95 % confidence interval ranging from 0.12 to 0.32 ha (p < 0.0001;
Table 2, AS 2.1), representing a detractive Behavior-Behavior spillover
effect. This effect could have led to an average reduction of 4.5 million
acres or 20.45 % of total CRP land (AS 2.2).

The hypothetical reallocation scenarios show the consequences of
reallocating varying proportions of the “extra” EQIP farmland that has
been taken away from CRP possibly (4.5 million acres in total). This
“varying proportions” choice hinges upon the uncertainty in the amount
of EQIP land that can be converted back to CRP. Suppose we reallocate a
large portion of such “extra” EQIP land back to CRP. In that case, we
receive enhanced biodiversity and ecosystem services because this large
portion of land, presumably best for enrolling in CRP for biodiversity
and ecosystem services but was attracted to participate in EQIP, is
switched back to CRP. On the other hand, if we reallocate less of such
EQIP land, more emphasis is placed on the socio-economic benefits for
landowners due to EQIP’s higher pay rate ($340.94/ha or $137.98/acre)
compared to CRP ($188.68/ha or $76.36/acre). The results suggest that
with varying levels of EQIP land reallocation, the total payment can be
reduced by 1 % ~ 7 % without affecting the total acreage of EQIP and
CRP land (AS 2.2).” Note that the 1- 7 % cost-saving comes from the
switch-back decision only (i.e., from EQIP to CRP), which does not ac-
count for the huge subsequent ecological benefits (e.g., carbon seques-
tration due to increased forest cover under the CRP). For evidence of the
Gain-Policy and Gain-Gain spillover effects at Neuse and the Policy-Policy
and Gain-Gain spillover effects at Jordan Lake, we refer to AS 2.3.

4.2. Spillover effects between FEBC and GTGP in China

Our data analysis revealed a beneficial spillover effect from FEBC to
GTGP at both Fanjingshan and Tianma. Specifically, we found a signif-
icant Policy-Behavior beneficial spillover effect from FEBC to GTGP
enrolment: FEBC payments increased GTGP enrollment at Fanjingshan
(FEBC payment’s coefficient = 0.4393, p = 0.0703; Table A2); similarly,
total land enrolled in FEBC at Tianma also increased GTGP enrollment
(FEBC area’s coefficient = 0.4669, p = 0.002; Table A3). Based on the
findings from these two sites, our conservative extrapolative analysis
(AS 3.2) suggests that an average of 9.5 % of total GTGP land may have
come from FEBC enrollment. Applying this rate across China, around
0.46 million ha of GTGP land was a co-benefit of the FEBC program. Like
our U.S. case, we performed a scenario analysis that switches varying
proportions of FEBC land from areas eligible for both GTGP and FEBC —a

2 The global GDP contraction was projected to be 2 % ~ 8 %. Note that LM.F.
projects that GDP will fall by 4.3 % in the U.S., and an increase by 1.9 % in
China (International Monetary Fund, 2020).



L. An et al

total of 0.47 million ha - to areas eligible for FEBC alone (AS 3.2 and
Appendix 1). The increase in carbon sequestration due to the FEBC-
GTGP spillover effect (i.e., 0.47 million ha of “extra” GTGP land) is
estimated to be 1423.07 billion t C (Appendix 1). In Wolong Nature
Reserve, we found evidence for both the Policy-Behavior and Behavior-
Behavior spillover effects; for details, we refer to AS 3.3.

4.3. Spillover effects among green initiatives worldwide

Spillover effects are also evident in other parts of the world (Table 3;
AS 4). Below, we present findings from places other than the U.S. and
China but refer readers to AS 4 for more details. A Behavior-Gain spill-
over effect in Australia showed that the behavior of planting native trees
and shrubs (Behavior 1) had twofold gains, with not only the intended
gain in biodiversity (Gain 1) but also high levels of carbon sequestration
(Gain 2), which was the sole target of a different program.

