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Current trends suggest most Asian countries are
unlikely to meet future biodiversity targets on
protected areas
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Aichi Target 11 committed governments to protect ≥17% of their terrestrial environments by

2020, yet it was rarely achieved, raising questions about the post-2020 Global Biodiversity

Framework goal to protect 30% by 2030. Asia is a challenging continent for such targets,

combining high biodiversity with dense human populations. Here, we evaluated achievements

in Asia against Aichi Target 11. We found that Asia was the most underperforming continent

globally, with just 13.2% of terrestrial protected area (PA) coverage, averaging 14.1 ± SE 1.8%

per country in 2020. 73.1% of terrestrial ecoregions had <17% representation and only 7% of

PAs even had an assessment of management effectiveness. We found that a higher agri-

cultural land in 2015 was associated with lower PA coverage today. Asian countries also

showed a remarkably slow average annual pace of 0.4 ± SE 0.1% increase of PA extent.

These combined lines of evidence suggest that the ambitious 2030 targets are unlikely to be

achieved in Asia unless the PA coverage to increase 2.4-5.9 times faster. We provided three

recommendations to support Asian countries to meet their post-2020 biodiversity targets:

complete reporting and the wider adoption “other effective area-based conservation mea-

sures”; restoring disturbed landscapes; and bolstering transboundary PAs.
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Protected areas (PAs) and conserved areas are perhaps the
most effective tool for safeguarding species and ecosystems
globally1 and are therefore incorporated into multiple

political targets for international conservation. Aichi Target 11
committed governments to protect at least 17% of their terrestrial
area by 2020, under the Convention on Biological Diversity
(CBD). The next generation of the CBD’s global goals, in draft
form as the post-2020 Global Biodiversity Framework (5),
includes Target 3 to protect at least 30% of the planet by 2030,
with the focus on areas particularly important for biodiversity.
However, repeated failures to meet previous biodiversity targets2,3

suggest that post-2020 agreements and targets need to be
informed by past performance, not least because this indicates
likelihood of future success. In particular, there is a need to
identify the heterogeneous contribution made by different
countries and regions to the global outcomes and where possible,
predict that heterogeneity to inform future strategy.

However, a further difficulty with comparative assessment of
regional and national performances against area-based targets, is
that cultural and other differences can affect the reporting itself.
PA coverage statistics rely on countries reporting to the World
Database on Protected Areas (WDPA) and what is reported (and
not reported) can vary non-randomly across regions and coun-
tries, for many reasons4. For example, if a country’s conservation
areas include a large number of land use types or governance
arrangements that do not naturally get collated by Environment
Ministries attempting to report to databases mostly managed in
Europe and North America. Consequently, many locally-
important conservation areas may be omitted, for reasons ran-
ging from differences in what countries choose to report as
“protected areas,” to differences in the level of data that countries
are able to gather about each use or governance type. Despite this
cultural variation, global studies often compare regional and
national performance on a target by taking all the data at face
value, leading to some assessments of Global South outcomes that
risk seeming post-colonial in failing to understand how Global
South patterns of areal conservation can differ from those in the
Global North, and then drawing negative conclusions about what
has been achieved.

Asia as a continent has very high conservation value, ranking
as one the richest places on earth for the diversity of living forms.
It contains seven biodiversity hotspots, high levels of endemism
and some of the most charismatic fauna, all living alongside over
half of the world’s human population5. And yet, global official
statistics in 2019 suggested that Asia was also one of the most
underperforming continents in relation to the Aichi Target 11,
with PA coverage below the global mean5, relatively poor
representation of ecoregions inside the protected area networks,
very few assessments of protected area effectiveness1, and low PA
connectivity (3.2%) in comparison with the global mean (9.7%)6.
Importantly, over 60% of the global population currently lives in
Asia7, with faster than global average human population growth8

and consequently, increases in food production and conversion to
agricultural land9, all leading to high rates of land clearing in
PAs10. By 2050, Asia is projected to experience the highest rates
of habitat loss from conversion to agricultural lands comparing to
other continents11 and a further increase in its large population8,
implying even higher human pressure. China’s Belt and Road
Initiative, while potentially boosting the economy for many Asian
countries, is likely to increase pressure on biodiversity and frag-
ment PAs even more12,13.

Here, we first re-assess and statistically model the achievements
of Asian countries against Aichi Target 11, based on those
countries’ own, context-specific national understanding of what
represents conservation-focused land use types (protected areas).
The headline component of Aichi 11 is the area covered by PAs,

but it also includes two sub-targets of representativity and PA
management effectiveness (PAME), so we assess and model all
three of those sub-targets. Additionally, we assess and model how
much of the ranges of highly at-risk mammal species (CR/EN) are
covered by Asian PAs. Finally, we quantify the rate of growth of
PA area up to 2020. We then estimate the likelihood that Asia will
achieve a 2030 goal for 30% PA coverage, based on a combination
of all these results and models, with further examination of sub-
regional patterns and likely target outcomes. Finally, we suggest a
number of foci and interventions, specific to an Asia context, that
could improve the future chances of success, so that this con-
tinent’s rich biodiversity can be conserved despite the strong
socioeconomic challenges involved.

Results
Area-based sub-target. We found that 13.2% of Asian terrestrial
landscapes were covered by PAs by the target date for Aichi 11
based on our in-country sources. However, it was 17.4% lower
based on WDPA data (10.9%). The average increase in coverage
across Asia during the 2010s was 0.4% ± SE 0.1% per year. PA
coverage at the level of individual countries increased from a
mean 11.1% in 2010 (SE= 1.4%) to 14.1% by 2020 (SE= 1.8%)
based on our in-country sources, which was 16.5% higher than
WDPA data (12.1 ± SE 1.6%). However, these overall figures
concealed considerable country-level and sub-regional
heterogeneity.

