A new land cover map for the Mekong:
Southeast Asia’s largest transboundary river basin
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Abstract: The transboundary Mekong basin, including territorial parts of China, Myanmar, Laos,
Thailand, Cambodia, and Vietnam, is endowed with a rich natural resource base. The rapid so-
cio-economic development of the region, however, substantially increases pressure on its natu-
ral resources that are increasingly subject of over-exploitation and environmental degradation.
Some of the main environmental problems facing the region are common or transboundary is-
sues that only can be addressed by transboundary approaches based on consistent and regional
comparable information on the state of the environment at basin scale. In this context, a regio-
nal specific land cover map, the MEKONG LC2010 product, was produced for the entire Me-
kong Basin, utilising information from the MODIS sensor aboard the platforms Aqua and Terra.
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The Mekong Basin and its
environmental challenges

The basin of the Mekong River in
Southeast Asia includes tertitorial
parts of six countries: namely China,
Myanmar, Laos, Thailand, Cambodia,
and Vietnam. The Mekong is, with
an estimated length of 4,350 km, the
world’s twelfth longest river and its
basin spans a total area of approxi-
mately 795,000 km?. The Mekong has
its source in China’s Qinghai Tibe-
tan plateau at an elevation of 5,200m,
then flows for approximately 1,900 km
through the steep gorges and narrow
valleys of Tibet and Yunnan Province
of China, towards the border of Laos
and Myanmar. By this stage, the river
has already lost more than 4500 m ele-
vation. From this point on, the terrain
becomes increasingly moderate along
the river's southwards course. The ri-
ver forms the boundatry between Laos
and Thailand whereby intensively cul-
tivated planes of cropland in Thailand
in contrast to less intensively mana-
ged areas in Laos are evident. Further
downstream, the river enters the al-
luvial lowlands of Cambodia where
the river is linked to the very sensitive
flood pulse system of the Tonle Sap
ecosystem. In Vietnam the Mckong fi-
nally divides into nine tributaries for-
ming the Mekong Delta before empty-
ing into the South China Sea (KKuenzer
und Renaud 2012).

The Basin is home to a population of
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more than 72 million inhabitants who
are directly or indirectly dependent on
the quality and quantity of its natural
resources. These resources have histo-
rically supported rural livelihoods in the
region and underpin the rapid socio-
economic development, which has oc-
curred in the Mekong region over the
past decades. Today, it is one of the
world’s fastest-growing regions in terms
of economy and population, though
an uneven development is apparent
between the riparian states. The rapid
socio-economic growth has, however,
also substantially increased pressure
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on the basin’s natural resources. Weak
environmental governance, poor law
enforcement, and corruption further
contribute to the over-exploitation and
degradation of the environment.

With the transition from subsistence
farming to more diversified econo-
mies, the governments of the riparian
countries are eager to promote the
commercialization of agriculture and
agro-processing in order to raise inco-
mes and create employment (Rowcroft
2008). This development is further
compounded by the growing popu-
lation that stimulates the demand for
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Figure 1: Different cultivation schemes evident between Cambodia and Vietnam. In
Cambodia (upper left corner) cropland is harvested once per year, while in Vietnam
(lower right corner) cropland is intensified up to three harvests per year.
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Figure 2: Conversion of natural forests to cultivated areas near Kampong Reang, Cambodia. The scenes are displayed as colour
infrared (CIR) images for a better differentiation of vegetation structures.

land and agricultural products. As a
consequence, natural ecosystems, and
in particular accessible lowland forests
and woodlands, are facing increased
pressure through the expansion of
farmland and industrial crop planta-
tions. Particularly in the economically
powerful countries in the region, chan-
ges in cropping patterns (e.g. the shift
from traditional crops to cash-cops or
aquaculture) and intensities (e.g: the
shift from one harvest to multiple har-
vests per year) are well observed phe-
nomena (Vo et al. 2013, Kuenzer and
Knauer 2013). The effects of econo-
mic development, knowledge, and
technology on land use patterns, are
for example, clearly evident along the
Cambodian-Vietnamese border (fi-
gure 1): While soil and climatic condi-
tions are about the same here for both
countries, on the Vietnamese side, mo-
dern, early maturing, irrigated rice va-
rieties are cultivated for the world mar-
ket with up to three harvests per year.
On the Cambodian side, however, less
intensively managed and non-irrigated
single season rice crops dominate due
to the lack of agricultural knowledge
and technology, which were lost as a
consequence of the Khmer Rouge re-
gime. Although these highly efficient
agricultural practices allow for higher
yields and revenues, it is important to
note that very intensive farming, inap-
propriate irrigation, the increased use
of fertilizers and pesticides (Toan et al.
2013), and the trend to mono-species
cash-crop cultivation may cause an
inevitable deterioration of water and
soils as well as endangering the ecolo-
gical equilibrium in the long term.
Another transformation the region
has experienced over the last deca-
des is the transition from state-direc-

