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RESULTS
We assessed the distribution and dynamics of IFLs within the ex-
tent of present-day forest ecosystems. We defined “forest” as lands
with a tree canopy cover greater than 20% in the year 2000, using a
global tree canopy cover data set (18) as a reference. The present-
day extent of forest landscapes (mosaics of forests, naturally treeless
ecosystems, and deforested areas) is referred to as the “forest zone.”
The forest zone extends over 58 million km2, or 44% of Earth’s ice-
free land area. The extent of IFLs in the year 2000 totaled 12.8 mil-
lion km2, or 22% of the forest zone area.

The IFLs form distinctive regional groupings (Fig. 1 and Table 1),
each with a unique history of alteration and fragmentation. In the hu-
mid tropics, IFLs are found in the Amazon and Congo River basins,
the islands of Borneo and New Guinea, and the Southeast Asian high-
lands. Tropical regions comprise 48% of the total global IFL area. In
dry tropical and subtropical regions, IFLs are scarce or absent due to
extensive conversions to agriculture, some of which happened many
centuries ago. Within the temperate and southern boreal forests of
North America and Eurasia, IFLs remain only in small areas spared
from commercial logging and agriculture. IFLs are abundant in north-
ern boreal forests, interrupted mainly by mining, extraction of fossil
fuels, and human-ignited wildfires associated with roads. Northern
boreal IFLs comprise 36% of the total global IFL area.

IFLs were found within 65 countries in the year 2000 (Table 2).
Three countries (Russia, Brazil, and Canada) account for nearly
two-thirds of the global IFL area. These countries are followed by
the Democratic Republic of the Congo, Peru, the United States (pri-
marily Alaska), Indonesia, Colombia, and Venezuela, each con-
tributing more than 2% to the global IFL area. French Guiana has
the highest proportion of intactness of all countries, with IFLs making
up 79% of the forest zone. This country is followed by Suriname,
Guyana, Peru, Canada, Gabon, and the Republic of the Congo, each
Potapov et al. Sci. Adv. 2017;3 : e1600821 13 January 2017
retaining more than 40% of their respective forest zone as IFLs in the
year 2000.

Globally, 30% of the world forest area (land with tree canopy cover
of 20% or greater) was within IFLs in the year 2000. Most of the IFL
area (82.3%) is covered with forest. The rest is covered with intact
treeless ecosystems (montane grasslands, treeless wetlands, and
burned areas as a consequence of wildfires) and a small fraction of
nonvegetated areas (water, rocks, and ice).

From 2000 to 2013, the global IFL area decreased by 7.2%, a reduc-
tion of 919,000 km2 (Table 1). Tropical regions are responsible for 60%
of the total reduction of IFL area. In particular, tropical South America
lost 322,000 km2 of IFL area, whereas Africa lost 101,000 km2. Tempe-
rate and southern boreal regions contributed 21% to the global IFL area
loss. Northern Eurasia alone lost 112,000 km2 of its IFL area. The re-
maining 19% of IFL area reduction occurred within the northern boreal
forests of Eurasia and North America. Compared to the year 2000 IFL
extent, the proportion of the IFL area reductionwas lowest in the north-
ern boreal regions and in the temperate forests of South America and
highest in Australia, Southeast Asia, Africa, and the temperate regions
of North America and Eurasia (Fig. 2).

