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Why do we care about Monsoon Asia?

Home of 60% of the world’s population
Covering about 30% of the global arable land

Accounting for 20% of the global terrestrial NPP
and for a similar fraction of carbon storage

Large area of arid and semi-arid ecosystems
pervasively influenced by monsoon

experienced an unprecedented rate of land cover
and land use change (LCLUC) In the past century



Multiple Stresses: Desertification, Urbanization, water quality, air
pollution, deforestation, biofuel production...
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The Goal

Understand complex interactions among land use,
ecosystem and climate and to evaluate the impacts of
current and projected LCLUC on climate, water and
carbon cycling in the region of monsoon Asia in the
first half of 21st century by using an copled regional
earth system model (CRESM).



Global Land System Interactions
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Coupled Regional Earth System Model (CRESM)
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Dynamic Land Ecosystem Model (DLEM)
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INPUT MODEL OUTPUT
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MIT Emissions Prediction and Policy Analysis (EPPA) model

Primary Factors L
Income - E@g
;l Region C
Consumer Producer Trade
Sectors Sectors Flows
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Goods & Service
Region A Region B
Model Features Mitigation Policies
+ All greenhouse-relevant gases * Emissions limits
* Flexible regions * Carbon taxes
* Flexible producer sectors * Energy taxes
* Energy sector detail * Tradeable permits
* Welfare costs of policies * Technology regulation




KEY RESULTS
O

| and-cover and land-use
change In Monsoon Asia

Historical & future projection
1900-2100




Spatial distribution of land use change in Monsoon
Asia during 1900-2000
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Future Land-cover and Land-use Change derived from biofuel
scenarios in Monsoon Asia during 2000-2100
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Projected changes in monsoon Asian land cover for land-use Case 1 and Case 2 estimated by
EPPA model (casel allows the conversion of natural areas to meet increased demand
for land, case?2 is driven by more intensive use of existing managed land) By the end
of 2100, land-use area for Biofuel production increases about 33% in case 1 while 0% in
case2. Pastures areas decrease less in case 1 (about 25% ) than in case 2 (45%), on the
contrary, forest area decline about 43% in casel, much more than 14% in case 2.

EPPA Guragel et al..2007



Regional Land-cover and land use change in Monsoon Asia during

2000-2100 derived from biofuel scenarios
Case 1l Case 2
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Other major environmental forces
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Impacts of land-cover and land-use
change on terrestrial ecosystem
(carbon & water cycles, GHGs) and
climate in Monsoon Asia

Historical & future projection
1700-2100




GHGs fluxes, Carbon &Water cycles in monsoon Asia over
the 20t century
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Changes in carbon storage and water yield induced by LCLUC
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Changes in carbon storage (A) and water yield (B) in terrestrial ecosystems of Monsoon
Asia induced by land-cover and land-use change during 1700-2005 as simulated by the
Dynamic Land Ecosystem Model (DLEM).

EDGE lab, Tian et al., 2010c



Changes In India’s temperature and precipitation
Induced by LCLUC
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Cumulative Net Land Carbon Flux driven by biofuel production in
two land use scenarios across Monsoon Asia over the 215t century
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Regional partitioning of direct and indirect effects on projected
cumulative land carbon flux in the 21t century
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Regional partitioning of greenhouse gas balance in the 215 century
driven by biofuel production in two land use scenarios
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Monsoon Asia has experienced rapid changes in land cover and land use pattern in the
past century and is likely to undergo further rapid changes in the 21stcentury due to
urbanization, deforestation, desertification etc. Land area devoted to biofuels in case 1 is
larger than that in case 2 and the biofuel production is mainly distributed in the regions
of India and Indonesia.

Anthropogenic activities, such as land cover conversion, land management, have
imposed significant impacts on carbon and water cycles (C storage and water yield),
GHG emissions (CH,, CO, and N,O) and climate (temperature and precipitation).
Future LCLUC, e.g. expanded global cellulosic bioenergy program, could considerably
alter net carbon fluxes and GHGs balance in Monsoon Asia. In both land use cases,
indirect effects of biofuel production contribute to more carbon uptake or less carbon
release than direct effects do. The resulted GHG balance in terms of warming potential
vary significantly among regions.

The Coupled Regional Earth System Model (CRESM) has shown the potential to explore
the complex interactions among land use, ecosystems and monsoon climate in Monsoon
Asia, a critical area affecting the world environment and economic development. Future
work is needed to further validate the CRESM model and to explore the likely

uncertainties.
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