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Abstract
Bison is an important and iconic mammal in the U.S. that is being reintroduced in many
places after being driven nearly to extinction. This paper provides a nationwide assessment
of the local economic impacts of bison reintroduction so that rural communities can take
economic well-being into account when considering decisions regarding future bison
restorations. We estimate the causal impacts of bison herd establishment on county-level
income, employment, and population growth using staggered difference-in-difference and
the synthetic control approaches. The simple positive correlation between local per capita
income and bison herds might lead planners to think that bison reintroduction is good for
the local economy. However, none of the causal inference analyses find statistically signif-
icant effects of bison reintroduction.

JEL: Q26; Q24
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Introduction

The American bison is a charismatic mammal that is used to be a vital symbol and resource
for Native Americans and helped shape grassland landscapes across North America.
However, the American government and commercial interests nearly drove the bison
to extinction in the late 19th century through over-hunting and habitat destruction (Taylor
2011). Government agencies and non-profit conservation groups are now restoring prai-
ries and reintroducing bison to their historical range in an ongoing effort to bring this
iconic mammal back from the brink of extinction in the wild (Zumbach 2015). However,
the net economic impact of bison reintroduction on rural communities has not been stud-
ied (Emmet Jones et al. 2003). This paper informs debate over the likely economic effects
of bison reintroduction with a nationwide assessment of the local economic impacts of
bison reintroduction. We estimate the causal impacts of bison herd establishment on

© The Author(s), 2022. Published by Cambridge University Press on behalf of the Northeastern Agricultural and Resource
Economics Association. This is an Open Access article, distributed under the terms of the Creative Commons Attribution
licence (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted re-use, distribution, and reproduction
in any medium, provided the original work is properly cited.

Agricultural and Resource Economics Review (2022), 51, 455–472
doi:10.1017/age.2022.13

ht
tp

s:
//

do
i.o

rg
/1

0.
10

17
/a

ge
.2

02
2.

13
 P

ub
lis

he
d 

on
lin

e 
by

 C
am

br
id

ge
 U

ni
ve

rs
ity

 P
re

ss

https://orcid.org/0000-0002-0196-7710
mailto:liqing@fullerton.edu
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1017/age.2022.13
https://doi.org/10.1017/age.2022.13


county-level income, employment, and population growth so that rural communities can
take economic well-being into account when considering their future decisions regarding
bison restoration.

Currently, fifty-three bison herds exist in the U.S. These herds could have a range of
effects on the people around then. Bison reintroduction could increase the attachment
people have to grassland areas (Wilkins et al. 2019) and might improve the health of rural
economies by increasing local tourism through wildlife marketing (Vasile 2018). However,
farmers, ranchers, and local residents have expressed concerns regarding bison reintroduc-
tion. For example, the presence of bison could limit profitable use of cropland and range-
land re-purposed as bison habitat. Cattle ranchers worry about the potential for diseases
like brucellosis to spread from bison to cattle, and rural leaders worry that bison establish-
ment could be a step on the path to national monument designation, which might limit
economic activity (Boyd and Gates 2006; Davenport 2018).

Economists have studied several dimensions of the relationship between conservation
and local economies. One body of research on the effects of protecting nature on local
economic activity has focused on land conservation. Some studies raised concern that pro-
tected areas could be a threat to local economic well-being (Rasker 1993) and that rapid
growth in nature-based visitation could challenge local community resilience (Winter et al.
2020). However, other papers have suggested that protected areas can improve conditions
in local economies. Increased tourism can in some cases provide more employment oppor-
tunities (Andam et al. 2008, 2010; Albers and Robinson 2013; Bode et al. 2015), increase
income (Wunder 2000), and promote local business establishment and economic devel-
opment (Walls et al. 2020). Work by Kennedy et al. (2016) showed that the economic
effects of conservation depend critically on the scale and nature of the interventions,
and other papers found that land conservation, as in the northern forest region of the
U.S. (Lewis et al. 2002) or new large national monuments (Jakus and Akhundjanov
2019), has had no significant effects on local economies at all.

A body of work has also studied the local economic effects of wildlife conservation and
restoration itself, with similarly mixed findings Langpap et al. 2020). Some papers showed
that species conservation has negative effects on measure of local economic health like
income, population, or employment (Lewis et al. 1990; Emerton 2001; Eichman et al.
2010; Ferris and Frank 2021). However, others found that species conservation can actually
improve some dimensions of local economic activity and human well-being (Fernandez
et al. 2009; Chen et al. 2016; Raynor et al. 2021).