A total of 8,673,433 km2 across 10 countries, equaling 19.6% of
Asian terrestrial landscapes was managed as hunting concessions,
governed by governments, communities or private sectors, but
these areas have not been included in the countries’ report to the
Protected Planet Initiative databases. Most of these areas are
locally important in terms of biodiversity conservation and local
socioeconomic outcomes which may qualify them as examples of
“other effective area-based conservation measures” (OECMs).
The increase in area-based conservation coverage represented by
these areas, above the current Protected Planet Initiative statistic,
ranged from 0.2% (Iran) to 41.4% (Russia). With that update
incorporated, a total of 32.9% of Asian terrestrial landscapes are
under protection, either as protected areas or hunting concessions
(potentially as one type of OECMs).

We found that 40% of Asian countries met a target of 17%
coverage for PAs by 2020 based on our in-country sources,
mainly in East and some South Asia, whereas West and Central
Asian countries had generally not achieved this target (Figs. 1 and
2). We did not find any statistically significant association
between the proportions of highly at-risk (CR/EN) mammalian
species range outside PAs and the % PA extent in 2020
(β=−0.22 ± SE 0.15, t=−1.51, P= 0.14 in a Generalized Linear
Model). The highest proportions of the highly at-risk (CR/EN)
mammalian species range outside PAs were seen in West
(βCR/EN_outsidePA= 1.77 ± SE 0.46, t= 3.86, P < 0.001) and East
Asia (βCR/EN_outsidePA= 2.07 ± SE 0.61, t= 3.39, P < 0.001),
respectively. Indeed, the lower-diversity sub-region of East Asia
showed the greatest level of protection, followed by higher-
diversity Southeast Asia.

When we considered the pattern of terrestrial PA expansion for
2010-2020 (rather than the final coverage achieved), two
countries in Southeast Asia (Myanmar and Thailand) showed
small decreases in PA coverage (PA downgrading, degazettement
and downsizing) whereas Indonesia and Cambodia showed
significant (>10%) expansion. In South and West Asia, most
countries showed an increase in area, with Bhutan and Qatar
gaining >10%, but Kuwait lost area. In East Asia, all countries
showed at least some PA expansion (South Korea and Japan by
>10%) whereas in Central Asia, almost no change was seen. It is
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Fig. 1 Asian countries and the percentage of protected areas (PA) in 2020. The full and abbreviated names for all Asian countries analyzed in this study
are shown. The map projected using WGS 84 EPSG: 4326 coordinate reference system.

Fig. 2 Barplots showing the arial-based metrics for 40 Asian countries analyzed in this study. Top: the percentage of PA extent in 2020; middle: the
percentage of PA expansion between 2010 and 2020 and bottom: the percentage of agricultural land growth between 2010 and 2016.
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also noteworthy that between 2010 and 2015, agricultural lands
increased by 2.0% across the continent, averaging 0.51 ± SE 0.03%
per year at country level, although 18 counties (45.0%) had
agricultural land loss, mainly in West and Central Asia (12 out of
18 countries with agricultural land loss; Fig. 2).

In our attempt to model the variation in achievement of area-
based target (% PA extent), we found a single model with a
ΔAICc weight of 1.0 (R2adj= 0.66; Table 1). There was no
evidence to reject the null hypothesis that the model fits well
(P= 0.99). This model included the predictors % agricultural
extent in 2015, % PA extent in 2010, and sub-region (Table 1).
Specifically, the coefficients suggested that countries with greater
PA extent in 2010 and a smaller percentage of agricultural lands
in 2015 were more likely to achieve higher percentage of PA
extent by 2020 (βPAExtent2020= 0.58 ± SE 0.10, t= 5.74, P < 0.001
and βAgriculture2015=−0.36 ± 0.11, t=−3.25, P= 0.003; Fig. 3).
In the sub-regional effect, the smallest and largest % PA extents in
2020 were found in West (P= 0.01) and Southeast Asia
(P= 0.08) respectively (Fig. 2).

For PA growth rates, we found that with the current annual
growth rate (r) of 0.03 for 2010–2020, Asia can achieve only

18.6% of PA extent by 2030. A 2.5 times larger r (0.08) would be
needed to meet the 30% target by 2030 for the entire continent.
The continent as a whole is therefore projected to miss a putative
30% areal target by a considerable margin. On a sub-regional
level, all regions except Central Asia are projected to miss the
putative 30% target, with West and South Asia as the most
underperforming regions, projected to achieve 11.3 and 10.0%
coverage respectively by 2030. Achieving the post-2020 Global
Biodiversity Framework’s target of at least 30% of the planet
protected would need 2.4 times faster PA growth for East and
Southeast Asia, 4.4 times faster in West Asia and 5.9 times faster
in South Asia.

Ecological representativity sub-target. For ecological repre-
sentativity, we found that 73.1% (n= 196) of 268 terrestrial
ecoregions in Asia had less than 17% coverage inside the PA
network (Fig. 4). Nonetheless, apart from Socotra Island xeric
shrublands, no terrestrial ecoregion in West Asia achieved ≥17%
of PA coverage. Similarly, the overlap between the PA network
and the ecoregion did not exceed ≥17% in central Asia, except

Table 1 Results of generalized linear models testing different hypotheses on the association between the percentage of PA
extent in 2020 and ecological and geopolitical factors in Asian countries.