Policy-Policy spillover effects were found in the Baltic Sea case, where
payments for nitrogen (Policy 1) and phosphorus abatement (Policy 2)
must be stacked together to be cost-effective (AS 4.4). Behavior-Behavior
spillover effects were found to be prevalent in Australia, where planting
fast-growing Eucalyptus monocultures (Behavior 1) and planting a mix
of native trees and shrubs (Behavior 2) were subject to a quantitative
restriction: the total land area covered by these two types of planting

Table 3
Cross-initiative spillover effects from the 15 case studies worldwide.
Linkage type Description® Case names Detail
in:
Policy Policy 2 - Behavior 1a (+) & Fanjingshan & SI3.1
-Behavior Behavior 1b () Tianma

Policy 1 (or 2) = Behavior 1 Wolong S13.3
Policy 1 plus Policy 2 -
Behavior 3

Behavior - Gain Behavior 2 - Gain 1 (+) Australia SI 4.2
Behavior 1 = Gain 2 () Paramo S14.2

Gain - Policy Gain 1 - Cancelation of Policy 2~ Neuse SI2.3
)

Policy - Policy Policy 1 and Policy 2 must Baltic Sea SI 4.4
coexist countries
Policy 1 - downgrades or Rio Grande SI 4.4
nullifies Policy 2 (—)
Policy 1 and Policy 2 subject to Jordan Lake S12.3
relative amount of restrictions

Behavior - Sum of Behavior 1 and Behavior ~ Australia SI 4.5

Behavior 2 are subject to a numerical
constraint;
Behavior 2 (new) to replace Wolong SI3.3
Behavior 1
Behavior 1 - Behavior 2 (+) Tianma SI3.1
Behavior 1 - Behavior 2 (—) USA S12.1
Behavior 1 - Behavior 2 (+) Yucatan and SI1 4.5
Chiapas
Gain - Gain Gain 1 and Gain 2 are a function =~ Marecchia & SI 4.6

of the same processes Foglia

Gain 1 and Gain 2 can be New World and SI 4.6
achieved simultaneously by one Great Britain

modified action

Gain 1 entails Gain 2 Neuse S12.3
More examples Jordan Lake, S12.3
Neuse
Time-Time & The sign of Policy - Behavior Fanjingshan SI3.1
intertwined spillover effect changes with

time
Policy 1 and Policy 2 occur in PVPF-KPWS SI 4.7
sequence
Detractive Gain - Gain and Nepal S14.7
Behavior »Gain (—) are
intertwined

Notes: a. The sign (+) or (—) indicates beneficial or detractive influence;
numbers 1 and 2 represent initiatives 1 and 2, e.g., Policy 2 and Behavior 1
represent the policy dimension of initiative 2 and the behavior dimension of
initiative 1, respectively.
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could not exceed a certain maximum land area (AS 4.5). Gain-Gain
spillover effects were evident in the New World and Great Britain, where
carbon sequestration (Gain 1) and increases in biodiversity (Gain 2)
could be achieved simultaneously through adjustments in the related
behaviors due to heterogeneous spatial distributions of—and site-
specific connections between—biodiversity and carbon gains (AS 4.6).
For spillover effects with changes in their direction over time (i.e., Time-
Time spillover effects) and multiple spillover effects that are stacked
together, we refer to AS 4.7.

5. Discussion

Spillover effects among green initiatives appear to be common
worldwide (AS 1). Concurrent green initiatives are rarely coordinated
with one another despite the increasingly recognized need to do so
(Barton et al., 2013; Ezzine-de-Blas et al., 2016a). Examining and
leveraging such spillover effects—as in the cases of the U.S. and Chi-
na—may help uncover undocumented losses or unrecognized co-
benefits, creating scope for budget cuts with minimized or no sacrifice
of environmental gain. Although budget cuts in green initiatives for
various reasons (e.g., GDP contraction during the pandemic) are
spatially variable, leveraging spillover effects among concurrent green
initiatives (e.g., converting some EQIP land back to CRP in the US) may
still preserve those area-based conservation initiatives-or, at least,
minimize their loss.