Thus, previous research on the economic effects of wildlife conservation or restoration
does not yield clear predictions for the likely impact of bison reintroduction in the U.S. In a
hypothetical choice experiment study, Foelske et al. (2019) found that residents near bison
herds in Illinois and Iowa actually had no preference for those herds either to grow or
shrink in future scenarios of their communities. Research on other charismatic species
implies bison reintroduction might drive increases in visitor expenditures and help local
economies (Wilson and Tisdell 2003; Loomis and Caughlan 2004; Duffield et al. 2008). On
the other hand, cattle ranchers have persistent fears that bison may reduce incomes by
competing for rangeland with cattle, even though experimental research does not show
that to be the case (Kohl et al. 2013). There has been no study of how bison reintroduction
in grassland areas actually affects local economic well-being in the U.S. to show whether
positive or negative effects have actually come to pass. This paper fills that gap.

We assemble a novel data set that includes information on each herd’s name, location,
type, size, and year of establishment for all 53 bison herds in the U.S. There are 66 counties
in 19 states in the U.S. that have bison herds established between 1860 and 2018. We merge
county-level data from the U.S. Bureau of Economic Analysis (BEA) on economic health
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with the data on bison herds to study the impact of bison reintroduction on local economic
development in the counties that host them.

A simple probit model shows the presence of bison herds in a county and is positively
correlated with the county’s per capita income. However, that correlation should not be
interpreted as a causal link between bison and economic activity since bison are not ran-
domly placed in the landscape, and many other factors could influence local economies.
Thus, we use other methods – staggered difference-in-difference (DID) with multiple time
periods and the synthetic control method (SCM) – to estimate the causal impact of bison
reintroduction on local employment, population, and per capita income.

Similar to the results of Jakus and Akhundjanov (2019) described above, our causal
inference analyses find little evidence of any significant impact of bison reintroduction
on local economic activity, either positive or negative. Results from our DID analysis show
that bison reintroduction has no significant impact on per capita income, the total number
of jobs, or population density. Results from the SCM are consistent with the findings of the
DID analysis; bison reintroduction has an insignificant impact on local economic health.
Thus, the results of this study suggest that while bison reintroduction may not be a big
local economic driver, it also does not undermine local economic health.

Empirical strategy

One could readily estimate the average treatment effect attributable to bison reintroduc-
tion if bison herds were randomly established in U.S. counties. However, since bison rein-
troduction happened in selective locations, it is challenging to identify the causal
relationship between bison reintroduction and the local economy. This section presents
the two causal inference methods we use to estimate the impact of bison reintroduction
on local economic health: staggered DID and SCM.

DID with multiple time periods
Bison herds were established in different years across the landscape; thus, we adopt a stag-
gered DID design with multiple treatment periods. A two-way fixed effects (TWFE) model
is commonly applied in these circumstances. However, recent research documents poten-
tial shortcomings of this specification (Borusyak and Jaravel 2017; Callaway and
Sant’Anna 2021; De Chaisemartin and d’Haultfoeuille 2020; Goodman-Bacon 2021)
More specifically, a TWFE model with multiple treatment timing not only compares
the newly treated county with never treated and not-yet treated counties but also compares
newly treated counties with already treated units. The last comparison may bias the esti-
mated treatment effect since the path of outcomes for already treated units includes treat-
ment effect dynamics and cannot serve as a good control (Callaway and Sant’Anna 2021).
To address this issue, we follow an alternative approach proposed by Callaway and
Sant’Anna (2021), which only uses the desirable comparisons instead of all possible com-
parisons to estimate treatment effects.

Callaway and Sant’Anna (2021) first calculate the group-time average treatment effects
ATT�g; t�, which is a unique ATT for a cohort of units treated at the same point in time.
The group-time average treatment effects are estimated as follows:

ATT�g; t� � E�Yt�g� � Yt�0�jG � g� (1)

where G is the time period when a county has bison herds established. Treatment counties
are grouped based on the establishment years of bison herds. Once a county establishes a
bison herd, it remains treated (staggered treatment adoption assumption). We restrict the
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control group to be the group of counties that have not yet participated in the treatment in
that time period, including all never-treated counties and additional counties that eventu-
ally establish bison herds but have not yet established.

Bison counties may be comparable to non-bison counties conditioning on observed
pre-treatment covariates, X. We use these covariates to predict the conditional probability
of being treated (have bison herds established). Observed pre-treatment covariates
included in the analysis are county size, average precipitation, mean temperature, eleva-
tion, the percentage of land that are grasslands and shrubs in 2001, and whether the county
is in a metropolitan area.1 After conditioning on observed pre-treatment covariates, the
conditional parallel trend assumption based on not-yet been treated units is given as
follows.

