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Land cover/landuse changes
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Project €30ais :

Understand complex interactions among land use, ecosystem and climate and 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 2%century by using an integrated

model of regional climate, ecosystem, land use and economy; remote sensing and field
observations.

Key questions:

A Question 1i What are current patterns and projected changes in land use and land cover in the
half of 2¥tcentury?

A Question 2- How have the carbon and water cycles been changed by LCLUC in the region in th
past and how will the carbon and water cycles be changed by LCLUC in Monsoon Asia in the fir
half of 2F'century?

A Question 3- What are relative roles of LCLUC and rb@LUC factors (e.g., climate
variability/change, nitrogen depositianpposherei@zone concentration) on climate change, water
and carbon cycling?

A Question 4- To what extent do the LCLUC modulates the Asia monsoon climate and how will the
changed monsoon climate impact LCLUC in Monsoon Asia in the first halfSoéé&itury?



What are current patterns and projected changeSlituC during
19062050 and the changes in nib@LUC factors?



Global and regional lanc

cover and land use data

Data name Time period Resolution Major character Reference
Historical croplands 1700-1992 0.5 degree Global Cropland Ramankutty and
Dataset distributions Foley, 1999
_ 5 minute Global cropland, Goldewijk and
HYDE 31 17062005 pasture and cultivated Ramankutty, 2004
land use
The Global Landuse 1700-2000 1 degree the fraction of crop, Hurtt et al., 2006
Modeling Data pasture, primary land,
secondary land, water,
and ice
1992 Major Crops 1992 5 minute major crops Leff et al., 2004
Dataset
MODIS land cover 2001-present 1 km multiple classification http://modis-
schemes describing land.gsfc.nasa.gov/lan
land cover properties dcover.htm
GLC2000 2000 1 km Base on SPOT 4 http: //www-
VEGETATION oyvm.jre.it/ ele2000/det
instrument aultGLC2000.htm
Global Land Cover 1992/1993 1 km Based on IGBP Loveland et al., 2000
Characteristics Data AVHRR 10-day
Base composites
UMD 1km Global Between 1981- 1 km AVHRR 1981-1994 Hansen et al, 2000
Land Cover 1994
China’s National 1990, 1995, 2000 | 30 meter Landsat TM/ETM Liu et al., 2003, 2005
Land Use/Cover

Dataset




Pafential Vegetation :

Tropical Evergreen Forest/Woodland
B Tropical Deciduous ForestWoodland
[ Temperate Broadieaf Evergreen ForestWoodland
[ Temperate Needleleaf Evergreen Forest/Woodland
[ Temperate Deciduous ForestWoodland
[ Boreal Evergreen ForestWoodland
[] Boreal Deciduous ForestWoodland

iduous Mixed

B savanna .
] Grassland/Steppe
[ Dense Shrubland
[ Open Shrubland
I Tundra
[JDesert

Ry
i

B

UMD1km
[ water

[ evergreen Needieleat Forest
[ & eroreen Broadieat Forest
[ occiduous Needleleaf Forest
[ occiduous Broadieaf Forest
[ mixed Forest

B voodiand

[ wooded Grassiand

B ciosed shrubland

[ open shrubland

B coopiand
[ sare Ground
[ urvand and Buit

MOD12Q1

T[] water

[ Evergreen needeleat forest
B =vergreen broadeaf forest
B occiduous needieleaf forest
I occiduous broadieat forest
[ Mixed forests

I ciosed shrublands
[ open shrublands ,

I vvoody savannas

[ savannas

[ crasslands

Cropland

B urban and buit-up

[ Barren or sparsely vegetated
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Fractional settlements developed from a combination of DI@&B, MODISNDVImax, and Landsat ETM+ images
in 2000 in southeastern China, highlighting three urban regions (the administrative boundary at the provincial lev
was overlaid on the human settlement imaia).et al., 2008)



1900

2000

(A) Crop land

(B) Urban area

Crop Percentage (%)

-High'l

. Low : 0

Crop Percentage (%)