Model df AICc Delta AICc AICc weight

%PAExtent2020 ~ Region + PAExtent2010+Agriculture2015 10 85.9 0.0 1.0
% PAExtent2020 ~ Region + PAExtent2010 + NGO+ Publications + Urgency 11 99.9 13.9 0.0
% PAExtent2020 ~ Region++ Violence + Governance 9 106.7 20.8 0.0
% PAExtent2020 ~ Region + GDP+GDPGrowth 9 112.0 26.1 0.0
% PAExtent2020 ~ Region + Urgency 8 112.6 26.6 0.0
% PAExtent2020 ~ Region + GDP+GDPGrowth + GDP::GDPGrowth 10 113.3 27.4 0.0
% PAExtent2020 ~ Region + AgriculturalGrowth + Agriculture 9 117.2 31.2 0.0
% PAExtent2020 ~ Region 7 117.2 31.3 0.0
% PAExtent2020 ~ Region + AgriculturalGrowth + Agriculture + GDP+GDPGrowth 11 118.1 32.2 0.0
% PAExtent2020 ~ Region + NGO+ Publications 9 118.9 33.0 0.0
% PAExtent2020 ~ Region + AgriculturalGrowth + Agriculture + AgriculturalGrowth::Agriculture2015 10 120.7 34.8 0.0
% PAExtent2020 ~ Region + AgriculturalGrowth + Agriculture + PAExtent2010 + GDP+GDPGrowth +
NGO+ Connectivity + Publications + Violence + Governance + Urgency +
AgriculturalGrowth::Agriculture + GDP::GDPGrowth

19 122.1 36.1 0.0

% PAExtent2020 ~ Region + AgriculturalGrowth + Agriculture + GDP2019+GDPGrowth +
AgriculturalGrowth:: Agriculture + GDP::GDPGrowth

13 124.7 38.8 0.0

Fig. 3 Relationship between log % of PA change during the 2010s and left) % PA extent in 2010, right) % agricultural lands in 2015 for Asian
continent, based on generalized linear models. See Supplementary Table 1 for two-letter country abbreviations.
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three ecoregions of Altai Alpine meadow and tundra, Ural
montane forests and tundra and Pamir alpine desert and tundra.

In our sub-analysis of how well PA systems covered threatened
species, we found that for 241 highly at-risk (CR/EN) mammalian
species across Asia, a mean of 84.4% of their ranges fell outside
the PA network (SE= 2.3%). A single model was selected for
ecological representativeness with a weight of 0.71, without any
evidence to reject the null hypothesis that the model fits well
(P= 0.96). The model included only Region as factor (R2adj= 0.
11; Table 2) but did not show any evidence for geographic
differences across Asian regions (P > 0.05).

For the coverage of highly at-risk (CR/EN) mammalian species,
a single statistical model was also selected, with non-significant
deviance goodness of fit (P= 0.83), which included only the %
PA extent by 2020 and Region as predictors (R2adj= 0. 27).
Although there was no evidence for association between the % PA
extent by 2020 and the coverage of threatened species
(βPAExtent2020=−0.23 ± SE 0.15, t=−1.57, P= 0.13). However,
the coverage of threatened species varied geographically, with
high intercept differences for East Asia (βEastAsia=−0.23 ± SE

0.15, t=−1.57, P= 0.13), implying the largest median of range
of highly at-risk (CR/EN) mammalian species outside the current
network of PAs within each country.

PA management effectiveness sub-target. For the level of PAME
assessment, we found that out of 22781 PAs within the 40 studied
Asian countries, only 7.0% have been assessed based on PAME
criteria (n= 1599), averaging 17.4% ± of PAs per country
(SE= 2.5%). Israel, Japan, Lao, Bahrain, Oman and Qatar had no
PA assessed based on the PAME criteria while over 1/3 of PAs in
Indonesia, Cambodia, Bhutan, Jordan, Nepal, Turkey, Singapore
and the UAE were PAME assessed. When modeling the level of
PAME assessment, three best supported models were averaged
(Table 3), with the averaged model including GDP2019, % PA
extent 2020 and the Region as predictors. The averaged model
coefficients would be non-significant under a hypothesis-testing
approach (βGDP2019=−0.18 ± SE 0.12, t= 1.47, P= 0.14 and
βPAExtent2020=−0.15 ± SE 0.11, t= 1.31, P= 0.19). Similarly,
there was no evidence for the association between the ratio of PAs
with PAME and Asian regions (P > 0.05).

Discussion
We showed that Aichi target 11 has failed to garner traction
across most of Asia, with many countries showing little or no
expansion in their PAs, the exception being countries in East
Asia. Only 40% of Asian countries met their target of 17% cov-
erage for PAs by 2020. On average, Asian countries achieved
14.1% PA coverage by 2020 (± SE 1.8%), 1.1 percentage points
less than the current global mean of 15.2%5 and 2.9 percentage
points slower than the minimum required under Aichi Target 11
(17%), with a remarkably slow average annual growth of 0.4 ± SE
0.1% in PA extent. For the representativity sub-target, only 26.9%
of Asian ecoregions reached ≥17% protection by 2020, compared
to the global average of 42.6%14. For the ‘effective management’
sub-target, Asia was also the most underperforming continent in
the world, with the lowest percentage of PAs for which assess-
ments of effectiveness (only 7.0%)5 have been reported, compared
to a global mean of 9.1%15. These levels of low comparative
performance held true despite our major expansion of the offi-
cially reported data on PA coverage which included new areas,
such as community and government hunting areas, that were of
considerable cultural and biodiversity relevance in areal con-
servation but were not listed in the official Protected Planet
Initiative databases (i.e., the database used to assess progress
against international area-based conservation targets).

If we use the patterns observed to assess likely performance
against a proposed 30% area-based target by 2030 (Target 2), the
clear implication is that Asia is likely to fall even further short

Fig. 4 Circular barplot of the ecological representativity, defined as the
percentage of ecoregions within the network of PAs for different Asian
regions. Numbers denote the median of ecological representativeness per
each region.

Table 2 Results of generalized linear models testing different hypotheses on the association between the percentage of
ecoregions protected by the PA network in 2020 and ecological and geopolitical factors in Asian countries.