For all g= 2, : : :G; s,t= 2,.,τ with t ≥ g and s ≥ t

E�Yt�0� � Yt�1�0�jX;G � g� � E�Yt�0� � Yt�1�0�jX;Ds � 0;G≠ g� (2)

Under this parallel trend assumption, we can use the not-yet-treated by time s (s ≥ t) units
as control groups when calculating the effect for the group that is first treated in time g. We
estimate the group-time average treatment effects through doubly robust (DR) estimation
procedure recommended by Callaway and Sant’Anna (2021) and Sant’Anna and Zhao
(2020). The DR estimation combines outcome regression (OR) proposed by Heckman
et al. (1997) and inverse probability weighting (IPW) estimators proposed by Abadie
(2005) into one specification. The DR estimators share the strengths of OR and IPW
because they can identify the ATT even if one of the two models (the propensity score
model and the OR model) is misspecified (Sant’Anna and Zhao 2020).

After calculating ATT�g; t�, we follow Callaway and Sant’Anna (2021)’s recommenda-
tion to summarize all feasible ATT�g; t� into an overall effect parameter. Since we only
have a limited number of bison herds established in each time period, the group size is
small in our analysis. Statistical inference on group-time average treatment may become
tenuous with small groups (Callaway and Sant’Anna 2021). Thus, we aggregate treatment
effects of bison reintroduction on local economic outcomes by averaging all of the identi-
fied group-time average treatment effects with weights proportional to group size. In this
case, the effective sample size is the total number of units that have ever been treated, and
the statistical inference results can be more stable. The overall effects of bison reintroduc-
tion on income per capita, jobs, and population density across all groups that have ever had
bison herds established are discussed in “Difference-in-difference (DID) with multiple
time periods.” To examine if the conditional parallel trend assumption is satisfied, we
aggregate the group-time average treatment effects to an event study plot to show the aver-
age treatment effects at different lengths of exposure to the treatment. The parallel trend
assumption holds if the average effects are not significantly different from zero in the pre-
treatment periods (Callaway and Sant’Anna 2021).

SCM
The SCM uses a data-driven approach to construct a synthetic unit that closely matches
each of the treated counties in pre-treatment periods. In contrast to the DID, the SCM
allows for the effects of time-varying unobserved factors (Kreif et al. 2016). This synthetic
unit is a weighted average of several untreated counties, where the weights are determined
in the pre-treatment periods regarding how closely the control units match the treated

1We calculate grassland coverage using National Land Cover Database (NLCD) 2001. The year 2001 is
the earliest available year for NLCD.

458 L. Li and A.W. Ando

ht
tp

s:
//

do
i.o

rg
/1

0.
10

17
/a

ge
.2

02
2.

13
 P

ub
lis

he
d 

on
lin

e 
by

 C
am

br
id

ge
 U

ni
ve

rs
ity

 P
re

ss

https://doi.org/10.1017/age.2022.13


county. We use this synthetic unit as the counterfactual for the treated county in post-
treatment periods to assess the effects of bison reintroduction on local economic develop-
ment (Abadie and Gardeazabal 2003; Abadie et al. 2010; Abadie et al. 2015). As a small-
sample comparative case study approach, this method also provides more informative
results on how bison reintroduction affects each treated county’s local economy and
the effects on outcome variables during each post-treatment period.

We use the SCM to examine the treatment effects of bison reintroduction on local eco-
nomic development. We estimate the county-specific effects of bison reintroduction and
the average effects across each county with bison herds. In the following paragraphs, we
first discuss how we follow Abadie et al. (2010, 2015) and conduct the SCM for each single
treated county. Then, we explain how to generalize this SCM for multiple treated units
following Cavallo et al. (2013).

For a single county with bison reintroduction, suppose we have J� 1 counties observed
for T time periods, and only the first county has bison herds, while the remaining J coun-
ties are considered potential controls (donors). Suppose time periods 1 to T0 are the pre-
treatment periods and T0 � 1 to T are the post-treatment periods, the bison reintroduction
occurs at T0 � 1. Let YN

jt be a vector of outcome variables that would be observed for

county j at time t in the absence of treatment and YJ
jt be the observed outcome if j is treated

in the periods T0 � 1 to T. Assuming bison reintroduction did not affect the bison county
in the pre-treatment periods, we have YN

jt � YJ
jt for all j in 1, : : : –N during t in 1, : : : ,T0.

Let αjt � YJ
jt � YN

jt represents the effect of bison reintroduction for county j at time t.
Given that only the first county is treated after T0 � 1, we aim to estimate, α1t , during the
post-treatment periods (t > T0). As shown in Equation 3, α1t can be written as:

α1t � YJ
1t � YN

1t (3)

Given that YJ
1t is observed, we find α1t by estimating YN

1t with the SCM and replacing the
unobserved YN

1t in Equation 3 with a synthetic counterfactual outcome. YN
1t can be esti-

mated by applying a reduced-form model given by Abadie et al. (2010):

YN
jt � σt � θtZj � λtµj � εjt (4)

where σt is the unknown time constant factor on YN
jt across counties; Zj is a vector of

observed covariates that are affected by bison reintroduction and used as the predictors
of the outcome variables; µj is the unobserved determinants of Y with its effect λt allowing
to vary over time; and the error terms εjt are unobserved factors with zero mean.

