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WEB-DHM-S Model

Model Development
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Seasonal snow - temporary buffer for precipitation
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Snowdepth measurement

Ultrasonic sounder

Other: Laser mapping



Snow water equivalent (SWE)

« SWE is the water balance parameter in hydrological models.

« SWE is the amount of water contained within the snowpack.

* [t can be thought of as the depth of water that would theoretically result if the
entire snowpack was melted out instantaneously.
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Meltout water SWE

Snowdepth f= =8
(SD) Eaee o aeg
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Density of snow (p,) Density of water (p,,)

SD x p. = SWE x p,,



Snow Density

EpET

Density varies from 50 to 500 kg/m3

New snow is light — low density
Old snow Is heavy — high density

Why old snow is heavy ?

Snow Metamorphism
Water from snow melt
Overburden compaction




Snow Compaction — Snow Density

new snow

old snow

time, heat, pressure, 5 k.
recrystallization

—
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Coarse Snow’ \ Free Water
Grains Between Grains

Mainly air in new snow

http://www.fsavalanche.org/Encyclopedia/cornsnow.htm

New snow

Overburden

Amount of water increases in snow and density increases Melt



Snow Albedo

Albedo = Reflectance
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Why snow Is white?



Snow Energy Balance

Turbulent flux of Turbulent fliix of Shortwave Longwave Heat due to
Sensible Heat (H) Latent Heat (iE) Radiation (R,,,) Radiation (R,;,) Precipitation (G,,)
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Permanent snow(firn)/Glacier

If the snow cover is not completely melted away in the
summer season and persists until the following accumulation
period, it is referred to as permanent snow cover/firn. Firn can
be defined as wetted snow that has survived one summer
without being transformed to ice [Paterson, 1994].

As metamorphism proceeds, the interconnecting air passages
between the grains are closed off, and a state of glacier ice is
reached which visibly moves under its own weight in response
to gravitational force [Paterson 1994, Singh and Singh, 2001]

Types
Temperature — Temperate (0O degree) and cold region
Surface characteristics - Clean and Debris covered



Glacier Mass Balance

+ Summer Cumulative
z‘-" balance accumulation
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Balance year

Idealized seasonal cycle of glacier mass balance [after Paterson, 1994].



Albedo Values

Surface Type Albedo range | Mean value
Dry snow 0.80 —0.97 0.84
Melting snow 0.66 — 0.88 0.74
Firn 0.43 -0.69 0.53
Clean 1ce 0.34 —0.51 0.40
Slightly dirty Ice 0.26 - 0.33 0.29
Dirty 1ce 0.15-0.25 0.21
Debris covered Ice | 0.10 -0.15 0.12

[after Paterson, 1994]



Snow/Glacier state evolution

Stake Next WINTER

Glacier Ice | |
Surface characteristics- Clean or Debris coVere"d




Snow/Rain Threshold

SnNow Sleet Freezing Rain Rain
" 3 ] e T>0C
mT=0C

The COMET Program



Snow/Rain Threshold

.....

Tair > Ter, Rainfall a3
Tair < Ter, Snowfall
Ter = -1 to 2, normally 0°C

Ratio of snow amount
)
N
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Advanced parameterization | o |
Fig.2. Relationship between the ratio of

(Kienzel, 2008; Sugaya, 1991) snowfall amount. and wet-bulb tempera-
(Sugaya, 1991)

s(Tw) =1-0.5 exp(—2.2(1.1 — Tw)1'3)
S(TW) = 0.5exp(--2,2(TW — 1.1)1.3)

(Tw < 1.1°C)
(Tw >1.1°C) |’

Tw = 0.584T, + 0.875¢ — 5.32,



Modeling works



Deqgree Day Model

Just a function of temperature
Simple, Empirical

Degree day factor parameter
MELT = DDF * Tair

DDFsnow, DDFice, DDFdebris
Region specific
Needs to be calibrated

Lumped model: SRM, HBV

Distributed hydrological model
SWAT, MIKE-SHE, GBHM ....




