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Marine protected areas (MPAs) are widely adopted to conserve marine bio-
diversity, yet their distributional impacts on resource-dependent communities
remain underexplored. This study investigates socioeconomic inequality
linked to MPAs in eastern Indonesia using a quasi-experimental design and
multi-round household surveys of over 10,000 households across 180 coastal
settlements in 10 MPAs (2010-2017). We assess poverty through objective
(asset-based index) and subjective (perceived economic trends) measures.
Findings reveal overall poverty reduction and persistent pre-existing
inequalities by gender, age, occupation, and tenure rights. MPAs did not cause
short-term economic losses or widen objective inequality but constrained
perceived economic improvement, particularly among female-headed
households. Community engagement moderated these effects: gender dis-
parities were greater where female participation in groups was low. These
findings suggest that promoting inclusive participation can help ensure more
equitable conservation outcomes.

Among the major environmental conservation initiatives, protected
areas (PAs) are increasingly being implemented by governments and
other institutions to meet the dual goals of alleviating ecosystem
degradation and sustaining human well-being' . The prevalence of PAs
and ambitious calls to rapidly increase PA coverage to 30-50 percent
of the land and ocean?, highlights the urgent need to understand and
measure PA impacts across both ecological and social outcomes.
Relative to the more prominent social science research measuring
impacts of terrestrial PAs*®, the current understanding of how marine
conservation interventions affect human well-being is limited’”?,
despite rapid growth in both the size and number of these initiatives in
the last few decades™.

The lack of scientifically rigorous evidence on the diversity of
social impacts of PAs on coastal communities is a pressing knowledge
gap that could hinder progress towards more effective and equitable
conservation and sustainable development™2, Within the literature on
marine protected areas (MPAs), there have been calls for greater evi-
dence on how the magnitude of marine conservation impacts varies
among social groups, in order to better inform equitable policy
development'"®, The existing literature on this topic is predominantly
descriptive, with limited quantitative studies often constrained by
isolated and small study samples, unidimensional outcome measures,
and the lack rigorous impact-evaluation study designs’*'*. While stu-
dies have acknowledged social benefits of marine conservation on
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average’, a growing concern is that such benefits are often unevenly
distributed across the population, resulting in or exacerbating pre-
existing inequalities™™, conflict, or other social harm'®**, Such unequal
outcomes can also lead to resentment amongst affected groups and
increase non-compliance with MPA regulations®. Thus, a lack of
understanding of the differential impacts of conservation can jeo-
pardize both social and ecological goals”*. Critically assessing the
distribution of impacts across social groups can help policymakers
identify and account for the most marginalized and vulnerable groups,
thereby tailoring adequate support to mitigate social inequity”~*.

This study examines the socioeconomic inequality linked to MPA
establishment in eastern Indonesia. This work contributes to the nas-
cent understanding of the differential social impacts of MPAs by
employing a quasi-experimental study design to assess the impacts of
a network of MPAs on inequality in coastal communities in Eastern
Indonesia. We provide a quantitative assessment of the distributional
effects of MPAs on socioeconomic outcomes across social groups
through the lens of poverty—a crucial aspect particularly relevant to
coastal poor communities in developing countries®%. We use a pri-
mary household survey dataset of over 10,000 households to develop
metrics of both objective and subjective dimensions of economic well-
being. Our work advances the current literature studying the social
impacts of PAs in several ways. First, while the understanding of
aggregate impacts is important for policymakers in designing net-
beneficial conservation interventions, our analysis assesses the het-
erogeneity in impacts among different social subgroups, thereby
providing critical insights on equality of conservation impacts. Second,
our study employs an unprecedented and potentially one of the largest
monitoring datasets capturing social and ecological conditions before
and after the implementation of 10 MPAs in Eastern Indonesia,
encompassing over 10,000 household surveys within 180 character-
istically similar treated (MPA) and control (non-MPA) coastal settle-
ments between 2010 and 2017. Third, relying on this quasi-
experimental survey design, we employ a robust impact-evaluation
method to provide causally inferred evidence on how MPAs differen-
tially affect the economic well-being of different societal groups. The
empirical approach enables us to disentangle changes in household
economic well-being induced by MPA intervention from the broader
economic trends observed in the seascapes and other potential rival
explanations. Fourth, our study takes place in a region containing the
world’s greatest diversity of corals and reef fishes, as well as a strong
sustainable development priority due to high poverty rates and
resource dependency of the local community®, It is therefore an ideal
location to assess how conservation can contribute to equitable
development. The study-site setting also allows us to evaluate the
economic-well-being impacts of marine conservation initiatives
designed to incorporate the existing customary rights and norms of
the local community. Indeed, it has been shown that PAs designed with
arecognition of the rights, norms, and practices of locals and including
locals in decision-making can mitigate some negative impacts®2
Therefore, understanding the heterogeneity of impacts from MPAs
designed around existing customary rights can provide guidance
toward their contribution towards meeting joint biodiversity and
sustainable development goals within contexts of high poverty and
resource dependency®*. Knowing how groups are differentially
affected can inform when conservation interventions result in syner-
gistic social and environmental benefits®*"*® or instead produce tra-
deoffs and increase inequality>***°, We discuss the broader
contribution of the paper related to the conservation literature in the
Supplementary Discussion.