YN
1t is estimated by using a weighted average of the outcome YN

jt of the donors. Thus,

ŶN
1t �

XJ�1

j�2

wjYjt � σt � θt

XJ�1

j�2

wjZj � λt

XJ�1

j�2

wjµj �
XJ�1

j�2

wjεjt (5)

whereW � �w2; . . . ;wJ�1� is a vector of weights for the donors in the donor pool such that
wj ≥ 0 for j � 2; . . . ; J � 1 and w2 � . . .� wJ�1 � 1. Each particular value of the vector
W defines a potential synthetic control.

Assume that there exists a set of weights W	 � �w2; . . . ;wJ�1� such that

XJ�1

j�2

w	
j Yjt � Y1t fortin�1; . . . ;T0� and

XJ�1

j�2

w	
j Zjt � Z1 (6)

then as proved by Abadie et al. (2010), ŶN
1t will be an unbiased estimator of YN

1t and α1t can
be estimated using
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α̂1t � Y1t �
XJ�1

j�2

wjYjt (7)

Using W* produces a weighted average of the available control units such that it closely
mimics the treated county in terms of outcomes during the pre-intervention periods.W* is
chosen to minimize the difference between the characteristics of the treated and synthetic
control counties (Abadie et al. 2010). The root means squared prediction error (RMSPE) in
the pre-treatment periods can be used to measure the goodness of fit of a synthetic county
(Abadie et al. 2015). A large RMSPE signals a bad fit, which may increase inference uncer-
tainty in the post-treatment periods.

We select non-bison counties into a donor pool and construct a synthetic county for a
treated unit as a weighted average of the units in the donor pool. Selecting donors before
implementing SCM narrows the difference between the treated and donor units regarding
the observed characteristics and reduces the potential interpolation bias. It also reduces the
donor pool’s size, saving computing time for the SCM estimation and avoiding overfitting
(Abadie et al. 2010, 2015). We use propensity score nearest neighbor matching (one to
thirty) to select non-bison counties as potential controls in the donor pool for wild
and non-wild bison counties, respectively.2, 3 Propensity scores are calculated using data
on observed county geographical and socioeconomic characteristics – the same sets of
covariates used in the DID approach.

Predictors used in the synthetic control estimation process include annual precipita-
tion, annual temperature, and lagged outcome variables in pre-treatment periods. Both
precipitation and temperature are averaged over the pre-treatment period when used
as predictors. Kaul et al. (2015) point out that including all pre-treatment outcomes as
separate predictors could bias the estimation. Therefore, only the lagged values of out-
comes in the last five periods before the treatment year are included as separate predictors.
The rest of the pre-treatment outcome lags are averaged when entering as a predictor.

We use a placebo test to determine the statistical significance of the estimated impacts
of bison reintroduction (Abadie and Gardeazabal 2003; Abadie et al. 2010). For each
treated county, we assign the same bison herd establishment year as a placebo to its donors
in the donor pool and apply the SCM to every donor in our sample. Then, we examine if
the estimated effect of a real bison reintroduction is large relative to the “treatment” effects
produced by multiple placebo units in the donor pool. We can compute a lead-specific
significance level (p-value) in the post-treatment period for the estimated impact as:

p � value � Pr�α̂PL1;l > α̂1;l� �

PJ�1

j�2
I�α̂PL�j�1;l > α̂1;l�

#of control counties in the door pool
(8)

where α̂PL�j�
1;l is the lead l-specific effect of bison reintroduction when a donor county j is

assumed to have bison herd established at the same time as county 1. We use the p-value to
assess how the estimate α̂1;l ranks in the distribution of placebo effects.

Given the lead-specific estimates for one treated county is (α̂1;T0�1
; . . . ; α̂1;T ), we gener-

alize the SCM to allow G counties to experience treatment at different times. The average
effect over all the treatments is calculated as:

2The difference between wild and non-wild bison herds is discussed in Section 3.
3The matching is conducted with replacement. All wild bison counties share the same donor pool with

169 donors while all non-wild bison counties share the same donor pool with 224 donors
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ᾱ � 1
G

XG

g�1

�α̂g;T0�1
. . . ; α̂g;T�; (9)

