
is a widespread approach to conserve biodiversity and
prevent deforestation (Rodrigues & Cazalis,2020), and
many PAs are associated with socioeconomic goals such
as livelihood improvement and sustainable development
(Andam et al., 2008; Quadri-Barba et al.,2021). PAs can,
but do not always (e.g., Brun et al.,2015), reduce defores-
tation (Andam et al., 2008; Geldmann et al.,2019). Con-
textual factors (e.g., remoteness, location), management
practices (e.g., protection strictness, community involve-
ment), and supporting activities (e.g., alternative liveli-
hoods) determine PA effectiveness (Oldekop et al.,2016;
Pfaff et al., 2014). Understanding how various factors
affect the impacts of PAs on deforestation is critical for
advancing sustainable management of forest ecosystems
across the tropics.

Tourism—defined as visitor activity by the UN World
Tourism Organization (UNWTO)—can be a pathway
through which PAs affect deforestation in tropical forests.
Ecotourism in particular—nature-based visitor activity
designed to advance biodiversity and local community
well-being (UNWTO)—has been widely promoted as a
strategy to conserve natural habitats by providing alterna-
tives to destructive livelihood practices and socioeco-
nomic incentives to preserve ecosystems (Amalu
et al., 2018; Balmford et al., 2009; Brandt et al., 2019;
Gazoni & Brasileiro, 2022; Stronza et al.,2019). Pairing
tourism with PAs can result in effective forest conserva-
tion in some regions (Li et al., 2021; Manzo-Delgado
et al., 2014; Vuohelainen et al.,2012), particularly when
local people receive direct economic benefits and there is
strong, community-oriented monitoring and enforcement
(Brandt & Buckley, 2018). Yet, tourism has also been
linked to exacerbated deforestation due to increased
demand for land and forest products (Brandt et al.,2012;
Mao et al.,2014). Tourism can increase the demand for tim-
ber and fuelwood used to accommodate both tourists and
migrants who are often attracted by the new economic
opportunities (Brandt & Buckley,2018). Increased market
access and revenues associated with tourism may also
heighten the extractive ability of local people (Stronza,2007),
and the economic benefits of tourism may be too small to
effectively dissuade deforestation (Bookbinder et al.,1998).

Mixed evidence for the effects of tourism on defores-
tation renders it difficult to predict the impacts of pro-
posed tourism programs. Further, tourism is not a
panacea to addressing deforestation across all kinds of
PAs (Kremen et al.,1999). In a global review, Brandt and
Buckley (2018) concluded that there is currently insuffi-
cient evidence of the effects of tourism on deforestation
and highlighted the urgent need for robust quantitative
empirical approaches to address this issue (Brandt &
Buckley, 2018). Most previous studies linking tourism to
deforestation are based on small-scale qualitative studies

(Brandt & Buckley, 2018). For example, previous ethno-
graphic research has investigated longitudinal patterns of
tourism in Ankarana Special Reserve, Madagascar
(Gezon,2014). While qualitative studies provide invalu-
able insights, quantitative analyses are necessary for
identifying tangible measures of the magnitude of
tourism impacts that are often sought by funders, policy-
makers, and high-level decision makers. Most quantita-
tive studies do not employ adequate methods to account for
various factors (e.g., economic growth, change in environ-
mental policy) that can rival tourism as the explanation of
the observed associations between tourism and deforesta-
tion (hereafter rival explanations) (Brandt & Buckley,2018),
but see Brandt et al. (2019), which used a matching study
design to investigate the impacts of ecotourism on forest loss
in Himalayan temperate forests. It is therefore difficult to
interpret these observed associations as tourism impacts. To
our knowledge, no previous studies have used count-based,
longitudinal tourism data with careful attention to rival
explanations to allow inference about the impact of number
of tourist visits on deforestation.

We investigated the impacts of tourist visits to PAs on
deforestation by applying an approach attentive to rival
explanations to 20 years of remotely sensed deforestation
data and longitudinal tourism visitation counts from each
of 40 PAs across Madagascar (Figure1). Madagascar is a
global biodiversity hotspot that faces high levels of poverty
and deforestation (The World Bank,2022). Tourism has
been promoted in global development frameworks as a
tool for both conservation and poverty reduction, but
the outcomes remain context-dependent and largely
untested within Madagascar (Antonelli et al., 2022;
Gardner et al., 2013; United Nations World Tourism
Organization, 2018). Still, attracting tourist visits to PAs
remains one of Madagascar's economic policy priorities
and has long been considered one of the island's strategies
to reconcile biodiversity conservation and development
(Carpenter & Andreone, 2023; Duffy, 2008; Durbin &
Ratrimoarisaona,1996; Jones et al.,2019).

On Madagascar, the potential economic benefits and
alternative livelihoods supplied by tourism are expected
to provide incentives for local people to reduce deforesta-
tion, but institutional constraints and inequitable distri-
bution of benefits may limit the role of tourism in
economic development (Duffy,2006; Gezon,2014). Sarra-
sin (2013), for example, noted that the role of tourism in
economic development in Ranomafana National Park
has been exaggerated. Madagascar National Parks
(MNPs), an organization mandated by the government to
manage many of the country's PAs, shares tourism reve-
nues with local communities (Andrianambinina
et al., 2023), which is expected to reduce forest loss when
managed effectively (Brandt & Buckley,2018). There are
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concerns, however, that the effectiveness of tourist visits
to Madagascar's PAs at delivering conservation outcomes
(e.g., reduced deforestation) may be hampered by a lack
of infrastructure and tourism revenue alone is insuffi-
cient for supporting effective PA management
(Duffy, 2008; Durbin & Ratrimoarisaona, 1996;
Sarrasin,2013). Despite sizable investment in PA conser-
vation (Andrianambinina et al., 2023) and qualitative
research linking Malagasy tourism and conservation
(e.g., Gezon,2014), there currently exists no quantitative
research on the impacts of PA tourist visits on deforesta-
tion in Madagascar, or anywhere in Africa (Brandt &
Buckley,2018).