Results and discussion

MPA context

We assessed MPA impacts using a multi-round household monitoring
survey in the Bird’s Head Seascape (BHS) and Sunda Banda Seascape

(SBS)—a seascape being bio-geographically defined as a network of
MPAs—in the province of West Papua in Eastern Indonesia (Fig. 1). The
decade-long monitoring program follows state-of-the-art methods for
impact evaluation, employing a quasi-experimental study design to
assess MPA effects on coral reef ecosystems and human well-being
across multiple MPA networks. Between 2010 and 2017, trained enu-
merators surveyed 10,123 randomly-selected households located in 180
stratified-sampled settlements across 10 MPAs that together encom-
pass 37,779 km? of the ocean. There are 124 settlements located inside
the MPA boundaries, which constitute the treatment group in our quasi-
experimental setting. The control units are settlements selected prior to
monitoring that are located outside the MPAs with similar observable
characteristics that may influence the probability of MPA establishment
and its impacts, based on relevant bodies of theory, including social-
ecological systems and common pool resource governance**! (refer to
the section “Results and discussion” for details). Importantly, baseline
monitoring began after the MPA boundaries had been delineated, but
prior to the enforcement of MPA regulations governing resource use. In
each settlement, surveys were conducted at baseline and post-
implementation at 2- or 3-year intervals (see “Study context” and “Sur-
vey design” in “Methods” for further details).

Figure 1 shows the location of the studied MPAs and all social
monitoring settlements (Supplementary Table 1 documents the sam-
pling details related to each MPA). There are noticeable hetero-
geneities in population and ocean coverage across MPAs. On average,
MPAs in BHS—Mayalibit, Cenderawasih, Kaimana, Kofiau, Dampier,
and Misool—are more remote, less populated, and larger in size, rela-
tive to the SBS’ MPAs—Selat Pantar, Flores Timur, Kei Kecil, and Koon.
We discuss our empirical approach that accounts for the geographical
idiosyncrasies in the next section.

Empirical methodology

We considered the evaluation of MPA impacts on social outcomes
from the sampling design stage before data collection. Sample control
settlements are outside MPA boundaries and selected to have a high
probability of containing the socio-demographic composition of
households similar to MPA (treated) settlements. We specifically per-
formed a “coarse matching” procedure where we selected sample
control settlements that are similar to MPA settlements in terms of
distance to market, predominant household occupation, ethnic com-
position, and political jurisdiction (see “Study context” and “Survey
design” in “Methods” for more details). We therefore assume that the
selected control settlements in our social monitoring program repre-
sent what would have happened had MPA settlements not protected
(i.e., the counterfactual). Next, we fit this dataset under a difference-in-
difference (DiD) model (Eq. 2)—an econometric estimation method
popularly used for causal inference. Essentially, the identification
strategy compares the average differences in household economic
outcomes over time (i.e.,, between the pre- and post-intervention
periods) across treated and counterfactual settlements. Our fully
specified model controls for observable time-varying household fac-
tors potentially correlated with the treatment status and changes in
economic well-being, as well as settlement-level fixed effects and
calendar-year fixed effects—the former accounts for potential time-
invariant confounders at the settlement level and the latter accounts
for region-wide factors common to all settlements in a particular year
(see “Econometric model” in “Methods” for a detailed discussion of the
DiD model). Combined with the coarse matching procedure, the
regression method seeks to ensure that the average treatment effects
are estimated from the difference in economic outcomes between
treated and control households that are most comparable to
each other at baseline. The identifying assumption of our econometric
approach is that, in the absence of the MPA intervention, the economic
performance of the treated and control households would have
been identical.
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Fig. 1| MPA study sites. Authors’ illustration with a base WGS-84 map from GADM.
Geographic distribution of the six and four marine protected areas and study sites
(settlements) in the Bird’s Head Seascape (BHS; upper right) and the Sunda Banda
Seascape (SBS; lower left), respectively. Each green dot represents a surveyed

settlement where household social data were collected during both baseline and
follow-up survey rounds. Settlements located inside MPA zones constitute the
treatment group. Settlements located outside the MPA zones and shown on the
map are counterfactual units selected from the coarse-matching survey design.

We examined heterogeneity in households’ economic well-being
impacts among social groups across both objective and subjective
dimensions. To measure objective impacts, we derive a household-
level “poverty alleviation” index, constructed from a principal com-
ponent analysis (PCA) of a suite of owned household staples and
productive assets relevant to the local context. This method is com-
mon to most conventional studies that measure asset-based economic
well-being*>**. Our subjective well-being outcome reflects a house-
hold’s perception of the changes in economic condition that they
experienced over the year prior to survey (see the “Methods” section
for detailed discussions on the formation of economic-well-being
indicators).