To conduct statistical inference for ᾱ, we construct a set of placebos ᾱPL with which ᾱ is
compared for inference. We first compute all the placebo effects for each treated
county, and then, we compute every possible placebo average effect at each lead.
All the possible placebo averages are indexed by np � 1; . . . ;NP̄L. Each placebo average
is calculated by picking a single placebo estimate corresponding to each treated county
g and then taking the average across all G placebos. We rank the actual lead-specific
average treatment effect in the distribution of average placebo effects and compute the
lead-specific p-value for the average effect of bison reintroduction. The p-value shows
the proportion of average placebo effects that are at least as large as the average treat-
ment effect.

p � valuel �
P

N P̄Lnp�1I�αPL̄�np�l > ᾱl�
NP̄L

(10)

Data

This study uses three types of data constructed annually at the county level from 1969 to
2018: bison herd locations and characteristics, county-level economic measures, and phys-
ical characteristics of the land and climate. Table 1 shows the sources of variables used in
the analysis. Data on outcome variables – per capita income, population, and the total
number of jobs – come from the BEA. Data on county characteristics – temperature, pre-
cipitation, elevation, presence of grassland, and non-rural status – come from PRISM
Climate Data, the National Map from U.S. Geological Survey4, the National Land
Cover Database (NLCD), and the BEA. The percentage of land within a county that is
grassland or shrubs is calculated by overlaying a shapefile that contains counties’ bound-
aries on raster data on national land cover from NLCD.

Information on bison herds is gathered from International Union for Conservation
of Nature (IUCN), U.S. Department of the Interior National Park Service (DOI 2014),
American Prairie Reserve Report (APR 2017), and Davenport (2018). Table A1 in the
Appendix lists the establishment year and county locations of all the bison herds. Our
data include fifty-three bison herds (including both wild and non-wild herds) estab-
lished before 2018. Wild bison herds exist with limited or no human intervention; they
range widely and serve authentic functions in their grassland habitats. In contrast,
non-wild bison herds are fenced in and managed with veterinary care, providing value
in display, research, and education. For example, the bison herd in Yellowstone is wild,
while the Midewin National Tallgrass Prairie in Illinois hosts a display herd a short
drive from Chicago.

Collectively, 66 counties in the U.S. have bison herds established. The maps in
Figures 1, 2, and 3 visualize spatial patterns in the locations of those herds and local
economic conditions by county. We use simple cross-sectional probit analysis to quan-
tify those patterns and identify what types of counties are more likely to have restored

4The National Map is provided by U.S. Geological Survey’s (USGS): https://www.usgs.gov/core-science-
systems/national-geospatial-program/national-map

Agricultural and Resource Economics Review 461

ht
tp

s:
//

do
i.o

rg
/1

0.
10

17
/a

ge
.2

02
2.

13
 P

ub
lis

he
d 

on
lin

e 
by

 C
am

br
id

ge
 U

ni
ve

rs
ity

 P
re

ss

https://doi.org/10.1017/age.2022.13
https://www.usgs.gov/core-science-systems/national-geospatial-program/national-map
https://www.usgs.gov/core-science-systems/national-geospatial-program/national-map
https://doi.org/10.1017/age.2022.13


bison herds (Table 2). The existence of non-wild bison herds is not significantly cor-
related with geographical or economic characteristics except elevation. The presence of
wild herds is positively correlated with income and negatively correlated with popula-
tion density if we only consider the socioeconomic variables. However, correlations
between geography and socioeconomic characteristics mean those results disappear
when geographic features are included. It seems wild bison herds are more likely to
be established in cold areas with low precipitation and broad coverage by grasslands
and shrubs.

Given that data for outcome variables are only available from the year 1969 to 2018, we
can only conduct the DID analysis using a sub-sample of the treatment units. We select 30
counties with bison herds that were established between 1970 and 2018 as the treat-
ment group.

Implementing SCM places more demands on the data for pre-and post-treatment
information. Given that data on the outcomes and covariates data are available from
1969 to 2018, we select 14 bison herds established between the year 1980 and 2005 for
the treatment sample in the SCM analyses. These 14 bison herds in 16 counties provide
a representative mix of wild and non-wild bison herds in the Midwest and West
regions.5

Table 1. Variables and data source

Variable Year Source

Outcomes

Per capita income 1969–2018 Bureau of Economic Analysis

Population 1969–2018 Bureau of Economic Analysis

Total number of jobs 1969–2018 Bureau of Economic Analysis

Unemployment rate 1990–2018 Bureau of Labor Statistics

Covariates

Mean temperature 1970–2018 PRISM Climate Data

Precipitation 1970–2018 PRISM Climate Data

Metropolitan county 1970–2018 Bureau of Economic Analysis

Elevation The National Map from U.S.
Geological Survey

Grassland and shrubs 2001, 2004, 2006, 2008, 2011,
2013, 2016

National Land cover

Bison herd information 2018 IUCN, DOI (2014), APR (2017),
Davenport (2018)

IUCN: International Union for Conservation of Nature; DOI: U.S. Department of the Interior National Park Service Report;
APR: American Prairie Reserve Report.

