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Background -

Why do we need snowmelt modeling ?

\
& |IPCC, 2007 brought an attention to policy and decision makers for the gradu

Improvement of knowledge ofinoff changes due to the changes of glaciers,
snow coverrain-snow transition, and frozen groundin different climate
S regions througiphysically based and processriented modeling

)

& Seasonal snow cover is an important componetiteddnd surface hydrology
and is critical for simulation of water and energy budgets in cold and high
elevation regions.

# To assess th&patial distribution of snow coverageand to understand the sno
processes in the Himalayan environment.
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Background o

@ In Nepalese Himalaya, many studies have been conducted using conceptua
hydrological mode(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
2006 and distributed process based hydrological m@dehz et al., 2007;Alfor
\_ and Armstrong, 200)dor simulation of snow and glacier melt.

S8 B

@ In general, snow cover modeling in basin scale, especially in Himalaya reqic
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; Kon:

\_al., 2007; Immerzeel et al., 2009

2 @/

@ This study attempts to show how the spatial distribution of show cover can
obtained as a model output and its significance in understanding the current
Himalayan environment using a distributed biosphere hydrological model wiitl

\_ energy balance based snow melt module in Dudhkoshi region of Nepal Hima

€

5= 5
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Model %

Water and Energy Budget based Distributed Hydrological Model (WEBDHM)
Wang et al., 2009(a,b)

Hydrological Process Module : Land Surface Process Module :
Geomorphology based hydrological + Simple Biosphere Model 2 (SiB2).
model (GBHM).i Basin Scale (D) Point Scale (dD)
. AOne layered bulk snow mass balance
p 7 ¥ AConstant density
s T\ AAveraged snowpack temperature for bulk layer.

LE 1 T\ Alt does not consider the prognostic snow albedo.

| ® 3 Layer snow physics of Simplified Simple
| Sonsfatace _ Biosphere Model 3 (SSiB3Roint Scale (D)

| i = l
I| | :
\

| Gromkavairam o Biosphere Atmoshpere Transfer Scheme (BATS
\ilmioi e albedo scheme
N Bty D—l‘m‘-~l

e A
AR
€

(Shrestha et al., 2010)
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Model ~ WEB-DHM -S o

H, @B DLW ULW DSW USw  Rainfall

1 1 l T \/ lSnowfaII
Surface Snow Layer (4 p — Snow
Middle Snow Layer (2) SV\“V 27N }Iritr?cr)?fl
Bottom Snow Layer (Dconductiory tran&:'lttance VV_ Tadl

Y=

ZOY

<

Surface Soil Layer (Q)
Root Zone (B)

Deep Soil Zone (B

Aquifer Depth (Q)

v G
runoff
Energy Balance Equations - — Impervious Boundary
—*=Rn (Canopy)
Mass Balance Equations
oH(Z;)  0G(Z)) (Snow)
a oz aMsnowj _{PS+ IR, - IFj _Rj - E,, Top layer (SI’IOW)
H(Z,)= C(Z))x (Tn(Z)-27316) - ot IF,—1F —R Underlying layers
: fice(zj)xhlxps(zj)
Rnsn lE .+ G or Top layer -
G.(Z)= a Z,) In each layer, snow enthalpy and snow mass is calculated.
SN K(Z ) Snz SV\én(Z-) Underlying layers
hal f snow at melting temperature is taken as zero.
ci_ ) (Zl) 2C,0,-T)  (Land Enthalpy of snow at melting temperature is taken as zero
ot 74 Surface) Snow water equivalent Snow depth  Ice content  Albedo
C, [Eiry :M (Deep soil) .
& z,/3657 Snow temperature Snow density Water content Snow melt
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Point scale evaluation at ShowMIP sites F
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(Shrestha et al., 2010)
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Point scale evaluation at ShowMIP sites F

a) Snow surface temperature at CDP (19967) b) Snow surface temperature at CDP (19988) ¢) Snow surface temperature at WFJ (199233)

N
~
a

— Qbs. (UDG)
— WEB-DHM
— WEB-DHM-S

~ 275
< ] N [ TUIHLY MU Y
= Ny Y ) u I\,‘/ kY \JUU\J\’ \
S 265 Y ¥
‘@‘ 4
8 2554
5
= 245 i T L T
3/11 3/21 3/31 4/1 4/11 4/21 5/1 3/21 3/31 4/10 4/20 4/30
WEB-DHM WEB-DHM-S WEB-DHM WEB-DHM-S WEB-DHM WEB-DHM-S
~ 275 ~ 275 ~ 275 — 275 ~ ~ 275
<4 < g Rox: o - <4 g , ;
£ 270 2 270 £ 2701 £ 270 2 2 2654
g g g g g g
£ 2651 £ 265+ £ 265 £ 265 - 15 £ 1 -
L -] 2 2 iS] L 2554 °
E 260 - E 260 - . B 260 - E 260 E 1 g ]
© © © © © © y
3 3 i 5 , 3 i S 245 S 2459 .
2 2551 i 2255 i 225 , 2255 i E | i E |- ,
(7] =055 O = n = 7] =0.82 (%) = (7] =0.8¢
w0t REOS D gyt 0 RISOT 250 4 REOEG D g f T RS08 235 e ROEO6E D gg )l RCO0E
250 255 260 265 270 275 250 255 260 265 270 275 250 255 260 265 270 275 250 255 260 265 270 275 235 245 255 265 275 235 245 255 265 275
Observed temperature ( Observed temperature ( Observed temperature ( Observed temperature ( Observed temperature ( Observed temperature (

Simulation of the spatial distribution of snow cover in Himalayan river basin of Nepal



I nternati onal Symposium o

Study area/Data
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o 4

STUDY PERIOD:

Coordinated Enhanced Observing Period
(CEOP)i EOP 3
(2 Oct. 2002 to 25 June 2003)

FORCING DATA:

SRTM DEMi 90m

USGS Land usiel1 km

FAO Soili 9 km

MOD15A2 Leaf Area Index (LAI)
MOD15A2 Fraction of photosynthetically
active radiation (FPAR) 1km 8 daily
Precipitation (Raingauge/ TRMM3B42V¢
7. Meteorological data ~

Downward shortwave radiation (DSR)
Downward longwave radiation (DLR)
Pressure

Wind speed

Specific humidity

Air temperature

VALIDATION DATA:

1. Snow depth, USR, ULR at Pyramid site
2. MOD10A2 snow cover product
3. MOD11A2 land surface temperature

DR

o
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Data Processing o

Precipitation data in high elevation area during the winter season is not reliable as the g
IS not heated at all CEOP sites. Precipitation is generally observed during morning after :
insolation, mainly due to the snowmelt.
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Fig: Snow depth, albdeo, air temperature and precipitation at Pyramid Site

Hence, the precipitation is corrected based upon available datasets of either all or any or
albedo, snow depth measurement and surface air temperature data. This approach was
by Lang and Barros (2004) and Ueno et al. (2008).
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Data Processing o

Basin scale interpolation of Forcing data

Air temperature- Lapse rate

Downward Longwave radiationAnalytical method (using temperature and transmissi\
Downward shortwave radiatignAnalytical method (latitude, elevation, solar angle)
Wind speed, relative humidity Hypsometry

Precipitation Detrended Inverse distance weightage (DIDW)

MODIS dataset

Modis reprojection Tool(MRT) is used to reproject and refortmat the downloaded 8 da
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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Pyramid site, 2002-0:
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Fig: Comparison of the observed and the simulated snow depth
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Results . 4
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Results o

v

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

BIAS = 0.04 Wn¥ and RMSE = 24.25 Wrh
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