.High:1

. Low: 0

Urban Percentage (%)
High : 1

Low:0

Urban Percentage (%)
High : 1

Low : 0




BOIE 10?‘E 129 E 14(IJ‘E

S0N

40N

30N

Region
S Province
s

St ) I Forest -> Cropland

I Forest - Buitup

2N

[ cropland > Other
Other - Forest
[ other -> Cropland
[ other > Built-up

0N

0N

3 | Forest-> Other
s Cropland - Forest. |
I copland > Buit-up

120°E

149E

50N

40°N

Legend

30N

——— Region
< Province

b

% - Forest -> Cropland

I Forest > Buitup

2N

[ cropland > Other
Other -> Forest
I other = Cropland
[ other > Buitt-up

N

0N

; Forest -> Other
R Cropland = Forest. | =
I copland - Buit-up

100°E 120°€

N

Area (Millions of hectare]
B EZBEEREZEE

1700 1735 1750 1775 1600 15325 1650 875 1900 1955 10&0 1975 3000
Year

Figure 4. Changes in the area of forest, cropland, urban,
and woodland during 17002005 (unit; million ha).

Land-use/Landcovertransitionsduring 17002005(a) andduring 19862005(b) (Liu & Tian, 2010



Increased Plantation forest area and forest age
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Seasonal pattern of Standar

Spring Summer




Future land cover/land use change induced by biofuel cror
production during the?1st century

A B

The area of biofuel crop would

increase dramatically and account for
) e 14% of total cropland area under the
£ e £ policy scenario by the year of 2100;
5 e | 5 ° while two major land types, natural
E = E forest and pasture, would be largely
4 converted for biofuel production
under both scenarios over MA region
o - e E‘m s o | during 2000-2100.
i/ ar vear
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Futureland use change under the reference scef@yiand policy scenari(B); Spatial patterns of biofuel crop in Monsoon Asia in th& 21
century under the reference scenario (C) and policy scenari€f2higes in the area biofuel crop in Monsoon Asia in the 2tentury
(reference scenario and policy scenaftf) generated by the MIT Emissions Prediction and Policy Analysis (ERBAEI.



Othermajor environmental factorsClimate

Over the late half of 20t century,
precipitation amount reduced by
15.1 mm per decade across MA
region with a significant increase
in drought area and drought
duration.

Over the first half of 215t century,
temperature will increase up to
about 2 degree under three
climate policy scenarios.

Figure:Spatial pattern of changing trend
of (a) temperaturé’C/decade) anb)
precipitation(mm/decadg Percentagef
(c) dry area, drought duraticand(d) area
experiencing different drouglgvelsin
monsoon Asia during the perid®48
2000;

Projectednterannualariations ofmean
temperature (e) and precipitation (f)der
three climate policgcenarios over the
first of the 23! century, averagely
estimated by fouGCMsresults.
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Othermajor environmentafactors

Ndep

(gNim2)”~ T

T Jo
Jo-1
[ J11s

152

225
253
B 335
s
s
| B

\-\/'(‘!\'

(€)

Accumulated Change Ares (10% ha)

120

£

=

=

5

Pt
=
"

0

[TITTT] |”|ga|'ed

s fon_irrigated

gatigaat
(L

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 200

Annual N fertilization (g MN/m? fyr)

AOT40
(ppb-hr)
o
o0
B 3060
B 60- 100
I 100- 150
[ 150- 200
[ 200- 250
[ 250-300
[]300-350
[]s850

e o -8 oo (¥
i i i i

.

(b)

(d)

1900 1910 1%20 1930 1940 1950 1%0 1970 1980 19%0 2000

During the 20™ century, both
nitrogen deposition and ozone
pollution index elevated over
MA region with the highest
increase of Ndep and AOT40
in Southeast China and
Northwest Outer Mongolia,
respectively.

Since 1960, irrigated area
almost doubled and fertilizer
application rate dramatically
increased by 8 times.

Figure:Spatialpattern of changes in
nitrogen depositiongN/m?) (a) and
0OzoneAOT40 index (ppkhr) (b);
Annual average of irrigation/nen
irrigation land are4c), and fertilizer
application rat¢d) over MA region
during the 28 century.



