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1. [land Cover Change OVerview

Land Cover, Change Impacts on Climate System are divided into:

Biogeophysical ProCESSES:

«  Albedo
*  Surface Hydroelogy = lranspiration; Canopy: Evap,
SOl Evap

o SUrface Roughness

o AtmMOSPhErNCc RESPONSE N IEeEMperature; Precipitation
and Circulation

Biogeochemical ProCEesSes:

. Earbon
. Methane

o \Volatile Organics (Iseprene) -> Photochemistry with N@X
resulting in Tropospheric ©zone
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1. [Land Cover. Change Investigations

1. There have been awide range of investigations into the Climate
Impacts of/Land Cover. Change focussing 6n changes in
Biogeophysical lLand Surface ProGCeSSeS

2. Studies by @leson etals, (2004); Eindelletal s (2007); Brovkiniet
all; (1999); BElls, (1999), and ethers have foundreplacing
Need|eleafiand Broadleafiforests with /Agriculturein
mid=latittdes results in cooling efimean surfacetemps by 1=2'C
regionally’through increased albedo

3. Studies by 'Eeddema etall, (2005);, Chase etiall; (1996), PIElKE,
(2001), and others have foundilropical Deforestation resultsiin
warming efimean surfacetemps by 1-2 € regionally through
reducedievapo-transpiration andincreasedisensipleheatfiux

4. Thelatter;studies also found the reduced evapo-transpiration
Impacts tropical convection and precipitation, with impacts on
MoNnsoon systems, as well'as impacts on extra-tropical
circulation through tele-connected changes in tropical'divergence



1. IPCC 4" Assessment Repori:

INTAR4 the Climate Impacts of: Land Cover,Change are limited
to radiative cooling of -0:2 Wim2 2 through increased albedo
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1. Climate Impacts ofiLand Cover Change ExXperiments

1.

Jurns outthe Climate Impacts ofiLand Cover, Change are
nighly dependent:on the nature of:ithe'vegetation changes and
the climate regime ofithe region infwhich the change occurs

e expernments are also Very 'sensitive to:

How the LLand Cover Changes are representealinithe
parameters ofithe LLand SurfaceModel;

How the LLand'Surface Model'simulates the changes in altedo,
surface hydroelogy, and roughness describedinthe changed
land surface parameters;

Andhow the Atmospheric Model responds to the changes in
surface fluxes that result from the changed ' Land Surface



2. Reconstructing Potential Vegetation — R&FE Biomes

[Describe potential vegetation from Ramankutty.and /Foley, (1999)

Ramankutty and Foley Potential Veg Biomes Hexaltine and Prentice Biomes
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1 Tropical Evergreen Forest
2 Tropical Deciduous Forest
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8 Mixed Forest
9 Savanna
10 Grassland
11 Dense Shrubland
[ 112 Open Shrubland
113 Tundra
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I 15 Polar Desert/Rockilce
Bl 16 Land Use
[ 17 Wetland

)
==
[
]
=
1
]
]
]
]
]

Current Day'Remnant- NaturalfVegetation mapped from the 1992
AVHRRIGlobal lland Cover: Classification of;Loveland ‘et-al:; (2000)

Areas of/landuse are replaced with the BIOME 3.0 bio-climatically.
modeled natural vegetation of  Haxeltine and Prentice; (1996)



2. Reconstructing Potential Vegetation — R&FE Biomes
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Problem: We have a Potential Vegetation biome map that doesn’t
match any current.-day vegetation map

Solution: Create an eguivalent Current Day Biome Map using
the GLCC current day data, and the methods described
In Ramankutty and Foley, (1999) but keep Land Use



2. Reconstructing Potential Veg —

a) Ramankutty and Foley Potential Veg Biomes
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2. Reconstructing Potential Veg — Current Day BIomes

Ramankutty and Foley Potential Veg Biomes GLCC Current Day Biomes

Water [ 110 Grassland
Tropical Evergreen Forest [ 11 Dense Shrubland

Tropical Deciduous Forest [ 112 Open Shrubland
Temperate Broadleaf Evergreen Forest [ 113 Tundra

Temperate Needleleaf Evergreen Forest I 14 Desert

Temperate Deciduous Forest I 15 Polar Desert/Rockflce
Boreal Evergreen Forest Bl 16 Land Use

Boreal Deciduous Forest [ 17 Wetland

Mized Forest

Savanna
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2. Reconstructing Potential Vegetation - Extrapolation

Problem: We now have consistent biome maps, butthoew de we
generate PotentialiVegetation PEIs; LA, SAl and Soil
Colorconsistently:with'current.-day, MODIS parameters?

