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Abstract

BACKGROUND: An economic incentive scheme is utilized to enhance citizens' support for managing invasive non-native spe-
cies. However, the effectiveness of the incentive scheme in the outcomes of themanagement remains unclear. This study inves-
tigates the effectiveness of economic incentives in managing invasive non-native species, focusing on their impact on reducing
crop damage. Using data from raccoon management in Hokkaido, Japan, and the Japanese agricultural census, our analysis
applies an inverse probability-weighted regression adjustment to evaluate the outcomes.

RESULTS: The findings reveal that economic incentives for capturing raccoons do not significantly reduce crop damage. Addi-
tionally, although these incentives increase the number of captured raccoons, the additional captures do not result in measur-
able reductions in agricultural damage.

CONCLUSION: The absence of positive results underscores the need to develop and evaluate evidence-based management
strategies for invasive non-native species. This study recommends implementing outcome-based incentive schemes that align
rewards with measurable management goals. Additionally, testing and refining the design of incentive schemes based on their
actual effects on management outcomes remain critical. Despite the null results, this study provides valuable insights into
designing incentive schemes that garner citizen support while avoiding redundancy. These findings contribute to advancing
effective management strategies for invasive species.
© 2025 The Author(s). Pest Management Science published by John Wiley & Sons Ltd on behalf of Society of Chemical Industry.
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1 INTRODUCTION
Invasive non-native species (INNS) pose a significant threat to eco-
systems and human well-being.1,2 They have negative impacts on
food security derived from agricultural damages, as well as biodi-
versity conservation.3 For instance, INNS caused an estimated US
$278 million in agricultural losses in Japan from 2000 to 2017,4 in
addition to US$36 billion in the EU5 and US$510 billion in the US.6

Effective INNS management is essential for the sustainability of
agriculture and preserving biodiversity,7 protecting human
health,8 promoting well-being9 and supporting local econo-
mies.10 Despite its importance, only limited INNS management
efforts have been successful, and much of the current manage-
ment is insufficient to mitigate global impacts.
One major challenge in INNS management is ensuring sus-

tained andwidespread public engagement and commitment.11,12

Effective INNS management requires sustained resources and
long-term efforts. Citizen involvement is critical to achieving
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success in these efforts. Indeed, many successful INNS manage-
ment cases have relied on the support of local stakeholders.13

The Intergovernmental Science-Policy Platform on Biodiversity
and Ecosystem Services (IPBES) and the Convention on Biological
Diversity (CBD) recommend involving citizens as key players in
managing INNS to address resource shortages.2,14

Economic incentives, including bounties and subsidies, are
widely used as tools to engage citizens in the management of
environmental resources, including pest and INNS manage-
ment.15,16 A growing body of literature has examined the causal
impact of economic incentives on environmental resource man-
agement and conservation. In the agricultural sector, substantial
evidence supports the effectiveness of economic incentives such
as payment for ecosystem services (PES) and agro-environmental
Schemes.17–19 For example, economic incentives have been
shown to promote environmentally friendly land use, such as
reducing grazing pressure from livestock, with continued effects
even after the incentives are withdrawn.17 However, these incen-
tives often involve trade-offs, such as enhancing conservation
practices, whereas yields decrease.20 In the biological conserva-
tion sector, increasing awareness of the causal revolution21 has
led to studies evaluating the impact of PES on biodiversity conser-
vation and wildlife management.22,23 One such study found that
unequal payment distributions reduce conservation efforts, and
that large payment amounts do not necessarily increase those
efforts.24 These findings underscore the importance of carefully
designing environmental policies that use monetary incentives
to effectively drive behavioral change.
In the context of INNS management, although the importance

of economic incentives is recognized, much of the discussion
has focused on valuation studies that assess the costs of INNS to
properties or the value of managing INNS.7,25 A few theoretical
and bio-economic model studies have also been conducted.26

Despite recognizing the importance of evaluating incentive-
based tools,27 empirical evidence of the effects of economic
incentives on INNS management outcomes remains limited. Con-
sequently, the effectiveness of providing economic incentives as a
strategy for managing INNS remains unclear.
In order to address these gaps, this study examines the impact

of economic incentives for capturing INNS on reducing agricul-
tural damage, a key outcome of INNS management. The study
focuses on raccoon management in the Hokkaido Prefecture,
Japan, where raccoons are listed among the 100 Worst Invasive
Alien Species in Japan.28 Despite being one of the most inten-
sively managed species, raccoon populations continue to expand
in the region. Accordingly, our specific objective is to quantify
how bounties for raccoon capture affect the reduction of agricul-
tural damage.
This study makes two significant contributions to the literature.