Baseline well-being, inequality status, and trends

The baseline descriptive statistics of the main variables in this ana-
lysis are presented in Supplementary Table 2. For the outcome
variables of interest, the average values of the household asset index
(material well-being) and perception of economic well-being (per-
ceived well-being) are largely similar between the treatment and
control groups at baseline. Across the seascapes, approximately a
quarter of households perceived a stable or improved economic
condition over the previous year (Supplementary Table 2). Further
description of the covariates and subgroup compositions (e.g.,
other baseline household socio-demographics) is presented in the
Supplementary Materials.

We assess the baseline differences in economic well-being across
socio-demographic groups using the constructed asset index and
subgroup categories, where a larger index represents more poverty
alleviation. This analysis examines four social subgroups relevant to
the existing conservation literature, including (i) gender (male- vs.
female-headed households), (i) fishery livelihood (households
employed in fishery vs. non-fishery occupations), (iii) age cohort
(working-aged vs. retired household head), and (iv) tenureship (Adat
vs. non-Adat households—the Adat households being identified as
individuals holding premium tenure rights to marine resources) (see
“Methods” for details on the formation of subgroup identifiers).

As Fig. 2 highlights, the inequality in poverty prevalence exists and
varies across social groups. Households headed by females, retired
individuals, and those not holding premium tenure rights (non-Adat
households) are, on average, exposed to greater poverty than their
respective counterparts, as reflected by significant mean-difference ¢-
tests. Supplementary descriptive evidence further indicates that these
same disadvantaged groups are also less likely to report improvements
in their economic well-being compared to their counterparts, under-
scoring the persistence of structural inequalities (see Supplemen-
tary Fig. 6).

Next, we use a settlement-level DiD regression model (Eq. 2) to
assess the overall trend in economic well-being. We observe positive
and significant broad trends in poverty reduction across the studied
seascapes, both objectively and subjectively (Supplementary
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Fig. 2 | Baseline poverty alleviation (PCA index) across socioeconomic sub-
groups. Baseline poverty alleviation (PCA index) across subgroups defined by
gender (upper-left panel), age cohort (upper-right panel), fishery livelihood (bot-
tom-left panel), and tenure rights (bottom-right panel). Square dots represent

subgroup means. Whiskers represent 95% confidence intervals. A higher index
mean indicates greater poverty alleviation (or less poverty exposure). Sample size
(n) corresponds to the number of respondents in each subgroup.

Table 4; Panels A and B). Refer to the estimated coefficient “Post”,
reflecting the average all-sample temporal change in outcome vari-
ables after controlling for both settlement- and household-level
covariates. See “Econometric model” in “Methods” for further
details. Specifically, the estimation result suggests that average
material poverty in the studied area decreased by 2 to 4 percent, as
reflected by the positive estimated changes in the poverty allevia-
tion index (Panel A). Likewise, there was a seascape-wide average
increase of between 6 and 12 percent in the likelihood that a
household perceived economic stability or improvement over the
study period (Panel B). The fact that there had been economic
improvement in the broader seascapes is possibly linked to the
continued success in the Indonesian government’s effort to alleviate
poverty in the country. According to the World Bank, the poverty
rate in Indonesia halved from 24% in 1999 to 11.4% by early 2013*.
With regard to MPA impacts, the result suggests statistically non-
significant MPA treatment effect on poverty index and households’
economic perception at the aggregate level (Supplementary Table 4;
Panels A and B. Refer to the estimated DiD coefficient “MPA X Post”).

We also assess MPA impact on poverty inequality. Here, we use
Gini coefficients that measure the dispersion of poverty scores across
households within a settlement, where a greater Gini score indicates a
higher level of inequality in the distribution of households’ exposure to
poverty. Supplementary Figs. A4 and AS visually elaborate on the use
of this inequality measurement in our setting, showing the baseline
inequality Lorenz curve and the histogram distribution of the Gini

scores. The mean Gini coefficient of the poverty alleviation index in the
dataset is 0.335, which is relatively consistent with Indonesia’s overall
Gini coefficient for income distribution estimated by the World Bank
(0.381 in 2017). Model results suggest there is some evidence of a
broad shrinking poverty gap in material well-being across households
in the seascapes in the magnitude of 2-4 percentage points (Supple-
mentary Table 4; Panel C). However, the MPA impact on poverty
inequality is not statistically significant. Nonetheless, aggregated
impact estimates may mask potential heterogeneity of impacts among
subgroups.

Heterogeneous impact across social groups

While we observe non-significant aggregate MPA impact on economic
well-being and inequality at the settlement level, we next investigate
the disaggregated MPA effects across social groups. Two major results
emerge. We find overwhelmingly non-significant MPA effects on
households’ tangible wealth (asset-based poverty index). This result
suggests that the implementation of MPAs did not exacerbate or
ameliorate material poverty or economic inequality between social
groups. However, MPAs seem to have generated a constraining effect
on households’ subjective economic improvement, significantly so for
female-headed and, to a lesser extent, for non-fishing households
(Fig. 3; see also Supplementary Table 5). That is, the self-perceived
improvement in economic well-being among households exposed to
MPA in these social groups was slower compared to their counter-
factuals after the MPA establishment.
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Fig. 3 | Distributional impact of MPAs across socioeconomic subgroups.
Impacts are estimated from the difference-in-differences model in Eq. 1 for two
economic-well-being outcome indicators: (1) poverty alleviation index and (2)
household perception of economic stability or improvement. Bar heights illustrate
estimated impact directions and magnitudes, with more positive values repre-
senting better economic well-being. Thick [thin] whiskers represent one-standard-
error [95-percent] confidence intervals around the estimated average treatment
effects (mean). Blue bars represent the more economically disadvantaged