To visualize our findings, we illustrate the potential impacts of
spillover effects (shown in Fig. 1) on the final gains (Fig. 4). Here we
show exemplary relationships between two green initiatives (equivalent
to the two initiatives in Panels A and B of Fig. 1) that have A) no spillover
effects; B) one-way, detractive spillover effects, where initiative 1 re-
duces the gain of initiative 2 from 20 % (U.S. CRP/EQIP case, AS 2.1) to
100 % (Neuse case, AS 2.3); C) one-way, beneficial spillover effects,
where initiative 1 increases the gain of initiative 2 from 9 % (Fanjing-
shan, AS 3.2) to 10 % (Tianma, AS 3.2); and D) two-way, beneficial
spillover effects, where initiatives 1 and 2 jointly increase the overall
gain (labeled as 1 & 2) from 26 % (Wolong case, AS 3.3) to 310 % (New
World & Great Britain case, AS 4.6). We do not have data for two-way
detractive spillover effects (so not shown as a category above).

If scientists and policymakers can identify major co-benefits (e.g.,

00 [ [
WA WA

A (No spillover)

PN -22% -100%
00 0k

B (one-way, negative spillover)

310%

T

26% 3,
B3
1] 1
&| |&
2| |2

Fig. 4. Exemplary relationships between green initiatives that have A) no
spillover effects; B) one-way, detractive spillover effects; C) one-way, beneficial
spillover effects; and D) two-way, beneficial spillover effects. Due to data lim-
itation, the evidence for two-way negative spillover effects is still incomplete
and not presented here. The blue line represents the area that receives green
initiatives (represented as green circles 1 and 2) and the corresponding gains
(green rectangles 1 and 2). The percentage numbers above rectangles are
minimum and maximum spillover effects under each of the four categories
based on our 15 cases (Table 2). The size of a circle (or rectangle) is symbolic,
representing a green initiative (or its gain) in whatever magnitude before
spillover effects occur, but the size of a green (or blue) dotted rectangle is
proportional to the corresponding gain (or loss).
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Fig. 4D) of concurrent green initiatives, lawmakers may be greatly
empowered to defend them. Similarly, concurrent green initiatives with
big detractive spillover effects (e.g., Fig. 4B) can be replaced with pos-
itive, more impactful initiatives.

The limitations of our work may come from the following aspects.
First, no systematic framework can be adopted to address and quantify
the above spillover effects. Therefore, we have established a pioneering
framework (Fig. 1) in this regard, which may need additions and mod-
ifications in the future. For instance, we may consider expanding our
framework to include spillover effects not only across initiatives but also
across geographic areas, e.g., leakage or spillovers of conservation
effectiveness over space (Ewers and Rodrigues, 2008; Fuller et al., 2019;
Shen et al., 2022). Second, we acknowledge that correlation does not
imply causality (Meyfroidt, 2016). For this reason, we have examined
the spillover effects by carefully choosing the dependent and indepen-
dent variables, following the United Nations’ Sustainable Livelihoods
Framework and relevant literature (AS 2.1, 3.1). It would be more
convincing if other theories or frameworks could be employed to
examine such spillover effects. Finally, our evidence for spillover effects,
although coming from local to sub-continent scales in various regions of
the globe (Table 2), is still in an early, fledging stage. For instance,
several studies (e.g., the Wolong case in Table 2) did not intentionally
focus on spillover effects, making direct analysis difficult; we had to rely
on reinterpreting existing results, limiting our ability to perform further
analysis (e.g., calculating the confidence interval of some parameters).

6. Conclusions

The essence—and novelty—of this research lies in the following as-
pects. First, we bring the concept of concurrent green initiatives to the
conservation community and the public’s attention, which is defined as
multiple conservation programs or endeavors implemented in the same
area(s) or involving the same recipients. Second, we show strong spill-
over effects exist between concurrent green initiatives in divergent
(detractive or beneficial) forms from one to the other based on evidence
from the US (Section 3.1), China (Section 3.2), and many other countries
across the world (Section 3.4). Third, we point out that spillover effects
are often ignored as if they do not exist among concurrent green ini-
tiatives. Lastly, such spillover effects can be tapped to enhance the
effectiveness of green initiatives by, e.g., supporting green initiatives
that generate substantial co-benefits and/or suspending those that un-
dermine other concurrent green initiatives.

