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A B S T R A C T

Forests are under increasing pressure globally and the establishment of protected areas has long been used as a
conservation tool to preserve them. Seven categories of protected areas have been defined by the International
Union for Conservation of Nature (IUCN) with different management objectives and protection levels. However,
recent studies raised questions over whether protected areas are effective in preventing ecosystem degradation
and whether IUCN categories vary in their effectiveness. In this study, we analysed forest loss and trends be-
tween 2001 and 2014 within IUCN protected areas at a global scale and within sixteen Intergovernmental
Platform for Biodiversity and Ecosystem services (IPBES) subregions, relevant for international policy. As habitat
protection can be driven by the location of protected areas and as the amount of forest within protected sites is
highly unequal, we reported the forest loss integrating the proximity of roads and population, as well as the
amount of initial forest in 2000. Our results show that worldwide, the highest protection categories experienced
less forest loss than those allowing more human intervention, although this result was reversed in three IPBES
subregions. Moreover, in four subregions there was more forest loss within protected areas than outside. We also
found accelerating rates of forest loss in protected areas across all IUCN categories, more pronounced in the
highest protection IUCN categories. Our results highlight the importance of moving the discussion of the post-
2020 biodiversity framework for protected areas beyond simple general areal targets and that areas with poor
implementation effectiveness should benefit from additional support.

1. Introduction

Forests provide diverse ecosystem services and play a key role in the
conservation of endangered and endemic species (Gibson et al., 2011;
Moura et al., 2013), covering one third of the terrestrial land surface
(Keenan et al., 2015), and are of prime importance for human well-
being. Due to increasing demand for agricultural and forest products
coupled by a significant urban sprawl and infrastructure development
(Faria and Almeida, 2016; Schmitz et al., 2015), forests worldwide have
experienced pressure over the last decades (Laurance et al., 2014). The
consequences of forest loss can be substantial when impacting intact
forests that are hosting irreplaceable biodiversity and ecosystem ser-
vices (Gibson et al., 2011; Foley et al., 2005). Forest loss has been
shown to be linked to drivers such as changes in population density,
international trade and economic development (Leblois et al., 2017;
Faria and Almeida, 2016). Even though it is widely recognised that
active anthropogenic deforestation has a major impact on forest cover

(Margono et al., 2014), other natural or human-related factors such as
diseases (Kurz et al., 2008), wildfires (Potapov et al., 2008), or drought
events (Peng et al., 2011; Phillips et al., 2009) are also responsible for a
significant amount of forest loss. The importance of these drivers,
however, varies greatly across regions and so does the extension of
forest loss (Sloan and Sayer, 2015), with tropical rainforests experien-
cing twice as much net loss between 2000 and 2012 than temperate or
boreal forests (Leblois et al., 2017).

Despite the persistent decrease of intact forest area during the
2000–2013 period, the contribution of protected areas (PAs) to mini-
mise this loss was significant (Potapov et al., 2017). The establishment
of PAs is indeed one of the most common conservation actions to pre-
vent the degradation of forests. Under the Convention of Biological
Diversity, countries have established the goal to extend PAs to cover at
least 17 % of the terrestrial area by 2020 (Aichi Target 11, https://
www.cbd.int/sp/targets/). However, not all PAs are created equal, as
there are many types of PAs with different land-tenure regimes and
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different regulations of resource use and allowed activities. The Inter-
national Union for the Conservation of Nature (IUCN) has proposed an
international classification scheme (IUCN/WCMC, 1994) with six ca-
tegories of PAs, related to their conservation goals, management ob-
jectives, and protection levels (Table 1). These range from category I,
being described as access restricted areas, to category VI, allowing the
‘sustainable use of natural ecosystems’. The effectiveness of the con-
servation management of some low-protection categories (e.g., IUCN
categories IV to VI) has been a source of debate (e.g., Shafer, 2015;
Locke and Dearden, 2005).