First, it quantifies the causal effect of economic incentives on INNS
management. Given the importance of efficiently using resources
in INNS management, this study provides valuable insights for pol-
icymaking aimed at achieving optimal outcomes. Furthermore,
impact evaluation methods have gained attention as tools to
improve wildlife management and biodiversity conservation.21,29

Second, this study shifts the focus of evaluation from the number
of captured raccoons to agricultural damage reduction, which is
the primary goal of policy. In recent decades, outcome-based incen-
tive schemes have been discussed primarily in agri-environmental
contexts to improve efficiency (e.g.30,31). However, discussions of
outcome-based incentive schemes in invasive species and wildlife
management are limited. This study not only evaluates the impact

of incentive schemes on agricultural damage outcomes, but also
advocates the development of outcome-focused incentive
schemes in the management of INNS.

1.1 Background of raccoon management and the policy
setting in Japan
Raccoons were introduced to Japan through the abandonment of
pets and animals imported for commercial purposes, leading to
significant damage to native ecosystems and property. They
cause economic losses in agriculture and threaten biodiversity,
such as preying on the Japanese crayfish (Cambaroides japonicus),
an endemic and endangered species in Japan.32 Raccoons also
pose a public health risk by spreading zoonotic diseases such as
the raccoon roundworm (Baylisascaris procyonis).33,34 In 2022,
agricultural losses in Japan due to raccoons exceeded 450 million
JPY (≈US$3 million).35 To address these impacts, raccoons were
designated as invasive alien species under the Japanese Invasive
Alien Species Act in 2005, leading to the development of nation-
wide management programs. Moreover, given the huge agricul-
tural damages, trapping of raccoons has been undertaken as
pest control with support from various government agencies.
The government also has introduced support measures including
financial incentives, under the Act on Special Measures for Pre-
vention of Damage Related to Agriculture, Forestry, and Fisheries
Caused byWildlife.36 Local governments have implemented addi-
tional support strategies. Although raccoon management has
provided multiple public and private benefits, this study focuses
on the role of economic incentives in reducing agricultural dam-
age, which is the main policy objective related to financial
support.
Hokkaido Prefecture, where our study is based (Fig. 1), has expe-

rienced notable raccoon colonization and population growth
owing to omnivorous feeding habits, high reproductive rates
and the absence of natural predators.37 Since 1999, the Hokkaido
government has been managing raccoon populations through
eradication programs. Despite these efforts, raccoon distribution
and agricultural damage continue to rise.38 In 2022, agricultural
damage in Hokkaido reached 144 million JPY (≈US$1 million).
Local municipalities have mainly addressed raccoon manage-
ment through the law designed to measure wildlife damage to
agriculture and property. Although the Ministry of the

Figure 1. Study site in Hokkaido prefecture and utilization of economic
incentives in 2017. Excluded cities have no farmland data in the census.
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Environment has issuedmanagement guidelines and encouraged
cooperation with local municipalities and the Ministry of Agricul-
ture, Forestry and Fisheries (MAFF),39 the raccoon management
strategy remains fragmented. Some municipalities offer eco-
nomic incentives to citizens to capture raccoons, whereas others
do not. A key challenge is the absence of a formal evaluation pro-
cess for local efforts.40 Economic incentives are widely used with-
out evaluation of effectiveness in raccoon management, which
can lead to inefficient resource allocation. Our study on the
impact of economic incentives provides valuable insights into
optimizing raccoon management, particularly with limited
resources.

