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Accelerated deforestation driven by large-scale
land acquisitions in Cambodia
Kyle Frankel Davis1*†, Kailiang Yu1†, Maria Cristina Rulli2, Lonn Pichdara3,4 and Paolo D’Odorico1,5
Investment in agricultural land in the developing world has
rapidly increased in the past two decades1–3 . In Cambodia,
there has been a surge in economic land concessions, in
which long-term leases are provided to foreign and domestic
investors for economic development. More than two million
hectares4 have been leased so far, sparking debate over the
consequences for local communities and the environment5 .
Here we combined official records of concession locations4,6
with a high-resolution data set of changes in forest cover7 to
quantify the contribution of land concessions to deforestation
between 2000 and 2012. We used covariate matching to
control for variables other than classification as a concession
that may influence forest loss. Nearly half of the area
where concessions were granted between 2000 and 2012
was forested in 2000; this area then represented 12.4%
of forest land cover in Cambodia. Within concessions, the
annual rate of forest loss was between 29% and 105% higher
than in comparable land areas outside concessions. Most
of the deforestation within concessions occurred after the
contract date, and whether an investor was domestic or foreign
had no effect on deforestation rates. We conclude that land
acquisitions can act as powerful drivers of deforestation.
Large-scale land acquisitions have been at the centre of a debate
between those who primarily see development opportunities in
them and those concerned about the rights and livelihoods of local
communities8,9 . Although promising an influx of technology and
rural and economic development, land deals are often characterized
by a lack of transparency and little or no involvement of previous
land users2,10 . With only 13% of globally contracted area reportedly
being put to productive use11 , many land acquisitions also seem to
be speculative3 , and, in a number of cases, have reportedly led to
evictions, violations of human rights and the loss of livelihoods5,12 .
In addition to the frequent economic and social impacts of land
deals on local communities, there are concerns that the exclusion
of previous land users can also represent a loss of environmental
stewardship10 . Proponents of these land deals in turn argue that
these lands are ‘empty’, ‘marginal’, ‘virgin’ or ‘degraded’, and can
therefore be put to productive use without affecting the livelihoods
of local communities1,2,13 . Although knowledge of previous land
use remains largely incomplete, the leasing of ‘empty’ lands raises
another set of concerns on land-use change, deforestation and the
associated environmental impacts13–15 .
As with potential impacts on previous land users, assertions
about the environmental consequences of land acquisitions are often
difficult to verify. Quantitative assessments of the previous land use
(that is, cropland, forests, rangeland) and of the changes in land

cover are still missing16,17 . To that end, we focus on the case of
Cambodia, where lands acquired by foreign and domestic investors
at present total 2.05 million hectares4 (ha)—equivalent to 36% of
the country’s agricultural land18 —and for which official government
records of economic land concessions (ELCs) and their associated
geographic locations exist4,6 . By combining this information with
remotely sensed data on forest cover7 , we determine the initial
extent of forests in acquired lands for the year 2000 and analyse
to what extent this forested area has changed annually through
to 2012. Because deforestation does not occur randomly across a
landscape, we also employ a covariate matching approach to control
for characteristics that may make an area more likely to undergo
forest loss (for example, distance from roads and cities). In doing
so, we relate land acquisitions to deforestation and land-use change
and investigate whether such land deals enhance deforestation
and habitat loss. Our analysis provides much needed quantitative
evidence for the environmental effects of land deals and highlights
how spatial data on large-scale land acquisitions can be profoundly
useful in informing future concessions and land tenure policies15 .
Considerable deforestation has occurred across Cambodia since
the start of the century, a disproportionate amount of which has
taken place within ELCs (Fig. 1a). Although 12.4% of Cambodia’s
forests were contained in ELCs in 2000, 19.8% (or 0.26 Mha) of
the country’s forest loss through 2012 has been within these land
concessions (Supplementary Table 1). In addition, the contribution
of these acquired lands to Cambodia’s annual forest loss rose
from 12.1% in 2001 to 27.0% in 2012. However, although these
differences seem stark (Fig. 1b), they do not directly address
whether forested ELC areas are in fact more likely than nonELC areas to experience forest loss, because deforestation is
not a random process. Using a covariate matching approach,
we controlled for characteristics that influence deforestation (see
Supplementary Methods). Our analysis showed that although ELCs
and non-ELC areas both experienced increases in the relative rate
of deforestation from the initial ∼0.5% yr−1 , forest removal was
particularly aggressive within land concessions. As a result, the
rate of forest loss on acquired lands increased to 4.3–5.2% yr−1 by
the end of the study period (2010–2012 mean), 29–105% greater
than that for matched non-ELC areas (Supplementary Table 2).
Regardless of selection criteria—reporting of ELC contract date,
distance from protected area, distance from ELC boundary (for nonELC plots)—ELC areas consistently exhibited higher deforestation
rates (Fig. 1c). These results were overall insensitive to hidden bias
(see Supplementary Tables 15–18). Areas more distant (>2 km)
from ELCs with earlier contract dates (2001–2006) were slightly less
likely to undergo deforestation (Fig. 1a,d); this suggests ‘spillage’
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Figure 1 | Deforestation in Cambodia. a, Deforestation for matched plots and all of Cambodia. ‘All’—all matched plots; ‘2001–2006’ and
‘2007–2012’—only matched plots with an ELC contract date within specified years; ‘Non-ELC (>2 km from ELC)’—excludes non-ELC plots within 2 km of
ELC. b,c, Annual deforestation rates for Cambodia and for matched plots. d, Percentage difference between 2010 and 2012 average deforestation rates of
ELC and non-ELC areas, calculated as 100(rELC − rNonELC )/rNonELC (Supplementary Table 2). ‘>2 km from PA’—excludes plots within 2 km of protected area.
‘>2 km from ELC’—excludes non-ELC plots within 2 km of ELC.

