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Introduction

ü Accurate prediction of seasonal-interannual climate variation continuesto be a key

challengefor the modelingcommunity, especiallyover the extratropical regions.

ü Regionalclimate model (RCM) can better resolvethe orographic effectsfrom major

mountains, moisture transport from low-level jets (LLJs) , and water recycling

through land surfaceprocessesthat contain certain memory.

ü CWRF incorporation of a Conjunctive Surface-SubsurfaceProcessmodel (CSSP)
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After decades of development, the land surface models (LSMs) still have large

uncertainties in representing land water and heat storages and related fluxes

(Dirmeyer et al. 2006).

The CSSPis developedasthe core land surfacecomponentof CWRF to account for the

aboveuncertainties.

Uncertainties:

Surface dataset

Albedo and radiation partitioning

Surface exchange coefficients

Soil moisture variability

Surface-subsurface flow interaction

Aquifer and bedrock



CSSP
(Liang et al. 2010b; 

Yuan and Liang 2010)

Subgrid soil moisture variability of topographic control (Choi et al. 2007)

Dynamic surface albedo based on MODIS (Liang et al. 2005c)

Surface-subsurface flow interaction (Choi 2006; Choi and Liang 2010)

Bedrock constraint on water table depths (Yuan and Liang 2010)

CoLM (Dai et al. 2003,2004)

Some parameterizations from CLM3.5 (Oleson et al. 2008)

(Liang et al. 2005a,b)



Evaluating Offline CSSP over the Contiguous U.S.

ü Models (CoLM, CSSP at 30-km; CLM3.5 at 0.25º)

ü Forcing (NARR, 3hr, 1979-2008)

ü Soil moisture (Illinois)

ü Runoff (GRDC)

ü Water table depths (USGS)



Simulated and observed soil moisture over Illinois during 1984-2007

58.029.044.0/ os

83.048.079.0/ os

ü CSSP has the highest CC and lowest MAE, especially near the surface

ü Large MAEs are identified with low soil moisture variability

ü CSSP generates the most realistic phase and amplitude for annual cycle



Seasonal total runoff (mm/day) climatology (1984-2008)

ü All models are realistic over Cascades except for CoLM in summer

ü Only CSSP correctly simulates summer and fall runoff over Sierra-Madre-Occidental Mountains

ü CSSP captures the runoff extremes in winter and spring along the lower Mississippi River, and in spring 

over the southeastern Canada-northeastern U.S. due to explicit treatment of overland flow



Geographic and Frequency Distributions of Simulated Climatological 

Water Table Depth against Observation

USGS CoLM

CSSPCLM3.5 Bias

Mean

ü CSSP exhibits stronger heterogeneity: mountains, river valleys and coasts

ü CSSP has more accuracy: NE, Gulf States, CGP, Lower Co, and Wi 

ü 66% are observed between 4-6 m, while 37%, 38% and 58% for CoLM, CLM3.5 and CSSP

ü CoLM and CLM3.5 underestimate water table depth in general, CSSP has less bias



CWRF Downscaling Seasonal Climate Prediction

ü CFS,T62L64, 3hr, 1982-2008, Dec-Apr, 5 member(Nov 29~Dec3)

ü (37.5ºN, 95.5ºW), 195×138, 30-km, L36up to 50mb

ü Short& longwaveradiation: GSFC

ü Landsurfacemodel: CSSP

ü Planetaryboundarylayer: CAM

ü Deepconvection: Grell 3D ensemblescheme

ü Shallowconvection: Park& Bretherton(2009), UW

ü Microphysics: Thompson



Frequency distribution of RMSE for the interannual

variations of the seasonalmean precipitation over

land predicted by CFSand CWRF.

Geographic distributions of the bias and

RMSE of seasonalprecipitation for the CFS

and CWRF.

ü The peaks of RMSE are larger than 1 mm/day for

the CFS, while around 0.5 mm/day for the CWRF

ü CWRF reduces RMSE for DJFMA by 0.3 mm/day

ü Major improvements occur over middle

to high latitude and NAM (NR, GL)

ü Dry bias over Gulf States during DJF



Average number of rain days (NRD) and 95th percentile daily rainfall for boreal winter 

(JFM) during 1983-2008 from observation, CFS and CWRF.

ü CFS overestimates NRD along

the northern tier and over NAM

ü CWRF improvement due to the

fine resolution and advanced

physics

ü CWRF better predicts the

extreme rainfall