To fill this research gap and strengthen the quantita-
tive evidence base, we examined the impact of tourist
visits to PAs on deforestation within and around the vis-
ited PAs by applying a two-way fixed effects (TWFEs)
approach. Our approach estimated the impacts of
changes in the number of tourist visits to a PA (including
but not limited to ecotourists) on deforestation within
and around that PA from 2001 to 2021. We conducted
our analyses at the scale of the entire PA and in the area
in the immediate vicinity of PA entrances because previ-
ous research has found that the effects of tourism may be
limited to the areas around PA entrances (Bookbinder
et al.,1998). We investigated the impacts on deforestation

F I G U R E 1 Map of Madagascar
with the Madagascar National Parks
protected areas (PAs) (dark purple)
included in this study. Light purple
polygons indicate the portions of the
PAs which constitute the entrance
unit of analysis (i.e., are in the
municipality where the entrance is
located). Municipalities are
indicated by irregular gray lines.
Rectangles and corresponding inset
maps to the right show three
example PAs in greater detail:
Marojejy (top), Ankarafantsika
(middle), and Kalambatritra
(bottom). Inset maps show 3 km
buffers for the three example parks;
rather than official management
zones, 3 km buffers are defined as
the spatial area adjacent to PA
administrative boundaries.
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both inside and immediately outside PAs, as studies sug-
gest that tourism and forest management can affect forest
cover within and directly outside PA boundaries
(Ewers & Rodrigues, 2008; Ford et al., 2020;
Gezon, 2014). Finally, we tested the sensitivity of our
results to potential unobserved rival explanations or hid-
den sources of bias, temporal scale, spatial resolution of
input data, and modeling assumptions (including a non-
TWFE model) in what we refer to hereafter as“robust-
ness checks.” Given the potential for tourism to help or
hinder forest conservation, robust evidence is necessary
to determine the impacts of tourism on deforestation.

2 | METHODS

2.1 | Study area

Madagascar currently has 98 terrestrial PAs, covering
10.4% of the country's land area (Ralimanana
et al., 2022). Here, we focused on 40 terrestrial PAs
(Figure 1) established before the 2003 International
Union for Conservation of Nature (IUCN) World Parks
Congress in Durban, South Africa, in which Madagascar
pledged to increase its PAs to cover 10% of the country's
land area (Norris,2006). These 40 PAs have been man-
aged by MNP. Since its creation in the early 1990s, MNP
(formerly ANGAP) has systematically gathered annual
counts of tourist visits in each of the 40 PAs. Such sys-
tematic data are unavailable for PAs established after
2003 that are managed by various organizations. The
40 PAs in this study include strict nature reserves (IUCN
category Ia), national parks (IUCN category II), and spe-
cial reserves (IUCN category IV) (TableS1, Supporting
Information). Following Andrianambinina et al. (2023),
we grouped Tsingy de Namoroka with Baie de Baly, Ana-
lamazoatra with Mantadia, Bemaraha North with Bemar-
aha South, Montagne d'Ambre with Foret d'Ambre, and
Masoala with Nosy Mangabe as individual PAs as part of
the 40 total. The grouped PAs are within the same man-
agement units and in close geographic proximity; tourism
data were grouped together when collected and
ungrouped data were not available.

2.2 | Study design

2.2.1 | Treatment: Tourist visits

Our treatment variable was annual tourist visits in each
PA. Tourist visits were divided by 1000 (and not rounded)
to be in 1000s of visits. We obtained tourist visit data
between 1992 and 2021 from MNP.

2.2.2 | Outcome: Deforestation

Our outcome variable was annual percent forest loss
(i.e., deforestation) in each PA. We used annual (2001–
2021) forest cover maps developed by Vieilledent et al.
(2018) to calculate annual percent forest loss. These forest
cover maps were produced using a Madagascar
forest map for the year 2000 from Harper et al. (2007)
obtained from the supervised classification of satellite
imagery (Landsat Thematic Mapper and Enhanced The-
matic Mapper+), combined with forest cover and annual
loss data from Hansen et al. (2013) to generate annual
forest cover maps from 2001 to 2021 (see Vieilledent
et al., 2018 for detailed methodology). Vieilledent et al.
(2018) forest cover maps have been widely used in
research related to Madagascar's forest cover and defores-
tation (e.g., Neugarten et al.,2024; Wurz et al.,2022). We
extracted yearly forest cover for each PA. We then used
Equation (1) to calculate annual percent forest loss, treat-
ing 2000 as the baseline year.