Model df AICc Delta AICc AICc weight

%ProtectedEcoregion2020 ~ Region 7 175.18 0.00 0.71
% ProtectedEcoregion2020 ~ Region + GDP+GDPGrowth 9 178.42 3.24 0.14
% ProtectedEcoregion2020 ~ Region + AgriculturalGrowth + Agriculture 9 180.03 4.85 0.06
% ProtectedEcoregion2020 ~ Region + NGO+ Publication 9 181.12 5.95 0.04
% ProtectedEcoregion2020 ~ Region + GDP+GDPGrowth + GDP::GDPGrowth 10 182.07 6.89 0.02
% ProtectedEcoregion2020 ~ Region + AgriculturalGrowth + Agriculture + AgriculturalGrowth::Agriculture 10 183.34 8.16 0.01
% ProtectedEcoregion2020 ~ Region + GDP+GDPGrowth + AgriculturalGrowth + Agriculture 11 183.83 8.65 0.01
% ProtectedEcoregion2020 ~ Region + NGO+ Publication+%PAExtent2020 10 184.59 9.42 0.01
% ProtectedEcoregion2020 ~ Region + AgriculturalGrowth + Agriculture + GDP+GDPGrowth +
NGO+ Publication

13 191.82 16.65 0.00

% ProtectedEcoregion2020 ~ Region + AgriculturalGrowth + Agriculture + GDP+GDPGrowth +
NGO+ Publication + GDP::GDPGrowth + AgriculturalGrowth::Agriculture+%PAExtent2020

16 206.20 31.03 0.00
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(with similarly poor outcomes expected for representativity and,
if quantified as a target, for management effectiveness). The
evidence from our statistical models suggest that past coverage is
a strong predictor of future coverage, and 2020 areal achieve-
ments were generally below the target of 17%. The percentage of
national territory dedicated to agriculture also predicted PA
coverage, and post-2020, Asia is projected to experience the
highest rates of habitat loss from conversion to agricultural
lands11. Indeed, given the rapid expected increase in human
pressure and associated land conversion, it seems likely that areal
coverage could lag targets by even more in 2030 than it did in
2020. These conclusions are supported by our PA-growth ana-
lysis, where we found that to achieve 2030 values of 30%, PAs
would need to expand at least twice as fast and in some regions,
nearly six times as fast as they achieved during the previous
(2010–2020) target period.

Our updates to official PA coverage statistics confirm that PA
coverage is underreported by 16.5% on country-level. The most
obvious way of improving coverage statistics is therefore simply
more complete reporting. For example, some countries may share
only a subset of their PA types or layers with the WDPA.
Importantly, a drive for better reporting could include greater
political inclusivity and recognition of the contribution of non-
state actors to areal protection. In particular, the PAs included in
national reporting to WDPA are often those owned or managed
by government. However, it is likely there are many areas outside
of the PA network that are being conserved by a diverse set of
actors, including private and community PAs, which have not yet
been recognized and reported. Many such areas could be regarded
as examples of “other effective area-based conservation measures”
(OECMs), which have always been part of Aichi Target 1116.
Indeed, some of the countries that perform worst under tradi-
tional measures of PA coverage may in fact have some of the
larger areas of non-traditional coverage. For example, our data
showed that the inclusion of hunting concessions (Supplementary
Table 1), which were detected mostly in West and Central Asian
countries that did not achieve the 17% areal target for Aichi 11,
bolstered those countries’ area-based achievements moderately.
Although some may argue that hunting concessions can con-
tribute to the rural socio-ecological resilience for remote moun-
tain communities and offer economic incentives for an integrated
conservation and development paradigm to combat illegal wild-
life trade17,18. It is also clear, however, that hunting concessions
can be compromised by ethical, ecological and socioeconomic
concerns19,20. It would be prudent to precede any expansion of
hunting concessions with a rigorous evaluation of these concerns
as they apply to any area proposed for expansion, with a focus on
the likelihood of adverse effects for wildlife and human
livelihoods.

Such areas can be added to coverage statistics by reporting
them to the Protected Planet Initiative’s World Database on
Other Effective Area-Based Conservation Measures (WD-
OECM). The formal current definition of OECMs is “geo-
graphically defined areas other than PAs, governed to achieve
positive biodiversity conservation outcomes with associated eco-
system functions and services as well as cultural, spiritual,
socio–economic, and other locally relevant values”21. OECMs
may be managed for many different objectives but they must
deliver effective conservation5 and can therefore provide the
opportunity for formal support for areas delivering conservation
outcomes outside the PA network22. A key requirement is a need
for review and recognition of OECMs within national policy
frameworks, which will facilitate the reporting to the Protected
Planet Initiative based on what is included in national account-
ings. Many OECMs already identified are implemented by a
diverse set of actors, including indigenous peoples, local com-
munities, and the private sector. They therefore offer the
opportunity to engage and support rights-holders and stake-
holders beyond government agencies, and to promote more
equitable partnerships in global conservation efforts, meeting
other CBD objectives that relate to the area-based targets5.

We support ambitious planning for the post-2020 Global
Biodiversity Framework3,23,24. Nonetheless, expanding the PA
network in Asia needs to be coupled by obtaining the support of
local communities through considering the well-being of people
and reducing human pressures25,26. However, taking all these
lines of evidence together, achieving a post-2020 Target 2 of 30%
coverage5 seems very unlikely without a major change in ambi-
tion and a range of dedicated interventions, both at the levels of
countries and ecoregions. In addition to improved PA reporting
and the identification and inclusion of the OECMs, we offer two
inter-related suggestions which deserve further exploration in
how they can potentially support Asian countries in the aspira-
tion to achieve more under their post-2020 biodiversity
commitments:

1. Restoring disturbed landscapes: Large-scale farmland
abandonment, as an opportunity for restoration and
biodiversity regeneration27, has occurred in Asia28,29, and
45.0% of Asian countries had agricultural land loss based
on our analysis. Our analysis showed that most farmland
abandonment were also concentrated in the West and
Central Asian regions where performance against PA
targets was worst. Equally important, lowland tropical
rainforest landscapes of East Asia also provide potential
restoration opportunities. Although these areas have higher
potential return of benefits and feasibility30; however, the
existing efforts are hampered by local governance and

Table 3 Results of generalized linear models testing different hypotheses on the association between the ratio of PAs with
management effectiveness (PAME) in 2020 and ecological and geopolitical factors in Asian countries.