Our research is a timely contribution to the conservation community
in an era when “the biosphere, upon which humanity as a whole de-
pends, is being altered to an unparalleled degree across all spatial scales”
(IPBES, 2019). The year 2021 witnessed the inauguration of the Decade
of Action initiative within the U.N.’s Sustainable Development Goals
and the European Union’s Green Deal. Moreover, the U.N. has embarked
on its Decade of Ecosystem Restoration project (UNEP, 2019) and
approved the Post-2020 Global Biodiversity Framework (CBD, 2020). By
leveraging the opportunities—and challenges—from widespread yet
mostly hidden spillover effects, governments and other relevant orga-
nizations can make these green initiatives more effective and more
resilient to disturbances (e.g., COVID-19), continuing to sustain
ecosystem services.

CRediT authorship contribution statement

Li An: Writing - review & editing, Writing — original draft, Project
administration, Methodology, Funding acquisition, Formal analysis,
Data curation, Conceptualization. Jianguo Liu: Writing — review &
editing, Resources. Qi Zhang: Writing — review & editing, Formal
analysis, Data curation. Conghe Song: Writing — review & editing, Re-
sources, Methodology, Data curation. Driss Ezzine-de-Blas: Writing —
review & editing, Data curation. Jie Dai: Investigation. Huijie Zhang:
Investigation. Rebecca Lewison: Investigation. Eve Bohnett: Writing —

Science of the Total Environment 917 (2024) 169880

review & editing, Investigation. Douglas Stow: Writing — review &
editing, Investigation. Weihua Xu: Investigation. Brett A. Bryan:
Writing — review & editing, Investigation.

Declaration of competing interest

The authors declare that there are no competing interests that could
inappropriately influence (bias) their work.

Data availability

We will publish data once we prepare the DIB paper

Acknowledgments

We thank Zhiyun Ouyang, Richard Bilsborrow, and Elizabeth Sha-
piro for their advice on addressing issues about payments for ecosystem
services. We thank Shuang Yang, Evan Casey, and Alexandra Yost for
their contribution to data collection, processing, and analysis. We are
grateful to Michelle DuBreuil for her translation of the Yucatan and
Chiapas questionnaires and data from Spanish to English. We thank the
staff at Fanjingshan National Nature Reserve in China and the Research
Center for Eco-Environmental Sciences at the Chinese Academy of Sci-
ences for assistance in data collection. We are grateful to the excellent
comments from an unanimous reviewer and the Editor.

Funding

The National Science Foundation funded this research under the
Dynamics of Coupled Natural and Human Systems program [DEB-
1212183 and BCS-1826839]. This research also received financial and
research support from U.S. National Science Foundation (Grants No.
1924111, 2033507 and 2118329), Michigan AgBioResearch, and San
Diego State University.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.scitotenv.2024.169880.

References

An, L., Song, C., Zhang, Q., Bohnett, E., 2022. Conservation Effectiveness and Concurrent
Green Initiatives. Taylor & Francis.

An, L., Song, C., Zhang, Q., & Wei, X. (2024). Methods for assessing spillover effects
between concurrent green initiatives. MethodsX (in review).

Barbier, E.B., 2020. Greening the post-pandemic recovery in the G20. Environ. Resour.
Econ. https://doi.org/10.1007/s10640-020-00437-w.

Barton, D.N., Blumentrath, S., Rusch, G., 2013. Policyscape—A spatially explicit
evaluation of voluntary conservation in a policy mix for biodiversity conservation in
Norway. Soc. Nat. Resour. 26 (10), 1185-1201. https://doi.org/10.1080/
08941920.2013.799727.

Board of the Green Climate Fund, 2020. GCF handbook: decisions, policies and
frameworks (updated may 2020). https://www.greenclimate.fund/document/gef-ha
ndbook.

