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1) Snow Simulations
Snowpack simulation improvement at regional scales

2) Impact of Irrigation and land use change on local and regional
climate
Better understanding of the contribution of irrigation and land use
change to regional climate change

3) Regional Climate Simulations and Forecasts
Improvements of regional climate simulations and forecasts
through statistical and dynamical downscaling approaches.

4) Lake-effect simulations and predictions in regional climate
system.

On-going projects in my group  



There are about 304 million lakes (4.2 million km2

in area) on the Earth (Downing et al. 2006).

In the United States, 7% of the area is covered by
lakes.

The area in the Tibetan Plateau is 36,900 km2,
accounting for 52% of the total lake area of China
(Bianduo 2009).

Lakes on the Earth



The Great Lakes enhance precipitation by 200%
Lake-Effect Snow

Lake Effect on Precipitation  



Lake Temperature Predictions 

Balsamo et al. (2012) 

Winter Summer



Lake stratification and mixing



Lake-Effect Precipitation 

Cold wind
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All the release versions of the Weather Research
Forecasting (WRF) model do not include a
lake scheme.

The lake surface temperature is provided by the
forcing data for the WRF model.

Regional Climate Model



Difference of the NARR LST and MODIS LST
Lake region mean

Superior

Huron
Ontario

Erie
Michigan

LST: Lake surface temperature 

NARR:   North American Regional 
Analysis 

MODIS: Moderate Resolution Imaging 
Spectroradiometer Satellite data



OBS- U. Delaware       
87mm     

WRF-MODIS
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WRF-NARR
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Precipitation Simulations at 10 km  Resolution with WRF over the Great Lakes Region

February 2006



• The lake model used is a one-dimensional
water and energy balance model (Hostetler et
al,1993;1994).

• The lake in the model is divided into 10 vertical
layers.

A Physically-based Lake Model



Lake Taihu



Offline lake model tests over Lake Taihu

1. Roughness length(Z0)

2. Beta (   ) (Fractional solar radiation at the 
surface)

3. Lake depth (D) 

β



Lake Surface Temperature Simulations 

Z0 = 0.0002 m

Z0 = 0.001  m



Flux differences with different Z0

Latent Heat Flux



• Z0 = 0.0002
Beta = 0.4

Beta = 0.6

Z0 = 0.0002 m

Lake Surface Temperature Simulations 



Lake Depth = 2m

Lake Depth = 1m

Lake Surface Temperature Simulations 

Beta = 0.6
Z0 = 0.0002 m



We have recently coupled the lake model into the
WRF model.

Simulations with the coupled WRF-lake model
were performed over Lake Taihu with three
nested domains (45-15-5km)

Lake Parameters: Z0=0.0002m, Beta=0.6, D=1m

Coupling of the WRF-Lake  Model



T2 T2

LST LST

WRF without the lake model WRF with the lake model

Lake Surface Temperature Simulations (5km resolution) 



Simulated Lake-Effect Precipitation with the WRF-lake model over the Great Salt Lake  

November  2001
WRF simulated 
precipitation 
difference between 
with lake and 
without lake

Average Lake depth : 5 m



Lake Surface Temperature Simulations over Great Salt Lake

Average Lake depth : 5 m

Great Salt Lake

WRF-Lake Simulations at 10 km resolution 

Effects of salinity:
1) Freezing point
2) Water Density 
3) Thermal Conductivity
4) Heat capacity
5) Evaporation

Salinity:
GSL: ~ 20%
Ocean: ~ 3.5%



Great Lakes



Surface Temperature Simulations at 10 km resolution  for Lake Erie

The average depth of Lake Erie is 19 m with a maximum depth of 64 m  



Surface Temperature Simulations at 10 km Resolution for Lake Superior

The average depth of Lake Superior  is 147 m with a maximum depth of 406 m. 



Observed Surface Temperature and Near-Surface Air 
Temperature over Lake Erie

The average depth is 19 m 

The air temperature was 
measured at a height of 4 m



Observed Surface Temperature and Near-Surface Air 
Temperature over Lake Superior 

The average depth is 147 m 

The air temperature was 
measured at a height of 4 m



Processes Affecting Lake Surface Temperature

Atmospheric Forcing Atmospheric Forcing 

Shallow Lake

Deep Lake Deep 
Water 
Forcing 



Vertical Energy Transfer within the Lake Water

1) Molecular Diffusion  Coefficient (Km) = 1.433x10-7 (m2/s)

2) Eddy Diffusion Coefficient (Ke) (Unit: m2/s) 

Ke,i =
kw*zi

P0(1+ 37Ri2)
exp(−k*zi) Tg > Tf

0 Tg ≤ Tf


 
 

  
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1≤ i <10



Sensitivity Tests over Lake Superior with Different Molecular Diffusion 
Coefficients (Km)



Martynov et al., 2010, Boreal Environmental Research 

Lake Depth: 147 m

Lake Depth: 85 m

Lake Depth: 19 m



Observed Wave Height 

1980-20092002



Observed Temperature Profile over Lake Superior 

University of Minnesota (http://www.seagrant.umn.edu/superior/processes)



Simulated Temperature Profile over Lake Superior 



Sensitivity Tests with Different Eddy Diffusion Coefficients (Ke)



Lake Depth T>4 oC 0oC ≤T≤4oC T<0oC

>150m 102Ke 105Ke 0

15~150m 102Ke 104Ke 0

<15m Ke Ke 0

Eddy Diffusion Coefficients (Ke)



Surface Temperature Simulations for Lake Superior



Simulated Temperature Profiles over Lake Superior 

Old Ke New Ke



Near-Surface Air Temperature Simulations for Lake Superior

The air temperature was 
measured or simulated at 
a height of 4 m



NARR minus MODIS WRF-Lake minus MODIS

o c o c

Winter (DJF),  2003-2008 Winter (DJF), 2003-2008

Mean Bias = 4.0 
oC

Mean Bias = 0.2 
oC

Lake Surface Temperature Bias
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Observation Simulation

Dec

Jan

Feb

2003-2008

Lake Ice Fraction Simulations

0.55

0.82

0.82

Spatial 
Correlation 
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Ice Thickness Simulations for Lake Lower Two Medicine

Sun and Jin 2012
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Winter Precipitation Simulations



Precipitation Bias
(Domain Average)

WRF-NARR minus OBS

WRF-Lake minus OBS

2003-2008

Bias = 7.2mm/month

Bias = 4.3mm/month 

Simulated Precipitation Bias 



 The coupled WRF-Lake model realistically
simulates the lake surface temperature and lake
ice fraction for the Great Lakes.

 This coupled model also reduces the biases in
the lake-effect precipitation simulations and has
a capability of dynamic simulations of lake-
atmosphere interactions.

Summary
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