Across MA region,

I: Land cover/land use patterns have been dramatically altered over the last
20™ century with the significant expansion of agricultural land and urban land;
and the conversion of natural to managed ecosystems will continuously

take place as an increasing demand for biofuel production during the 21st
century.

lI: Land management practices (e.g. irrigation and fertilizer application) have
been applied intensively/extensively with the expansion of managed cropland
aiming to increase crop productivity during the late half of 20t century.

llI: Changes in other environmental factors imply that MA region has
experienced increased drought stress, elevated nitrogen deposition and
ozone pollution. The MA region will face warming climates with significantly
increasing temperature in the 21st century.

IV: Changes in land cover/land use, climate and atmospheric chemistry
substantially varied from place to place.




How have the carbon and water cycles been changed by LGLUC
the past and how will the carbon and water cycles be changed |
LCLUC in MA regionin the first half of 2% century?



Integrated Regional Earth System Model (IRESM)

Integrated Regional Earth System Model (IRESM)

Regional Climate and Atmosphere Chemistry (CWRF with Aerosols and Chemistry)

1

essure, humidity; C Aerasal, Ozone, MO, MH,

GHE, daranl

Human's Activities

NCE, NPFP
(EPP&)
Matianal andior regional _
economic development,
emizsion, land use
Bounhdany
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LCLUC Land
{GEDM DD:I mahagemeant
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Deforestationdeforestation
Bio-fuel plantation, et
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Growth PET
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Dynamic Yegetation
Successiaon, Biageography

GEQOD: & spatial-specific land use madel
LSl Land cover and land use change
ZCM: global General Circulation Model
GHZ Green Houze Gas
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Water Transport
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Figure (A) Coupling of biogeochemical and hydrological cycles (C, N, P, H20) in ecosystem module of IRESM - DLEM ;
(B) Representations of multi-soil layer and interactions between vegetation root zone and ground water in DLEM,;
(C) Cohort structure and major hydrological processes represented in DLEM.



Driving Factors

Controlling Factors

.Temperature
.Precipitation
.Radiation
.Relative Humidity

Atmospheric Compositions

.Nitrogen Deposition
Land Use
.Deforestation
.Urbanization
.Harvest
.Fertilization
Irrigation
Other Disturbances
Wildfire
.Disease
O I EICESUEINES

Soil
.Physical Properties
.Chemical Properties
.Depth
Geomorphology
.Elevation
.Slope
Aspect
River Network
.Flow Direction
Accumulative Area
.River Slope
.River Length
.River Width
Vegetation Functional Type

Cropping System

MODEL

D ynamic
L and
E cosystem

M odel

OUTPUT

Biogeochemhydrolog cycles

Ecosystem Goods and Services

Carbon Fluxes and Storage:
.Carbon fluxes (GPP, NPRh,NCE NEP, CH,
VOC, DOC,DIC)
.Carbon storaged eafC stemClitterC, rootC,
reproductionC soilC)
Water Fluxes and Storage :
.ET, Runoff, Soil moisture
Nitrogen Fluxes and Storage :
.Nitrogen fluxes (dD, NO, N)
.Nitrogen storaged afN stemN litterN, rootN,
reproductionN soilN), TN
Phosphorus Fluxes and Storage:

.LeafP stemPlitterP, rootP. soilP. TP

Climate related:
.GHG emissions (e.g. GQH4 N20 fluxes);VOC
fl ux, Bl ack car bon,

€

Ecosystem Goods
.Crop yield; Wood ProductBiofuel, é

Water related

.SurfaceRunoff; Subsurface Flow;
.ET; Soil Moisturewater use efficiency
.RiverDischarge;

Nutrients related:

.N andP Storage and leaching;
.Exportof TN and TP;

.Export of DOC and POC




MIT Emissions Prediction and Policy Analysis
(EPPA) Model

... . MIT Emissions Prediction and Policy Analysis (EPPA) Model
wWComputable General Equilibrit

(CGE) model of world econol
with regionalsectoraldetalil.