2 MATERIALS AND METHODS
2.1 Identification strategy
Our primary objective was to estimate the impact of economic
incentives on reducing raccoon-related crop damage as part of
INNS management. Specifically, we calculated the average treat-
ment effect on the treated (ATET), which measured the average
effects of economic incentives on economic losses from raccoon
crop damage in the municipalities that provide economic incen-
tives. Following previous studies,41,42 ATET is defined using poten-
tial outcomes (Y) and the economic incentive treatment,
T � 0, 1f g, which is 1 if municipalities i implements economic
incentive schemes, and 0 otherwise, as follows:

ATET=E Yi1−Yi0jTi=1f g=E Yi1jTi=1ð Þ− Yi0jTi=1ð Þ

As counterfactual effects (i.e. outcomes under different treat-
ment statuses; in this case, outcomes in the treatment area had
no incentives been provided) cannot be directly observed, this
study uses inverse probability weighting with a regression adjust-
ment (IPWRA) estimator to estimate causal effects by addressing
missing data.43,44 One key advantage of IPWRA is its double
robustness. The use of economic incentives may be influenced
by factors such as landowners' characteristics, conservation inten-
tions and the socio-economic conditions of agricultural communi-
ties, including budgets for INNS management.39,45 Therefore,
selection bias associated with the treatment variable—economic
incentive use—must be addressed to assess its effects. Propensity
score matching methods are commonly used to control for selec-
tion bias, but these rely on the strong assumption that the treat-
ment model is correctly specified. By relaxing this assumption,
IPWRA provides consistent and unbiased treatment effect esti-
mates, as long as the treatment or outcome model is correctly
specified.43,44 The IPWRA method involves two stages: in the first
stage, the propensity score is estimated, and in the second stage,
inverse probability-weighted linear least squares estimates are
produced. Combining the conditional mean model with the pro-
pensity score model yields a doubly robust estimator for the ATET.
The treatment model is derived from the inverse probability-
weighted propensity scores for treatment and is expressed as
follows46:

bp Xð Þ=Pr Ti=1jXð Þ=E T ijXð Þ

where X is a vector of observed municipality-level variables that
influence treatment. In this study, X includes agricultural charac-
teristics, conservation status, and raccoon management status
including catch per unit effort (CPUE; Table 1). A pseudo-sample,
which mimics a random treatment assignment, is estimated

based on the propensity scores. The treatment model is then
described by combining the regression adjustment model with
inverse probability weighting as follows:

ATET=N−1
1 ∑

N

i=1
⊍1 +X⊎1ð Þ− ⊍0 +X⊎0ð Þ½ �= b⊍1− b⊍0ð Þ+X1 b⊎1− b⊎0

� �

where ⊍ and ⊎ are parameters, and X1=N
−1
1 ∑

N

i=1
T iXi is the average

over the subsample that introduces economic incentives. Our
analysis was conducted using the ‘teffects’ command in Stata 19.

2.2 Mechanism analysis
In the above analysis, null result was obtained; therefore, to iden-
tify a bottleneck in the effect of economic incentives on crop dam-
age, we performed an additional analysis. We divided the effects
of economic incentives on crop damage into two steps, as shown
in Fig. 2: (1) economic incentives might influence the number of
raccoons captured and (2) the number of captured raccoons
might subsequently influence crop damage. To examine the
causal effect of economic incentives on the number of raccoons
captured, the same datasets were used, but with the number of
captured raccoons as the outcome variable instead of crop dam-
age. Next, a regression analysis was conducted to examine the
relationship between the number of captured raccoons and crop
damage caused by raccoons. The relationship between these two
variables is represented by:

CropDamagei=γCapturei +⊐Xi +ϵi ,

where CropDamagei represents crop damage caused by raccoons
per unit of farmland area in municipality i, Capturei is the number
of captured raccoons in municipality i, Xi is a vector of observed
municipality i characteristics, including agricultural conditions
and raccoon management factors, and ϵi is the error term with
heteroskedasticity-robust standard errors.