Although several studies have shown the important role of PAs in
preventing forest loss in different parts of the world (e.g., Soares-Filho
et al., 2010; Andam et al., 2008; Laurance et al., 2012; Joppa and Pfaff,
2010), there is growing concern on their efficacy in preventing forest
loss and other forms of ecosystem degradation (Jones et al., 2018; Allan
et al., 2017). Indeed, it has been shown that, in the field, the im-
plementation of PAs does not always guarantee an improvement in
conservation management (Watson et al., 2014). For instance, in sev-
eral PAs located in Asia, vegetation loss within these areas was indis-
tinguishable from unprotected lands (Clark et al., 2013), and in Tan-
zania, some of these PAs had higher rates of forest loss than unprotected
lands (Rosa et al., 2018). Similarly, oil and gas concessions can overlap
park boundaries in the Amazon and in sub-Saharan Africa, threatening
indigenous lands (Lessmann et al., 2016; Osti et al., 2011; Finer and
Orta-Martínez, 2010; Finer et al., 2008). As a result of the increasing
global demand for agricultural and forest resources, PAs have been
downgraded, downsised or degazetted, facilitating the exploitation of
their resources (Mascia and Pailler, 2011; Pedlowski et al., 2005) when
they are not eroded by illegal harvesting (e.g. Kuemmerle et al., 2009).
Moreover, it has been showed that the habitat integrity of a PA does not
solely depend on its protection level, but also on its isolation to human
activities, where PAs remoteness generally reduces the probability of
deterioration (Nelson and Chomitz, 2011; Joppa and Pfaff, 2009).
Therefore, it has been suggested that the effectiveness of a site in pro-
tecting its habitat is rather due to its location than any protection
measures (Joppa and Pfaff, 2009).

Even though several studies have compared forest loss inside and
outside PAs, the incidence and persistence of forest loss over time inside
PAs of different IUCN categories has yet to be assessed. Monitoring the
temporal trend of loss is important to investigate which categories are
under greater risk of future degradation. With major advances in the

field of remote sensing over the last couple of years, we are now able to
monitor globally and at high-resolution tree cover change on an annual
basis (Hansen et al., 2013) and inform about the state of forests globally
(http://www.globalforestwatch.org/). Temporally and spatially ex-
plicit forest monitoring has the potential to contribute to a more sus-
tainable management and rapid assessment of governmental policy
implementation. In this regard, the Intergovernmental Platform for
Biodiversity and Ecosystem Services (IPBES) – that was set up to
strengthen the link between science and policy - implemented en-
vironmental, regional and subregional assessments to investigate the
status and trends of worldwide ecosystems. IPBES world regions and
subregions were thus defined to help move towards a homogenisation
of studies made at a similar regional scale to facilitate the dialogue
between scientists and policy makers, contributing to improve man-
agement of natural resources (Brooks et al., 2016).

Using a 15-year time series of annual tree cover loss (Hansen et al.,
2013), this study aimed to provide the first global assessment of in-
cidence and persistence of forest loss inside the different IUCN cate-
gories globally and per IPBES sub-region. We hypothesised that forest
loss occurred mainly in the categories with lower protection status (IV-
VI). Secondly, we assessed the temporal trend in this loss and which
categories are in a trajectory of increasing/decreasing loss. We used
proxies of distance to roads and cities as well as the amount of initial
forest within each PA as covariates to test their effect in explaining the
patterns found. In its essence, this study offers a framework to monitor
forest loss inside PAs, tracking temporal and spatial variation, thus
highlighting regions of the world and PAs categories where current
practices are insufficient to mitigate ecosystem degradation.

2. Methods

2.1. Datasets

To analyse global forest loss, we used the data produced by Hansen
et al. (2013) version 1.2, available at 30 m resolution, and covering a
15-year period (from 2000 to 2014). In particular, we downloaded the
overall loss dataset which shows the accumulated loss between
2000–2014 (i.e., pixels are classified as 1 where a forested area changed
to non-forested and 0 where there was no change); the loss year dataset,
which shows the year in which the loss occurred (i.e., pixels are clas-
sified from 1 to 14, corresponding to 2001 through 2014, respectively),

Table 1
Protected areas management categories definition from IUCN (https://www.iucn.org).

IUCN category Description

Ia Strict Nature
Reserve

- Strictly protected: human visitation, use and impacts are strictly controlled and limited to ensure protection of the
conservation values

- Protect biodiversity and geological/geomorphical features
- Can serve as reference areas for scientific research and monitoring

Ib Wilderness Area - Unmodified or slightly modified areas without permanent or significant human habitation
- Protected and managed so as to preserve their natural condition

II National
Park

- Large natural or near natural areas
- Protect large-scale ecological processes, along with the complement of species and ecosystems characteristic of the area
- Provide a foundation for environmentally and culturally compatible, spiritual, scientific, educational, recreational, and
visitor opportunities