Primary Facto

Income

Region C
Consumer Producer 4;‘
. . ~ .o Sectors
w Cdzt t e UNBI Ua ~

Expenditures

capital/investment,

6 _

macroeconomjtrade 1
Implications of growth, policie Region A Region B
alternative teChnOIOgleS 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




Global Land System Interactions

COUPLED ATMOSPHERE-OCEAN

MODEL WITH INTERACTIVE CHEMISTRY

Radiation, Humidity, Pressure, Surface Heat and
Winds, Temperature, Precipitation ) Momentum Fluxes

COMMUNITY LAND MODEL (CLM)
(TERRESTRIAL BIOGEOPHYSICS)

onthiy Aic':’mopm:.
€0, CH, and Aaahly Daily Ravia
\ . Snlar Radiation
N;0 Fuxes Aaathly: P *Rainfall-Event Statistics B
*Evapotranspiration +Soil Hydrothermal Profile +Soil Hydrothermal Profiles
Daily: *Snow Water Equivalent Depth Hougly:
+Soil Hydrothermal Profile *Surface Runoff and Drainage

+Soil Hydrothermal Profiles

CARBON AND NITROGEN
DYNAMICS MODULE

Soil Carbon
CH,EMISSIONS  PW"™%&8 N0 EMISSIONS

MODULE MODULE

DYNAMIC TERRESTRIAL ECOSYSTEMS MODEL (TEM)
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Historical LCLUC-induced changes in C storage and water yield over MA region

50°E 60°E 70°E 80°E 90°E 100°E 120°E 140°E S B T G IBE KOO oo .

1 L . L 1 - L : L L ] 1 1 ] 1 ] 1 1 ] ]
QN ~60°N 50N~ L60°N
50°N= =50°N 50°N= : -50°N
40°N= -40°N  40°N- 2 e 2 '_ ' ~40°N

i T
30°N~ ~30°N  30°N- r ICH -30°N
C storage changéel, ; ) 3 - <
20°N+ =20°N  20°N={Water yield change § ~20°N
(g C/m2)
<-10,000 (mm)
10°N -10,000 - -5,000 - 10°N 10°N <-500 - 10°N
5,000 - 2,000 -ggg - -ggo .
-2,000 - -500 -200- -
0° 500 - -50 L o° 0°= 90:-20 NN £ Ky ~0
50 - 50 20-20 s ok
50 - 500 o ) : S B
10°S 500 - 2,000 10 10°S pmgrien -10°S
2,000 - 5,000 0.
> 5,000 T

1 1 1 1 ) 1 ]
' 50°E 60°E 70°E 80°E 90°E 100°E 120°E

| 1 1 1 ) I ) )
50°E 60°E 70°E 80°E 90°E 100°E 120°E 140°E

Changesn carbon storage (left) and water yield (right) in terrestrial ecosystems of monsoon Asia i
by land use and land cover change during 12006 as simulated by the Dynamic Land Ecosystem
Model (DLEM).



Historical LCLUC-induced changes in carbon and water fluxes over MA region

Change rate
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Spatialdistributions of annual changes in NPP (a), ET (b), and WUE (c) du@ltoC in monsoon
Asia during 1948000 (lianet al. 2011).
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Historical LCLUC induced changes in regional carbon and water fluxes

Crop expansion induced carbon
storage change during 192000
in South and Southeast Asia
Taoet al.,2011, In Review.
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Future LCLUC induced changes in accumulative land C flux in MA region

Cumulative Carbon Flux (Pg C )

Cumulative Carbon Aux( Pg C )

Changesn the cumulative land carbon flux for selected countries in the monsoon Asia region over the

215t century.
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¢ ) Energy+Land Policy
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What are relative roles of LCLUC and rb@LUC factors (e.qg.,
climate variability/change, nitrogen deposititnoposherei®zone
concentrationpn carbon/wateandcycling?



Impacts of major environmental factors and their
combination with LCLUC on carbon/water cycling and
GHG emissions in Monsoon Asia