Model df AICc Delta AICc AICc weight

PAME-ratio2020 ~ Region + GDP 8 63.17 0.00 0.34
PAME-ratio2020 ~ Region 7 63.80 0.63 0.25
PAME-ratio2020 ~ Region+%PAExtent2020 8 65.00 1.83 0.14
PAME-ratio2020 ~ Region + GDPGrowth 8 65.76 2.58 0.09
PAME-ratio2020 ~ Region + GDP+GDPGrowth 9 66.55 3.38 0.06
PAME-ratio2020 ~ Region + NGO 8 67.24 4.06 0.05
PAME-ratio2020 ~ Region + Publication 8 67.30 4.13 0.04
PAME-ratio2020 ~ Region + Publication + NGO 10 70.37 7.20 0.01
PAME-ratio2020 ~ Region + NGO+ Publication+%PAExtent2020 9 71.06 7.89 0.01
PAME-ratio2020 ~ Region + GDP+GDPGrowth + GDP::GDPGrowth + NGO+ Publication+%
PAExtent2020

10 71.78 8.60 0.00
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power imbalance between stakeholders31 as well as the
development of plantations of fast-growing species for
timber production rather than landscape restoration32.
Nonetheless, the restoration cannot necessarily offset loss of
original ecosystems.

2. Promoting transboundary PAs: Asia contained approxi-
mately 82% of global border hotspots (the richest 5% of
border segments) for threatened transboundary species33,
with some species whose persistence depends on trans-
boundary areas34. Asian countries have larger protected
areas with higher potential connectivity near borders35. A
quantified area-based baseline could be included in future
targets, reflecting and motivating the potential contribution
of transboundary areas towards countries’ commitments.

Area-based targets remain the cornerstone for countries’ bio-
diversity commitments36. However, it is also important to include
“performance based” sub-targets in any future Target 3, empha-
sizing the need not simply to increase area, but also to make sure
that any expanded areas are performing effectively against an
overarching goal of protecting biodiversity. Effectively structured
and clearly framed targets allow the translation of targets into
actionable policies37. For example, the clearly defined area-based
element of Target 11 had high compliance with criteria such as
measurability, unambiguity, realism, and scalability, whereas 4
qualitative elements were substantially compliant37. Proposed
additional performance-based sub-targets include “biodiversity
value”3 and a requirement that 70% of ecoregions should meet a
90% target for the Biodiversity Intactness Index (implying that
abundances across all functional groups would recover to near-
preindustrial levels by 205023,38). Some scholars have also pro-
posed intactness metrics39, for example it was highlighted the
region still hosts high diversity despite having fragmented land
cover40,41. It is therefore important not only to consider apparent
“intactness” but also to use more suitable measures of biodi-
versity. Intactness particularly has value as a metric when deter-
mining whether restoration or preservation is more appropriate,
and could be retained for this and other purposes.

Monitoring is also needed to track interim progress and targets
and sub-targets (not least because we manage what we measure),
and could itself be a sub-target. However, the capacity needed to
monitor and evaluate performance-based targets is unlikely to
exist in many Asian countries, on the evidence that they have the
fewest PAs evaluated based on PAME criteria compared to other
continents, and that the majority of Asian countries appear to be
relatively understudied with respect to biodiversity42. Ways to
improve this could include international collaboration with Asian
countries, increasing partnerships, and capacity building for
Asian scholars and conservationists to bolster biodiversity
research and monitoring. Also, creating a digital infrastructure to
operationalize national-level data capture for monitoring of both
protected area management and trends in species and ecosystems
based on field observations and remote sensing can promote
effectiveness43.

Asia is a complex region, as it is the only region where Eur-
opean languages are rarely fluent. The tendency for conventions
to limit languages available is a barrier to engagement in these
regions, and that UN conventions should use all UN languages as
a standard minimum for biodiversity related conventions to
encourage engagement from this diverse, yet neglected region of
the planet. Some countries also have weaker governance institu-
tions and unreliable monitoring and evaluation measures to track
their impact or success at the local level. Therefore, it is unlikely
that a “one size fits all” approach can be successfully implemented
in different regions. With great variability in human pressure,
biodiversity richness and geopolitical realms across Asia, careful

planning is therefore needed to meet post-2020 area-based bio-
diversity targets (≥30% by 2030) in balance with human
demands.

Methods
We first quantified the areal coverage achieved by 2020 and compared it to the 17%
commitment to in Aichi Target 11. Although Aichi Target 11 might protect more
biodiversity if targets were different in each country, it was widely interpreted as a
national target (as indeed is occurring with the post-2020 Target 2), and so we
follow that practice and ask whether countries reached 17% coverage individually.
We started by extracting the percentage of national terrestrial land occupied by PAs
as of end 2020 from the World Database on Protected Areas (WDPA)44. However,
to develop a more Asian perspective, and also to compensate for time lags and
omissions in reporting to the WDPA4, we checked the latest available data from
WDPA5 against several in-country sources concerning PA extent in 2020, updating
where necessary (Supplementary Table 2). In particular, we obtained the area of
community or private controlled hunting concessions within Asian countries with
active trophy hunting programs from national sources as a measure of potential
additional contribution to countries area-based targets. We excluded any countries
for which complete, robust data were lacking. In total, 40 Asian countries were
retained in the final analyses (Supplementary Table 1). Although Russia and
Kazakhstan span Eurasia, we included it as an Asian country because all predictor
covariates were available only at country scale, not for a subset of the country.