III Natural Monument or Feature - Protect a specific natural monument, which can be a landform, sea mount, submarine cavern, geological feature such as a
cave or even a living feature such as an ancient grove

- Generally quite small protected areas and often have high visitor value
IV Habitat Species Management Area - Protect particular species or habitats and management reflects this priority

- Can need regular, active interventions to address the requirements of particular species or to maintain habitats
V Protected Landscape / Seascape - Interaction of people and nature over time has produced an area of distinct character with significant, ecological, biological,

cultural and scenic value
- Safeguarding the integrity of this interaction is vital to protecting and sustaining the area and its associated nature
conservation and other values

VI Protected area with sustainable use of natural
resources

- Conserve ecosystems and habitats together with associated cultural values and traditional natural resource management
systems

- Most of the area in a natural condition, where a proportion is under sustainable natural resource management and where
low-level non-industrial use of natural resources compatible with nature conservation
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and the initial tree cover dataset for the year 2000 used as reference in
all our analyses. To convert from tree cover to forest (i.e., binary map, 1
– forest, 0 – non-forest) we assumed a conservative threshold of 20 %
tree cover, based on Heino et al. (2015), and a minimum contiguous
area of 0.5 ha (FAO definition of forest, Kenneth, 2012). In this study,
we focused on analysing gross forest loss only. Forest gain was not in-
cluded in the analyses as it was not available on an annual basis in this
dataset (only gain over the entire time period is provided), and its in-
terpretation is more subjective; e.g., might result from forest plantation
(Tropek et al., 2014) as it is the case in many category V PAs (Dudley,
2008).

To investigate forest loss within PAs we downloaded the World
Database on Protected Areas (WDPA), which contains their location and
associated information, such as IUCN category and year of im-
plementation (IUCN and UNEP-WCMC, 2017). The IUCN categories
(Table 1) provide a gradient of naturalness ranging from the most
natural (category I) to the least natural condition (category V) with
equivalent naturalness levels for the categories Ia and Ib, II and III as
well as IV and VI (Ia = Ib > II = III > IV = VI > V, Dudley, 2008).
The WDPA database contains several PAs with missing information
(e.g., unreported categories, unverified PAs), therefore, we adopted a
conservative approach when selecting the PAs to be included in the
analysis. We only considered in our analysis terrestrial PAs larger than
1 km2 that contained forest area in 2000, were created before the year
2000 (thus avoiding confusion between year of loss and eventual newly
created areas within our period of analysis), and had their IUCN cate-
gory reported and verified. The overlapping of those three criteria re-
sulted in the exclusion of a large proportion of the original number of
PAs (initial n = 214,807, with 57 % of PAs smaller than 1 km2, 20 %
unreported, and 47 % of areas more recent than the year 2000 or
without year of implementation), resulting in a dataset of 15,281 Pa
(Fig. 1, Table S1).

To account for PAs accessibility, we used the average of road and
population density within each PA and the eight surrounding cells on a
100 km × 100 km grid cell globally. Population density was obtained
from the Center for International Earth Science Information Network -
CIESIN - Columbia University (2018), considering the year 2015) and
accounts for the global distribution (counts) of the human population
on a continuous surface at 30 arc-second resolution consistent with
national censuses and population registers, normalised by the max-
imum count of population. We used road density data from Geofabrik
(2015) following Ceia-Hasse et al. (2017) methodology.

We performed our analysis globally and for each IPBES subregion.
The delimitation of the IPBES subregions was obtained from Brooks
et al. (2016). Sixteen of the IPBES subregions included the selected PAs:
1) Caribbean, 2) Central Africa, 3) Central and Western Europe, 4)
Central Asia, 5) East Africa and adjacent islands, 6) Eastern Europe, 7)
Mesoamerica, 8) North Africa, 9) North America, 10) North-East Asia,
11) Oceania, 12) South America, 13) South Asia, 14) South-East Asia,
15) Southern Africa, and 16) West Africa, excluding Western Asia.

