A hydrologic model of a data-scarce, mountainous

basin to assess passive microwave estimates of SWE;
A case study of the Upper Helmand Watershed, Afghanistan

Carrie M. Vuyovich, Jennifer Jacobs, Steven F. Daly

UwiversiTy af
MNEw HAaoMPsSHIRE



Objectives

To better understand the water resources in the Upper
Helmand Watershed, Afghanistan.

To develop a snow hydrology model of the basin using
available ground and remotely sensed data.

To compare results of the snow model to passive
microwave estimates of snow water equivalent (SWE).
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Snow Hydrology Model
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A Precipitation Data
Limited gage data
TRMM 3B42 precipitation
Resampled to 1km? grids
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Snow Hydrology Model
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I High-resolution SCA imagery
available from 2006-2009
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Hydrologic Model

A Model runoff was calibrated to reservoir
inflows

A Reservoir Data available:
I Monthly reservoir levels, 1998 through present
I Daily reservoir levels, 2006-2007
I Elevation-Discharge relationship
I Elevationi Area1 Storage relationship

|(t)— B &9 R) HY

O(t) = outflow (cms), estimated from Elevation-Discharge
relationship, based on unit capacity for Kajakai Dam

i gB(t) = Change in storage, based on Elevation-Area-
Storage relationship, (USACE 2007, USGS 2007)

i P(t) = Precipitation (mm), TRMM
i E(t) = Evaporation (mm), estimated using Hargreaves
method

)
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Hydrologic Model

Reservoir Inflow (cms)

2006-07

— Calculated Inflow

—o— Snow Model

Inflow (m*/s)

O T T T T TV
Feb 07 Mar 07 Apr 07 May 07 Jun 07

Date

1040
Water Level (m)

1035 A

1030 A

Elevation (m)

1025 A

1020 .
Feb 07 Mar 07




Hydrologic Model
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Hydrologic Model
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Passive Microwave SWE

A Sources of error
I Snow metamorphosis
i Wet snow "
I Saturation depth
I Topology
I Vegetation

I Resolution i 25 km?

A AMSR-E daily SWE product
T NSIDC EASE Grid

140 45000
c —— SSMII "’:10 Gﬁ S
B 1201 —— AMSR-E qur S
) —— SCA Imagery - 35069
S 100 -
o - 30000
ST =
80 | i
<_<> E 25000 §/
X
S - 20000 &
=0 )
c - 15000
S 40 - 1
E - 10000 i
< 20 | : 1)
= k - 5000 L}
0 L0 )

Oct 2003 Sep 2004 Sep 2005 Sep 2006 Sep 2007 Sep 2008

UnivERSITY af
Date

MNEw HAaoMPsSHIRE




16

Passive Microwave SWE
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Passive Microwave SWE
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W s v
p! Model SWE (mm)
2 0-50 | 50-100 | 100-150 | 150-200 | 200-250 | 250-300
Iy 0-50 540 13 1 1 2 0 557
e 50-100 36 9 7 0 1 0 53
A AMSR-E SWE  100-150 31 27 10 0 0 1 69
(mm) 150-200 2 20 1 0 0 0 23
Nov 2006 200-250 0 0 0 0 0 0 0
—— 250-300 |0 0 0 0 0 0 0
& > 609 69 19 1 3 1 702
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Using AMSR-E as Initial conditions
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