PFLi ¼FCit�1�FCit

FCi2000
�100 ð1Þ

where PFLit is percent forest loss in PAi in year t and FCt

is forest cover in PAi in year t. For our PA entrance anal-
ysis, we calculated annual percent forest loss within the
portion of a PA that overlaps the area of a municipality
where the PA entrance was located (Figure1). We con-
ducted the analysis based on municipality overlap
because the exact point locations of PA entrances were
not always available, especially for less-visited PAs. Fur-
ther, relevant tourism activities (e.g., hotels) often occur
in a major town in the entrance municipality but not nec-
essarily directly next to the point of entrance. For exam-
ple, the entrance of Ranomafana National Park is not in
the town of Ranomafana, where most hotels and restau-
rants that cater to PA visitors are located. The town of
Ranomafana and the PA entrance, however, belong to
the same municipality of Ranomafana. Our municipality
overlap approach therefore captures the effects of rele-
vant tourism activities (e.g., hotels, restaurants) that
could be missed had we used the exact point locations of
PA entrances. Deforestation data per PA are summarized
in Table S1.

2.2.3 | Rival explanations

Variables that can affect deforestation and the number of
tourist visits may confound the estimated impacts of tour-
ism on deforestation. Multiple factors may rival tourism
as an explanation for deforestation. There are three types
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of rival explanations: (i) those that do not change over
time (e.g., slope, biological appeal), (ii) those that do not
change over space (e.g., national environmental policy,
political crises), and (iii) those which change over both
space and time. Our TWFE approach (see empirical strat-
egy below) inherently controls for all rival explanations
that do not change over time or space. To control for rival
explanations that vary spatially and temporally, we con-
trolled for human population density, precipitation, and
regional oil prices, based on previous literature suggest-
ing their possible relationships to both tourism and defor-
estation. The regression coefficients for these variables
cannot be interpreted as their impacts. Rather, we con-
trolled their potential to confound the impacts of tourist
visits.

Human population is positively associated with both
tourism (Brooks & Champ, 2006) and deforestation
(Bologna & Aquino, 2020; Busch & Ferretti-Gallon,2017;
Oyetunji et al.,2020). Using yearly unconstrained popula-
tion density data from (WorldPop,2023), adjusted to the
official United Nations population estimates, we calcu-
lated mean population density within a 20 km buffer of
each PA given that pressure from surrounding towns
affects PAs and their immediate vicinity. Precipitation
has been associated with both tourism (Hall &
Ram, 2021; Matthews et al., 2021) and deforestation
(Aragão et al.,2008). We calculated mean yearly precipi-
tation values per PA from historical monthly WorldClim
precipitation data (Fick & Hijmans, 2017). Oil price can
affect tourism and deforestation (Busch & Ferretti-
Gallon, 2017). Oil price may affect deforestation through
indirect economic pathways such as agricultural prices,
infrastructural investment, and poverty. Oil prices may
affect tourism though transportation costs. We calculated
mean yearly crude oil prices from monthly crude oil price
data (Federal Reserve Bank of St. Louis,2022) and multi-
plied these values by regional deflation data provided by
Madagascar's national statistical agency (INSTAT).

Accessibility to PAs, particularly via roads, is also a
potential rival explanation that may change over time
and space. There are no spatial data on how the extent
and quality of Madagascar's road networks have changed
over time. The country's road networks, however, remain
one of the least developed in the world, with only 5.4 km
of road per 100 km2 of land, most of which are unpaved
and in poor condition (The World Bank,2018). Further-
more, about 80% of the country's roads are a legacy of the
French colonization (Hance, 1958; Springer Nature
Limited, 2022). That is, little investment has been
made in road infrastructure and accessibility via roads
has not significantly changed over time since the coun-
try's independence in 1960. Therefore, much of the
potential bias from accessibility to PAs would be

inherently controlled by our TWFE approach (see Empir-
ical Strategy below).

2.3 | Empirical strategy

Due to potential social and ecological rival explanations,
apparent associations between tourist visits to PAs and
deforestation are insufficient for determining the causal
effect of tourist visits on deforestation (Ferraro &
Hanauer, 2014a). Therefore, with longitudinal tourism
data between 1992 and 2021 obtained from MNP, we
used the TWFEs estimator to isolate the causal effect of
per-PA annual tourist visits (in 1000s of visits) on percent
forest loss (i.e., deforestation). Unlike statistical matching
and synthetic control approaches which have been most
developed for a binary treatment variable (i.e., treated
vs. control; e.g., Eppley et al.,2024), TWFE allows testing
the effects of a continuous treatment variable (e.g., visitor
counts). Further, our datasets lacked long-term pre-
treatment data which is needed to select appropriate syn-
thetic controls. The TWFE approach controls for PA fixed
effects (i.e., time-invariant PA-specific confounders such
as elevation, slope, bioclimatic zone) and year fixed
effects (i.e., year effects that do not vary across PAs such
as national environmental policy, political stability).