For the ecological representativity sub-target, we used coverage of terrestrial
ecoregions, defined as large areas with distinct biodiversity values which are widely
used for tracking progress towards ecological representativeness of Aichi Target
1114,45. We used the PA network in each Asian country to calculate the percentage
of each ecoregion outside that network, and then took the median of these values
across all the ecoregions found in each country as our representativeness metric.
These calculations were conducted using Spatial Analyst toolbox in ArcGIS 10.346

based on shapefile of terrestrial ecoregions obtained from The Nature Conservancy
Geospatial Conservation Atlas (geospatial.tnc.org). For coverage of highly at-risk
mammalian species, we took species ranges from IUCN spatial layers (from www.
redlist.org) and calculated the median percentage of all Endangered (EN) and
Critically Endangered (CR) species that was overlapped by our updated PA
spatial layer.

For the effective management sub-target of Aichi Target 11, we used Protected
Area Management Effectiveness (PAME) assessments (22), which indicate how
well a PA is managing conservation values (e.g. biodiversity conservation, eco-
system service and cultural service provision) and achieving stated goals and
objectives47. However, there were very few PAME assessments in many countries,
making the PAME scores themselves patchy and poorly informative. To indicate
progress on effectiveness, we therefore focused on quantifying the percentage of
PAs that had carried out (and reported) an assessment in each country. We
obtained PAME scores from the Global Database on Protected Area Management
Effectiveness (PAME)5 and calculated the mean of each country’s PAs’ scores
evaluated based on PAME methodologies. For Turkey, there was a substantial
mismatch between the number of PAs reported on WDPA database (n= 18) and
the Turkish Ministry of Forestry (n= 929)48. To keep consistency across the Asian
countries, we used the WDMA data to calculate the ratio of PAME assessments.

We then developed predictive models that aimed to explain the variation in
performance against these metrics. We focused on modeling the areal coverage
target (13 candidate models) because this was our main metric of interest in this
study, and because this was the metric for which there was a full set of data on both
current patterns and detailed historical change. Using Generalized Linear Models
(GLMs), we tested nine national-level predictors (Supplementary Table 2), broadly
categorized as ecological, relating to conservation capacity, or geopolitical status.
Specifically, we theorized that the PA and coverage outcomes might be positively
associated with a nation’s wealth and development (GDP)49, good management36

and the quality of governance (measured as the average of the six Worldwide
Governance Indicators)50, technical capacity (measured by NGO support levels
and conservation publications)42 and conservation urgency (Supplementary
Table 2), and negatively associated with human demands on land use (% agri-
cultural land and rate of growth in agricultural land)51 and the frequency of armed
conflicts52. In addition, we hypothesized that the area already protected at the
beginning of the Aichi target period (2010–2020) might influence the final per-
formance against Target 11, and added coverage in 2010 as a term in our models.
However, following the ratification of the Aichi Targets in 2010, it took a few years
for countries to update their PA status on WDPA database, resulting in 2014 as the
earliest year for comprehensive data available for all Asian countries. We therefore
took the 2014 values as our 2010 extent baseline. We then assumed that for all
other predictor variables, 2020 outcomes may have been driven by conservation
actions occurring 5–10 years earlier, following (21), and used variable values for the
2010–2015 period (i.e., averages for years as close as possible to that period,
depending on data availability, Supplementary Tables 1 and 2).

We also created models to test whether variation in ecosystem representation, or
in the level of PAME assessments, was related to regional differences or to
socioeconomic factors. These models were based on the same predictor set as PA
coverage excepting that they lacked a term for earlier values of the metric (e.g.,
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levels of PAME assessments in 2010), not least because early values would be
difficult to calculate and interpret robustly.

All statistical analyses were run in R 1.1.45653. All predictor variables were z-
standardized to put effect sizes on a common scale and to give a meaningful
interpretation for intercept value. We addressed collinearity between covariates
using the variance inflation factor (VIF). We sequentially removed the collinearity
by deleting each variable for which the VIF value was highest until all remaining
VIFs were below 354. We carried out a log transformation on the response variable.
We also used “MuMIn” package for multi-model inference with AICc for ranking
models55. We used model averaging to produce a single set of coefficient estimates
using all models with ΔAICc < 2 from the model with the lowest AICc. Next, we
explored the goodness of the fit of the model via the deviance goodness of fit test.

The ability to grow PA coverage to 30% also depends on the rate of change in
coverage achievable, so we further analyzed historical rates of PA growth and
applied them to project future coverage levels. We therefore calculated the expo-
nential growth rate (r) implied by change of extent between 2010 and 2020, for
Asia as a whole and also for as its five main regions and applied the same rate
outwards to 2030. We then compared this with the rate that would require to
achieve 30% by 2030. We did not attempt to project future values for management
effectiveness or ecosystem representation targets because the nature of those future
sub-targets remains unclear, and because achievement would depend on a number
of factors not amenable to our statistical analysis.

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

Data availability
All the data used are given in Supplementary Information. All the geospatial data
associated with the results presented are available on https://figshare.com/s/
9615e7f167c0b4ffa572.