Three countries comprise 52% of the total reduction of IFL area:
Russia (179,000 km2 of IFL area lost), Brazil (157,000 km2), and Canada
(142,000 km2). Proportional to the year 2000 IFL area, the highest per-
centages of IFL area reduction were found in Romania, which lost all
IFLs, and Paraguay, where 79% of IFL area was lost; Laos, Equatorial
Guinea, Cambodia, and Nicaragua each lost more than 35% of their IFL
area (Fig. 3 and Table 2). Assuming that the loss of IFLs continues at
the average rate between 2000 and 2013, Paraguay, Laos, Cambodia,
and Equatorial Guinea will lose their entire IFL area during the next
20 years. Another 15 countries will lose all IFLs within a 60-year period,
including such IFL-rich nations as the Republic of the Congo, Gabon,
Cameroon, Bolivia, and Myanmar.
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Fig. 1. The world’s IFLs. IFL extent for the year 2013, IFL area reduction from 2000 to 2013, and boundaries of geographic regions used for the analysis.
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We used stratified sampling to identify the primary causes of the
IFL area reduction. At the global level, the leading fragmentation
and alteration agents were timber harvesting (37.0% of global IFL
area reduction), agricultural expansion (27.7%), and wildfire spread
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from infrastructure and logging sites (21.2%). Other causes includ-
ed fragmentation by roads for mining and oil/gas extraction, pipe-
lines, and power lines (12.1%) and expansion of the transportation
road network (2.0%). At the regional level, we observed a diversity
of leading IFL area reduction causes (Fig. 4 and Table 3), whereas
for each particular region, a single cause accounted for more than
50% of the regional IFL area reduction.

Using sample-based analysis and the annual forest loss data set
(18), we found that 14% of the total IFL area reduction was due to
direct alteration caused by logging, clearing, and fires. The remaining
86% was due to fragmentation by such disturbances and construction
of infrastructure. The annual forest loss within IFLs may be used as a
proxy to understand the temporal dynamics of IFL area reduction. In
tropical regions, the annual forest loss within IFLs increased during
the past 13 years (Fig. 5). The average annual forest loss within IFL
reduction area for the 2011–2013 period was triple the average for the
2001–2003 period for each of the three tropical regions, with the high-
est increase observed in central Africa.

Of the total IFL area in the year 2000, 12.4% fell within protected
areas (PAs), with a management regime consistent with the Interna-
tional Union for Conservation of Nature (IUCN) categories I to III
(19). Australia and temperate South America have the largest propor-
tion of IFLs under legal protection (47.4 and 43.7%, respectively),
whereas temperate and southern boreal northern Eurasia (7.7%)
and northern boreal regions (7.7% in North America and 5.2% in Eur-
asia) have the lowest. Forty of the 65 countries, in which IFLs were
present in the year 2000, had at least 10% of the IFL area under legal
protection. Uganda, the Dominican Republic, Thailand, and Cuba had
protected more than 90% of their IFL area. Some countries do not in-
clude any IFLs within category I to III PAs, including many Southeast
Table 1. IFL extent and area reduction per geographic region.
Geographic
region
Forest
zone area
(km2 × 106)
IFL 2000 area
(km2 × 106)
IFL proportion
of the forest

zone in
2000 (%)
*Forest
proportion
within IFL
2000 (%)
IFL proportion
of global IFL

area in
2000 (%)
IFL
2013 area
(km2 × 106)
IFL area
reduction

2000–2013 (%)
IFL area
reduction
2000–2013,

not attributed
to fire (%)
Africa
 9.08
 1.00
 11.0
 99.8
 7.8
 0.90
 10.1
 10.1
Australia
 1.01
 0.13
 12.4
 55.6
 1.0
 0.10
 21.9
 15.3
South America, temperate
 0.41
 0.16
 38.2
 43.4
 1.2
 0.15
 1.3
 0.9
South America, tropical
 14.70
 4.43
 30.1
 98.9
 34.6
 4.11
 7.3
 7.1
North America, temperate
and southern boreal
 5.85
 0.54
 9.2
 66.5
 4.2
 0.46
 15.5
 11.2
North America,
northern boreal
 3.89
 3.04
 78.2
 63.8
 23.7
 2.94
 3.3
 0.3
Northern Eurasia,
temperate and
southern boreal
11.96
 1.23
 10.3
 69.8
 9.6
 1.12
 9.1
 7.4
Northern Eurasia,
northern boreal
 3.33
 1.57
 47.0
 75.7
 12.2
 1.50
 4.4
 1.8
Southeast Asia
 7.38
 0.72
 9.8
 93.7
 5.6
 0.62
 13.9
 13.9
World total
 57.60
 12.81
 22.2
 82.3
 100.0
 11.89
 7.2
 5.7
*Forest is defined here as land with tree canopy cover above 25%, as depicted by the global tree cover product (18).
Fig. 2. Distribution of IFL area in the year 2000 and reduction of IFL area
2000–2013 by geographic region. The y axis shows the initial IFL proportion
of the forest zone in the year 2000. The x axis shows the reduction in IFL area
from 2000 to 2013 as the proportion of IFL 2000 area. The area of each bubble
indicates the IFL area in km2 × 106. Values within each bubble represent the re-
gional IFL area in the year 2000 as a percent of the global total.
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Table 2. IFL extent and area reduction per country.
Pot
Country name
apov et al. Sci. Adv. 2017;3 : e1
Country code
(for Fig. 3)
600821 13 Januar
IFL 2000
area (km2 × 103)
y 2017
IFL proportion
of the forest