2.3 Data
In order to examine the impacts, multiple data sources were used
to create a comprehensive dataset by combining raccoon man-
agement records from Hokkaido with agricultural community
census data. The raccoon management records, summarized at
the municipality level for 2018, were provided by the Hokkaido
Prefecture (unpublished data). These records included data on
the budget for raccoon management, the number of traps set
and raccoons captured, the availability of incentives and other
support for capturing raccoons, and economic losses resulting
from crop damage by raccoons in 2017, which was the main out-
come variable. As control units, data were obtained from the Rural
Community Card and the 2015 Japanese Census of Agriculture
and Forestry, conducted by MAFF every 5 years since 1950. This
census included information on farming activities (e.g. cultivated
farmland area and the number of farmers for whom farming is
the primary occupation) and environmental and agricultural
resource conservation activities at the agricultural community
level. In addition to agricultural data, to control for the population
of raccoons in each municipality, the dataset also included data
on the CPUE of raccoons and economic losses due to crop dam-
age by raccoons in the previous year (2016). These data, derived
from the Hokkaido District Agriculture Office's annual pest man-
agement survey, slightly differed from the 2017 crop damage
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data mentioned earlier. All data were aggregated at the munici-
pality level to align with the raccoon management records, with
the municipality as the unit of observation. Eight municipalities
were excluded from the analysis due to the absence of farmland,
leaving 171 observations. As the dataset was provided by the
Hokkaido Prefecture and based on agricultural census data, no
ethics approval was required for our study. Table 1 shows the dif-
ferences in background characteristics based on the use of eco-
nomic incentives for raccoon management. These differences
indicate a selection bias in management policy.

3 RESULTS
3.1 Main results
Table 2 presents the IPWRA estimates of the ATET of economic
incentives on agricultural damage caused by raccoons per unit

of farmland area. The analysis revealed that economic incentives
did not significantly impact agricultural damage. Specifically, the
left side of Table 2 shows that, although not statistically signifi-
cant, crop damage per unit of farmland decreased by 0.194 points
in municipalities that provided economic incentives for raccoon
management aimed at crop damage prevention. The right side
of Table 2, which focuses on municipalities where raccoons have
been sighted, confirms these findings. We also verified that the
two assumptions necessary for robust results in IPWRA were
met, as detailed in the robustness check (Supporting information
Appendix S1). As an additional robustness check, we analyzed the
total economic support related to raccoon capture, rather than
focusing on a single economic incentive for capture. This support
included funding for traps and the disposal of dead or captured
raccoons. This analysis reaffirmed the null results regarding the
impact of economic incentives on reducing crop damage by rac-
coons (Table S1 in Appendix S2). Furthermore, additional analyses
using crop-specific damage outcomes also show consistently null
results across all agro-products (Table S2 in Appendix S3). There-
fore, our results suggested that economic incentives had a mini-
mal effect on preventing agricultural damage caused by raccoons.

3.2 Mechanism
The results in the additional analysis showed that economic
incentives positively affected the number of raccoons captured,

Figure 2. Model of economic incentives reducing agricultural damages.
The blue arrow indicates statistical significance.

Table 1. Key background characteristics of the cities

Does the municipality utilize economic incentives?

Variables Yes (Y) No (N) Diff.

Mean (SD) Mean (SD) (Y N)
Cost of crop damage per farmland area (JPY) 0.241 (0.422) 0.372 (1.471) −0.132
Number of captured raccoons 147.792

(168.923)
58.407 (97.059) 89.386***

Have raccoons been sighted? (1 = Yes, 0 = No) 0.981 (0.137) 0.585 (0.495) 0.396***
Number of farmers 256.774

(221.674)
175.432
(150.763)

81.341**

Number of full-time cultivators 189.415
(168.012)

129.297
(122.736)

60.118**

Number of certified superior farmers; they can obtain focused support measures 200.283
(182.344)

132.449
(128.636)

67.834**

Number of farmers with the highest proportion of agricultural sales from fruits 1.604 (3.885) 4.364 (23.166) −2.761
Number of farmers with the highest proportion of agricultural sales from vegetables 21.849 (36.173) 12.932 (25.263) 8.917
Number of agri-communities that have meetings about nature resource conservation 27.717 (26.918) 17.847 (15.921) 9.870**
Number of agri-communities that have meetings about agricultural production 26.547 (28.020) 16.093 (15.830) 10.454**
Number of agri-communities that have meetings about irrigation canal and reservoir
management