2.3.1 | Model

All statistical analyses were conducted using R Version
4.3.1 (R Core Team,2023). We fit a TWFE model using
the R package lfe, treating percent forest loss as the out-
come and tourism (1000s of visits) as our treatment. PA
name and year were treated as the fixed effects. Our stan-
dard errors were clustered by region to account for the
broad socioeconomic, cultural, and biogeographic rela-
tionships associated with regions; Madagascar has 22 dis-
tinct regions. We modeled deforestation as:

Yit ¼DitβþXitΓþZit�1ηþai þbt þeit , ð2Þ

where Yit is percent forest loss in PAi at year t, Dit is
number of tourist visits (in 1000s of visits) in PAi in year
t, Xit is a vector of time-varying, PA-specific covariates
(rival explanations; described above),ai is the PA fixed
effects,bt is the year fixed effects, andeit is idiosyncratic
error that varied across both year and PA.ai controls for
time-constant, PA-specific unobserved and observed con-
founders (e.g., slope, distance to a city) andbt controls for
time-varying, spatially constant unobserved and observed
confounders (e.g., national policies). Covariates inX are
contemporaneous with tourism and deforestation when
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we expect a rapid-moving effect on tourism and defores-
tation (i.e., precipitation and oil price). For example, we
expected precipitation in yeart to affect tourism and
deforestation in yeart. Z represents covariates for which
we expect a slow-moving effect (i.e., for population den-
sity). Zit�1 values are therefore at the previous year
(t � 1). For population density, we expected there to be a
lag such that population at timet affected tourism and
deforestation in the following year. As such, we only con-
trolled for population density of the year preceding the
tourist visit data. This approach also shielded our estima-
tor from the bias caused by the potential effect of tourism
on population density, as would be the case if economic
opportunities associated with tourism attracted migrants
to PAs. If tourist visits in yeart affected population den-
sity in year t, the latter would be a mechanism through
which the former affects deforestation (tourism(t) ! pop-
ulation density(t) ! deforestation(t)). Controlling for
population density in year t would therefore block the
effects of tourist visits in yeart on deforestation in year
t that occurred through the population density mecha-
nism. We avoided such bias by only controlling for lagged
value of population density (t � 1), which cannot be
affected by the contemporaneous value of tourist visits
(t). In other terms, any effects of tourist visits in yeart on
deforestation in yeart that occurred through changing
population density in year t would still be captured by
our estimator.

2.3.2 | Inside-PA analysis

First, we used our model to test the effect of tourist visits
on deforestation inside PAs across Madagascar from 2001
to 2021. We treated population density, precipitation, and
oil price (by region) as our rival explanations
and included the entire PA in our analyses (PA scale).
Next, we quantified the local-level effects of tourist visits
on deforestation by repeating the fixed effects model for
the PA entrance area from 2001 to 2021 (PA entrance
scale) to determine if the effects of tourist visits were con-
centrated in the municipality where the PA entrance was
located. For this model, our unit of analysis was the spa-
tial intersection between the PA and the municipality in
which the entrance of the park was located (Figure1).
Entrance-level area therefore varied by PA. For PAs that
were only located within one municipality, this resulted
in the same values as the main analysis. Otherwise, the
PA entrance area was a subset of the PA. Geospatial con-
founders (population density, precipitation) were re-
extracted for this PA entrance area. Population density
was obtained from a 20 km buffer of this PA entrance
area. Andringitra National Park was excluded from PA

entrance scale analyses because there was no forest
around the park entrance in the reference year (2000).

2.3.3 | Outside-PA (3 km buffer) analysis

To assess the role of tourist visits on deforestation outside
of PA boundaries, we repeated the inside PA model for
the area immediately outside PA boundaries (within a
3 km buffer, see DataS1, Supplementary Information, 1.1
for results examining the sensitivity of estimated effects
to buffer size). Next, we conducted a model considering
inside- and outside-PA area together. We built these
models for both the total PA and PA entrance scales.

2.4 | Robustness checks

2.4.1 | Test of known effects

To test the sensitivity of our results to potential hidden
biases, we performed tests of known effects (Ferraro &
Hanauer, 2014a). Hidden biases could have been intro-
duced by errors in our data, or by not accounting for any
rival explanations that affect deforestation and may have
a relationship with tourist visits to PAs. We postulated
that any real impact of tourist visits to PAs on deforesta-
tion would become weaker or statistically not different
from zero farther away from PA boundaries. That is, the
impacts of tourist visits on deforestation outside of PA
boundaries are expected to decrease with distance to the
PA. To evaluate the impacts of tourist visits on deforesta-
tion as a function of distance from PA boundary, we
repeated the analysis for the 3–6 km buffer area and 6–
9 km buffer area. We conducted this robustness check for
both the total PA and entrance scales.

2.4.2 | Aggregate analysis

To include potential lagged effects of tourist visits across
more than just 1 year (e.g., tourism in 2000 may have
affected deforestation in 2001 and subsequent years) and
expand our analyses to include tourism data since 1992,
we conducted an aggregate, decadal analysis. Although
annual forest cover data were unavailable from 1992 to
2000, we were able to conduct this analysis at the decadal
scale by using forest cover data from 1990. First, we
aggregated the data into three time periods (1991–2000,
2001–2010, and 2011–2020). Tourist visits from 1992 to
2000 were used as a proxy for those between 1991 and
2000. Forest cover of the year 1990 was considered the
baseline year (denominator). Tourist visits were
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calculated as the sum of yearly visits for each time period.
Precipitation and oil price were calculated as the mean
value within the three time periods. Population density
was included for the first year of each time period
because yearly data were not available before 2000.

2.4.3 | Additional robustness checks

We conducted a suite of robustness checks to assess the sen-
sitivity of our results to various temporal considerations,
rival explanations, spatial resolution, heterogeneity of treat-
ment effects, and linearity of treatment effects that can con-
found TWFE models (Imai & Kim, 2021). Details of all
robustness checks are available in the DataS1(1.1–1.8).