Received: 17 June 2021; Accepted: 30 September 2022;

References
1. UNEP-WCMC, IUCN & NGS. Protected Planet Live Report 2020 (United

Nations, 2020).
2. Butchart, S. H. M. et al. Shortfalls and solutions for meeting national and

global conservation area targets. Conserv Lett. 8, 329–337 (2015).
3. Visconti, P. et al. Protected area targets post-2020. Science 364, 239–241

(2019).
4. Bingham, H. C. et al. Sixty years of tracking conservation progress using the

World Database on Protected Areas. Nat. Ecol. Evol. 3, 737–743 (2019).
5. United Nations, Department of Economic and Social Affairs Population

Division. World Population Prospects 2019: Highlights (United Nations, 2019).
6. Ward, M. et al. Just ten percent of the global terrestrial protected area network

is structurally connected via intact land. Nat. Commun. 11, 1–10 (2020).
7. United Nations, Department of Economic and Social Affairs, P. D. World

Population Prospects 2019: Highlights (United Nations, 2019).
8. Cleland, J. World population growth; past, present and future. Environ.

Resour. Econ. 55, 543–554 (2013).
9. Cervarich, M. et al. The terrestrial carbon budget of South and Southeast Asia.

Environ. Res. Lett. 11, 105006 (2016).
10. Nagendra, H. Do parks work? Impact of protected areas on land cover

clearing. Ambio 37, 330–338 (2008).
11. Molotoks, A. et al. Global projections of future cropland expansion to 2050

and direct impacts on biodiversity and carbon storage. Glob. Chang. Biol. 24,
5895–5908 (2018).

12. Farhadinia, M. S. et al. Belt and Road Initiative may create new supplies for
illegal wildlife trade in large carnivores. Nat. Ecol. Evol. 3, 1267–1268 (2019).

13. Hughes, A. C. Understanding and minimizing environmental impacts of the
Belt and Road Initiative. Conserv. Biol. 33, 883–894 (2019).

14. Maxwell, S. L. et al. Area-based conservation in the twenty-first century.
Nature 586, 217–227 (2020).

15. UNEP-WCMC & IUCN. Protected Planet: The Global Database on Protected
Areas Management Effectiveness (GD-PAME), July 2018 Version (UNEP-
WCMC and IUCN, 2018).

16. IUCN-WCPA Task Force on OECMs. Recognising and Reporting Other
Effective Area‐Based Conservation Measures (IUCN-WCPA, 2019).

17. Adhikari, L. et al. Community-based trophy hunting programs secure
biodiversity and livelihoods: learnings from Asia’s high mountain
communities and landscapes. Environ. Challenges 4, 100175 (2021).

18. Kachel, S. M., McCarthy, K. P., McCarthy, T. M. & Oshurmamadov, N.
Investigating the potential impact of trophy hunting of wild ungulates on

snow leopard Panthera uncia conservation in Tajikistan. Oryx 51, 597–604
(2017).

19. Nordbø, I., Turdumambetov, B. & Gulcan, B. Local opinions on trophy
hunting in Kyrgyzstan. J. Sustain. Tour. 26, 68–84 (2018).

20. Rashid, W., Shi, J., Dong, S., & Sultan, H. Issues and opportunities associated
with trophy hunting and tourism in Khunjerab National Park, Northern
Pakistan. Animals 10, 597 (2020).

21. CBD. Decision Adopted by the Conference of the Parties to the Convention on
Biological Diversity (CBD, 2018).

22. Dudley, N. et al. The essential role of other effective area-based conservation
measures in achieving big bold conservation targets. Glob. Ecol. Conserv 15,
1–7 (2018).

23. Mace, G. M. et al. Aiming higher to bend the curve of biodiversity loss. Nat.
Sustain. 1, 448–451 (2018).

24. CBD. Zero Draft of the Post-2020 Global Biodiversity Framework, Version 6,
January 2020, Updated 17 August 2020 (CBD, 2020).

25. Zafra-Calvo, N. & Geldmann, J. Protected areas to deliver biodiversity need
management effectiveness and equity. Glob. Ecol. Conserv. 22, e01026 (2020).

26. Jones, N., McGinlay, J. & Dimitrakopoulos, P. G. Improving social impact
assessment of protected areas: a review of the literature and directions for
future research. Environ. Impact Assess. Rev. 64, 1–7 (2017).

27. Baumann, M. et al. Declining human pressure and opportunities for rewilding
in the steppes of Eurasia. Divers. Distrib. 26, 1058–1070 (2020).

28. Gibbs, H. K. & Salmon, J. M. Mapping the world’s degraded lands. Appl.
Geogr. 57, 12–21 (2015).

29. Zhou, Y. et al. Spatiotemporal transition of institutional and socioeconomic
impacts on vegetation productivity in Central Asia over last three decades. Sci.
Total Environ. 658, 922–935 (2019).

30. Brancalion, P. H. S. et al. Global restoration opportunities in tropical
rainforest landscapes. Sci. Adv. 5, eaav3223 (2019).

31. Sapkota, L. M. et al. Translating global commitments into action for successful
forest landscape restoration: lessons from Ing watershed in northern Thailand.
Land Use Pol. 104, 104063 (2019).

32. Appanah, S. et al. Forest Landscape Restoration for Asia-Pacific Forests: A
Synthesis (FAO, 2016).

33. Mason, N., Ward, M., Watson, J. E. M., Venter, O. & Runting, R. K. Global
opportunities and challenges for transboundary conservation. Nat. Ecol. Evol.
4, 694–701 (2020).

34. Farhadinia, M. S. et al. Big cats in borderlands: challenges and implications for
transboundary conservation of Asian leopards. Oryx 55, 452–460 (2021).

35. Penagos Gaviria, M., Kaszta, Ż. & Farhadinia, M. S. Structural connectivity of
Asia’s protected areas network: identifying the potential of transboundary
conservation and cost-effective zones. ISPRS Int. J. Geoinf. 11, 408 (2022).

36. Woodley, S. et al. A bold successor to Aichi Target 11. Science 365, 649–650
(2019).

37. Green, E. J. et al. Relating characteristics of global biodiversity targets to
reported progress. Conserv. Biol. 33, 1360–1369 (2019).