2.2. Determining forest loss

We calculated the proportion of forest loss per individual PA and the
temporal trend of forest loss per protected area. The proportion of loss
per individual PA was calculated by dividing forest loss that occurred
between 2001 and 2014 by the initial forest area in 2000 within the PA.
The resulting percentage was then divided by the maximum percentage
of forest loss (0 and 1 data to fit the model). To investigate the temporal
trends in forest loss, we calculated the annual loss of forest in each PA
relative to the initial forest area in 2000. Then, we calculated the slope
of a Generalized Least Squares (GLS) model, using the nmle package,
with the scaled annual deforestation values as response variable, and
the year as the only explanatory variable. The GLS models accounted
for temporal autocorrelation in the forest loss data by including the first
lag between residuals as the majority of the temporal autocorrelation

Fig. 1. Percentage of forest cover, road density and average population within
the protected areas per IUCN category. The horizontal line shows the median,
the top and bottom of the box represent the 25th and 75th percentiles, re-
spectively, and the top and bottom of the bars show the maximum and
minimum values. The number of protected areas in each IUCN category is
provided by n.

Table 2
Median of percentage of forest loss (Loss%) at global scale and for each IPBES
subregion, with quantiles in brackets, and ratio of the percentage of forest loss
inside PA divided by the percentage of unprotected forest loss relative to the
forest area in 2000 (values> 1 mean more loss within protected areas than
outside, values close to 0 mean less forest loss within protected areas bound-
aries compared to outside).

IPBES sub Loss (%) Ratio in/out

Global 0.72 [0.12, 0.73] n=15282 0.63
Caribbean 1.41 [0.26, 4.63] n=102 1.71
Central Africa 0.31 [0.31, 3.14] n=21 0.10
Central and Western Europe 0.72 [0.08, 2.64] n=4499 0.35
Central Asia 0.41 [0.10, 1.80] n=86 0.41
East Africa 1.94 [1.74, 5.10] n=194 0.30
Eastern Europe 1.12 [0.23, 3.54] n=2335 1.17
Mesoamerica 1.76 [0.45, 3.91] n=224 1.90
North Africa 14.20 [5.38, 87.58] n=10 2.04
North America 0.38 [0.01, 2.78] n=1926 0.21
North-East Asia 0.68 [0.15, 1.94] n=1921 0.57
Oceania 0.24 [0.05, 1.94] n=1830 0.15
South America 1.13 [0.27, 3.77] n=888 0.24
South-Asia 0.60 [0.16, 2.36] n=530 0.65
South-East Asia 1.58 [0.59, 3.87] n=545 0.36
Southern Africa 3.53 [1.13, 2.36] n=124 0.31
West Africa 95.72 [8.24, 100] n=47 0.29
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was accounted by a one-year lag.
To assess for differences in the proportion of forest loss between

IUCN categories, we fitted a generalized linear model (GLM) with logit
function under the binomial family, weighted by the initial forest cover
(number of forest cells) in 2000 in each PA. We weighted the different
units (PAs) to adjust the standard errors of the model. Differences in the
temporal trends in forest loss across IUCN categories were assessed by a
linear model using the slopes of the trends produced by the GLS model
for each PA. In both cases, predictor variables included the IUCN level,
road and population density, as well as the initial forest cover in 2000
for each PA. This last variable was used to account for the effect of
forest size that can affect the proportion of forest loss per PA. We used
category Ia as a reference, assuming that by definition these will be
expected to have the least proportion of forest loss. Therefore, the as-
sessments of the IUCN categories effects on rate of forest loss are re-
lative to category Ia: a negative significant coefficient corresponds to
lower deforestation than Ia, while a positive significant coefficient
corresponds to higher deforestation than Ia. For visualisation purposes
we represented the coefficients as the sum of the intercept plus the
coefficient of the respective IUCN category in the GLM. We also per-
formed the same analyses aggregating the categories Ia through III and
IV though VI to test whether ‘exploitation categories’ had higher loss
that ‘conservation categories’ (i.e., Ia-III < IV-VI). Finally, we per-
formed these analyses separately for each IPBES region. In addition, we
calculated the ratio of forest loss inside PAs compared to the loss that
occurred outside PAs (sum of forest loss in all PAs divided by the sum of
forest loss outside all PAs in a subregion) globally and for each IPBES
region. All the analyses were performed in R using the packages survey
and nmle (R Core Team, 2016). All code and data (with information on

specific protected sites) is available at https://github.com/
RoxanneLeb/Forest_Loss_IUCN.