2. Economic Stabillity or Improvement
(Household perception [subjective])

1. Poverty Alleviation Index
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subgroup. Each subgroup-specific effect is estimated by comparing the treated and
non-treated households belonging to the same social group. Sample size (n) cor-
responds to the number of respondents in each subgroup. The sample size
(number of respondents) corresponding to the Asset-based well-being [Perceived
well-being] regressions for female, male, retirement-age, working-age, non-fishers,
fishers, non-Adat, and Adat groups are respectively 765 [804]; 8812 [9232]; 2158
[2327]; 7263 [7557]; 7006 [7413]; 2571 [2623]; 6843 [7064]; 2518 [2537].

While the introduction of MPAs can act as a potential stressor to
the livelihood of some vulnerable coastal individuals***’, our findings
suggest that MPAs in our study had negligible negative impacts on the
objective poverty index. Studies have shown that the implementation
of conservation interventions could serve as major livelihood shocks,
especially to vulnerable resource-dependent groups in the short
term*?**, In these cases, the loss of access or harvest rights to marine
resources, potentially coupled with increased costs from displacement
from ocean areas, leads to declines in income, food security, and other
aspects of human well-being®*°~>%. From this perspective, our finding of
negligible negative impacts of MPAs on the tangible economic well-
being (i.e., asset-based poverty) of disadvantaged groups can be taken
as an encouraging outcome. The MPAs in this study were designed
through lengthy consultation and involvement of the local
community®. As such, it could be possible that this inclusive design
process helped to ensure that the MPA would not have a negative
impact on the affected communities.

On the other hand, the significant and negatively estimated
impact of MPA establishment on females’ perceived economic well-
being is in line with existing evidence on both terrestrial and marine
conservation and other development interventions, which have shown
that women are more likely to be negatively impacted by livelihood
disturbances™'****%**=3¢_Despite holding™ important roles within rural
fishing communities®~**%, women are often excluded from or under-
represented in local decision-making processes™'*****¢°, This exclu-
sion can lead to interventions that fail to account for disproportionate

impacts on this marginalized group. Similarly, the negative impacts on
perceived well-being in non-fisher households could be a result of the
fact that MPA interventions often focus their attention on supporting
marine resource users"?.

Moderating factors
Next, we examine how social inclusiveness—measured by the level of
household participation in community groups in each settlement—
moderates MPA’s poverty impact. Within the conservation and
common-pool resource literature, several studies indicate that a more
organized and inclusive community is often more capable of enhan-
cing participatory and transparent decision-making processes, and as a
result promotes equitable distribution of conservation benefits®%?,
thereby reducing inequality™'*®*. Across all four social groups, it is
evident that the impacts on perceived economic trends and inequality
(difference in impacts between groups) are more prominent in com-
munities where fewer group members participated in community
groups (lower than median levels of participation; see “Methods” for
further details) (Fig. 4). A profound negative impact on the perceived
economic condition is particularly observed for female-headed
households located in settlements where this group participated less
at baseline, compared to those in high-participation settle-
ments (Fig. 4).

The beneficial effect of community participation supports exist-
ing research on the importance of local social context, governance,
and collective action in shaping conservation impacts®>****, There are
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Fig. 4 | Distributional impact of MPAs across socioeconomic subgroups and
levels of community participation. Distributional impacts are estimated sepa-
rately for settlements with high (left panels) and low (right panels) levels of com-
munity participation. In each subgroup category, a settlement is classified as having
a high (low) participation level if the baseline share of community group partici-
pation of the more economically disadvantaged subgroup (blue color) is above
(below) its MPA’s median. Bar heights illustrate the estimated impact directions and
magnitudes, with more positive values representing greater poverty alleviation or a
more positive perception of economic trend over the previous year for the poverty
alleviation index and perception of economic trend, respectively. Thick [thin]