5These 14 bison herds are located in 16 counties because the Niobrara Valley Preserve is located in two
counties in NE (Brown, NE and Keya Paha, NE), and the American Prairie Reserve is located in two counties
in MT (Fergus, MT and Philips, MT)
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Results

In this section, we report the estimated impacts of bison reintroduction on population
density, per capita income, and total local employment using the DID and SCM
approaches.

Figure 1. Distribution of bison herds and income per capita in the U.S.

Figure 2. Distribution of bison herds and population density in the U.S.
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DID with multiple time periods
Table 3 shows the effects of bison reintroduction on income per capita, population density,
and the total number of jobs using the DID with DR estimation procedure. All outcomes
are log-transformed, and standard errors are computed using the multiplier bootstrap.
Point-estimate results imply that bison reintroduction reduces income per capita by
0.35%, population density by 2.41%, and the total number of jobs by 2.87%. However,
all these effects on local economic development are insignificant. We also conduct the stag-
gered DID using a pre-matched sample constructed by the propensity score matching
(PSM). A detailed discussion of the DID with PSM results is available in Appendix B.

We graphically identify whether the conditional parallel trend assumption is satisfied
using Figures 4, 5, and 6. These three figures present the average treatment effects of bison
reintroduction at different lengths of exposure to treatment (similar to an event study plot) for
the outcome variables income per capita, population density, and total number of jobs, respec-
tively. Year zero represents the time period that a bison herd was established. The estimated
coefficients show the average effects of bison reintroduction on a lag or lead before and after
herds were established. The average effects are not significantly different from zero before herd
establishments, implying that the conditional parallel trend assumption holds.

Figures 4–6 also help us explore the dynamic treatment effects of bison reintroduction.
We focus on the dynamic effects within 20 years of post-treatment periods because we
have fewer treated counties with bison herds established more than 20 years, resulting
in large standard errors for the point estimates. We observe standard errors of the esti-
mates increase significantly after 20 years of post-treatment periods, and thus, we should
interpret the estimates with caution. The dynamic treatment effects of bison reintroduc-
tion are insignificant, but the point estimates hold interesting patterns. Figures 5 and 6
show a decreasing trend of population density and total number of jobs starting just a
few years after reintroduction, while such trend does not exist when we focus on income

Figure 3. Distribution of bison herds and unemployment rate in the U.S.
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per capita (Figure 4). This could be consistent with the fact that public bison herds require
land for establishment but not much labor to maintain. We do note that in counties with
bison herds established longer than 20 years, income, population, and employment all
increase somewhat 20–30 years after reintroduction, albeit the effects are insignificant.

SCM results
The insignificant results of the DID with DR estimators methods could be associated with
low power due to small numbers of treated counties. The SCM analyses take a different

Table 2. Probit regression results

(1) (2) (3) (4) (5) (6)

Full
sample

Full
sample Wild Wild Non-wild Non-wild

Income per capita 0.0100*** 0.00356 0.0112*** 0.00474 0.00588 0.00278

(0.00363) (0.00384) (0.00409) (0.00446) (0.00592) (0.00636)

Unemployment rate −0.00926 −0.0219 0.0243 0.0183 −0.108 −0.0986

(0.0397) (0.0435) (0.0421) (0.0509) (0.0751) (0.0766)

Population density −0.000276 0.0000293 −0.00222*** 0.0000390 0.00000915 0.0000336

(0.000195) (0.0000689) (0.000849) (0.000149) (0.0000816) (0.0000663)

Precipitation −0.0215*** −0.0485*** −0.00820

(0.00515) (0.00989) (0.00647)

Percentage of
grassland and
shrubs

0.724** 1.408*** 0.0987

(0.338) (0.495) (0.427)

Land area 0.0000466 0.0000396 0.0000144

(0.0000298) (0.0000332) (0.0000518)

Avg mean
temperature

−0.0334* −0.103*** 0.0163

(0.0174) (0.0278) (0.0220)

Elevation 0.000165 −0.0000362 0.000312*

(0.000116) (0.000143) (0.000165)

Constant −2.418*** −1.469*** −2.676*** −0.731 −2.264*** −2.281***

(0.268) (0.393) (0.301) (0.523) (0.462) (0.602)

Observations 3039 3039 3015 3015 3000 3000

Standard errors in parentheses.
*p < 0.10.
**p < 0.05.
***p < 0.01.

Note: Table 2 summarizes the results of cross-sectional probit analyses. Results in Column (1) and (2) show whether a
county has a bison herd in 2018 as a function of its characteristics. The dependent variable in Column (3) and (4) is a
binary variable indicating if a county has a wild bison herd, while the dependent variable in Column (5) and (6) is a binary
variable indicating if a county has non-wild bison herd.
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approach to exploring whether specific bison reintroductions had effects on their local
economies.