3. Results

The 15,281 Pa that matched the selection criteria included
3,216,925 km2 of forests under protection in 2000 (Table S2). We found
that globally, forest cover was unevenly distributed within the IUCN
categories. For instance, category Ib had the smallest extent of forest
cover within its PAs boundaries with median 26 % forest cover, in
comparison with categories Ia and III where most of their PAs were
covered by at least 80 % of forest (Fig. 1). Moreover, we found a strong
spatial pattern of the distribution of IUCN categories with most of ca-
tegory V located in either Western Europe or North America (44 % and
31 % of category V PAs) (Fig. 3a). Similarly, category IV is mainly
distributed across Central and Western Europe, Eastern Europe and
North-East Asia (36 %, 27 %, 21 % respectively), category Ia is mostly
present in Central and Western Europe and Oceania (55 %), and 50 % of
category Ib is in North-America (Fig. 3a). The road network was denser
in and around categories IV and V (median of 0.19 and 0.22 respec-
tively), and the average population density was higher in and around
categories Ib, II and VI (median Ib = 315,228; II = 417,586;
IV = 666,112; V = 1,078,550 and VI = 40,114, Fig. 1).

Globally, areas covered by PAs exhibit less forest loss than areas
outside their boundaries (ratio = 0.63, Table 2), and the same in most
IPBES subregions. However, four IPBES subregions, had more loss
within the PAs than outside: Eastern Europe, the Caribbean, Mesoa-
merica and North Africa. Moreover, the rate of loss in PA in all those
subregions was higher than the global average (median of 1.12 %, 1.41

Fig. 2. a) GLM coefficients of the proportion of forest loss per protected area (PA) for each IUCN category between 2000 and 2014 (middle cross). The value of each
IUCN category corresponds to the model intercept (corresponding to category Ia) plus the GLM coefficient of each category. The opened dots represent the estimate of
the generalized linear model for the merged categories Ia-III and IV-VI. The letters a and b above those two bars show coefficients that are significantly different. b)
Trend of forest loss per PA for each IUCN category between 2000 and 2014. Crosses represent the estimate of the linear model for each IUCN category. The opened
dots represent the estimate of the linear model for the merged categories Ia-III and IV-VI. c) GLM coefficients of the proportion of road density, average population
density and initial forest per protected area (PA) between 2000 and 2014 for the single IUCN category model (middle cross). The value of each variable (road density,
population density and initial forest) corresponds to the model intercept (category Ia) plus the GLM coefficient of each variable. d) Trend of forest loss per PA of road
density, average population density and initial forest between 2000 and 2014. Crosses represent the estimate of the linear model for the single IUCN category model.
The opened dots represent the estimate of the linear model for the merged categories Ia-III and IV-VI. In all plots, the standard error is represented around each
estimate and the asterisk above the bar show the significancy of the coefficient relative to the category Ia such as p < 0.05*, p < 0.01 ** and p < 0.001 ***. The
black arrow shows the increasing amount of forest loss in a) and c), and the accelerating trend of forest loss when pointing up and decelerating when pointing down
in b) and d).
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%, 1.76 % and 14.20 % of forest loss respectively, compared to a global
median of 0.72 %, Table 2). From 2000 through 2014, as expected, the
forest loss occurring in the PAs belonging to categories I through III was
significantly lower than in the categories IV to VI, globally and in most
regions, when accounting for the influence of the location and initial
forest area in the PA (Fig. 2a). Still, three IPBES subregions presented a
reversed pattern, Caribbean, North-East Asia and West Africa (Fig. 3a).
The very high proportion of forest loss per PA in West Africa might be
inflated by the small size of the forest fragments (Table 2, Fig. 3b).

The global ranking of the effect of the IUCN categories on the forest
loss per PA at the global scale, from the least to the most forest loss, was
III < Ia = Ib = II < IV = V= VI (Fig. 2a). However, this ranking
was not consistent at the IPBES subregions scale (Table S3). For in-
stance, in Eastern Europe and North East Asia few of the Ib-VI IUCN
categories presented any differences with the forest loss that occurred
in Ia (Fig. 3). This can occur when all PAs categories experience little
forest loss or when high forest loss is recorded in all PAs. Indeed,
Eastern Europe presented a high percentage of forest loss compared to
other IPBES subregions (1.94, Table 2), while North-East Asia presented
one of the lowest rates of forest loss (0.68 %, Table 2). Oceania had the
smallest percentage of forest loss (0.24 %, Table 2), even though ca-
tegory Ia was one of the most impacted. Central and Western Europe as
well as Mesoamerica were the subregions that were the closest to the
expected IUCN category ranking, even though the coefficient for cate-
gory Ib had large variance in Europe and was underrepresented in
Mesoamerica. Category Ib presented poor results in preventing forest
loss in several subregions, but this effect was confounded by the low
initial forest cover of PAs in this category (Fig. 1).