3 | RESULTS

As a percentage of 2000 forest cover, the mean annual
deforestation rate was 0.38% inside PAs and 0.91% in the
3 km buffer. Both mean tourist visits and mean deforesta-
tion have generally been increasing inside PAs and their
buffer areas since 2001, with peaks in the late 2010s.
Exceptions include declines in 2020 coinciding with the

COVID-19 pandemic (Andrianambinina et al., 2023;
Figure 2). Note that the introduction of Landsat 8 in 2013
may have increased detected deforestation rates after
2013 due to increased detection ability. Deforestation
rates also increased since 2000 in PAs without tourism
(Table S1), highlighting why simple correlations over
time are insufficient to determine causal effect.

3.1 | Main analysis

3.1.1 | Impacts on deforestation inside PAs

We detected some evidence of a negative impact of tour-
ist visits on deforestation at the entire PA unit of analysis
(PA scale). Every 1000 visits to a PA was associated with
a 0.012% decrease in annual forest cover loss, hereafter
“forest loss” annually from 2001 to 2021 (se= 0.007,
p = 0.097; marginally significant; Figure3; Table S2).
This corresponded to a 3.2% reduction in the mean
annual deforestation rate, hereafter“deforestation.”

To examine the impact of tourist visits on deforesta-
tion near PA entrances, we conducted a specific analysis
only including the area of the PA within the municipality
of the PA entrance (entrance scale), which is where most
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F I G U R E 2 (a) Mean percent
forest loss over time at the total PA
(dark purple) and PA entrance (light
purple) scales, where solid lines
represent forest mean loss inside the
PA and dashed lines represent forest
loss in the 3 km buffer, and (b) total
number of tourist visits (in 1000s of
visits) over time per PA among the
40 PAs included in this study. We
used tourism visit counts from each
PA in our main analyses.
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tourism-related activities occur. The estimated impact of
tourist visits on deforestation at the entrance was smaller
in magnitude and not statistically significant. Every 1000
visits was associated with a 0.006% decrease in forest loss
(se= 0.006,p = 0.459), or a 1.7% reduction in deforesta-
tion (Figure 3; TableS2).

3.1.2 | Impacts on deforestation outside PAs

Within the 3 km buffer outside PA boundaries, we
detected evidence of a positive impact of tourist visits on
deforestation at the PA scale. Every 1000 tourist visits to a
PA was associated with a 0.022% increase in forest loss
(se= 0.010,p = 0.042; Figure3; TableS2), a 2.5% increase
in deforestation. We detected evidence that tourist visits
exacerbated outside-PA deforestation more strongly
around PA entrances. The estimated impact of tourist
visits on deforestation at the entrance scale was double
that of the PA scale analysis, a 0.043% increase in forest
loss, a 4.4% increase in deforestation, and statistically sig-
nificant (se= 0.020,p = 0.044; Figure3; TableS2).

3.1.3 | Impacts on deforestation inside and
outside PAs combined

When considering both the area inside PAs and within
the 3 km buffer, we did not detect a statistically

significant impact of tourist visits on deforestation at the
PA or entrance scales (Figure3). Every 1000 tourist visits
to a PA was associated with a 0.002% increase in forest
loss at the PA scale (se= 0.002,p = 0.804, 0.3% increase
in deforestation) and a 0.007% increase at the entrance
scale (se= 0.006,p = 0.272, 1.0% increase in deforesta-
tion; Table S2).

4 | ROBUSTNESS CHECKS

4.1 | Tests of known effects

While we detected a statistically significant positive associa-
tion between tourist visits to PAs and deforestation within
a 3 km buffer around PA boundaries, the estimated
impacts on forest loss were not statistically different from
zero within 3–6 and 6–9 km buffers for both the PA scale
(3–6 km buffer estimate= �0.010%, se= 0.011,p = 0.387;
6–9 km buffer estimate= �0.002%, se= 0.014,p = 0.892)
and entrance scale (3–6 km buffer estimate= 0.016%,

F I G U R E 4 Robustness checks to test the sensitivity of our
results to (a) hidden bias (test of known effects using increasing
distance from PA boundary) and (b) tourism effects aggregated at
decadal scale (1991–2000, 2001–2010, 2011–2020). Dark purple
represents the total PA analysis and light purple represents PA
entrance analysis (only completed for the distance from boundary
robustness check). Points are estimated impacts; thick bars
represent 90% confidence intervals and thin bars represent 95%
confidence intervals. Green circles represent area accounted for in
the analysis (i.e.,“Location”: inside PA, 3 km buffer, or combined).
Tourist visits were in 1000s of visits, and deforestation was in
percentage of 2000 forest cover.

F I G U R E 3 Estimated impact of tourist visits on annual
percent forest loss inside PA boundaries, in the 3 km buffer, and
within the PA and 3 km buffer together. Dark purple represents the
total PA analysis and light purple represents PA entrance analysis.
Points are estimated impacts; thick bars represent 90% confidence
intervals and thin bars represent 95% confidence intervals. Green
circles represent area accounted for in the analysis (i.e.,“Location”:
inside PA, 3 km buffer, or combined). Tourist visits were in 1000s
of visits, and deforestation was in percentage of 2000 forest cover.

8 of 15 DESISTOET AL.

 25784854, 2026, 2, D
ow

nloaded from
 https://conbio.onlinelibrary.w

iley.com
/doi/10.1111/csp2.70225 by R

ice U
niversity, W

iley O
nline L

ibrary on [06/04/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



se= 0.027, p = 0.587; 6–9 km buffer estimate= 0.034%,
se= 0.028,p = 0.242; Figure4a).