ted economies to more open, mar-
ket-based economies which has been
accompanied by a rapid expansion of
commercial relations among the Me-
kong countries (Rowcroft 2008). With
the intensification of transboundary
and international trade, however, en-
vironmental change may also be indu-
ced by drivers from abroad. Thailand
for example, imposed a strict logging
ban in 1989 after a series of devasta-
ting floods and landslides as a result
of deforestation by the timber in-
dustry. Consequently, timber imports
from Thailand’s neighboring coun-
tries increased rapidly in subsequent
years, whereby the environmental th-
reats related to unsustainable forest
losses where outsourced. Commer-
cial logging intensified particularly in
Laos, where wood products accounted
for 56% of the official export revenue
by 1991 (Daoroung 1997, Heinimann
2006). A more current transboundary
phenomenon is the boom in rubber
plantations that Laos has been experi-
encing over the past few years, mainly
in response to a rising market de-
mand for rubber from its neighboring
countries, primarily China. As a result,
many secondary forest formations
and shrublands in the highlands of
Laos, which play an important role in
securing the livelihoods of local peo-
ple (Heinimann 2006), have been con-
verted to mono-species rubber planta-
tions which only provide a fraction of
ecosystem services compared to natu-
ral forests.

The increased transboundary trade
is also coupled with the growth of
urban structures and infrastructure
(Leinenkugel et al. 2011). The pro-
motion of new economic corridors
as part of the Greater Mekong Sub-
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region (GMS) programme initiated by
the Asian Development Bank, is, for
example, accompanied by substantial
infrastructure developments valued
at about US$11 billion, that have al-
ready been completed or are being im-
plemented (ADB 2013). Among these
developments are the upgrading of
the Phnom Penh-Ho Chi Minh City
highway and the East-West Economic
Corridor that will eventually extend
from the Andaman Sea to Da Nang in
Vietnam. Such infrastructure projects
have a direct and indirect impact on
the land cover in the region. Directly,
due to losses of mostly natural vege-
tation related to road constructions,
and indirectly, because new roads fa-
cilitate the physical access to markets
and natural resoutces, and thereby al-
ter economic values (Rowcroft 2008).
As a result, formerly remote regions
are increasingly becoming a potential
for profit with their conversion into
managed land, as is evident in figure 2.

Furthermore, the rapid socio-eco-
nomic development is accompanied
by increasing energy demands, which
are expected to rise by 7 % over the
next 20 years, alone in the lower Me-
kong Basin (Kuenzer et al. 2012).
China is implementing a number of
hydropower projects along the Me-
kong main stem, the so-called “dam
cascade” to meet its enormous de-
mand for energy. Additionally, Laos
and Cambodia are planning more than
100 dams on the Mekong tributaries
to harness the river’s hydropower ge-
nerating capacity more effectively. The
environmental consequences, particu-
larly the transboundary impacts, are
being controversially discussed and
have brought the Mekong into pub-
lic and an international focus through
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the media. The downstream countries,
believe that the dams are responsible
for the alteration to the overall flow of
the Mekong and its sedimentation. In
the long-term, these may result in high
environmental and social costs due to
bank erosion, water shortage, increa-
sed irrigation challenges, and shifts in
biodiversity (Kuenzer et al. 2012). In
particular, the dams are expected to
impede nutrient-rich sediment from
settling in the Meckong delta and the
Tonle Sap floodplain, which are essen-
tial for farming, fishery, and the pre-
vention of saltwater intrusion into the
Mekong Delta (Kuenzer et al. 2012,
Kuenzer et al. 2013a). Furthermore,
the dams are expected to block fish
migration routes, which again, in the
long term, will increase pressure both
on cropland and areas for livestock
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farming (Kuenzer 2013).