1. Poverty Alleviation Index 2. Economic Stability or Improvement
(Asset-based [objective]) (Household perception [subjective])

whiskers represent one-standard-error [95-percent] confidence intervals around
the estimated average treatment effects (mean). Blue bars represent the more
economically disadvantaged subgroup. Each subgroup-specific effect is estimated
by comparing the treated and non-treated households belonging to the same social
group. Sample size (n) corresponds to the number of respondents in each sub-
group. The sample size (number of respondents) corresponding to the Asset-based
well-being [Perceived well-being] regressions for female, male, retirement-age,
working-age, non-fishers, fishers, non-Adat, and Adat groups are respectively 765
[804]; 8812 [9232]; 2158 [2327]; 7263 [7557]; 7006 [7413]; 2571 [2623]; 6843 [7064];
2518 [2537].
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many potential mechanisms behind the relationship between com-
munity participation and perceived economic well-being. High com-
munity group participation could be an indicator of greater social
cohesion and collective action. Community groups could be acting asa
channel through which information is shared between otherwise iso-
lated individuals. More substantively, greater community participation
could also act as a social safety net, providing women with the social or
other capitals necessary to adapt to potentially negative changes that
stem from MPA establishment. Other studies have shown that
belonging to a community group increases women’s social capital
through the processes of trust and reciprocity, which can translate to
easier access to meaningful livelihood resources and help overcome
negative short-term economic shocks, even if these resources are not
easily translatable into material economic well-being® (Basurto et al.).
At the same time, community group participation could facilitate
greater self-determination and collective action, which allows them to
actively participate in decision-making and lobby for fair distribution
of benefits and burdens®®, If so, this finding contributes to empirical
evidence on the benefits of a social environment that fosters collective
action, inclusion, and social mobilization*****"¢267-% and corroborates
the calls for a fair representation of vulnerable groups to ensure that
they can access adequate community-level decision-making fora and
resources”*’°, Within a traditionally patriarchal society, such repre-
sentation and support would be critical for female household heads in
rural eastern Indonesia who are often widowed and experience great
financial and social hardships®.

Policy implications and future research

While much evidence exists on the impacts of MPAs on marine bio-
diversity, research on their impacts on resource-dependent coastal
communities and how those impacts are distributed across dimen-
sions of human well-being and social groups is more limited. Exploring
a comprehensive, multi-wave survey dataset that covers over 10,000
households in coastal eastern Indonesia, our paper is one of the limited
quantitative studies that contribute to the understanding of the dis-
tribution of multi-dimensional social impacts of MPAs, thereby pro-
viding insights on a fundamental aspect of MPA effectiveness:
equitable conservation”..

The evidence presented in this analysis has several important
policy and research implications. First, like many other environmental
policies, a protected-area initiative can have differential impacts on
human well-being across various social groups. Second, MPA impacts
are likely context dependent: restricting resource extraction in itself
does not universally guarantee positive or negative social outcomes,
but its effectiveness likely depends on various underlying contextual
factors and the dimensions of well-being being considered. Although
we find no significant impacts of the community-based MPA inter-
vention on tangible well-being or inequality measured by households’
material-asset ownership, MPAs might have served as a factor con-
straining the positive perception of the economic improvement of
certain social groups, most notably female-headed households.
Therefore, considerations must carefully take into account the diver-
sity of potentially affected groups during the MPA design and imple-
mentation processes. Third, and relatedly, fostering social
inclusiveness through inclusive planning processes (as done within
many of the study MPAs) or community participation may mitigate
expected short-term negative shocks from MPAs, such as an exacer-
bation of observed or perceived economic inequality. Our result sug-
gests that promoting a higher level of community participation among
marginalized groups, such as women, may serve as a beneficial buffer
against potential livelihood stressors they would experience from MPA
establishment. Given the potential role of community participation in
moderating constraining effects, further research should seek to elu-
cidate the mechanisms through which participation helps dis-
advantaged groups absorb potential short-term shocks, perceived or

otherwise, that MPA or other types of interventions might introduce to
their livelihoods. Lastly, our study demonstrates the benefits of
applying robust impact evaluation methods to disaggregated mon-
itoring data, which offer insights to the vastly understudied area of
social equality and environmental policies, such as PAs.

Methods

Study context

This paper leverages the depth of a long-term, household-level social
monitoring dataset conducted in the BHS and SBS—a seascape being
bio-geographically defined as a network of MPAs—in eastern Indone-
sia. Baseline surveys for each MPA occurred in 2010 (Mayalibit and
Cenderawasih), 2011 (Kofiau and Misool), 2012 (Kaimana and Dam-
pier), 2014 (Selat Pantar and Flores Timur), and 2016 (Kei Kecil and
Koon). Mayalibit, Cenderawasih, Kaimana, Kofiau, Dampier, and Mis-
ool belong to the BHS. Selat Pantar, Flores Timur, Kei Kecil, and Koon
belong to the SBS. Each survey round for BHS MPAs was conducted 2
years apart. Each survey round for SBS MPAs was conducted 3 years
apart. Supplementary Table 1 presents sampling characteristics in
more detail.

MPAs in the BHS and SBS seascapes are characterized by distinct
approaches to design and governance. In BHS, MPA design was pre-
dominantly community-led, initiated through customary declarations
and supported by NGOs, with boundaries often aligned with tradi-
tional marine tenure areas. These were later formalized by the pro-
vincial (“provinsi”; first division) or regency (“kapubaten”; second
division) governments and recognized nationally. Governance in BHS
is characterized by co-management structures involving local com-
munities, provincial agencies (e.g., UPTD-BLUD), and national
ministries**”%. In contrast, SBS MPAs were largely designed through a
top-down process led by national ministries (MMAF and MoEF), using
biophysical and habitat data to delineate boundaries. Governance in
SBS is more centralized, with management responsibilities transition-
ing from regency to provincial governments post-2017**7. Given the
differences in legal jurisdiction, management maturity, and local
governance practices, MPA rules related to the level of restriction and
enforcement on fishing gear and target species also vary significantly
across MPAs in the two seascapes.