CBD, 2020. Zero draft of the post-2020 global biodiversity framework. Convent. Biol.
Diver. 8-9. https://www.cbd.int/doc/c/efb0/1f84/a892b98d2982a829962b
6371/wg2020-02-03-en.pdf.

European Commission, 2019. The European green Deal: communication from the
commission to the European Parliament, the European Council, the Council, the
European Economic and Social Committee and the Committee of the Regions. http
s://ec.europa.eu/info/sites/info/files/european-green-deal-communication_en.pdf.

Ewers, R.M., Rodrigues, A.S.L., 2008. Estimates of reserve effectiveness are confounded
by leakage. Trends Ecol. Evol. 23 (3), 113-116. https://doi.org/10.1016/j.
tree.2007.11.008.

Ezzine-de-Blas, D., Dutilly, C., Lara-Pulido, J.-A., Velly, G.L., Guevara-Sanginés, A.,
2016a. Payments for environmental services in a policymix: spatial and temporal
articulation in Mexico. PLoS One 10 (1371).

Ezzine-de-Blas, D., Wunder, S., Ruiz-Pére, M., Moreno-Sanchez, R. del P., 2016b. Global
patterns in the implementation of payments for environmental services. PLoS One.
https://doi.org/10.1371/journal.pone.0149847.


https://doi.org/10.1016/j.scitotenv.2024.169880
https://doi.org/10.1016/j.scitotenv.2024.169880
http://refhub.elsevier.com/S0048-9697(24)00014-7/rf0005
http://refhub.elsevier.com/S0048-9697(24)00014-7/rf0005
https://doi.org/10.1007/s10640-020-00437-w
https://doi.org/10.1080/08941920.2013.799727
https://doi.org/10.1080/08941920.2013.799727
https://www.greenclimate.fund/document/gcf-handbook
https://www.greenclimate.fund/document/gcf-handbook
https://www.cbd.int/doc/c/efb0/1f84/a892b98d2982a829962b6371/wg2020-02-03-en.pdf
https://www.cbd.int/doc/c/efb0/1f84/a892b98d2982a829962b6371/wg2020-02-03-en.pdf
https://ec.europa.eu/info/sites/info/files/european-green-deal-communication_en.pdf
https://ec.europa.eu/info/sites/info/files/european-green-deal-communication_en.pdf
https://doi.org/10.1016/j.tree.2007.11.008
https://doi.org/10.1016/j.tree.2007.11.008
http://refhub.elsevier.com/S0048-9697(24)00014-7/rf0040
http://refhub.elsevier.com/S0048-9697(24)00014-7/rf0040
http://refhub.elsevier.com/S0048-9697(24)00014-7/rf0040
https://doi.org/10.1371/journal.pone.0149847

L. An et al

Food and Agriculture Organization of the United Nations, 2019. From reference levels to
results reporting: REDD+ under the United Nations Framework Convention on Climate
Change (9).

Fuller, C., Ondei, S., Brook, B.W., Buettel, J.C., 2019. First, do no harm: A systematic
review of deforestation spillovers from protected areas. Glob. Ecol. Conserv. 18,
€00591 https://doi.org/10.1016/j.gecco.2019.e00591.

Gren, I.-M., Elofsson, K., 2017. Credit stacking in nutrient trading markets for the Baltic
Sea. Mar. Policy 79, 1-7. https://doi.org/10.1016/j.marpol.2017.01.026.

Hooper, D.U., Adair, E.C., Cardinale, B.J., Byrnes, J.E.K., Hungate, B.A., Matulich, K.L.,
Gonzalez, A., Duffy, J.E., Gamfeldt, L., O’Connor, M.I., 2012. A global synthesis
reveals biodiversity loss as a major driver of ecosystem change. Nature 486, 105.

International Monetary Fund, 2020. World economic outlook: A long and difficult ascent.
https://www.imf.org/en/Publications/WEO/Issues/2020/09/30/world-econom
ic-outlook-october-2020.