Solutions Spatially‘extrapolate the MODIS CLM parameters ol
Llawrence and/Ghase; (2007) rem currentday remnant
natural BIemes to the potential Vegetation biome
distributions

Caveat: Ihe MEDIS land CoVver,map IS USed as a secondary filter
SO cUrrentday, bIomes are net usedifithey have been
degradedbetweenithe 1992 GIECC Mappingrandithe
VI@DISidata (2001 —2004)

We also apply MODIS VCE tree cover thresholds to
remnant natural biomes as a further filter,to remove
degraded biomes not filtered by MODIS LLand Cover.



2. Reconstructing Potential Veg — CLLM PE T Differences

90N

G0N

90N

G0N

Current Day - Potential Tree PFTs o

180 150VY 1200 90W GOVY 30V JOE G&OE 90E 120E 150E 180

Current Day - Potential Shrub PFTs %

180 1500 120vy O0W GOWY 30W JOE &0E 90E 120E 150E 180

90N

GON

90N L

G0N

Current Day - Potential Crop PFTs o

180 150V 120v¥ O0WY 60WVV 30 0 30E G60E 90E 120E 150E 180

Current Day - Potential Grass PFTs

180 150vv 1200y 90W 6O0VY 30U JOE 60E 90E 120E 150E 180

50 25 10 &

-1

1

58 10 25 50




2. Reconstructing Potential Veg — LAI'& SAI Differences
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3. Land Cover. Change Experiments

SO NOW. We have:

Current: Day CEMiparameters described from MODIS

Potential\Vegetation CLLM parameters consistentiwith
Ramankutty and Eoley; (1999) biome mapping and the PEIS,
AT SAlfandiSell Colorare consistenttwith MODIS params

\Wefoundithat.coupledto: CAMISI0, CLEVIFSI0S teo dry, CLLM
3.5'IS tO0)WET; and bothiare dominated by SOl evaporation.
This has bigimpacts on ' climate response toland cover
change.

\We now need to change CLMSurface Hydrology: so that
global’ETris dominated by transpiration following
Dirmeyer. et al., (2005) and ' Lawrence (D. M:) et.al:, (2007)



3. Surface Hydroelogy.

1. When coupledito CAM3.0.the modified CLMmodel (CLM'SIB)
nas Elrdominated by transpiration, wWith evapo-transpiration

partition'consistentwith ithe multi=model average oiiDirmeyer,
S| (20)0)5)

Av Global Precip Total ET Transp Can Evap Soil Evap Runoff Drain
Hydrology | mm/day mm/day (%ET) (%ET) (%ET) mm/day mm/day

CLM 3.0 2.46 1.52 0.23 (15%) | 0.58 (38%) | 0.70 (46%) 0.47 0.41

CLM SiB 2.44 1.55 0.65 (42%) | 0.34 (22%) | 0.56 (36%) 0.32 0.51
2.29 1.34 0.64 (47%) | 0.22 (17%) | 0.48 (36%) 0.32 0.63

CLEMISIBIS fullysdescribediin’Llawrence and / hase; (2008)
Journal 'of;Hydrometeorology accepted With revisions



3. Land Cover. Change Experiments

SO NOW WE have:
o Current Day CEMiparameters described firom MODIS

o PotentialVegetation CLEM parameters consistentwith
Ramankutty and Eoley; (1999) biome mapping and the PEIS,
AT SAlfandiSell Colorare consistenttwith MODIS params

o CLVISIB Surface Hydrology:withigloballElfis dominated by
transpiration fellowing Dirmeyer et:als; (2005)and LLlawrence
(D M:)etal 5 (2007)



3. Land Cover. Change Experimental Design

CCSINIEXPERMERISAVIL
CANVI S0 AUIMESPHENE

1949 = 2001 Climatelegy: SSiis
andSealce

Current Day MODIS Land CoVer

3 x:380iyears

Potential’\Vegetation LLand
Cover

3 X:30iyears




3. CECSM Land Cover. €hange — lemperature Change

{a) Current Day - Potential Veg DJF 2 m Temperature {b}) Current Day - Potential Veg MAM 2 m Temperature
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3. Surface Hydroelogy.

