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Bartelt and Lehning, 2002. Cold Regions Science and Technology, 35



Energy Balance Components

Incoming radiation Reflected & emitted radiation  Advected heat
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Water Balance Components
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Energy and Mass Balance Equations

dd—U:(l—a)SW¢+5(LW¢—0T4)+Qa—H -LLE-LM

t /
M _s _E_Mm

dt



albedo

1.0

0.8 4
0.6 -

0.7 -
0.6 -

0.5 -
0.4 4
0.3 -

0.2 -
0.1 -

0.0

1
—Visible : Near-infrared—

Increasing
grain size

2.8 +

1 1 1 1

T T T 1
L] Lo ™ ) ) L =
i — — —

.4

wavelength (um)



albedo

i
«—Visible ! Near-infrared—

1.0 :|I|1:|1;1[l[1]1]11rl1
0.9 b= Pure Snow (b)
- O.l ppmw :
i Increasing
0.7 "1 ppmw Soot
s content
0S5
0.4 -
0.3 ~ Ice r-looo,utn
0.2 r=0. |Fm
0.l |- Sﬂm{l"“im*"o5
D*O-tllljllllI_ll_llliil_llll
03 0.5 0.7 09 I .3

wavelength (um)

Ea b o Ead ot bbb o) v b

1.5






Snow albedo parametrization
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Snowcover fraction

Snow fraction parametrization
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Albedo
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Stable exchange coefficients
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Snow density parametrization
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Snow thermal conductivity
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snow depth (cm)
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Water

Tundra snow
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Horthern Hemizphere

Srow & Ice Chart

Sun Jan 1 Z00E




ANEE, + MODS

- == 00
B oo
B 236 267
B -o:.2ag
B 170202
138.169
105.137
72.104
B .
B s

WEmm)

B i - 50%
B i oheet

Coaam

B N T




1000

1 Weissfluhjoch




SnowMIP
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Snow Cover Percentage

AMIP-1
Frei and Robinson, 1998. J. Geophys. Res. 103(D8)

Northern Hemisphere snow extent

Seasonal cycle
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Winter Fall

Spring

AMIP-2
Frei, Miller and Robinson, 2003. J. Geophys. Res. 108(D12)
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DIJF snow extent UKMO forecast 26/2/01
% of 14 CMIP simulations cf observations

ata from Jeff Ridley
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