4.2 | Aggregate analysis

Across three decades (1991–2000, 2001–2010, and 2011–
2020), the estimated impacts of tourist visits to PAs were
statistically non-significant. Inside PAs, estimated
impacts were comparable to the main (yearly) analysis.
Every 1000 tourist visits to a PA were associated with a
0.008% decrease in forest loss (se= 0.007,p = 0.260), cor-
responding to a 0.27% decrease in deforestation
(Figure 4b, TableS3). Within the 3 km buffer and in the
combined area, the estimated impact of tourist visits on
deforestation was smaller than in the main analysis.
Within the buffer, every 1000 tourist visits were associ-
ated with a 0.001% increase in forest loss (se= 0.011,
p = 0.922), a 0.01% increase in deforestation (Figure4b;
Table S3). In the combined area, every 1000 tourist visits
to a PA were associated with a 0.006% decrease in total
forest loss (se= 0.009, p = 0.522), a 0.12% decrease in
deforestation.

4.3 | Additional robustness checks

Results from additional robustness checks testing the
susceptibility of our results to confounding factors are
available in the DataS1. In summary, (i) results were
not statistically different when considering other
buffer sizes associated with conservation policy
(Data S1, 1.1). (ii) We did not detect evidence of lagged
effects of tourism on deforestation and (iii) results
using a 2-year moving average of deforestation were
not statistically different from the main analysis
(Data S1, 1.2).

Notably, (iv) our results were not sensitive to the
inclusion of confounding variables (DataS1, 1.3) and
(v) the estimated impact of tourist visits was not changed
by the inclusion of funding data (Data S1, 1.4).
(vi) Estimated effects from the 90 m spatial resolution
analysis were not statistically significant, but not statisti-
cally different from the main analysis (DataS1, 1.5).

Finally, we found limited evidence for (vii) hetero-
geneity of treatment effects and (viii) non-linearity of
treatment effects, and (ix) found evidence that our
main results were not confounded by these assump-
tions, as results from the non-TWFE model were
largely consistent with our main analyses (DataS1,
1.6–1.8). Note that, for the 3 km buffer, the effect of
tourism on deforestation increased when tourism
levels were high.

5 | DISCUSSION

Tourist visits to PAs have been promoted as an approach
to reconcile forest conservation and poverty alleviation.
Across Madagascar, we detected evidence that tourist
visits to PAs did not exacerbate deforestation inside PAs.
Increased tourist visits may have modestly reduced forest
loss inside PAs at the PA scale, and the estimated impacts
were not concentrated at the park entrance (TableS1).
Conversely, tourist visits were associated with increased
deforestation in the area surrounding PA boundaries,
especially near entrances. Inside PA boundaries, every
1000 visitors were estimated to have averted 3.2% of
Madagascar PAs' already low annual deforestation rate
of 0.38% forest cover loss. The magnitude of the effect
could amount to sizable forest loss reduction in highly
visited PAs. For example, Ranomafana National Park had
a mean�17,500 annual tourist visits from 2001 to 2021,
corresponding to an estimated 70 ha of avoided deforesta-
tion inside the PA per year, compared to what would be
expected under national PA deforestation levels. Through
our robustness checks, we found support that our detected
effect of tourism on deforestation behaved as expected,
becoming non-significant further from the PA boundaries,
had consistent directions across aggregated time scales,
and was consistent when accounting for PA funding.

5.1 | Mechanisms through which tourist
visits impact deforestation

Globally, previous research has suggested that tourism can
reduce deforestation through various mechanisms, especially
economic benefits (Brandt & Buckley,2018; Broadbent
et al., 2012; Buckley et al.,2016; Ferraro & Hanauer,2011;
Hunt et al., 2015; Stronza et al.,2019). Financial profits from
tourism can reduce deforestation pressures by providing
alternative livelihoods to forest resource extraction
(Brandt & Buckley, 2018; Broadbent et al.,2012; Buckley
et al., 2016; Ferraro & Hanauer,2014a). If protection is per-
ceived as a source of economic profits through tourism,
financial profit from tourist vi sits can also incentivize forest
protection by local people (Balmford et al.,2009; Ferraro &
Hanauer, 2015; Ormsby & Mannle, 2006). In Madagascar,
tourist visits to PAs have beenproposed to reduce deforesta-
tion pressures through economic benefits (The World Bank,
2022), as tourists visiting Madagascar PAs generate an esti-
mated USD 1.4–15.7 million per year (Carpenter &
Andreone,2023). Financial profits derived from tourist visits
may partially explain our observed reduction in deforesta-
tion associated with tourism inside Madagascar's PAs. How-
ever, the deforestation reduction by tourist visits we detected
inside PAs was not concentrated at PA entrances, where
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most tourism-related economic activities occur. Our results
therefore suggest that the primary mechanism through
which tourism impacted deforestation inside Madagascar's
PAs may be at the PA scale rather than localized. For exam-
ple, tourist entrance fees may have supported PA-wide man-
agement and enforcement capacity of PA management
institutions, which are affected by staffing shortages
(Rakotobe & Stevens,2024). Increased enforcement of PA
regulations can reduce deforestation within PAs (Stem
et al., 2003), including by reducing fire frequency (Eklund
et al., 2022). However, entrance fees can only make a
minor contribution to PA management costs (Durbin &
Ratrimoarisaona,1996), limiting the potential impact of
tourist visits.