25.434 (27.249) 14.136 (13.819) 11.298*

Number of agri-communities that conserve farmland 18.189 (20.459) 12.076 (15.109) 6.112***
Number of agri-communities that conserve forest areas 3.019 (5.706) 3.008 (5.349) 0.010***
Number of agri-communities that conserve rivers and channels 13.736 (17.665) 6.729 (10.583) 7.007***
Number of agri-communities that conserve agricultural canals 20.849 (23.922) 11.398 (13.138) 9.451***
Is there any support for the disposal of dead raccoons? (1 = Yes, 0 = No) 0.585 (0.497) 0.390 (0.490) 0.195**
Is there any support to buy traps? (1 = Yes, 0 = No) 0.038 (0.192) 0.042 (0.202) −0.005***
Number of traps that the municipality has 26.660 (36.078) 16.466 (32.772) 10.194***
Catch per unit effort (CPUE) of raccoons in 2016 0.083 (0.123) 0.036 (0.080) 0.048**
Did the municipality conduct raccoon capture? (1 = Yes, 0 = No) 0.925 (0.267) 0.568 (0.497) 0.357***

Note: The last column shows the results of the two-tailed Student's t-test for differences in means. ***, ** and * indicate the 1%, 5% and 10% levels of
significance. SD, standard deviation.
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increasing the capture count by ≈61.3 raccoons (Table 3). The
regression analysis revealed that the number of captured rac-
coons does not significantly affect crop damage (Table 4). These
additional results in the mechanism suggested that, whereas eco-
nomic incentives increased the number of raccoons captured, this
did not reduce agricultural damage (Fig. 2).

4 DISCUSSION
Despite the null results, our findings offer valuable insights into
managing invasive species with limited resources. Our consistent
results show that economic incentives based on the number of
captured raccoons do not reduce agricultural damage caused by
raccoons. This suggests a need for alternative measures to
address such damage. Further analysis revealed that the number
of raccoons captured increased when municipalities used eco-
nomic incentives; however, the number of captured raccoons
did not lead to the reduction of agricultural damage. This result
suggests that economic incentives have limited agricultural
impact and cannot be considered an effective scheme for reduc-
ing agricultural damage.
One possible explanation is that the number of raccoons cap-

tured was insufficient to reduce damage, indicating that even
with economic incentives, management efforts have not reached
a low-density level. Public tolerance of damage alsomay influence
the outcomes, as previous studies have shown that raccoon man-
agement typically occurs only when agricultural damage

becomes unacceptable (e.g.37,40). Another potential explanation
is that the incentives primarily encourage capturing raccoons in
areas where and at times when they are easy to catch, regardless
of the agricultural damage. These efforts do not effectively con-
tribute to reducing agricultural damage or to overall raccoon pop-
ulation management. Indeed, IPBES2 reported that hunting
programs often focus on areas and seasons when the target spe-
cies is most abundant, which may limit the effectiveness of such
efforts in reducing environmental impacts. Thus, the economic
incentives could promote raccoon captures only in locations
and seasons with high capture rates. An alternative explanation
for this result is compensatory mortality, a hypothesis suggesting
that harvest mortality triggers density-dependent responses in
reproduction, offspring survival and female population growth
by reducing competition for resources.47,48 Under compensatory
mortality, raccoon removal does not lead to a substantial reduc-
tion in the overall population within the region. Consequently,
bounty programs may fail to incentivize additive mortality, limit-
ing their effectiveness in reducing overall raccoon abundance
and associated agricultural damage. Related to this, a substantial
reduction in agricultural damage may require the removal of a
large number of raccoons. Thus, despite an increase in the num-
ber of captured raccoons, this might not be enough to reduce
agricultural damage.
Our findings align with previous studies indicating that eco-

nomic incentives are insufficient for wildlife management49 and
that recreational and commercial hunting, including bounty-

Table 2. Estimated results in inverse probability weighting with a regression adjustment (IPWRA) estimator: treatment effect on treated (ATET) of
economic incentives in reducing agricultural damage caused by raccoons

Variables

Full sample Subsample (sighted raccoons)