The road and population density have a significant impact on forest
loss with the rate of forest loss decreasing in areas where roads network
or population are high (Fig. 2b). However, this relationship was not

linear with most forest loss occurring in areas with few or no roads or
population, and differing across subregions (Fig. S1). This negative
pattern with road density was significant in East Africa, Eastern Europe,
North America, North-East Asia, South America and South Asia
(Fig. 4b). Concerning the average population, the relationship was
significantly decreasing with forest loss in East Africa, North America,
South America and South Africa.

A visual inspection of the spatial distribution of the rates of forest
loss (Fig. 4c) suggests that although high rates of forest loss can occur in
all regions, in North America and Western Europe they tend to occur in
areas of low initial forest cover (Fig. 4b) while in some developing
regions, such as Mesoamerica, South America, Central Africa, Southeast
Asia and Eastern Africa, they also occur in areas with high initial forest
cover. Regarding the 14-year trend in forest loss, we found accelerating
rates of forest loss across all IUCN categories (Fig. 2). Further, PAs from
the merged Ia-III categories had higher increases in rates of forest loss
than IV-VI PAs, mostly driven by high accelerations in categories II and
III (Fig. 2b). Spatially, South-East Asia, South America, East Africa, and
Oceania showed accelerating rates of forest loss (Fig. 4d, Tables S3).

4. Discussion

We analysed the status and trends of global forest loss within PAs,
considering the difference between IUCN categories and IPBES sub-
regions. Globally, forest loss was lower within PAs boundaries and
higher protection categories (I-III) were more effective in preventing
forest loss compared to the lower ones (IV-VI). This is congruent with
results from previous studies (Jones et al., 2018; Leroux et al., 2010).
But our results varied greatly among subregions. For instance, we found
that PAs incurred more loss within their boundaries than unprotected
forests in Eastern Europe, the Caribbean, Mesoamerica and North Africa

Fig. 3. a) Coefficients of generalized linear model (GLM) of proportion of forest loss for each IUCN category, among the IPBES subregions. The value of each IUCN
category corresponds to the model intercept (Ia) plus the estimate of each category, and is represented by the middle cross surrounded by the standard error. The
open dots represent the estimate of the linear model for the merged categories 1 (Ia-III) and 2 (IV-VI). The number of protected areas is displayed above. b)
Coefficients of generalized linear model (GLM) of road density, population density and initial forest for each IPBES subregion. The value of each variable corresponds
either to the model intercept (Ia) of the single IUCN model (middle cross surrounded by the standard error plus the estimate of variable), or to the model intercept (Ia)
of the merged IUCN model 1 (Ia-III) and 2 (IV-VI) (middle open dots surrounded by the standard error plus the estimate of variable). The level of significance is
indicated above each variable (p < 0.05*, p < 0.01 ** and p < 0.001 ***). The black arrow shows the increasing amount of forest loss.
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Fig. 4. a) Spatial distribution of the
different protected areas included in
our analysis, coloured by IUCN cate-
gory, b) percentage of forest cover per
protected area from green highly
forested to red poorly forested, c)
Percentage of forest loss between 2000
and 2014 within individual protected
areas with quantiles from green (low
percentage of loss) to red (high per-
centage of loss, d) Significant trend
(increase or decrease) of forest loss
between 2000 and 2014 within in-
dividual protected areas coloured from
yellow to red according to the slope
steepness (highest increase in red) and
from green to dark blue according to
the slope steepness (highest decrease
in blue) (For interpretation of the re-
ferences to colour in this figure legend,
the reader is referred to the web ver-
sion of this article).
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subregions, while categories I-III had lower effectiveness in reducing
forest loss than categories IV-VI in the Caribbean, North-East Asia and
West Africa.

Previous studies have also found limited effectiveness of PAs in
some of these regions. For instance, it has been reported that Eastern
Europe PAs can lack efficiency in preventing forest disturbances such as
fires or illegal logging (Wendland et al., 2015; Kuemmerle et al., 2009;
Achard et al., 2006). Similarly, there have been reports of important
forest loss in Jamaica (Caribbean), including in PAs of categories I and
II (Chai and Tanner, 2010), due to the rise of yam farming, roads net-
work extension and population density (Newman et al., 2014, 2018).
Asia is known for its high rate of forest loss (Hansen et al., 2013) that
also occurs within its PAs given the little or absence of protection to
forest loss (Spracklen et al., 2015). Further, it has been reported that in
North-East Asia, Mongolia suffers from ineffective protection im-
plementation (Tsogtbaatar, 2013; Dorjsuren, 2008). Finally, while
forest loss remained quite low in Central Africa with rather efficient
protection (Rudel, 2013), we found convergent results with Bowker
et al. (2017) regarding a higher forest loss inside than outside PAs in
West Africa.

