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Abstract
Forest ecosystems play an indispensable role in addressing various pressing sustainability and
social-ecological challenges such as climate change and biodiversity loss. However, global forest loss
has been, and still is today, an important issue. Here, based on spatially explicit data, we show that
over the past 60 years (1960–2019), the global forest area has declined by 81.7 million ha (i.e. 10%
more than the size of the entire Borneo island), with forest loss (437.3 million ha) outweighing
forest gain (355.6 million ha). With this forest decline and the population increase (4.68 billion)
over the period, the global forest per capita has decreased by over 60%, from 1.4 ha in 1960 to
0.5 ha in 2019. The spatiotemporal pattern of forest change supports the forest transition theory,
with forest losses occurring primarily in the lower income countries in the tropics and forest gains
in the higher income countries in the extratropics. Furthermore, economic growth has a stronger
association with net forest gain than with net forest loss. Our results highlight the need to
strengthen the support given to lower income countries, especially in the tropics, to help improve
their capacity to minimize or end their forest losses. To help address the displacement of forest
losses to the lower income countries in the tropics, higher income nations need to reduce their
dependence on imported tropical forest products.

1. Introduction

Forest ecosystems play important roles in the
conservation of global biodiversity [1–5] and offer
a plethora of valuable ecosystem services, includ-
ing climate regulation [6–9], provisioning of basic
materials for sustenance [4, 8, 10] and reduction
of the impacts of natural hazards [8, 11, 12]. How-
ever, nearly half of the world’s forest has been lost
over the past 8000 years due primarily to human

activities [13]. Data from the most recent global
Forest Resources Assessment (FRA) [14] and other
studies [15, 16] show that the world’s forests continue
to decline. The continuous loss and degradation of
forests affects the integrity of forest ecosystems, redu-
cing their ability to generate and provide essential
services [17–19] and sustain biodiversity [3, 20, 21].
It also impacts the lives of at least 1.6 billion people
worldwide, predominantly in developing countries,
who depend on forests for various purposes [22–24].
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(agricultural expansion, wood extraction, infrastruc-
ture extension and other factors including biophysical
factors like fires and social trigger events like war) and
underlying driving forces (demographic, economic,
technological, policy and institutional and cultural
factors) [69–71]. Proximate causes of forest transition
and enhancement (i.e. the improvement of forest
cover) include afforestation, reforestation, forest res-
toration and rehabilitation and natural regenera-
tion [24]. Underlying driving forces of forest trans-
ition and enhancement also can be related to policy,
institutional and cultural factors, including increased
environmental awareness and commitment by coun-
tries to international agreements [32, 41, 48, 72, 73].

For the top net forest-losing countries in terms
of area over the past 60 years (i.e. Indonesia, Brazil,
DR Congo, Myanmar, Paraguay and Colombia; see
supplementary table 4(a)), the dominant drivers
of forest loss are unprecedented commercial log-
ging, industrial-scale clearing for mining, expansion
of oil palm plantations, decentralization of forest
management and socio-political transitions, among
others [74–76]. For instance, since the late 1990s,
Indonesia has increased its production of wood-
based panel and paper [77] and decentralized forest
governance, which in turn authorized the provin-
cial governments to fast-track forest clearance for
mining and other industrial activities including oil
palm plantations [78, 79]. Mining activities are also
a leading factor behind the loss of primary forest in
Brazil and Paraguay, and several protected areas were
either encroached or officially earmarked for min-
eral exploration [74, 75]. Contrarily, selective logging
and small-scale, non-mechanized forest clearing for
agriculture resulted in the persistent loss of forest in
DR Congo [74, 80]. Myanmar’s drivers of forest loss
are also similar to DR Congo’s, but further character-
ized by socio-political transition, poverty and a log-
ging ban in Thailand, which increased the demand
for the country’s (Myanmar) timber [81]. In Colom-
bia, armed conflicts, cattle ranching and agriculture
expansion are the proximate causes of forest loss and
degradation [82].

For the top net forest-gaining countries in terms
of area (i.e. Australia, India, USA, China, Rus-
sia and Vietnam; see supplementary table 4(b)),
the dominant drivers of forest gain are proact-
ive conservation policies, sustainable forest manage-
ment, reforestation, and afforestation, among oth-
ers [31, 32, 40, 73, 83]. In the USA, Australia and
China, forest plantations have played a massive role
in restoring lost forests, which has been further sup-
ported by agricultural land abandonment, alongside
environmental initiatives [32, 73, 84]. In India, in
contrast, forest transition closely followed the end
of the colonial regime, which led to the adoption
of robust and conservation-centric forest policies.
Factors that led to forest recovery included agricul-
tural intensification, proactive government policies,

private forest production and community forestry
[77, 83]. In fact, many researchers credit the exist-
ing community forest arrangement, aka Joint Forest
Management, as the key to India’s forest transition
[83, 85]. Forest restoration in Vietnam was suppor-
ted by conservation initiatives and policies includ-
ing a national-scale reforestation program in the early
1990s and control of illegal trade of wood products
[39, 86].

4.3. Comparisons and limitations
One potential source of uncertainty in our results is
the primary dataset used (HILDA+ ) (supplementary
figure 1), which was a product of a reconstruction
and modeling procedure [16]. Such a procedure was
necessary due to the lack of actual spatially explicit
LUC data back to the 1960s [16], which could have
also served as a reference for validation. Neverthe-
less, the dataset used is properly documented, peer-
reviewed and freely available for scientific scrutiny.

Compared with other spatially explicit datasets
covering a few decades back (see section 2 for details),
the forest extent estimates fromHILDA+ were gener-
ally lower than those of GLASS-LC, but higher than
those of MODIS-LC; they were relatively closer to
those of CCI-LC (supplementary figure 6). A previ-
ous study that compared forest estimates in the Phil-
ippines derived fromvarious remotely sensed datasets
found that CCI-LC had the least overall disagree-
ment with the reference data used among the data-
sets of global coverage, including MODIS-LC [87].
Another study at the global scale found that CCI-
LC and MODIS-LC had statistically the same over-
all thematic accuracy [88]. In terms of net change,
HILDA+ showed a decreasing area of forest during
the last 2–3 decades, consistent with those of the other
datasets including the FRA reports by the FAO, but
not with that of GLASS-LC (supplementary figure 5).

However, while HILDA+ and FAO’s FRA reports
both show a decreasing global forest extent in recent
decades, they differ in the rates of net decrease.
HILDA+ shows that the rates of net forest loss
have accelerated in recent decades (c. 1990–2020)
(figure 3(b)-lower panel, see ‘Combined’; figure 5(a);
supplementary figure 3), whereas FAO’s FRA reports
show the opposite [14, 89]. Such a discrepancy
between the FRA reports and other datasets, includ-
ing HILDA+ , is not uncommon [24, 90, 91] and can
be due to a number of reasons, from the definition
of forest to the data used and methods employed for
forest classification [24, 89, 92]. The lack of spatially
explicit data that is supposed to back up the FRA
reports made us unable to perform a detailed com-
parison with HILDA+ .

Another source of uncertainty in our results
comes from the country groupings used in our
regional analysis, which was static at about the cur-
rent time point (WB’s fiscal year 2016) [56], owing to
the lack of such country classifications in earlier years
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