zone in
2000 (%)
IFL proportion
of global IFL

area in
2000 (%)
IFL area
reduction

2000–2013 (%)
IFL area
reduction
2000–2013,

not attributed
to fire (%)
Angola
 AGO
 2.9
 0.3
 0.02
 13.7
 13.7
Argentina
 ARG
 39.9
 6.5
 0.3
 2.0
 1.8
Australia
 AUS
 82.2
 9.8
 0.6
 32.7
 22.8
Belize
 BLZ
 4.3
 19.7
 0.03
 4.8
 4.8
Bhutan
 BTN
 6.4
 19.3
 0.05
 15.5
 15.5
Bolivia
 BOL
 233.3
 28.9
 1.8
 19.6
 18.3
D
Brazil
 BRA
 2476.1
 31.7
 19.3
 6.3
 6.2
o
w
n
Brunei
 BRN
 2.0
 35.1
 0.02
 17.0
 17.0
l
oad
Cambodia
 KHM
 1.1
 0.9
 0.01
 38.2
 38.2
e
d fr
Cameroon
 CMR
 52.8
 13.4
 0.4
 25.2
 25.2
o

h

m
 
Canada
 CAN
 3040.3
 51.0
 23.7
 4.7
 2.3
t
tp:/
Central African Republic
 CAF
 8.7
 1.5
 0.1
 34.4
 34.4
/a
dv
Chile
 CHL
 131.4
 36.9
 1.0
 1.3
 0.9
a
nce
China
 CHN
 45.0
 1.6
 0.4
 11.5
 11.2
s
.sc
Colombia
 COL
 349.2
 31.0
 2.7
 1.3
 1.3
ie
nce
Costa Rica
 CRI
 3.2
 6.2
 0.02
 3.0
 3.0
m

ag
Côte d’Ivoire
 CIV
 4.6
 1.7
 0.04
 17.5
 17.5
.
org
Cuba
 CUB
 0.5
 0.5
 0.004
 0
 0
 /
on N
o

Democratic Republic
of the Congo
 COD
 643.9
 27.7
 5.0
 4.2
 4.2
v
em
Dominican Republic
 DOM
 0.8
 1.7
 0.01
 29.0
 1.6
b
er 1
Ecuador
 ECU
 53.3
 22.3
 0.4
 5.3
 5.3
9, 2
Equatorial Guinea
 GNQ
 4.2
 15.8
 0.03
 45.2
 45.2
0
18
Ethiopia
 ETH
 3.7
 1.4
 0.03
 9.6
 9.6
Finland
 FIN
 9.7
 3.1
 0.1
 0.2
 0.2
French Guiana
 GUF
 65.4
 79.1
 0.5
 5.7
 5.7
Gabon
 GAB
 108.8
 41.2
 0.8
 22.9
 22.9
Georgia
 GEO
 9.0
 18.3
 0.1
 0.7
 0.7
Guatemala
 GTM
 5.7
 5.2
 0.04
 13.3
 13.3
Guyana
 GUY
 144.1
 69.6
 1.1
 11.3
 11.3
Honduras
 HND
 6.7
 6.0
 0.1
 28.6
 28.6
India
 IND
 33.7
 5.6
 0.3
 1.6
 1.6
Indonesia
 IDN
 359.2
 20.1
 2.8
 10.8
 10.8
Japan
 JPN
 1.2
 0.4
 0.01
 0.01
 0.01
continued on next page
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