When analysing the protection effectiveness per IUCN category, we
found similar patterns to Leroux et al. (2010) who looked at the level of
human footprint across categories. They also found that the lowest level
of human footprint occurred in category III (‘Natural monument or
feature’), which is mainly present in Oceania. However, in our study
category Ib performed worse than category III concerning forest loss,
while they found similar levels of human footprint between Ib and III
(in Leroux et al., 2010 the full ranking is Ib = III < Ia < II = VI <
IV < V). A difference between our study and Leroux’s study is that
they look at a single snapshot of land cover/land-use and therefore the
effect of the protected area effectiveness is confounded with the effect
of protected area placement on landscapes modified prior to the pro-
tection. Here, we found that forest loss in PAs is generally highest when
they are accessible by a few roads surrounded by the presence of no or
small cities. In contrast, few forest losses have been perceived in areas
highly occupied by road networks or people. This can tell that PAs
surrounded by human activities have either already been exploited by
the year 2000 or benefit a better protection than the remote ones from
illegal logging.

Although in broad terms, PAs from high IUCN categories (I-III)
seemed more effective at protecting against forest loss than lower IUCN
categories (IVeVI), within those groups the ranking of effectiveness did
not seem to conform with the IUCN definitions (e.g. III < Ia and Ib; no
significant differences between IV, V and VI). In addition, the IPBES
subregions showed high variation in forest loss among the different
IUCN categories, with no consistent pattern. This result suggests that
the meaning and the level of deployment of the different IUCN cate-
gories may not be consistent across regions and suggests limitations of
cross-country comparability of the current IUCN categories.

Worryingly, between 2000 and 2014, the annual rates of forest loss
per PA exhibited increasing trends, although there were strong year-to-
year fluctuations in the global amount of forest loss. Particularly sur-
prising was that the highest rates of increase occurred in category II and
III, although those categories still had low deforestation rates when
averaged over the entire period. These results contrast with Geldmann
et al. (2014) who found a decrease of human pressure in the categories
Ib and III between 1990 and 2010. In addition, our analysis raises
concerns about the increasing deforestation rates in PAs in South-East
Asia, South America, East Africa, and Oceania which already have
higher deforestation rates than the global average across PAs (e.g. Vijay
et al., 2016).

Our analysis does not differentiate human-induced from en-
vironmentally-induced (e.g. pest or fire) forest loss due to data limita-
tions (Hansen et al., 2013). Therefore, our results should be taken with
care. In addition, while IUCN categories are used worldwide their
matching to national categories and management practices varies quite

widely between countries, i.e. while Ia and Ib are established to have no
human interference, in practice that is not the case in different parts of
the world (e.g. Osti et al., 2011; Leisher et al., 2013). The WDPA lists
the management categories for the PAs as reported by the countries and
data providers and no formal verification of the categories is in place
(UNEP-WCMC, 2017).

Our results mainly showed that even though at the global scale PAs
seem to have been preventing forest loss, we identified regions that
have serious issues in protecting their forests, with forest loss occurring
in higher proportion within PAs than outside, as well as regions where
the strict protection categories were performing worse than the ex-
ploitation categories. The underlying causes of those issues should be
assessed to implement appropriate solutions. We also highlight the need
for regular monitoring of forest loss and change in PAs. Monitoring
results could be displayed on online platforms including through web-
services, which could be relevant for practitioners. Several projects
already in place are developing tools that contribute to this effort (e.g.,
Digital Observatory of Protected Areas (Joint Research Centre of the
European Commission, 2018), Global Forest Watch). In addition, our
results call for more research on what renders some PAs more effective
than others. Recently, some efforts have been carried out to develop
indicators for management effectiveness and equity that can be used to
assess progress towards Target 11 for 2020 from the Convention on
Biological Diversity (Zafra-Calvo et al., 2019; Leadley et al., 2014). We
believe the next step in the context of the post-2020 discussion is to
move beyond simple aera targets towards measurable targets on pro-
tected area under effective management across a range of categories of
naturalness.
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