The need for a regional
perspective

Thanks to the shared natural re-
sources and increased social and eco-
nomic interactions between the ripa-
rian states, the basin can increasingly
be seen as an integrated region with
some of the main environmental pro-
blems being common or transbound-
ary issues (UNEP and TEI). The Thai
logging ban or the Chinese dam cas-
cade illustrate to what extent shifts in
land cover policies and practices in
one country, can lead directly or indi-
rectly to profound changes in another
country’s natural resources, economic
conditions, or political and economic
dependencies. Notably, however, the
very heterogenic political, economic,
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Figure 3a. The Mekong LC 2010 land cover map.
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institutional, and cultural conditions
between the riparian countries have
led to very diverse perceptions and
practices in terms of natural resource
exploitation and conservation (Hei-
niman 20006). Therefore, coordinated,
trans-boundary management plans
that not only correspond to specific
environmental and social conditions
on local or national scales but also con-
tribute towards a sustainable develop-
ment of the entire Mekong region are
essential (Renaud and Kuenzer 2012,
Moder et al. 2012). Furthermore, the
inter-dependency between water, land,
and other related natural resources re-
quires a perspective encompassing all
environmental aspects of the basin
following the principles of Integrated
Water Resource Management (IWRM)
(Moder et al. 2012). This is exempli-
fied by the WISDOM Project, a bilate-
ral research project between Germany
and Vietnam (http://wwwwisdom.
eocdlr.de/), which has brought to-
gether more than 60 scientists from
the fields of hydrology, sociology, in-
formation technology, and carth ob-
servation aiming at the analysis of
socio-environmental issues in the Me-
kong Basin and the Mekong Delta, in
particular. The WISDOM project also
initiated the first transboundary con-
ference on the Mekong Region- the
Mekong Environmental Symposium,
held in Ho Chi Minh City in March
2013, which highlighted the need for
consistent and regionally comparable
information on the state of the envi-
ronment across all riparian countries.
A crucial information base that is
used to characterize the state of the
environment is provided by so-called
land cover maps which categorize and
quantify the environment according
to the discernible vegetation (e.g. fo-
rest, grassland), hydrologic (e.g. wet-
lands, water bodies) or anthropogenic
features (e.g. cropland, urban areas) on
the land surface. Generally, these land
cover maps are detived by the use of
satellite imagery and are essential to
many geo-scientific applications as
seen in the fields of agriculture, eco-
systems, biodiversity, climate, health,
or energy. Furthermore, stakeholders,
decision makers, international orga-
nizations, research networks, donor
agencies, and others, require regional
land cover and land use maps as essen-
tial baseline information for reporting
and monitoring purposes.
Most government agencies, howe-
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ver, only produce maps that are limi-
ted to the extent of their respective
national territories and thus, cannot
be used for transboundary purposes.
The combination and harmonisation
of such independent, national land
cover maps is generally accompanied
by difficulties related to information
gaps or thematic incompatibilities
and, thus, limit their usefulness for
regional, transboundary assessments.
On the other hand, regional land co-
ver maps produced over the last two
decades that focus explicitly on con-
tinental Southeast Asia, also have cer-
tain limitations which hamper their ap-
plicability for present basin-wide land
cover analyses. Many products only
focus on a specific topic such as
the characterisation and quantifi-
cation of forest cover, having no
or very little information on the

mental monitoring, The MEKONG
L.C2010 map addresses sub-regional
characteristics by the inclusion of lo-
cally specific land cover classes, such
as alpine grasslands, mangrove forests,
or aquaculture while simultancously
ensuring a consistent classification of
basin wide land cover types, such as
evergreen or deciduous broadleaved
forests. Furthermore, the temporal
growing stages of the vegetation co-
ver (land surface phenology) were ana-
lysed by a synthesis of near-daily sa-
tellite observations, which allowed for
the differentiation between cropping
intensities over cultivated land.

