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IPCC, 2007 brought an attention to policy and decision makers for the gradual

improvement of knowledge of runoff changes due to the changes of glaciers,

snow cover, rain-snow transition, and frozen groundin different climate

regions through physically based and process-oriented modeling.

Seasonal snow cover is an important component of the land surface hydrology

and is critical for simulation of water and energy budgets in cold and high

elevation regions.

To assess thespatial distribution of snow coverageand to understand the snow

processes in the Himalayan environment. 
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Background

Why do we need snowmelt modeling ?
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In Nepalese Himalaya, many studies have been conducted using conceptual

hydrological model (Fukushima et al., 1991; Braun et al., 1993; Rana et al.,

1997; Sharma et al., 2000; Chalise et al., 2003; Kayastha et al, 2005; Rees et al.,

2006) and distributed process based hydrological model (Konz et al., 2007;Alford

and Armstrong, 2010) for simulation of snow and glacier melt. 

In general, snow cover modeling in basin scale, especially in Himalaya region

makes use of the satellite snow cover information as the input to the model

(Rango et al., 1977; Martinec and Rango, 1995; Singh and Jain, 2003; Konz et 

al., 2007; Immerzeel et al., 2009).

This study attempts to show how the spatial distribution of snow cover can be

obtained as a model output and its significance in understanding the current

Himalayan environment using a distributed biosphere hydrological model with the

energy balance based snow melt module in Dudhkoshi region of Nepal Himalaya.
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Background
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Model 

Geomorphology based hydrological 

model (GBHM). ïBasin Scale (2-D)

Hydrological Process Module :

Simple Biosphere Model 2 (SiB2). 

Point Scale (1-D)

Land Surface Process Module :

+

Water and Energy Budget based Distributed Hydrological Model (WEB-DHM)

Wang et al., 2009(a,b)

3 Layer snow physics of Simplified Simple 

Biosphere Model 3 (SSiB3). Point Scale (1-D)

Biosphere Atmoshpere Transfer Scheme (BATS) 

albedo scheme

WEB-DHM-S

ÅOne layered bulk snow mass balance 

ÅConstant density.

ÅAveraged snowpack temperature for bulk layer.

ÅIt does not consider the prognostic snow albedo.

(Shrestha et al., 2010)
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Model ~ WEB-DHM -S
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Point scale evaluation at SnowMIP sites 

(Shrestha et al., 2010)

                   Col De Porte (1996-97)                                      Col De Porte (1997-98)                                   Weissfluhjoch (1992-93)                               Sleepers River (1996-97) 
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Point scale evaluation at SnowMIP sites 
  a) Snow surface temperature at CDP (1996-97)                     b) Snow surface temperature at CDP (1997-98)                    c) Snow surface temperature at WFJ (1992-93) 
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Study area/Data 

Dudhkoshi basin (3700 km2)

FORCING DATA:

1.  SRTM DEM ï90m

2.  USGS Land use ï1 km

3.  FAO Soil ï9 km 

4.  MOD15A2 Leaf Area Index (LAI) 

5.  MOD15A2 Fraction of photosynthetically

active radiation (FPAR) ï1km 8 daily 

6.  Precipitation (Raingauge/ TRMM3B42V6)

7.  Meteorological data ~

Downward shortwave radiation (DSR)

Downward longwave radiation (DLR)

Pressure

Wind speed

Specific humidity

Air temperature

STUDY PERIOD:

Coordinated Enhanced Observing Period

(CEOP) ïEOP 3 

(2 Oct. 2002 to 25 June 2003)

VALIDATION DATA:

1. Snow depth, USR, ULR at Pyramid site

2.  MOD10A2 snow cover product

3.  MOD11A2 land surface temperature

Model Grid Size : 1 km2

Time step           : Hourly

8848
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Data Processing 

Precipitation data in high elevation area during the winter season is not reliable as the gauge 

is not heated at all CEOP sites. Precipitation is generally observed during morning after strong 

insolation, mainly due to the snowmelt.
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Hence, the precipitation is corrected based upon available datasets of either all or any one of 

albedo, snow depth measurement and surface air temperature data. This approach was also used 

by Lang and Barros (2004) and Ueno et al. (2008).

Fig: Snow depth, albdeo, air temperature and precipitation at Pyramid Site
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Data Processing 

Basin scale interpolation of Forcing data

Air temperature  - Lapse rate

Downward Longwave radiation ïAnalytical method (using temperature and transmissivity)

Downward shortwave radiation ïAnalytical method (latitude, elevation, solar angle)

Wind speed, relative humidity ïHypsometry

Precipitation - Detrended Inverse distance weightage (DIDW)

MODIS dataset

Modis reprojection Tool(MRT) is used to reproject and refortmat the downloaded 8 daily

LAI/FPAR, Snow cover and LST in HDF format to binary in UNIX using batch file. 

Binary data is converted to ascii format by using C++ and mask out for watershed

area using Arc info/Arc GIS 9.3

TRMM

hourly TRMM  3B42V6 is linearly interpolated using 4 point weightage method.
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Results

Pyramid site, 2002-03
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Fig: Comparison of the observed and the simulated snow depth

BIAS = -0.007

RMSE = 0.03
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Results
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Fig.: Upward Shortwave Radiation (USR) at Pyramid Site

BIAS = 13.42 Wm-2 and RMSE = 64.53 Wm-2
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Results

Fig.: Upward Longwave Radiation (ULR) at Pyramid Site

BIAS = 0.04 Wm-2 and RMSE = 24.25 Wm-2