IPBES, 2019. Summary for Policymakers of the Global Assessment Report on Biodiversity
and Ecosystem Services of the Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services. Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services. https://www.ipbes.net/news/ipbes-globa
l-assessment-summary-policymakers-pdf.

Jonas, H.D., Barbuto, V., Jonas, Kothari, A., Nelson, F., 2014. New steps of change:
looking beyond protected areas to consider other effective area-based conservation
measures. PARKS 20 (2), 111-128. https://doi.org/10.2305/IUCN.CH.2014.PARKS-
20-2.HDJ.en.

Liu, J., Hull, V., Batistella, M., DeFries, R., Dietz, T., Fu, F., Hertel, T.W., Izaurralde, R.C.,
Lambin, E.F,, Li, S., Martinelli, L.A., McConnell, W., Moran, E.F., Naylor, R.,
Ouyang, Z., Polenske, K.R., Reenberg, A., Rocha, G. de M., Simmons, C.S., Zhu, C.,
2013. Framing sustainability in a telecoupled world. Ecol. Soc. 18 (2), 26.

Lépez-Feldman, A., Chavez, C., Vélez, M.A., Bejarano, H., Chimeli, A.B., Féres, J.,
Robalino, J., Salcedo, R., Viteri, C., 2020. Environmental impacts and policy
responses to Covid-19: A view from Latin America. Environ. Resour. Econ. https://
doi.org/10.1007/510640-020-00460-x.

Maxwell, S.L., Cazalis, V., Dudley, N., Hoffmann, M., Rodrigues, A.S.L., Stolton, S.,
Visconti, P., Woodley, S., Kingston, N., Lewis, E., Maron, M., Strassburg, B.B.N.,
Wenger, A., Jonas, H.D., Venter, O., Watson, J.E.M., 2020a. Area-based conservation
in the twenty-first century. Nature 586 (7828), 217-227. https://doi.org/10.1038/
s41586-020-2773-z.

Maxwell, S.L., Cazalis, V., Dudley, N., Hoffmann, M., Rodrigues, A.S.L., Stolton, S.,
Visconti, P., Woodley, S., Maron, M., Strassburg, B.B.N., Wenger, A., Jonas, H.D.,
Venter, O., Watson, J.E.M., 2020b. Area-based conservation in the 21st century
[preprint]. Earth Sci.. https://doi.org/10.20944/preprints202001.0104.v1.

Meyfroidt, P., 2016. Approaches and terminology for causal analysis in land systems
science. J. Land Use Sci. 11 (5), 501-522. https://doi.org/10.1080/
1747423X.2015.1117530.

Naeem, S., Ingram, J.C., Varga, A., Agardy, T., Barten, P., Bennett, G., Bloomgarden, E.,
Bremer, L.L., Burkill, P., Cattau, M., Ching, C., Colby, M., Cook, D.C., Costanza, R.,
DeClerck, F., Freund, C., Gartner, T., Goldman-Benner, R., Gunderson, J.,

Wunder, S., 2015. Get the science right when paying for nature’s services. Science
347 (6227), 1206. https://doi.org/10.1126/science.aaal403.

Science of the Total Environment 917 (2024) 169880

Ocasio-Cortez, A., 2021. Recognizing the duty of the Federal Government to create a
Green New Deal. https://www.congress.gov/bill/117th-congress/house-resol
ution/332.

Program Evaluation Division. Department of Environment and Natural Resources
Mitigation Credit Determinations [Special Report to the General Assembly Report
Number 2009-04]. North Carolina General Assembly. https://www.ncleg.net/
PED/Reports/documents/Wetlands/Wetland_Report.pdf.

Transforming our world: The 2030 agenda for sustainable development. In: Rosa, W.
(Ed.), 2017. A New Era in Global Health. Springer Publishing Company. https://doi.
0rg/10.1891/9780826190123.ap02.

Shen, Y., Liu, G., Zhou, W., Liu, Y., Cheng, H., Su, X., 2022. Protected areas have
remarkable spillover effects on forest conservation on the Qinghai-Tibet plateau.
Divers. Distrib. 28 (12), 2944-2955. https://doi.org/10.1111/ddi.13466.