The Mekong 1.C2010 product, pro-
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duced and provided by the team

“Land Surface Dynamics” at the Earth
Observation Center, EOC, at the Ger-
man Aerospace Center, DLR, is freely
available upon request and a compre-
hensive scientific description of the
product can be found in Leinenkugel
et al. (2013). Next to the production
of single date land cover maps, cur-
rent activities in the team involve the
production of annual canopy cover
maps from 2000 onwards. These maps
focus particularly on woody land co-
ver types and allow for the continuous
monitoring and analysis of the valua-
ble forests and woodlands in the Basin
throughout the last decade.
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remaining land cover characteris- :
tics (Leinenkugel et al. 2013). The
most recent map having a broa-
der and more comprehensive
land cover classification scheme
was produced for the year 2000
and has consequently become ob-
solete for present requirements.
Moreover, all regionally specific
maps covering continental Sou-
theast Asia exclude the territory
of China, thereby effectively pro- :
viding land cover information so-
lely for the lower Mekong Basin.
The option of using subsets of
global land cover maps has also
shown to be inappropriate since
these insufficiently capture the re-
gional heterogeneity in land co-
ver characteristics on local scales
(Leinenkugel et al. 2013, Kuenzer
et al. 2013).
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The Mekong LC2010 land
cover map

Within this context, a detailed
land cover map for the year 2010,
the MEKONG LC2010 product,
was produced for the entire Me-
kong Basin, within the framework
of the WISDOM project (figure
3). This land cover map is based
on satellite data from the Mode-
rate-Resolution Imaging Spect-
roradiometer (MODIS) instru- g9
ment aboard the Terra and Aqua
satellites that provide nearly full
daily coverage of the Farth at a
spatial resolution of 250-1000 m,
being well suited for regional- to
global-scale terrestrial ~environ-
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Figure 3b. The Mekong LC 2010 land cover map.
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Conclusion

The transboundary Mekong Basin in
South East Asia is endowed with rich
natural resources that are increasin-
gly subjected to much pressure from
the rapid socio-economic develop-
ment within the region. Although geo-
graphically, culturally, economically
and politically diverse, growing trans-
boundary trade and the increased ex-
ploitation of shared natural resources
have transformed the Basin into an in-
tegrated economic region. In this res-
pect, it is inevitable that the Mekong ri-
parian countries are keen to promote a
sub-regional dialog to maintain the ba-
lance between economic development
on the one hand, and the need for eco-
logical protection and conservation on
the other (Kuenezer et al. 2012, Moder
et al 2012, Renaud and Kuenzer 2012).
The establishment of regional and
transboundary environmentally rela-
ted institutions and programmes, such
as the Mekong River Commission or
the Core Environment Program and
Biodiversity Conservation Corridors
Initiative (CEP-BCI) of the Greater
Mekong Subregion, has shown that
the significance of transboundary co-
operation for promoting sustainable
growth in the region has been acknow-
ledged. However, regionally consistent
information on the state of the envi-
ronment for the entire basin is still rare,
and either not accessible or outdated.
In view of this, the Mekong L.C2010
product, being the only current basin-
specific transboundary information
data set on the land cover distribution
in the area, provides scientists, stake-
holders, and decision-makers with an
updated and comprehensive picture
of the diverse land cover charactetis-
tics of the region. As the first regional
specific land cover product covering
both the lower and the upper Mekong
Basin, the Mekong LC2010 map is
also of particular value for basin-wide
hydrological modeling in the context
of integrated water resource manage-

ment (IWRM).

The Tibetan Plateau, where the Mekong originates, is predominantly co-
vered by alpine grass- and rangeland. Below the tree line, at approxi-
mately 4000 m, needleleaved forest formations and shrubland become
dominant which increasingly give way to broadleaved evergreen forests
and woodlands, from elevations at 2000-2500m downwards. Particularly
in the more densely populated southern part of Yunnan province and nort-
hern Laos, however, large extents of these evergreen forests have been
degraded by small scale shifting cultivation practices, resulting in very he-
terogenic patterns forests and forest regrowth interspersed with patches of
shrub-, grass-, and cropland. The land cover distribution in the lowlands
of Laos and Cambodia shows lower proportions of evergreen vegetation
but higher distributions of cropland, cropland/vegetation mosaics, and
dry-deciduous broadleaved wood- and scrublands. Intensive cultivated
areas, mainly rice cultivation, are concentrated in the Mekong Delta, in
the lowlands surrounding Tonle Sap Lake, and in the extensive plains of
the Khorat Plateau in Thailand. In the Mekong Delta double- and triple-
season rice paddies, orchard cultivation, aquaculture, coastal mangrove
forests, and mixtures of the latter, known as integrated shrimp-mangrove

farming systems dominate.

Box 1: Land cover distribution in the Mekong Basin
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