in the areas immediately surrounding these ELCs, possibly as a
result of investing companies exceeding their contract areas, from
illegal logging and/or from the displacement of local communities
to surrounding areas. The opposite was observed for the non-ELC
areas matched with more recent (2007–2012) concessions, where
more distant areas were more susceptible to forest loss and more
proximal areas perhaps experienced an unintended protective effect.
Abrupt land-use change in ELCs is apparent when comparing
the pattern of forest loss in acquired lands with that in other
areas (Fig. 2). As opposed to the less targeted encroachment on
forests generally observed throughout the country, large areas of
forest within a number of ELCs were removed in a single year
to make way for tree plantations and other crops. This clustered
patterning of forest loss in ELCs probably explains why our random
sampling underestimates the deforestation rate on ELCs (Fig. 1b,c).
On average, 63% of cumulative forest loss on acquired lands has
occurred after the date of the land deal contract (Supplementary
Fig. 1). We found this post-contract increase in forest loss to be
consistent regardless of investor origin (that is, foreign or domestic)
and intended use. One requirement of any company that is granted
an ELC contract is that it provide the State Land Management
Committee with a detailed land-use plan for the entirety of the
contract, a condition intended to prevent irresponsible land use
and speculative investments. However, many investors granted
2

ELCs have not adhered to these land-use plans, and only recently
has the Cambodian Ministry of Agriculture, Forest and Fisheries
begun reviewing and cancelling contracts that are inactive or
improperly used19 . Combined with this general lack of monitoring
and enforcement, our findings show that little lag typically exists
between when an ELC contract is signed and when investors begin
to modify the land for productive use. As a result, a large portion of
forest (0.67 Mha remaining within ELCs) is now at a heightened risk
of removal (Supplementary Table 1).
The recent surge in land concessions and the deforestation
that has followed provide strong indications that shorter-term
economic goals are trumping long-term sustainability and that
serious environmental consequences are already occurring. With
28% of forests within ELCs removed since the start of the century,
the rapid deforestation and conversion to commercial agriculture
can produce various environmental impacts, including enhanced
carbon emissions, biodiversity loss, soil erosion and nutrient
runoff20–22 . In addition to the immediate effects of these landuse changes, the vast majority of ELCs considered in this study
have a contract length of 70 years, and thus will continue to
exert significant influence on land use and land-use change in
Cambodia for most of this century. Furthermore, the potential for
many of these environmental impacts to occur is made all the
more likely given that many ELCs are intended for the production
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Figure 2 | Map of forest cover, forest loss and confirmed ELCs in Cambodia. The boxed areas in the main map are shown expanded in the corresponding
local maps to the right. For the ELCs indicated by arrows, the establishment of tree plantations is also shown in Supplementary Figs 2 and 3. The ELC map is
licensed under the Creative Commons Attribution-ShareAlike 3.0 Unported License.