UNEP, 2019. The United Nations Decade on Ecosystem Restoration. UN General
Assembly. https://undocs.org/en/A/RES/73/284.

UNFCCC, 1992. United Nations Framework Convention on Climate Change. United
Nations Framework Convention on Climate Change, Secretariat. https://unfccc.int
/resource/docs/convkp/conveng.pdf.

UNFCCC, 2015. Adoption of the Paris agreement. FCCC/CP/2015/L.9/rev.1. http://unfccc.
int/resource/docs/2015/cop21/eng/109r01.pdf.

United Nations Development Programme, 2017. GUIDANCE NOTE: Application of the
Sustainable Livelihoods Framework in Development Projects. United Nations
Development Programme Regional Centre for Latin America and the Caribbean,
pp. 4-11. file:///C:/Users/1za0060/Downloads/UNDP_RBLAC_Livelihoods-Gui
dance-Note_EN-210July2017.pdf.

USDA Farm Production and Conservation Business Center, 2020. County-Level CRP and
EQIP Dataset in the USA. Economics and Policy Analysis Division, Data Services
Branch.

von der Leyen, U., 2020. A union that strives for more. My Agenda for Europe : Political
Guidelines for the next European Commission 2019-2024. https://ec.europa.eu/in
fo/sites/default/files/political-guidelines-next-commission_en_0.pdf.

Wilson, G.V., Shields Jr., F.D., Bingner, R.L., Reid-Rhoades, R., DiCarlo, D.A., Dabney, S.
M., 2008. Conservation practices and gully erosion contributions in the Topashaw
Canal watershed. J. Soil Water Conserv. 63 (6, SI), 420-429. https://doi.org/
10.2489/jswc.63.6.420.

Wu, J., 2000. Slippage effects of the conservation reserve program. Am. J. Agric. Econ.
82 (4), 979-992.

Wunder, S., Brouwer, R., Engel, S., Ezzine-de-Blas, D., Muradian, R., Pascual, U.,
Pinto, R., 2018. From principles to practice in paying for nature’s services. Nat.
Sustain. 1 (3), 145-150. https://doi.org/10.1038/s541893-018-0036-x.

Yang, W., Lupi, F., Dietz, T., Liu, J., (Jack)., 2016. Dynamics of economic transformation.
In: Liu, J., Hull, V., Yang, W., Vina, A., Chen, X., Ouyang, Z., Zhang, H. (Eds.),
Pandas and People: Coupling Human and Natural Systems for Sustainability. Oxford
University Press, pp. 109-119.

Yost, A., An, L., Bilsborrow, R., Shi, L., Chen, X., Zhang, W., 2020. Linking concurrent
payments for ecosystem services in a Chinese nature reserve. Ecol. Econ. 169,
106509.