Energy Balance Model

Turbulent flux of Turbulent flux of Shortwave Longwave Heat due to
Sensible Heat (H) Latent Heat (LE) Radiation (R,,,) Radiation (R,;,) Precipitation (G

Flux of
Shortwave  ; Internal
Penetration - P melt water (Q,,)
Snow Energy (U)
L Ground heat
Jlux (G, )

ouU
soil _E

Q.,=R,—H,, —4E,,+G,, -G

Melt = Qn
L.,

Where hv is the latent heat of fusion
Single to Multi-layered model



In WEB-DHM-S

Sensible Latent Shortwave Longwave Heat due to
Heat (H,,) Heat (iE,) Radiation (R, ) Radiation (R, ) Precipitation (G,,)
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Albedo in WEB-DHM-S (Dickinson et al., 1993)
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COmpaCtion in WEB‘DHM‘S (Jordan et al., 1991)

L. = MaX { \_109+6X(T : —27316)+ 26XM J, 50} (Brun et al., 1992)

air

Density of Fresh snow ~ function of air temperature & wind speed
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Thermal conductivity

K =K, +(7.75x10°° p, +1.105x10° p.? Jx(K, K, )
where K, (2.29 Wm—tK-1) and K, (0.023 Wm~1K-1)

2.5

N
1

Dense snow, snow that is compacted

or wet, loses much of its insulation
value because it loses a lot of its
trapped air.
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Radiation penetration

(SW,, x [L-exp(—f3,,.Z; —0.002.3,,.)]
SV\/nsn X [1_ eXp (_ﬁvis 'Zj )]X eXp (_ﬁvis 'Zj+1 o OOOZﬂmr) mlddle Iayer (JordarL

SW,(Z,) =

Where, p

VIS

|

2.796 mm
0.16+0.11(y. /1000)4

400 <y, <920
y; <400

toplayer

1991)

\SWnsn X EXP (_ﬂvis Lz j+1) X E€XP (_ﬂvis Lz j+2 OOOZ,er) bottom Iayer

= 0.003795d Y2p(Z)) , B,;; = 400, d = grain size diameter

High density = large grain size =
radiation is more scattered in forward
direction (into the snowpack),
increasing absorption of radiation



Sub-layer division
g’“‘i Z, . = Total snow depth

I Zy < 5cm, WEB-DHM
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Integrated modeling System : WEB-DHM-S
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MODEL DEVELOPMENT
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Point-scale Evaluation

Weissfluhjoch (1992-93) Yagisawa (2000-04)
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Open Swiss site: Show Depth and SWE

WEB-DHM (Control Run)

WEB-DHM + BATS Albedo scheme -- Only SWE Improved

WEB-DHM + 3 layer snow scheme + Realistic constant albedo -- Depth/SWE prolonged/overestimated

WEB-DHM + 3 layer snow scheme + BATS albedo = WEB-DHM-S -- Both SWE/depth Improved

Snow Depth (m) Snow Water Equivalent, SWE (m)
1.0

0 _

o Obs. (surve )
0.8
0.6
0.4

0.2

0.0 -
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[Shrestha et al., 2010, HESS ]

Albedo scheme and 3 layer snow scheme are equally
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Snow depth (m)
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Snow depth Results@ SnowMIP open sites

SnowMIP: Snow Model Intercomparison Project

Col De Porte, (France)
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Forest Site: Vegetation Effect

gy el 2012 Fraser Experimental Forest (2004-2005)
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Basin-wide Model development & Validation
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Basin-wide Model development & Validation
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Point-scale snowfall correction

Rain gauges are not heated
Snowfall need to be corrected based on albedo/snow depth/temperature
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Pyramid: Dudhkoshi
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Dudhkoshi: Snow Cover
Spatial Distribution of Snow Cover Pixel-by-Pixel Analysis
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Dudhkoshi: Land surface temperature

Spatial Distribution of nighttime LST 65 |
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Langtang Basin
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Langtang Basin

Spatial distribution of snow/glacier state
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Hunza Basin (13700 km?)
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Hunza Basin
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Upper Indus Basin

Karakoram

Himalayas



Discharge (m’/s)

Correction of snowfall in basin scale

Shrestha, Wang, Koike 2014 (HESS)
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Correction of snowfall in basin scale

Simulated vs. Observed Discharge
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2.

Summary

A Comprehensive Modeling system has been
established which can simulate the Snow
processes and Glacier processes and Forest snow
processes simultaneously in a basin scale. Point
and basin scale validation have been achieved at
multiple sites.

Basin scale snowfall correction algorithm has been
developed based on observed discharge and
satellite snow cover and well tested in Upper Tone
basin.