and export of agricultural goods (86 of 191 deals for rubber
alone). Foreign consumers of these export-oriented crops may
unconsciously place a lower value on minimizing their impacts as
they do not directly observe the environmental consequences of
their choices10,23,24 .
Equivalent to a third of Cambodia’s agricultural land, ELCs may
also have important implications for domestic food security and the
livelihoods of rural people10,25,26 —especially when the crops from
these lands are mainly agroindustrial and intended for export13 .
With nearly half of the acquired areas initially forested in 2000
(Supplementary Table 1), what is apparent from the work here is that
the areas targeted by ELCs were not entirely under crop cultivation
before they were acquired and are continually undergoing rapid
land-cover changes. Beyond this knowledge of forest location, information on the distribution of previous land use remains incomplete,
although anecdotal evidence suggests that many areas were communally held (as farms, forest or conservation land) and that the livelihoods of many villagers are dependent on forests5,13 . Recent village
census data4,27 (from the Cambodian Ministry of Planning) show
that 277 villages—home to 213,000 people—fall within ELC boundaries. Further, despite a number of legal protections for indigenous
people in Cambodia, by 2012 nearly 100 ELCs had been granted at
least partially on indigenous lands28 . Dispossession, evictions and
conflict have been reported impacts of ELCs on local communities13,19,29 . Whereas benefits from ELCs (for example, job creation,
improved infrastructure) have been described19 , quantitative studies
examining the economic and social benefits and impacts of ELCs are
still lacking. Systematic mapping, classification and registration of
state public and private land in Cambodia have only partially taken
place, and land-use plans have not been adopted by provincial or
municipal land management committees19 . These lines of evidence
are representative of the recent situation in Cambodia, where a legal

framework for protecting local communities is well established but
proper implementation and monitoring has been largely absent as
a result of weak local and national governance bodies. That these
institutions have been unable to ensure investors’ adherence to ELC
land-use plans has ultimately meant that many stakeholders are
excluded from the potential benefits of ELCs. Efforts to address these
issues include examples such as the adoption of Free, Prior, and
Informed Consent as an operating principle and the requirement
for sustainable palm oil certification by the Roundtable on Sustainable Palm Oil, a non-governmental certification body that includes
industry members30 . In addition, a recent moratorium on ELCs as
well as a new land titling initiative could clarify land ownership and
associated benefits to the rural poor, distributing more than 200,000
land titles to households within the first year of the programme19 .
However, the enduring effectiveness of these actions remains to
be seen.
The phenomenon of land acquisitions is especially fast-moving
in Cambodia, where in just a few years a large area can go from a
mixture of forests and smallholder farms to industrial plantationstyle monocultures. Such rapid transitions in land use are also
possible in other targeted countries where acquired land—much of
which is not yet under production11 —can be quickly put to productive use. In these places there is urgent need for swift evidencebased action that better involves all stakeholders and integrates
sustainability, so that the potential benefits of acquisitions might
be enhanced and their human and environmental impacts minimized. However, these decisions are possible only if government
agencies responsible for land tenure records make a concerted effort
to improve access to the geographic coordinates of land deals.
More open sharing of such information represents an important
step towards improving the transparency of land acquisitions
and—as evidenced by this study—will allow governments and
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the international community to better assess the environmental
impacts of the global land rush so far and to advance the related
policy debate.

Methods
Methods and any associated references are available in the online
version of the paper.
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Methods