We focus on six wild bison counties and ten non-wild bison counties with bison herds
established between 1980 and 2005 as treated units in the SCM analyses. We first estimate
the causal effects of bison reintroduction on per capita income, population, and the total
number of jobs for each bison county and then calculate the average effects of bison rein-
troduction for counties with two different types of bison herds (wild vs non-wild)

Table 3. The effect of bison reintroduction: DID with doubly robust estimator

(1) (2) (3)

Income per capita Population density Total number of jobs

Bison −0.0035 −0.0241 −0.0287

(0.0385) (0.0298) (0.0317)

N 150100 150100 150100

Standard errors in parentheses.
Note: This table summarizes the effects of bison reintroduction on income per capita, the total number of jobs, and
population density using DID with the doubly robust DID estimators. We include 30 counties with bison herds
established between 1970 and 2018 in the treatment group to conduct the staggered DID analysis with multiple
treatment periods.

Figure 4. Average effect on income per capita by years after herd establishment.
Note: This figure shows the average effects on income per capita across the different exposure lengths to the treat-
ment. Results are estimated using DID with DR estimation procedure. Year 0 represents the time period that a bison
herd was established. The average effects are not significantly different from 0 before herd establishment, implying
that the parallel assumption is satisfied.
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respectively based on Equation 9.6 To measure the statistical significance of the estimated
average effects, we compute p-values using Equation (10).7

Table 4 summarizes the lead-specific average effects of bison reintroduction on local
economic health for counties with wild and with non-wild bison herds.8 We present
the p-values for estimated effects in parentheses. The p-values are interpreted as the pro-
portion of average placebo effects that are at least as large as the average treatment effect.9

Exploring the point estimates of average effects over time, it appears the wild bison herds
have positive impacts on income per capita (thousand dollars) in the first few post-
treatment periods, but that effect then becomes negative. The non-wild bison herds

Figure 5. Average effect on the total number of jobs by years after herd establishment.
Note: This figure shows the average effects on the total number of jobs across the different exposure lengths to the
treatment. Results are estimated using DID with DR estimation procedure. Year 0 represents the time period that a
bison herd was established. The average effects are not significantly different from 0 before herd establishment,
implying that the parallel assumption is satisfied.

6We estimate the average effects of bison reintroduction for two different types of bison herds separately
for two reasons. First, these two types of herds exist for different purposes and are managed differently, thus
may potentially result in different local economic effects. Second, estimating the average effects for two sep-
arate groups reduce the computational demand for statistical inference calculation.

7To calculate the average effects of wild bison herds, we average the lead-specific effects across six coun-
ties with wild bison herds. To conduct statistical inference for wild bison herds, we consider the placebo
effects corresponding to wild bison counties to construct a distribution of average placebo effects.
Similar conduct is implemented for non-wild bison herds estimations.

8We also report the event-specific SCM results for each treated county in Appendix C using slightly dif-
ferent donor pools to construct synthetic units. Results suggest that bison reintroduction does not signifi-
cantly impact per capita income, population, and local employment for both counties with wild and non-
wild bison herds, which are consistent with the finding of the average effects of bison reintroduction.

9To get standardized measures, we divide all effects by the corresponding pre-treatment match quality
(Cavallo et al., 2013)
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consistently have negative average impacts on per capita income. The estimated average
effects of wild bison herds on population density and the total number of jobs are negative
in all post-treatment periods, while the impacts of non-wild bison herds on population
density and the total number of jobs are first positive and then become negative quickly.
However, none of these estimates are statistically significant.

Conclusion

In this paper, we explore patterns in the locations of U.S. bison herd reintroduction and
estimate the causal effects of those bison reintroduction on local economic health. We esti-
mate the causal effects with two different econometric approaches: a staggered DID with
multiple treatment periods and the SCM.

A simple probit analysis shows that wild bison herds are more likely to be established in
counties with high income per capita; when geographic features are included, we see that
wild bison herds are more commonly located in places with more grasslands, low precipi-
tation, and low temperature. The naive correlation between income and bison herds might
lead planners to think that bison reintroduction will increase per capita income in a
county. However, none of the causal inference analyses find any statistically significant
effects of bison reintroduction on per capita income, employment, or population density.
These results are robust to different identifications and treatment samples we apply.

Why is there no effect of bison reintroduction on local economic activity? Many bison
herds were established in pre-existing national monuments, state parks, or preserved areas.