38. Steffen, W. et al. Planetary boundaries: guiding human development on a
changing planet. Science 347, 1259855 (2015).

39. Mokany, K. et al. Reconciling global priorities for conserving biodiversity
habitat. Proc. Natl Acad. Sci. USA 117, 9906–9911 (2020).

40. Hughes, A. C. Understanding the drivers of Southeast Asian biodiversity loss.
Ecosphere 8, e01624 (2017).

41. Maheshwari, A., Dhakad, S. & Singh, K. Natural regeneration and farmland
afforestation as refugia to biodiversity: a case study from Bundelkhand region
in India. Ecol. Restor. 38, 223–227 (2020).

42. Hickisch, R. et al. Effects of publication bias on conservation planning.
Conserv. Biol. 33, 1151–1163 (2019).

43. Geldmann, J. et al. Essential indicators for measuring site‐based conservation
effectiveness in the post‐2020 global biodiversity framework. Conserv. Lett. 14,
e12792 (2021).

44. UNEP-WCMC. Protected Planet: The World Database on Protected Areas
(WDPA), November 2020 (UNEP-WCMC & IUCN, 2020).

45. UNEP-WCMC, I. Protected planet report 2016. UNEP-WCMC and IUCN:
Cambridge UK and Gland, Switzerland 78–95 (2016).

46. ESRI. ArcGIS 10.3. (ESRI, 2010).
47. Coad, L. et al. Widespread shortfalls in protected area resourcing undermine

efforts to conserve biodiversity. Front. Ecol. Environ. 17, 259–264 (2019).
48. Anonymous. The summary of protected areas activities. https://www.

tarimorman.gov.tr/DKMP/Belgeler/Tabiat%20Koruma%20Durum%
20Raporu/TKDR_EN_2020.pdf (2020).

49. Barnes, M. D. et al. Wildlife population trends in protected areas predicted by
national socio-economic metrics and body size. Nat. Commun. 7, 12747 (2016).

50. Baynham-Herd, Z., Amano, T., Sutherland, W. J. & Donald, P. F. Governance
explains variation in national responses to the biodiversity crisis. Environ.
Conserv. 45, 407–418 (2018).

51. Waldron, A. et al. Targeting global conservation funding to limit immediate
biodiversity declines. Proc. Natl Acad. Sci. 110, 12144–12148 (2013).

ARTICLE COMMUNICATIONS BIOLOGY | https://doi.org/10.1038/s42003-022-04061-w

8 COMMUNICATIONS BIOLOGY |          (2022) 5:1221 | https://doi.org/10.1038/s42003-022-04061-w | www.nature.com/commsbio

https://figshare.com/s/9615e7f167c0b4ffa572
https://figshare.com/s/9615e7f167c0b4ffa572
https://www.tarimorman.gov.tr/DKMP/Belgeler/Tabiat%20Koruma%20Durum%20Raporu/TKDR_EN_2020.pdf
https://www.tarimorman.gov.tr/DKMP/Belgeler/Tabiat%20Koruma%20Durum%20Raporu/TKDR_EN_2020.pdf
https://www.tarimorman.gov.tr/DKMP/Belgeler/Tabiat%20Koruma%20Durum%20Raporu/TKDR_EN_2020.pdf
www.nature.com/commsbio


52. Gaynor, K. M. et al. War and wildlife: linking armed conflict to conservation.
Front. Ecol. Environ. 14, 533–542 (2016).

53. R Development Core Team. R: A Language and Environment for Statistical
Computing (R Foundation for Statistical Computing, 2013).

54. Zuur, A. F., Ieno, E. N. & Elphick, C. S. A protocol for data exploration to
avoid common statistical problems. Methods Ecol. Evol. 1, 3–14 (2010).

55. Barton, K. MuMIn: Multi-Model Inference. R package version 1.15.6. (CRAN,
2016).

Acknowledgements
M.S.F. was supported by two fellowships from the Oxford Martin School and Oxford
Policy Engagement Network (OPEN) at the University of Oxford.

Author contributions
M.S.F. conceived and designed the study, conducted the research, and wrote the paper.
A.W., P.J.J., and D.W.M. helped in research design and interpretation. Z.K. conducted
spatial analyses. E.E., A.H., H.A., H.A.-H., B.B., M.A.G., I.H., Z.I., M.K., G.K.H., M.R.,
M.A.K., R.K., Z.K., A.M., U.P., H.R., T.R., A.Y., and V.V.R. helped in the data collection,
interpretation, and reading the paper draft. All authors approved the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s42003-022-04061-w.

Correspondence and requests for materials should be addressed to Mohammad S.
Farhadinia.

Peer review information Communications Biology thanks Nikoleta Jones, Victoria
Graham, and the other anonymous reviewer(s) for their contribution to the peer review
of this work. Primary handling editors: Caitlin Karniski and Christina Karlsson
Rosenthal.

Reprints and permission information is available at http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this license, visit http://creativecommons.org/
licenses/by/4.0/.

© The Author(s) 2022

COMMUNICATIONS BIOLOGY | https://doi.org/10.1038/s42003-022-04061-w ARTICLE

COMMUNICATIONS BIOLOGY |          (2022) 5:1221 | https://doi.org/10.1038/s42003-022-04061-w | www.nature.com/commsbio 9

https://doi.org/10.1038/s42003-022-04061-w
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
www.nature.com/commsbio
www.nature.com/commsbio

	Current trends suggest most Asian countries are unlikely to meet future biodiversity targets on protected areas
	Results
	Area-based sub-target
	Ecological representativity sub-target
	PA management effectiveness sub-target

	Discussion
	Methods
	Reporting summary
	Data availability
	References
	References
	Acknowledgements
	Author contributions
	Competing interests
	Additional information