The database on ELCs was produced by Open Development Cambodia4 . The
database used government data provided directly by the Cambodian Ministry of
Agriculture, Forestry and Fisheries (MAFF; ref. 6) for information on each deal,
including coordinates, area, contract date, investors and intended use. Data on
village location and population also came from Open Development Cambodia27
and were originally produced by Cambodia’s National Institute of Statistics and
Ministry of Planning as a product of the 2008 national census. Data on annual
forest loss came from a recent study that used detailed satellite imagery7 . This data
set provides the initial forest cover in the year 2000 (as a percentage of the pixel
area) as well as the year in which a pixel (30 m × 30 m) gains or loses forest. For
those initially forested pixels that undergo deforestation in a given year, we assume
complete forest loss for that pixel in that year and all subsequent years. Forest gain
from 2000 to 2012 was not considered in the calculation of deforestation rates
because this was not reported on an annual basis. For all of Cambodia, the number
of pixels experiencing apparent forest gain during this time was equivalent to 1% of
initially forested pixels. Conversely, this value was 14% for ELCs, due in large part
to the establishment of tree plantations, as our validation showed.
Validation of forest cover and tree plantations was carried out in two ways. The
first approach was done using a new cropland cover map (1 km
resolution)31 —which was the product of fusing numerous published data sets on
cropland extent and included oil palm areas as cropland—to evaluate the
consistency between reported forest areas7 and non-crop areas. We resampled the
30 m forest cover data7 to 1 km resolution and classified a pixel as forest when its
tree cover exceeded 90%. In 99% of the cases (and in the entire area of ELCs),
forested areas coincided with areas with no cropland. As further validation of the
forest cover data set, 29 land deals (15% of all ELCs) were randomly selected. Based
on the Hansen data set, the average forest area (>30% tree cover) and tree cover of
each of these deals was then calculated for the beginning of the year 2013 after
accounting for tree loss. Then year 2013 high-resolution satellite images from
Google Earth Pro (Imagery 2015 TerraMetrics) were imported to ArcGIS using the
Arc2earth software32 for visually delineating areas of tree plantations, which stand
as areas subdivided into regular rectangular (or, in general, polygonal) parcels or
areas with trees growing in straight rows. These tree plantations were then digitized
(for examples, see Supplementary Figs 2C,D) and used to calculate the percentage
overlap with forest area after accounting for forest loss between the years 2001 and
2012. For the 29 randomly sampled ELCs, on average only 2.5% of forested areas
occurred within tree plantations (Supplementary Table 20). However, in certain
individual deals, this percentage was more substantial (in one case >25% of
forested area). Some of these ‘false positive’ areas are probably a result of clearing
for tree plantations or other intended crops during the year 2013, and may also
have occurred in places where tree plantations were established before the year
2000—the start of the Hansen data set. From this analysis, we have demonstrated
that our approach is overall sufficient for a national-scale analysis of deforestation
in Cambodia and shown that our estimates of forest loss are conservative. For
calculating average percent tree cover, the digitized tree plantations areas were
subtracted from the ELC area before again calculating the tree cover. Linear
regression analyses were used to compare average percentage tree cover within
each randomly selected ELC both before and after accounting for the area of
tree plantation (R2 = 0.99). In this way, we were able to confirm that the effects
of tree plantations on calculations of natural tree cover was minimal
(Supplementary Fig. 3).
A number of factors may also influence the likelihood that an area will be
deforested, regardless of whether or not it is located in an ELC. To control for these
characteristic covariates, we employed a covariate matching approach similar to a
recent study33 that measured the effectiveness of protected areas in preventing
forest loss. The goal of this approach is to establish ‘balance’, so that the covariate
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distributions of ELC and non-ELC pixels are ‘very similar’. It is then possible to
compare ELC and non-ELC plots to examine the potential effect of land acquisition
on deforestation. To this end, we randomly selected 179,347 initially forested pixels
(30 m × 30 m)—28,439 of which were located within ELCs. Pixels in protected
areas were not considered. For each pixel, we determined covariate information for
distance from the nearest road, distance from the nearest waterway, distance from
the nearest railway, distance from the nearest urban area (that is, population
density greater than 300 people km−2 ), distance from forest edge, slope class, soil
suitability and district area (Supplementary Tables 3–14). Distance from the nearest
urban area was calculated using a year 2005 population density data set from
CIESEN/CIAT (ref. 34). Classes for median terrain slope and agro-ecological
suitability for rain-fed high-input oil palm (Supplementary Table 19) were assigned
using data from the FAO/IIASA’s Global Agro-Ecological Zones35 . Matching was
performed in R using the ‘Matching’ package36 . We also examined the sensitivity of
these results to hidden bias using Rosenbaum’s sensitivity test37 . Matched ELC and
non-ELC plots differ in their likelihood of being deforested by an unknown
covariate by a factor of Γ , such that Γ = 1 means that ELC plots are equally as
likely as their matched non-ELC plots to be deforested as a result of hidden bias.
The more that gamma can be increased while the result still remains significantly
different from zero, the more robust the results are to hidden bias. Results were
overall insensitive to hidden bias, although it is important to note that this was not
the case in the absence of selection criteria for ELC contract date. In cases where
the results are not robust to hidden bias, we note that, although conclusions drawn
from those results should be viewed with caution, this sensitivity does not
guarantee the actual presence of an unobserved confounder. To determine the
potential for leakage (for example, displacement of forest loss into neighbouring
forests), we also considered the effect of a 2 km buffer (the same distance used by
Andam and colleagues33 ) around protected areas and ELCs. In adopting this
distance for our analysis, we should note that leakage can occur at various distances
and, given the indirect pathways by which it is often driven, can also be difficult to
fully quantify. Complete results of matching and sensitivity analyses are presented
in Supplementary Tables 2–19. In examining the amount of deforestation that
occurred before and after the contract date of a land acquisition, only those deals
with contract dates between January 2001 and December 2011 were used. Also, to
prevent overestimation of the percentage of deforestation that occurred after the
contract date, we assume that any deforestation occurring in the same year of the
contract took place before the contract.
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