Figure 6. Average effect on population density by years after herd establishment.
Note: This figure shows the average effects on population density across the different exposure lengths to the treat-
ment. Results are estimated using DID with DR estimation procedure. Year 0 represents the time period that a bison
herd was established. The average effects are not significantly different from 0 before herd establishment, implying
that the parallel trend assumption is satisfied.
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Table 4. Average effects of bison reintroduction: synthetic control method

Income per capita Population density Total number of jobs

(1) (2) (3) (4) (5) (6)

Leads Wild Non-wild Wild Non-wild Wild Non-wild

1 0.005 −0.017 −0.012 0.012 −0.043 0.002

(0.34) (0.2) (0.22) (0.2) (0.03) (0.33)

2 0.002 −0.003 −0.022 0.015 −0.021 0.017

(0.59) (0.47) (0.2) (0.35) (0.12) (0.36)

3 0.003 −0.007 −0.032 0.008 −0.023 −0.002

(0.64) (0.27) (0.16) (0.69) (0.37) (0.79)

4 0.019 −0.017 −0.038 0.012 −0.04 −0.007

(0.69) (0.31) (0.18) (0.74) (0.31) (0.63)

5 −0.005 −0.001 −0.04 −0.002 −0.033 −0.021

(0.9) (0.89) (0.25) (0.92) (0.47) (0.74)

6 0.02 −0.016 −0.047 −0.004 −0.051 −0.01

(0.56) (0.51) (0.25) (0.87) (0.31) (0.86)

7 −0.068 0.021 −0.056 −0.021 −0.079 −0.011

(0.47) (0.6) (0.26) (0.68) (0.2) (0.93)

8 −0.097 0.015 −0.079 −0.028 −0.082 −0.033

(0.13) (0.94) (0.16) (0.64) (0.24) (0.81)

9 −0.097 0.003 −0.088 −0.038 −0.085 −0.06

(0.14) (0.81) (0.16) (0.58) (0.29) (0.54)

10 −0.153 −0.01 −0.081 −0.062 −0.07 −0.079

(0.08) (0.89) (0.23) (0.47) (0.44) (0.44)

11 −0.103 −0.005 −0.091 −0.074 −0.063 −0.103

(0.14) (0.77) (0.26) (0.46) (0.49) (0.24)

12 −0.046 −0.006 −0.084 −0.075 −0.044 −0.091

(0.75) (0.99) (0.33) (0.5) (0.56) (0.5)

13 −0.038 −0.019 −0.087 −0.082 −0.029 −0.113

(0.59) (0.97) (0.37) (0.51) (0.66) (0.32)

14 −0.004 −0.049 −0.094 −0.097 −0.047 −0.14

(0.62) (0.73) (0.39) (0.49) (0.57) (0.15)

Note: This table summarizes the lead-specific effects of bison reintroduction on income per capita, the total number of
jobs, and population density in the post-treatment periods. We focus on six wild bison counties and ten non-wild bison
counties with bison herds established between 1980 and 2005 as treated units in the SCM analyses. Column (1), (3), and
(5) present the average effects of wild bison herd establishment on local economic health. Column (2), (4), and (6) present
the average effects of non-wild bison herd establishment on local economic health. p-values are in parentheses.
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Some research shows that the protection of public lands itself may have had minimal
impact on the local economy (Jakus and Akhundjanov 2019); the addition of bison rein-
troduction may induce too little difference in land use to affect local economies.

The results of this paper may serve to assuage fears of farm, ranch, and local govern-
ment leaders that bison reintroduction will harm local economies; no such pattern is sup-
ported by the evidence. On the other hand, we also do not find compelling evidence that
bison herds increase local economic activity, as is sometimes anticipated by those who
support reintroduction.

This paper has several important limitations. First, bison reintroduction may have other
benefits that are not captured by the analyses in this paper. For example, bison may interact
with dung beetles to improve the ecological functioning of grassland habitats and affect bird
habitat and carbon sequestration (Barber et al. 2019). Furthermore, people may place large
non-use values on the expanded existence of bison herds in the grasslands of the U.S. that
could only be measured with a large-scale stated preference study. Future work would do well
to quantify the non-market benefits of bison reintroduction and provide more information to
guide ongoing efforts to restore this iconic mammal to the open lands of the U.S.

Second, this paper focuses on bison herds that have been restored and managed for
conservation purposes on largely public or non-profit lands. The commercial bison indus-
try has also expanded in the past few decades in the U.S. (Tielkes and Altmann 2021).
Some commercial bison ranchers provide (agri)tourism opportunities in addition to meat
production, which may mitigate the effects of reintroducing conservation bison herds in
the same region. This paper should be interpreted as estimating the impacts of bison res-
toration for non-profit conservation purposes in a landscape where commercial bison
herds have also been expanding. Future research could further explore the potential sub-
stitution effects between commercial and non-commercial herds in terms of (agri)tourism
demand and amenity values.

Supplementary material. To view supplementary material for this article, please visit https://doi.org/10.
1017/age.2022.13
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