Global and Temporal Characteristics of
hydroclimate/Vegetation Biophysical Process Interactions
---A GCM study with different land/vegetation representations

Yongkang Xue*, F. De Sales, R. Vasic,
C. R. Mechso, A. Arakawa, S. Prince

* Dept. Geography and
Dept. Atmospheric &0Oceanic Sciences
University of California, Los Angeles, USA

2009 GEWEX_ILEAPS Conference, Melbourne, Australia






land surface atmosphere interactions studi
(I). Model development
(I1) Sensitivitystudies
(Albedo,roughnessength,soil moisture,LAl)
(111) . Landuseandlandcoverstudies
(IV) Dataassimilations
(IV). Simulation& predictionstudies



Scientific Issue Quantitativelyassessinghe effect
of vegetatiorbiophysicalprocesse$VBP) in global
watercycle andidentifying regionsandseasorwith
strongVBP effects
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of vegetatiorbiophysicalprocesse$VBP) in global
watercycle andidentifying regionsandseasorwith
strongVBP effects

Many assessmentsf interactionsbetweenclimate
variables/satellitelerived data have been made
basedbn NDVI, FPARanalyses




On the coupling between vegetation and rainfall inter-annual
anomalies: Possible contributions to seasonal rainfall predictability
over land areas

Andrea Alessandri’ and Antonio Navarra'" (2008)-

'BasedonNDVIN observed precipitation variance forced by the
vegetation wvariability has been estimated to be 12% of

the total varance considered on all continental areas with
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How to make assessment based on models?



Method: Two AGCM (UCLA AGCM and NCEP AGCM) coupled
with three land surface schemes :

1). No Interaction modelThe UCLA GCM Land Scheme
Prescribing monthimean land surface characteristics such as
surface albedo, roughness, and ground wetness, but without ar
Interactions with the atmosphere.

2). Partial Interaction modelhe NCEP Two Layer Soil model
(SOIL): simulated ground soil moisture exchange, using
prescribed monthly mean distribution of vegetation albedo and
surface roughness.

3). The VBP modelSimplified Simple Biosphere Mod¢ESiB)
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The choice of land modelsis crucial Those models
should incorporate physical principles in representing
specific land surface processesand have been tested
extensivelyand evaluatedin AGCMs with reasonable
resultsthatthistype of landprocessesanachieve



Progresses in assessing VBP effects

(1). Offline model comparison (PILPS)

(2). Validations of offline land models from field
measurements over the world (FIFE, BOREAL, CPPA,
CEOP).

(3). Validations of coupled models using climate data
(4). Coupled model comparison (GLACE)



Progresses in assessing VBP effects

1). Modeling

(A). Off-line model comparison (PILPS)

(B). Validations of offline land models from field
measurements over the world (FIFE, BOREAL, CPPA,
CEOP).

(C). Validations of coupled models using climate data
(D). Coupled model comparison (GLACE)

Pitman and Hendersepellers (1998)In the experiments
conducted so far within PILPS, only the bucket hydrology
scheme has proven consistently anomalous compared with otl
land vegetation schemes.



Criteria

1). Should VBP Is important in a real climate
systemand the VBP model properly presentshe
VBP processthe simulationsshouldbe improved
VBP effect is Identified by the statistically
significantreductionof biasandRMSE

2). The errorreductionsin NCEPGCM shouldbe
lessthanin UCLA GCM



UCLA GCM with two
surface schemes (processes)

I LA-NOVBP: Specified monthly mean soil moisture
with monthly mean vegetation albedo (in the original
UCLA GCM)

I LA-VBP: SSiB: radiative transfer at canopy,
transpiration, interception loss, vegetatmodified
surface resistance, vegetation and soll property based
on vegetation types, etc.



Observed and the simulated JJA precipitation (mmtday

JJA CMAP Observation
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Observed and the simulated DJF precipitation (mmtday

DJF CMAP Observation
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Annual precipitation (mm day') and differences of
absolute bias and RMSE of simulations between LA-
VGP and LA-NOVGP

Region | CMAP | LA- LA- Abs. bias RMSE
NOVBP | VBP difference ditference

Land 1.88 3.18 2.37 | -0.81(-62%) | -0.61(-42%)

Ocean 3.00 3.37 3.32 -0.05 -0.05

Globe 2.67 3.32 3.05 | -0.27(-41%) | -0.19(-18%)

Note: The number 1n parentheses 1s relative difference.



Differences of absolute bias of annual mean precipitation
(mm day!) between LA/BP and LAYBP
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HL: High latitudes



Annual precipitation (mm day™") and differences of
absolute bias and RMSE of simulations between
LA-VGP and LA-NOVGP

Regions | CMAP | LA- LA- RMSE
NOVBP | VBP difference

Monsoon | 3.35 | 5.43 4.00 | -1.16(-58%)
land

Midlatitude | 1.96 3.52 2.58 | -0.72(-47%)
land

High 1.16 2.24 1.83 | -0.41(-38%)
latitude
land

Note: The number in parentheses 1s relative difference.



Differences of absolute bias of seasonal mean precipitation
(mm day') between UCLA GCM/SSiB and UCLA-BCGN\hteraction
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Red: spring; Yellow: Summer; Cyan: Fall; Light blue: Winter



NCEP Spectral model (T42)
Two Surface Schemes (processes)

I NC-PARTVBP:2 Layer soil model with
monthly mean vegetation albedo and surface
roughness (used in the original NCEP GCM)

I NC-VBP: Simplified Simple Biosphere Model
(SSIB)

I Two scheme use the same Initial soil moisture
and surface albedo



Annual precipitation differences (mm day™)
of simulations between LB-VBP and LA-NOVBP,
NC-VGP and NC-PARTVBP

Regions RMSE
Ditference
LA-VBP -- Global -0.61(-42%)
LA-NOVBP Land
Full VBP Monsoon -1.16
Effects Midlatitude -0.72
High -0.41
latitude
NC-VBP -- Global -0.14(-15%)
NC-PARTVBP | Land
| ) Monsoon -0.22
Partial VBP Midlatitude -0.29
etfects High -0.32
latitude




Surface Energy Balance
SWZ + L WZ
= LH + SH +GH +SWy+

Surface Water Balance
P=E+Roff +a&SM+ &S WE + &

Atmospheric Moisture Change at
seasonal scale
P=E+MFC



Simulation differences of surface evaporation (mm /day)
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