In our regression analysis, we account for the differences in MPA
design origin and governance structure across the studied MPAs with
the inclusion of MPA-specific fixed effects. Essentially, our model
strictly estimates the average treatment effect of MPA establishment
by comparing the temporal variation (before- vs. after-intervention) in
the outcomes of treated and control individuals located within the
same MPA.

Survey design

Our survey method uses a coarse-matching procedure to identify
settlements outside a specific MPA boundary with a high probability of
containing a similar socio-demographic composition of households to
those within that MPA prior to the MPA intervention. Specifically, we
identified a comparable group of counterfactual settlements (i.e., the
control group) with residents that were similar to those within treated
settlements in each MPA based on four pre-treatment social
dimensions:

* Distance to market—the proximity (Euclidean distance) between
the settlement and the nearest local market, defined by local
experts as the place that the majority of households in the set-
tlement go to sell their fish catch. Distance to market is a well-
documented bias in the placement of terrestrial PAs, with regions
in close proximity to major population centers less likely to be
designated for conservation’. Market access is associated with
increased economic activity and thus wealth. It also increases
opportunities to sell catch and thus structures fishing activity,
influencing both fishing pressure and the gear choice by fishers™.
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Evidence from the Solomon Islands suggests proximity to market
correlates with depleted fish assemblages and biomass”, both
frequently used as outcome metrics to assess the ecological
impact of MPAs.

Predominant occupation—the dependence of communities on
marine resources, computed as the share of households having
fishing as their primary livelihood activity. The dependence of
communities on marine resources have been shown to be a likely
significant mediator of the social impacts of MPAs’®””. Households
with high dependence on marine resources are more likely to be
impacted by the reallocation of resource rights linked to MPA
establishment".

Political jurisdiction—decision-making regarding MPA establish-
ment and management may vary between jurisdictions. We exact-
match treatment and control settlements from the same regency
(Kabupaten) and province (Provinsi). Political jurisdiction may
affect the likelihood of MPA establishment (Fox et al.*®), and
management capacity may vary across jurisdictions.

Ethnic composition—the composition of major ethnic groups in
the settlement, measured as the household share of the most
dominant ethnic group residing in the settlement. We combine
secondary data and expert knowledge to classify each settlement
using this typology. Social structure influences the probability of
collective action and self-governance, as well as the characteristics
of governance®’. Groups with a greater degree of divisibility may
adopt different strategies for collective action than more homo-
geneous groups’®. Social structure may also shape the type of
MPA established, with decentralized structures more likely to
emerge where the probability of local collective action is high’®.
There is evidence that social cohesion correlates strongly with
effective fisheries management’®. Marine resource governance in
Papua is territorial, with defined local groups possessing cus-
tomary tenure to marine resources®. Social structure, through its
role in mediating collective action, may influence the strength of
these customary systems.

Following the above, 10 MPA “clusters” were produced, com-
prising treated (MPA) and comparable untreated (neighboring non-
MPA) settlements. Glew et al.*' provides more detailed information on
the study design.

In Fig. 1, settlements located inside MPA zones (124) constitute the
treatment group. Comparable, coarsely matched settlements located
outside MPA zones are neighboring villages constituting the counter-
factual (control) group. The dataset covers 10,123 households in
180 settlements. There are two follow-up survey rounds (2 years apart)
in each BHS settlement. There is one follow-up survey round in each
SBS settlement (3 years from baseline surveys).

The period of official implementation in our setting refers to the
year the MPA started receiving formal management and/or monitoring
and enforcement, with two exceptions. The first applies to Cender-
awasih MPA (BHS), which was established in 2002. We used a re-zoning
exercise in 2010 as our window of opportunity for baseline survey and
considered the redesigned MPA as the treatment. The second excep-
tion applies to Flores Timur MPA, where official MPA enforcement has
not been formally established and thus unlikely to influence outcomes
prior to monitoring. We refer to treatment status in this case when the
MPA demarcation and zoning took place, and a baseline survey was
conducted in 2013.

Variables formation
Social sub-groups. This analysis examines four social subgroups
relevant to the existing conservation literature (see Supplementary for
further details):
* Gender (male vs. female)—defined by the gender of the
household heads

* Fishery livelihood (households employed in fishery vs. non-fishery
occupations)—defined by whether the household relies on fishing
as a primary, secondary, or tertiary livelihood

Age cohort (retired vs. working-age)—defined by the age of the
household head being greater or less than 65 years old
Tenureship (Adat vs. non-Adat)—with the Adat households being
identified as individuals holding premium tenure rights to marine
resources. These are individuals who indicated that they have
either: (1) personally made decisions about managing marine
resources [the right to manage], (2) determined who could or
could not enter marine areas [the right to exclude], or (3) per-
sonally sold or leased the right to harvest resources within a
specified marine area [the right to transfer]. There could be a
limited number of households holding the right to manage MPA
who are technically non-Adat, but they often hold advanced social
positions (leaders of community groups such as religious leaders,
village leaders, youth leaders, women leaders, etc.) regardless.
While those with the rights to exclude and transfer are strictly
Adat, we define the Adat group as those with the rights to manage,
exclude, and transfer marine resources (i.e., collective choice
rights), as these individuals also have the power to determine how
or whether others can use or access the resource®.

