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BACKGROUND, OBJECTIVES AND APPROACHES: PRIMARY RESULTS : Cumulative Net Land Carbon Flux driven by biofuel production in two land
use scenarios across Monsoon Asia over thesAdentury
The Monsoon Asia, home to more than 60% of world populations, has GHGs fluxes, Carbon &Water cycles in monsoon Asia over the #0century Figure 6 Partitioning of Direct and indirect
experienced annprecedentedlfast land-cover/land use change (LCLUC) In the effects of Cellulosic Biofuels on Projected
past decadeand is likely to undergo further rapid development in thé 21 Cumulative Land Carbon flux since 2000
century.There is an increasing concern that LCLUC caused by urbanization, CH NG across Monsoon Asia.

. : e ) ' (Direct C fluxes are those occurred on |land
deforestation/afforestation, desertification and biofuel production may affect local, devoted to biofuel crops and indirect fluxes
regional and global climate and further influence the provision of goods and are driven by increasing land demand due to
services by terrestrial ecosystems in the region of monsoon Asia. Therefore, it|is biofuel crops. Positive values represent

carbon sequestration, whereas negative
values represent carbon emissions by |and
ecosystemMelillo et al., 2009, Science

of critical importancedo better understantié complex interactions and feedbacks
among LCLUC, climate changes, C budget and water cycling over Monsoon

Asia. An integrated research is urgently needed to understand how LCLUC and 326:1391399
climate interact to affect the structure and functioning of terrestrial ecosystems, Regional partitioning of greenhouse gas balance in the 2&entury driven
and to predict to what extent future land use scenarios would modify climate by biofuel production in two land use scenarios

water and carbon cycling throughout Monsoon Asia, and even the whole globe.
Currently, our approach is to combine a seailobal biogeochemical
models (TEM and DLEM)andEmission Predictions and Policy Analysis (EPPA)
model,along withremotesensing observation data (MODIS, AVHRR and
LandsatTM/ETM) andfield experiments and monitoring date quantify the

Impacts of historical and projected future LCLUC on terrestrial ecosystems
( carbon & water cycles, GHGs) and climate system (temperature and

CQ GWP Case 1 Ccase 2 Case 1 Case 2

precipitation) throughout Monsoon Asia. The Coupled Regional Earth System < cased case 2
Model (CRESM) has been developed to explore to what extent LCLUC has
modulated and will modulate the Asia monsoon climate in the past and future, - . )
and how the changed monsoon climate will impact LCLUC in the region of
Monsoon Asia in the first half of 21st century. \
Case 1l Case 2 Case l Case 2
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A Spatiotemporal pattern of land-cover and landuse in Monsoon Asia during 1902000
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Figure 7 Partitioning of greenhouse gas balance since 2000 as influenced by cellulosic biofuel prod
two landise cases. Positive values are abatement benefits, and negative values(sigiie mia 0.
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Coupled Regional Earth System Model (CRESM)

Figure 3 The annual average of ecosystmosphere exchanges of £ N,O, and CQ
(units: g C/milyr for CO, and CH fluxes, and g N ityr for N,O flux) and the resulted
S e T global warming potential GWP (g G@g/n¥/yr), evapotranspiration (ET: mm/yr), and

runoff (mm/yr) over monsoon Asia during 192800, estimated by the Dynamic Land
Ecosystem Model(DLEM).
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[ S S S P M R R S Changes in Carbon Storage and Water Yield induced by historical LCLUC
B Future Land-cover and Landuse Change in Monsoon Asia during 2002100
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Coupled Regional EartBystem Model (CRESH#ficludes
e 1 an enhanced dynamic land ecosystem model (DLEM), a

newly developed regional climate model (CWRF), an
extant world economic model (EPPA) and an enhanced
land use model (GEOMOD), will be used to explore the
two-way interaction between climate, land use change
and ecosystem functioning. The coupling of climate and
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Case 1 Case 1 .| Case? ecosystems is through fluxes of energy, water, carbon
X 2 : Figure 4 Changes in carbon storage (A) and water yield (B) in terrestrial ecosystems and trace gases from DLEM and meteorological output
' E— — of monsoon Asia induced by lammver and landise change during 17€ED00 as from CWRF. Human activities influence regional climate

through greenhouse emission and land use change,

simulated by the Dynamic Land Ecosystem Model (DLEM) (Tian et al. 2010). el e dlerhEs | e e SR, 2 @ EEIeIE ee

Figure 1 A) Historical lanatover and landise change in Monsoon Asia during 190 developed by

EDGE lab; B) Future landover and landise change in Monsoon Asia during 2200 under two Changes in Temperature and Precipitation induced by historical LCLUC DLEhI\/I feedbac_deto EdPPA _tlhrbolugh ?COSF{Ste'm o|ut||o_utf;t
different scenarios (casel allows the conversion of natural areas to meet increased demand for land, case?2 is SUch as crop yleid and avallable watet. kegional climate

model directly and indirectly couple to EPPA and

: : : L : ...' A N | |
driven by more intensive use of existing managed land) derived from EPPA model (Gurgel et al.,2007) . _‘ ) $ GEOMOD by influencing land ecosystems and land cover.
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C Changes in other major environmental factors
- 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 2%century due to urbanization,
deforestation, desertification etc. Land area devoted tbiofuelsin case 1 is larger than that in case ?
and the biofuel production is mainly distributed in the region of India and Indonesia.
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- Anthropogenic activities, such as land cover conversion, land management, have imposed

Legend

Y significant impacts on carbon and water cycles (C storage and water yield), GHG emissions ({H
e v T CO, and N,O) and climate system (temperature and precipitation). Future LCLUC, e.g. expanded
global cellulosicbioenergyprogram, could considerably alter net carbon fluxes and GHGs balance
ltems of LCLUC Temperature Precipitation in Monsoon Asia. In both land use cases, indirect effects bibfuel production contribute to more
(c) (d) (f) (°Clyr) (mm/day) carbon uptake or less carbon release than direct effects do. The resulted GHG balance in terms of
Total LULC effect -0.52 0.0 warming potential vary significantly among regions.
Conversion from potential -1.13 0.40

- 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

Conversion from potential -0.56 -0.37 area affecting the world environment and economic development. Future work is needed to further
vegetation to noirrigatedcrop

vegetation to irrigatedrop

validate the CRESM model and to explore the likely uncertainties

Figure 2 Spat_lal pattern of "?‘T‘””a' average for a) Temperalimg( b) PreC|p|tat_|on / Figure 5 Changes in (A) temperature and (B) precipitation induced byt and |
(mml/yr), c) Nitrogen deposition, and d) Ozone (AOT40) across Monsoon Asia over 1948 land-use change between 1700 and 2000 as simulated by Regional Climate model. Acknowledgement This study has been supported by NASA Land Cover and Land Use Change

2000. Annual average of e) irrigation/amngation land area, and f) fertilizer application Program (NNXO8SAL73G); NASA Interdisciplinary Science Program (NNG04GM39C)
rate from 1900 to 2000.
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