Deforestation displacement could be an explanation
of the detected deforestation increase outside MNP PA
boundaries associated with tourist visits. The financial
benefits of tourist visits may have been insufficient to
decrease reliance on forest products or incentivize habitat
preservation (Krüger,2005) or may not have been distrib-
uted to those most reliant on forest resource extraction
(e.g. Bookbinder et al.,1998). Local people may displace
deforestation elsewhere if the underlying drivers of defor-
estation, like poverty, are not addressed (Ford et al.,
2020). Deforestation displacement in the buffer areas is
not necessarily a conservation failure, given that forests
in these areas may be of lower conservation value than
those within PA boundaries and may be designed to pro-
vide for local communities' needs. If buffer area forests
become depleted, however, displacement would pose a
threat to conservation and potentially impact protected
forests within PA boundaries. Potential deforestation dis-
placement to PA buffer areas associated with tourist visits
should therefore be considered in conservation planning.

Inequitable distribution of tourism benefits limits the
role of tourism in conservation in Madagascar. Tourism
in Madagascar relies on and is influenced by donors and
Non-Governmental Organizations, and many tourist
institutions on the island are foreign owned (Duffy,
2006). Benefit distribution differs among and within com-
munities, and inequitable apportioning can lead to eco-
nomic leakage, that is, the lack of local economic capture
(Gezon,2014). In response to unevenness in the benefits
received from tourism between communities, MNP has
instituted revenue redistribution. While it aims to share
up to half of entrance ticket revenues with local commu-
nities (worth an estimated USD 750,000 per year),
revenues are often instead spent on operational costs
(The World Bank, 2022). Limited revenue sharing with
local communities likely reduces the incentives and abil-
ity of local people to reduce extractive forest use. Local
capture of total tourism revenues across Madagascar is

low (Cooke et al.,2022), and redistribution of PA tourism
funds generally occurs at the community level even though
deforestation typically occurs at an individual behavioral
level (Durbin & Ratrimoarisaona,1996; Scales,2014).

Tourist visits to PAs can also increase deforestation
pressures through increased economic activities. For
example, economic opportunities associated with tourism
can attract migrants to PA boundaries (Stronza,2007).
Across Madagascar's PAs, migration is associated with
increased deforestation (Andrianambinina et al.,2025).
Increased populations of both tourists and migrants
increase local demand for fuelwood, timber, and non-
timber forests products, and land for development and
agriculture (Brandt et al.,2012; Brandt & Buckley, 2018;
Krüger, 2005; Mao et al.,2014). Tourist activities may have
contributed to increased deforestation outside Madagascar
PAs because most local communities rely on charcoal for
energy, particularly for cooking, which often must be
extracted from local forests (The World Bank,2022). Tour-
ism revenues can also increase the extractive ability of
local people (Stronza,2007), which can increase deforesta-
tion if there is insufficient incentive to conserve forests
and if an extractive market exists (as is the case in
Madagascar; Carpenter & Andreone,2023). The estimated
increase in deforestation was concentrated outside PA
entrances, where most tourism-related economic activities
occur, further suggesting that economic activities may have
increased deforestation outside PA boundaries.

5.2 | Tourist visits in a broader context

Our models provide an estimate of the effects of tourist
visits within the PA and year in which it occurred, and we
have confidence in our detected trends based on largely
consistent results in our robustness checks. Our models,
however, only accounted for effects of tourist visits on
local deforestation. In Madagascar, some tourism revenues
are used to support management of MNP's entire PA
network (The World Bank, 2022). Studies suggest that
Madagascar's PAs reduced deforestation on average
(Eklund et al., 2016), suggesting that tourism revenues
may help reduce deforestation through the PA network in
ways not captured here. The impacts tested here instead
reflect the mechanisms of tourist visits that act locally
(e.g., alternative livelihoods, increased charcoal/fuelwood
demand). If tourist activities attracted migrants to PA
boundaries, tourism may have reduced deforestation pres-
sures in areas from which migrants left, which were not
measured in our analysis. The financial benefits of tourist
visits can also promote governmental or external conserva-
tion investment at broader scales (Krüger,2005).
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We examined only one, albeit important, outcome of
tourist visits to PAs: deforestation. Effective conservation
plans should consider other factors such as logging, arti-
sanal mining, and hunting. For example, old-growth for-
est was lost as ecotourism developed in parts of China,
despite no changes in total forest cover (Brandt
et al., 2012). If similar forest degradation was associated
with tourism in Madagascar, for example, through sub-
canopy logging, we would not be able to detect it in our
analyses. Globally, the economic benefits of tourism can
reduce hunting pressures (Stem et al., 2003;
Stronza,2007) and fund captive breeding programs that
directly increase populations of threatened species
(Buckley et al., 2016), but future research is needed to
confirm if these effects are present in Madagascar. While
lemur hunting was not directly related to ecotourism in
one Madagascar PA, hunting was strongly linked to pov-
erty (Borgerson et al.,2016).