Poverty alleviation index. This analysis follows an established eco-
nomic development literature to construct an index of poverty alle-
viation, which is calculated from a PCA that integrates household asset
ownership and cooking fuel usage. There are several reasons the
poverty alleviation index is an appropriate measure of economic well-
being in our study setting. First, in eastern Indonesia, many households
in coastal communities are engaged in subsistence fisheries and small-
scale or subsistence farming. Their income is subject to seasonal and
non-seasonal variations to marine and agricultural conditions, which
are often subject to external shocks***.. Second, as with popular cases
pertaining to the informal sector in developing countries, reported
income under our study setting is likely an imperfect measure of
economic well-being, as it fails to capture the non-cash economy and
the importance of subsistence activities to sustain an individual or
household. Third, household income measures are also likely missing
or prone to potential accounting and recall biases*2. Unlike income and
consumption—the two most conventional measures of economic
wealth—household asset ownership is less tied to payment types or
subject to seasonal variation, making it a more stable indicator to
measure poverty*.

We follow the approach from Filmer and Pritchett*” and Sahn and
Stifel*® to construct a poverty index for each household that consists of
nine household asset components provided in the household survey
(Supplementary Table 3 and Supplementary Fig. 1). The underlying
components of the index are binary indicators of asset ownership,
including whether the household owns at least any of one of the fol-
lowing assets: telephone, television, entertaining equipment, satellite
dish, generator, bike, motorbike, car or truck, and boats. Given that the
asset data were binary (i.e., equals O if the asset was not owned or
biomass fuel used; equals 1 if the asset was owned or non-biomass fuel
used), all values were on the same scale and thus did not need to be
normalized. We constructed the PCA index using the prcomp package
in R (v. 4.4.0), retaining the first principal component, which captured
the greatest variance among the combination of asset ownership and
cooking fuel usage factors. The factor coefficient scores—also known
as factor loading—from the first component are used as the weights for
each asset ownership variable, which are then combined into a single
household-level index score. By design, the value of the index ranges
from O to 1. Supplementary Table 3 and Supplementary Fig. 1,
respectively, provide details of the asset weight structure and the
explanatory relationship between each individual asset-ownership
indicator with the principal component of poverty. Based on the
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default binary values, an index score of 1 indicates “no poverty”: the
household possesses at least one of each of the nine asset components
and uses a non-biomass fuel type for cooking (gas or oil). In contrast,
an index score of 0 indicates “absolute poverty”: the household owns
none of any of the asset components and cooks with biomass fuel.
Supplementary Fig. 2 plots the histogram distribution of the index in
the sample.

It is noted that, due to the reasons discussed, our social mon-
itoring survey does not collect information on households’ income and
consumption. To investigate how well the PCA index measures poverty
alleviation, we follow a conventional approach in the literature to look
at the relationship of the index with two benchmark indicators of
household welfare: food security and educational attainment***.

The Food Security index (FS) is constructed from the health indi-
cators in the health module of the social monitoring questionnaire (i.e.,
the same household survey) and is benchmarked from the USDA
Household Food Security Scale®’. Households are classified as: (a) Food
insecure with hunger (FS from 0O to 1.56)—“food intake for household
members has been reduced to an extent that implies that household
members have repeatedly experienced the physical sensation of hun-
ger”; (b) Food insecure without hunger (FS from 1.56 to 4.02)—“food
insecurity is evident in household members’ concerns about adequacy
of the household food supply and in adjustments to household food
management, including reduced quality of food and increased unusual
coping patterns. Little or no reduction in members’ food intake is
reported”; and (c) Food secure (FS from 4.02 to 6.06)—“household
shows no or minimal evidence of food insecurity.”

* The educational level of the household head is a categorical
variable defined as 1="“No or Below primary school education”;
2=“Primary school education”; 3=“Junior secondary school
education”; 4 =“Senior secondary school education”; 5=“Higher
or further education.”

A significant and positive relationship between food security and
educational attainment, and our poverty-reduction metric, is
observed, providing additional support for the utility of the asset-
based measure of economic welfare.