ATET Robust SE P-value ATET Robust SE P-value

Incentive −0.194 0.133 0.145 −0.184 0.133 0.166
Number of observations 171 121

Table 3. Estimated results in inverse probability weighting with a regression adjustment (IPWRA) estimator: treatment effect on treated (ATET) of
economic incentives on the number of captured raccoons

Variables

Full sample Subsample (sighted raccoons)

ATET Robust SE P-value ATET Robust SE P-value

Incentive 61.339 27.597 0.026 63.035 27.803 0.023
Number of observations 171 121

Table 4. Regression analysis results: the relationship between the number of captured raccoons and agricultural damage by raccoons

Full sample Subsample (sighted raccoons)

Variables Coeff. Robust SE P-value Coeff. Robust SE P-value

Capture 0.0002 0.001 0.719 0.0002 0.001 0.756
Controls Yes Yes
Region dummies Yes Yes
F-statistic 2.260 0.001 2.710 0.000
Number of observations 171 121
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based hunting programs, does not effectively reduce wildlife
populations.50,51 Additionally, our findings support the idea that
outcome-based incentive schemes, such as those used in agricul-
tural policies, are more effective.30 Therefore, we suggest that
economic incentives should focus on reducing agricultural dam-
age, rather than simply the number of raccoons captured.
Our results highlight the need for further research to gain valu-

able insights for policy development. This study focused on finan-
cial incentives for capturing raccoons to reduce agricultural
damage; however, it did not consider other forms of financial sup-
port, such as subsidies for preventive measures like fencing,
owing to data limitations. Given the effectiveness of fences in
reducing agricultural damage,52,53 future research should exam-
ine the causal impact of such preventive support. Another limita-
tion of this study is the evaluation of outcomes. We assessed the
impact of economic incentives based on agricultural damage,
aligning with the policy objectives. However, because INNS pro-
vide various benefits, future research should consider multiple
outcomes to evaluate the validity of economic incentives. More-
over, understanding whether mortality is compensatory or addi-
tive is critical for wildlife management decisions, such as setting
hunting quotas or evaluating pest control measures. Although
our analysis revealed noncorrelation between the number of rac-
coons captured and the extent of agricultural damage, the eco-
logical mechanisms underlying this relationship remain unclear.
Furthermore, our limitations highlight the need for spatiotem-

poral and long-term panel data to uncover more detailed causal
impacts and heterogeneity, which are essential for effective
policy-making. We were unable to assess the long-term lag
between interventions and outcomes. Although the increased
number of captured raccoons has a limited immediate impact
on reducing agricultural damage, this increased capture could
eventually decrease the population and significantly reduce agri-
cultural damage over time. Previous studies on invasive species
management show a time lag before the full effects are realized,
often accompanied by unintended consequences owing to com-
plex ecosystems (e.g. 54). Therefore, the long-term effects of eco-
nomic incentives on agricultural damage should be evaluated
using a long difference-in-differences method. Long-term moni-
toring could not only improve the accuracy of evaluations by
enabling control for unobserved heterogeneity through panel
data analysis, but also enhance our understanding of how eco-
nomic incentives function over time. Likewise, detailed spatial
data could help reveal regional heterogeneity arising from factors
such as crop diversity and variation in the intensity of raccoon
impacts. Beyond academic research, detailed spatiotemporal data
also play a crucial role in informing management practices. This
underscores the importance of collaborative research involving
governments and citizens, alongside academic researchers.

5 CONCLUSION
Themanagement of INNS is a critical issue, yet resources are quite
limited. Evidence-based policy evaluations are essential for imple-
menting effective measures. This study provides evidence of the
effects of economic incentives on INNS management outcomes,
focusing on raccoons in Hokkaido, Japan. The IPWRA estimates
revealed that economic incentives do not significantly reduce
agricultural damage in the short term. However, they do lead to
an increase in the number of raccoons captured. These findings
highlight the importance of evidence-based development in INNS
management. They also support outcome-based incentive

schemes, which are attracted in agri-environmental programs.
Despite the null results, this study can contribute to more effec-
tive INNS management in the agricultural sector by preventing
redundancy in both research progress and policy development.
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