Tourist visits have other environmental and socioeco-
nomic impacts that should be considered alongside their
conservation outcomes. For example, travel associated
with tourism in Madagascar and around the world is a
major contributor to carbon emissions (Andrianady
et al., 2024; Lenzen et al.,2018). Tourism can also confer
socioeconomic benefits to local people in ways that PAs
alone may not (Ferraro & Hanauer,2014b) and that have
value independent of conservation outcomes (Hunt
et al., 2015). Globally, international visitors spent 1.9 tril-
lion USD in 2019 (World Travel & Tourism
Council, 2023), and tourism and travel accounted for
10.4% of global GDP (10 trillion USD). In Madagascar,
tourism accounted for 12.7% of GDP and 9.9% of employ-
ment in 2019 (The World Bank,2022). Reliance on tour-
ism revenue can, however, be risky in times of crises
such as political unrests or pandemics (e.g., COVID-19,
when tourist visits plummeted (Rodríguez-Rodríguez
et al.,2024)).

6 | LIMITATIONS

The relationship between tourism and deforestation
involves complex socioecological dynamics, and our
results should be treated with caution. For example, PAs
with high levels of tourism often also have active
research stations, the presence of which is known to
reduce deforestation, especially in Africa (Eppley
et al.,2024). Moreover, results depend on data availability
and quality. Historical, systematic tourism data are also
only available for MNP-managed PAs, so our analysis did
not consider PAs managed by other organizations and
communities. Differing objectives and management chal-
lenges may cause non-governmentally managed PAs to

experience different effects of tourism on deforestation
compared to our results (Gardner et al.,2018). Our data
also grouped domestic and international tourist visits to
PAs (though domestic tourist visits were historically
lower than international ones), which could have differ-
ent impacts on deforestation because financial benefits
and direct entrance fees are higher from international
tourists (The World Bank,2022).

The global datasets we used (precipitation, population
density, and partially for forest cover) may not capture
some Madagascar-specific real-world trends that could
reduce our ability to detect the effects of tourist visits to
PAs. For example, the forest cover data we used are par-
tially based on global forest data (Vieilledent et al.,2018).
Global forest data tend to overestimate Madagascar's
humid and dry forests while underestimating spiny forests
(Rafanoharana et al.,2023). However, any data quality
errors would not bias our estimated associations unless
they were systematically associated with tourist visits,
something we do not expect but cannot rule out. The
introduction of Landsat 8 in 2013—which greatly
improved global satellite imagery—may also have
increased estimates of forest loss after 2013. We do not,
however, expect the satellite imagery improvement to bias
our estimated associations because it affected all PAs and
our TWFE approach controls for all factors that do not
vary across space (year fixed effects). Furthermore, our
results were robust to the exclusion of the confounders
(Data S1, 1.3). Greater availability of high-quality spatial
data in Madagascar would, however, improve our ability
to measure the impacts of tourism, and we encourage
future research to investigate the trends detected here.

While our suite of analyses, including the robustness
checks, generally supported the conclusions of our main
analysis, there were some nuances. For example, there
were differences in the magnitude and significance of the
aggregate 1991–2020 analyses compared to the main
2001–2021 analyses. These may have differed because (1)
the aggregate analyses had a smaller sample size (only
three decades), which can contribute to all effects of tour-
ism being non-significant, (2) the impacts of tourist visits
to PAs may have varied over time, similar to other con-
servation interventions (Eklund et al., 2016), and/or
(3) tourist visits may have had a lagged effect on defores-
tation (i.e., in 2001 may have affected deforestation in
2002 and subsequent years). However, when we directly
tested for lagged effects of tourism, we did not detect any
significant effects on deforestation. Additionally, in both
the PA and buffer analyses, the non-significant lagged
effects were in the same direction as the contemporane-
ous (at the same time) effects, further supporting that
tourist visits may decrease deforestation within PAs but
increase it in buffer areas (DataS1, 1.2).
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7 | CONCLUSION AND
CONSERVATION
RECOMMENDATIONS

The effects of tourism on deforestation should be consid-
ered in conservation strategies in Madagascar and beyond.
Widespread deforestation is a global conservation problem,
jeopardizing the world's biodiversity and human well-being
(Hoang & Kanemoto,2021). In Madagascar, deforestation
threatens the island's endemic and endangered biodiversity
(Ralimanana et al.,2022; Suzzi-Simmons,2023). Tourist
visits to PAs have been promoted as an approach to recon-
cile conservation and socioeconomic goals (Stronza
et al., 2019; United Nations World Tourism
Organization, 2018), such as preventing the extinction of
Madagascar's emblematic lemurs (Schwitzer et al.,2014)
and reducing the country's high poverty rate (Carpenter &
Andreone, 2023). Our results suggest that tourist visits to
PAs had complex and varied associations with local defor-
estation inside and outside the country's PA boundaries,
and that reductions in deforestation within PAs may have
been offset by increases outside PA boundaries. If reduc-
tions in deforestation within PAs are dependent on displa-
cing deforestation outside PA boundaries, then it may be
important to maintain available forests in PA buffer areas
to provide for local communities' needs. Madagascar's
reforestation programs may therefore want to consider PA
buffer areas as priority sites for reforestation.

Our results may be useful for countries with high bio-
diversity, high poverty rates, and large rural populations
that promote tourism, such as Madagascar. Future
research and careful consideration of the mechanisms
through which tourist visits to PAs affect deforestation are,
however, required for a broader application of our results.
Understanding the environmental and socioeconomic
impacts of tourist visits to PAs and the mechanisms
through which these impacts operate will support policies
and programs aimed at developing sustainable tourism.
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