http://refhub.elsevier.com/S0048-9697(24)00014-7/rf0050
http://refhub.elsevier.com/S0048-9697(24)00014-7/rf0050
http://refhub.elsevier.com/S0048-9697(24)00014-7/rf0050
https://doi.org/10.1016/j.gecco.2019.e00591
https://doi.org/10.1016/j.marpol.2017.01.026
http://refhub.elsevier.com/S0048-9697(24)00014-7/rf0060
http://refhub.elsevier.com/S0048-9697(24)00014-7/rf0060
http://refhub.elsevier.com/S0048-9697(24)00014-7/rf0060
https://www.imf.org/en/Publications/WEO/Issues/2020/09/30/world-economic-outlook-october-2020
https://www.imf.org/en/Publications/WEO/Issues/2020/09/30/world-economic-outlook-october-2020
https://www.ipbes.net/news/ipbes-global-assessment-summary-policymakers-pdf
https://www.ipbes.net/news/ipbes-global-assessment-summary-policymakers-pdf
https://doi.org/10.2305/IUCN.CH.2014.PARKS-20-2.HDJ.en
https://doi.org/10.2305/IUCN.CH.2014.PARKS-20-2.HDJ.en
http://refhub.elsevier.com/S0048-9697(24)00014-7/rf0080
http://refhub.elsevier.com/S0048-9697(24)00014-7/rf0080
http://refhub.elsevier.com/S0048-9697(24)00014-7/rf0080
http://refhub.elsevier.com/S0048-9697(24)00014-7/rf0080
https://doi.org/10.1007/s10640-020-00460-x
https://doi.org/10.1007/s10640-020-00460-x
https://doi.org/10.1038/s41586-020-2773-z
https://doi.org/10.1038/s41586-020-2773-z
https://doi.org/10.20944/preprints202001.0104.v1
https://doi.org/10.1080/1747423X.2015.1117530
https://doi.org/10.1080/1747423X.2015.1117530
https://doi.org/10.1126/science.aaa1403
https://www.congress.gov/bill/117th-congress/house-resolution/332
https://www.congress.gov/bill/117th-congress/house-resolution/332
https://www.ncleg.net/PED/Reports/documents/Wetlands/Wetland_Report.pdf
https://www.ncleg.net/PED/Reports/documents/Wetlands/Wetland_Report.pdf
https://doi.org/10.1891/9780826190123.ap02
https://doi.org/10.1891/9780826190123.ap02
https://doi.org/10.1111/ddi.13466
https://undocs.org/en/A/RES/73/284
https://unfccc.int/resource/docs/convkp/conveng.pdf
https://unfccc.int/resource/docs/convkp/conveng.pdf
http://unfccc.int/resource/docs/2015/cop21/eng/l09r01.pdf
http://unfccc.int/resource/docs/2015/cop21/eng/l09r01.pdf
https://www.undp.org/content/dam/rblac/docs/Research%20and%20Publications/Poverty%20Reduction/UNDP_RBLAC_Livelihoods%20Guidance%20Note_EN-210July2017.pdf
https://www.undp.org/content/dam/rblac/docs/Research%20and%20Publications/Poverty%20Reduction/UNDP_RBLAC_Livelihoods%20Guidance%20Note_EN-210July2017.pdf
http://refhub.elsevier.com/S0048-9697(24)00014-7/rf0140
http://refhub.elsevier.com/S0048-9697(24)00014-7/rf0140
http://refhub.elsevier.com/S0048-9697(24)00014-7/rf0140
https://ec.europa.eu/info/sites/default/files/political-guidelines-next-commission_en_0.pdf
https://ec.europa.eu/info/sites/default/files/political-guidelines-next-commission_en_0.pdf
https://doi.org/10.2489/jswc.63.6.420
https://doi.org/10.2489/jswc.63.6.420
http://refhub.elsevier.com/S0048-9697(24)00014-7/rf0155
http://refhub.elsevier.com/S0048-9697(24)00014-7/rf0155
https://doi.org/10.1038/s41893-018-0036-x
http://refhub.elsevier.com/S0048-9697(24)00014-7/rf0160
http://refhub.elsevier.com/S0048-9697(24)00014-7/rf0160
http://refhub.elsevier.com/S0048-9697(24)00014-7/rf0160
http://refhub.elsevier.com/S0048-9697(24)00014-7/rf0160
http://refhub.elsevier.com/S0048-9697(24)00014-7/rf0165
http://refhub.elsevier.com/S0048-9697(24)00014-7/rf0165
http://refhub.elsevier.com/S0048-9697(24)00014-7/rf0165

	Global hidden spillover effects among concurrent green initiatives
	1 Introduction
	2 Theory/calculation
	2.1 Conceptual framework
	2.2 Analytical framework

	3 Materials and methods
	3.1 Cases in the U.S.
	3.2 Cases in China
	3.3 Reallocation scenario analysis
	3.4 Cases worldwide

	4 Results
	4.1 Spillover effects between EQIP and CRP in the U.S.
	4.2 Spillover effects between FEBC and GTGP in China
	4.3 Spillover effects among green initiatives worldwide

	5 Discussion
	6 Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgments
	Funding
	Appendix A Supplementary data
	References


