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Science questions

• How well does the gridded forcing dataset 
match climate-quality regional station 
observations?

• How well can we model the water and 
energy cycles?

• Are the modeled trends and variability in 
the water budget components consistent?



• Large grid cells (100x100 
km)

• Land cover “tiles” (vegetation 
types) within one cell

• At 3-hour time step, simulate:
– Soil moisture
– Snow pack
– Runoff
– Evapotranspiration/Latent heat 

flux
– Soil temperature
– Sensible heat flux
– Ground heat flux

VIC Land Surface Model



SRB
1985-2000, 3hr, 1.0deg
Lw, Sw

Reanalysis
High temporal/low 
spatial resolution

GPCP
1997-, Daily, 1.0deg
P UW

1979-2000, Daily, 2.0deg
P TRMM

2002-, 3hr, 0.25deg
P

Bias Correct and Downscale
• corrected rain day statistics, gauge undercatch
• removal of biases in monthly P, T, DTR, SW, LW
• removal of spurious trends in SW 
• adjustment for elevation effects
• downscale in time and space

Precipitation

Temperature

SW Radiation

Precipitation

Temperature

SW Radiation

Diurnal Cycle

Princeton Global Meteorological 
Forcing Dataset

Global Forcing Dataset
High temporal/high 

spatial resolution, bias corrected, 
trend corrected, etc…

Observations
Generally low temporal/high 

spatial resolution

Sheffield et al., 2006

CRU
1901-2006, Monthly, 0.5deg
P, T, Tmin, Tmax, Cld



Shortwave Radiation

• 35 Stations, 1964-1993
• Princeton forcings are scaled to match monthly 

SRB data
• Bias-corrected Princeton forcings match 

observations well World Radiation Data Centre

WRDC Observations Princeton ForcingsNCEP Reanalysis
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Precipitation

SONJJA

MAMDJF

SONJJA
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Severnaya Dvina
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Influence of forcings corrections:
Severnaya Dvina 

With Undercatch Corrections Without Undercatch Corrections
DepthSWE DepthSWE

Annual Mean Discharge

Obs
VIC

NSIDC: Russian Snow Surveys
R-Arctic-NET

70 mm
45 mm
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Soil temperature

NSIDC: Russian Historical Soil 
Temperature Data

Monthly Bias
Jan Apr

Jul Oct
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Severnaya Dvina: Anomalies in 
Annual Precipitation & Discharge

• Annual discharge and 
precipitation have same 
strength of relationship 
for obs. and model 
(τk=0.40 for obs, τk=0.43 
for model)

Observations 

VIC

Precipitation
Discharge



Precipitation Trends

Eurasian Basins

0.130.36
PU (entire 
domain)

0.070.48
PU (subset w/ 
observations)

<0.010.55Observations

p-value
Trend

[mm/yr]



Water Budget Trends
Precipitation Evaporation

Runoff Soil Moisture



Summary

• Gridded forcing dataset matches observations 
well for variety of variables, with some regional 
improvements needed.

• Winter precipitation corrections improve 
modeling of the spring freshet; biases in summer 
discharge can be improved through calibration.

• Although biases exist in the modeling of some 
variables, interannual variability matches 
observations well. Trends remain elusive.