Perceived economic well-being. The majority of existing studies on
the socioeconomic impacts of MPAs (and other biodiversity con-
servation interventions) either focus solely on identifying subjective,
self-stated responses of human well-being through qualitative
analyses™"*°¢*¢”8 or more limitedly, measuring objective economic
outcomes through quantitative analyses where accounting data are
available®®**, In this analysis, we assess both dimensions. In addition to
examining an objective indicator of economic well-being (i.e., poverty
alleviation index), we derive a subjective indicator of households’
economic well-being, using respondents’ perception of changes in
economic status that they experienced in the last year (“How has the
economic condition of your household changed over the past
12 months?’). We then recode each of the categorical responses into a
binary indicator that indicates a subjective “economic stability or
improvement,” which we use as a measure of a household’s perceived
poverty reduction. The mechanical design is to ensure that the impact
direction of this measure would be harmonized with the asset-based
poverty alleviation index, i.e., a larger value would indicate positive
economic change, both subjectively and objectively. Another advan-
tageous feature of our dual measures is that they complement each
other in capturing MPA impacts on both household’s economic well-
being status (with the static asset-based poverty index) and trend (with
the perceived direction of change in well-being).

Econometric model
To assess the impacts of MPA intervention on different societal
groups, we employ a causal inference approach in the form of a DiD

estimation—a quasi-experimental technique popular in the literature
of impact evaluation. Essentially, this method compares the differ-
ences in the average of household-level outcomes over time (i.e.,
between the pre- and post-intervention periods) across treated and
counterfactual settlements, while accounting for both fixed and vary-
ing factors potentially correlated with both treatment status and
changes in the dependent variables.
Econometrically, the DiD approach takes a regression form:

2017
Yist = 0o + 0y MPAS+ 0,POSt, + Qs MPA X Post, + @, X + A+ >
753010

T+ Eist

@

where y;, represents two main household-level well-being outcomes
employed in the analysis—(1) asset-based poverty index (objective
economic well-being) and (2) change in household’s perceived
economic condition (subjective measure). The subscripts refer to
household i located in settlement s in period ¢, with ¢ being an MPA-
specific temporal indicator denoting the survey period relative to
baseline (e.g., ¢ = 0 indicating baseline survey round, ¢ = 1 indicating the
first post-line survey round, and ¢=2 indicating the second post-line
survey round). MPA is a binary term indicating that the settlement is
located within a protected zone (i.e., being “treated”). Post, is a binary
variable indicating post-baseline periods specific to each of the 10
MPAs, taking the value of O for baseline survey waves, and 1 for post-
implementation waves. X, is a vector of household-level covariates: (i)
household head’s age, (ii) gender, (iii) membership in the dominant
local ethnicity, (iv) highest level of education obtained, (v) number of
2017

children, and (vi) years of residence; A, and Y T respectively
T=2010

represent MPA-specific and calendar-year fixed effects, the inclusions
of which account for both time-invariant confounders at the MPA level
and region-wide factors common to all settlements in a particular year
(e.g., broad-based macroeconomic and environmental conditions,
such as fluctuation in fuel prices or the occurrence of natural
disasters). The inclusion of A, essentially absorbs the singular term
MPA; in the model. Finally, €, represents household-level idiosyn-
cratic error terms clustered at the settlement level. To study
heterogeneous impacts, we estimate the DiD model separately for
each subgroup in our analysis. Under satisfying validity assumptions
that we discuss in detail in the Supplementary document, the
estimated coefficient a; associated with the interaction term
MPA x Post, illustrates the MPA treatment effect on household-level
well-being outcomes.

A derivative specification of our main household-level DiD model
is a settlement-level approach:

2017
Vst =@y + A XMPA + ayPost, + asMPA, x Post, + &, X + A+ > Teg
T=2010

@

where everything remains the same as in Eq. (1), except for the con-
version of the dependent variable (y,) and predictor covariates (Xs,)
from the household to settlement level. Specifically, vector X, includes
the baseline settlement-level fishery component (%), average time to
market (hours), the composition of customary governance (%), and the
settlement’s geographic location (latitude and longitude degrees).

In the analysis, we estimate Eq. 2 with three main dependent
variables: (i) the settlement’s mean poverty alleviation index (objective
measure), (ii) mean percentage of households reporting positive
economic perception (subjective measure), and (iii) the “inequality”
Gini measure of poverty. Detailed empirical results are presented in
Supplementary Table 4.
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To detect the overall poverty trend in the monitoring regions, we
focus on the estimated coefficients of indicator Post,,, which reflects
the average seascape-wide conditions after MPA establishment relative
to the baseline (i.e., common trend across both the treatment and
control groups).

Classifying subgroups’ community participation

For each subgroup category, we calculate the number of social and
community groups that household heads participated in the year
before MPA implementation. We derive a median participation level
(i.e., the median number of community groups a household partici-
pating in) for each MPA. We subsequently divide settlements in each
MPA into two groups based on whether average community group
participation by the more economically disadvantaged subgroup (i.e.,
female-head, non-Adat, retired, and non-fishers), was greater or lower
(high and low participation settlements, respectively) than the median
value for that MPA.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

This study was conducted in accordance with the guidelines of the
Duke University Institutional Review Board (IRB # 2023-0007) for the
analysis of existing data. The original data were collected following
best practice ethical guidelines regarding research conduct (National
Academy of Sciences 1995; American Anthropological Association
1998). For more information on data collection, see the survey manual
(Glew et al.*"). Data requests should be made to the corresponding and
senior authors.

Code availability
The R code used in the data analysis and to generate figures is available
from the corresponding author upon request.
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