1. 2m Al lemperature Changes with' Land Cover. Change

I

PotV Curr (Diff) PotV Curr (Diff) PotV Curr (Diff) PotV | Curr (Diff)

sseon | o0 | 72009 2s@n | a2 | aac0n

Climate Impacts ofiGlobal lLand Cover Change s fully
describedin Lawrence and/Chase, (2008h) Journal of
Geophysical'Research in review



3. CCSM LLand Cover. €hange — Precip Change

{a) Current Day - Potential Vegq DJF Precipitation {b) Current Day - Potential Veg MAM Precipitation
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3. CCSM Land Cover. €hange — Forcing Changes JJA

{a) Current Day - Potential Veq JJA Latent Heat Flux
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3. Impacts of  Global Land Cover. Change Summary.

1. OveralllWarming and Drying Globally.

2. Largestimpacts are infAsia and Eurepe withismallerimpactsin
NorthrAmerica; Seuth America; Africaand Australia

3. Climate impactiare predominantly driven by changes in
hydroelegy:withtalbedo playinga secondary role



4, Asian Land Cover. Change vs El' Nine ExXperiments

Glven the strong/influence ofiLand Cover.Change in Asiawe
nave furtherinyvestigated the land cover,.change surface
forcing compared tortherelatively welllunderstoodisuriace
forcingrom an EIFNNIinG:

» Average ElI'Nimoermoenthly, SSiis prescribed frominDOCN
compared tor1949=2001 climatoelegy monthly ' SSis.

o EI'NIne SSiranomalies taken from Hadley: Centerrmonthly
SSIswhere Nine 4, 2:.and/Siregions are wanmerthan
climatelegy by 1°C for the season (1870 — 2003).

» Asia Potential Vegetation' CLEMiparameters frommnew Global
Potential VVegetation parameters Subset to



4, ILand Cover. Change Experimental Design

CCSNIIEXPERMENRTS ]
With CAI\/I% 0 Slimatoloy SaTe and | AVEIA0EABT0 2003
' oY EIFTNING SSIiS
Atmespherne SEAICE
Current:Day MODIS
W e 4 3 X830 years 3 xt80 years
Asian Potential
\egetation'Land 3 X380 years
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4, CESM Asia lLand Cover. Change vs EI'NIne 2 m Tlemp

{a) Current Day - Asia Potential Veg DJF 2 m Temperature {b} El Nino - Climatology $8Ts DJF 2 m Temperature
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4, CECSM AsIa lLand Cover Change vs El'Nine Precip

{a) Current Day - Asia Potential Veg DJF Precipitation {b} ElNino - Climatology $5Ts DJF Precipitation
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4, CCSM Asia LCC vs El'Ninoe Precip and Circulation

{a) Current Day - Asia Potential Veg JJA Precipitation

{b) El Nino - Climatology $8Ts JJA Precipitation
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4, CCSM Asia LCC vs El'Ninoe Precip and Circulation

{a) Current Day - Asia Potential Veg JJA Precipitation {b) ElNino - Climatology $8Ts JJA Precipitation
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4, Asian Land Cover €Change vs EI'NIne Summary,

1. Asian LECEC has smaller;surface forcing in terms ofiarea but
similarin temperature change

2. Monsoeon circulation' changes are substantially weakerthan El
Ninoeforcingbutstill'present

3. ihere areweakitele-connectionsito nigherlatttudes in' BIEwith
reduced magnituderandisignificance butistillipresent

45 lfecalized 'surface hydrology . changes are biggerthan EI'NInG
feedbacksiandiare the majordriver,effAsian climate changes



5. OQutstanding ISSUes

1.

Ramankutty and Foley Potential Vegetation is highly
conservative as Current Day “natural vegetation™” is poor guide
N many. areas with otherhuman disturbance

Large amounts ofigrass in potential vegetation
- [INIS can be traced tor100% grassy . understorey in current: P&l
calculation (Currently underinvestigation)

Noirrigationicurrently formulatedin CLEV
- Importantiffhydrelogy s dominantiorcing in LCE

No Urban —soeon to be addressed

ItiS difficultite constructirealistic Land Cover.Change
parameters, with arpitrary, decisions having big impacts on
climate response



