




appear to be related to proximity to roads, indi-
cating that the protection afforded by their legal
status may not be sufficient when the land is
highly accessible to markets (6). In fact, an esti-
mated 75% of the total Peruvian Amazon forest
damage, including 66% of disturbances and 83%
of deforestation, was detected within a 20-km
distance from the nearest roads (Fig. 1). Howev-
er, even within that 20-km buffer, forests within
conservation units were more than four times
better protected against deforestation than un-
protected forests (21). Even after compensating
for differences in the geographic extent of each
land-use type, forest damage was about 18 and
10 times more likely in undesignated and indig-

enous territories, respectively, than in natural
protected areas (21).

We also evaluated the impacts of recent tim-
ber harvest legislation on rates of forest distur-
bance and deforestation, before and after their
enactment (11). Within all permanent production
forests allocated to long-term concessions be-
tween 2002 and 2004, deforestation rates were up
to two orders of magnitude smaller than forest
disturbance resulting from the logging operations
(table S5). However, outside the concession areas
granted in 2004 in the remote northern Iquitos
region, disturbance and deforestation rates in-
creased by 468% and 304%, respectively. This
leakage effect was also prevalent in the central

Pucallpa logging region, where deforestation and
forest disturbances outside concessions rose al-
most 400% to a combined rate of 1086 km2 in
2005. Furthermore, the Madre de Dios logging
region observed an increase within and outside
concessions but still at relatively low rates. These
results suggest that sanctioned forest extraction
activities may be an effective deterrent against
forest clear-cutting, but closer monitoring of
neighboring nonconcession lands is critical to
prevent leakage around concession forests. A
time-series analysis of our data shows that the
rate of clear-cutting previously disturbed forest
was 1.8%, 7.2%, and 13.8% at 1, 3, and 5 years,
respectively, after the initial disturbance (table
S10). These relatively low values suggest that
forest disturbances in the Peruvian Amazon are
not simply a precursor to deforestation.

Our field validation studies showed that the
CLAS methodology is precise and accurate in
detecting forest disturbance and deforestation in
the PeruvianAmazon. Our uncertaintywas 10.5%
for forest disturbances and 0.5% for deforestation
(table S6). Atmospheric correction, cloud cover,
and annualization errors in the satellite analyses
were found to be very low and had been proven
nearly negligible compared with manual audit
uncertainty (15, 21).

The establishment of protected natural areas,
the titling of native territories, and the sanctioning
of selective logging activities have combined
with the Peruvian Amazon’s traditional conser-
vation allies—its remoteness and a complex hy-
drological network—to ensure a moderate level
of success in the conservation of its forest eco-

Fig. 2. Two high-resolution examples of forest disturbance and defor-
estation detection from CLAS overlaid on satellite imagery, showing
impacted forest (A) near Pucallpa (left), where damage is more ex-

tensive in nonprotected areas accessible from roads or rivers, and (B)
near the remote area of Iquitos (right) with small damage (see fig. S1
for location).

Table 2. Percentage of detected forest disturbances and deforestation that falls within the boundaries
of natural protected areas and indigenous territories of the Peruvian Amazon. Geographic information
system (GIS) spatial layers obtained from the Peru 2000 Forest Map, INRENA. Spatial layers of titled
indigenous territories have their basis in unpublished data collected and prepared by the Instituto del
Bien Común for an ongoing study, in which territories of 80% of titled indigenous groups had been
mapped. Analysis also included Madre de Dios State Reserve (Indigenous Peoples in Voluntary Isolation)
spatial layer from Centro de Información Forestal–INRENA, 2005.

Damage within natural
protected areas (%)

Damage within indigenous
territories (%)

Year Disturbed Deforested Disturbed Deforested
1999–2000 3 1 12 8
2000–2001 3 1 11 7
2001–2002 2 1 15 10
2002–2003 1 1 11 9
2003–2004 2 2 12 16
2004–2005 2 1 6 5
1999–2005 2 1 11 9
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systems. Economic development of the forest
sector, which employed 279,000 people nation-
ally in 2001 (24), is essential for the well-being of
human populations, but poorly monitored log-
ging concessions, along with the challenges of
uncontrolled road access, may hinder efforts to
maintain ecological function and diversity in
Peruvian rainforests in the future. Deforestation
pressures, along with rising rates of forest dis-
turbance, in many tropical countries are often
at odds with increasing conservation efforts
(25, 26). A balanced portfolio of forest use and
protection, along with substantive law enforce-
ment, could be used to sustain the services
provided by tropical forests to society while also
protecting those forests. Increased satellite mon-
itoring of logging and other forest disturbances
will thus be essential to conservation, manage-
ment, and resource policy development efforts in
Peru and other rainforest nations.
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