5516 % 5 2 9] o5 OH OB OE R Vol. 16 No. 2
2011 4 3 H Climatic and Environmental Research Mar. 2011

AR, AL, RARZE, 45, 2011, CLMS3. 0 B vk L B2 S 8O0 i o Rosiatlials [J ], A 535058, 16 (2): 137 - 148, Li
Zhenkun, Wu Bingyi, Zhu Weijun, et al. 2011. Improvement and validation of the frozen soil parameterization scheme used in NCAR

CLMS3. 0 model []J]. Climatic and Environmental Research (in Chinese), 16 (2): 137 - 148.

CLM3. 0 &=z % £ 13 12 S 8L B Bt RAR LK IR
BN ORI AHE FAY

1 ERfEETRRFREKERHLEMF IR LIE, B 210044
2 hEAZEFEGEEE. dtat 100081

= % NCAR CLM3. 0 (Community Land ModeD) A% + i3 B SEAL AT T HGHE. WRIE SR
KRN J& B vk i ) R A 2360 2 e ST VKT SRR IS K & it ﬁuﬂzk‘m?&kﬁi‘ﬂ@%ﬁﬁdﬁm
Rk FEAEKSERATHE A T vk BREEVE R . R 7 9 R ek )3k 2003 4F 4 1 H % 2004 4F 12 J 31 H
FIWRIM GEREEAT T B SR Te , AEADIAE R, TSty S S A LU Ayt s R T A 2R 45 I W
BKER, ®ATKEE, TR BRI Im2E, SR £ SEA S RS KK B kst . 14
TR BE AL T ST SN, FR A it T AR O K I R AL RE T .

XA CLM3.0 Fiid® S8k Bhimss

XEMHS 1006 - 9585 (2011) 02-0137-12 fESES P04 XHEiFRIRE A

Improvement and Validation of the Frozen Soil Parameterization
Scheme Used in NCAR CLMa3. 0 Model

LI Zhenkun' ?, WU Bingyi*, ZHU Weijun', and XIN Yufei’

1 Key Laboratory of Meteorological Disaster of Ministry of Education, Nanjing University of Information
Science and Technology, Nanjing 210044
2 Chinese Academy of Meteorological Sciences, Beijing 100081

Abstract A frozen soil parameterization scheme is developed based on the NCAR CLM3. 0 (Community Land
Model). Using the equilibrium thermodynamic relationship and the empirical equation considering the effect of ice on
the matrix potential, the authors define the maximum liquid water content below the freezing point temperature and
take account of the resistance of ice to hydraulic conductivity. Only when the liquid water exceeds the maximum, it
freezes to ice. Both the original and modified scheme are tested using the observations of Gaize station on the Tibetan
Plateau from April 2003 to December 2004, Results show that the original model can perform a good prediction of
the radiation flux, but underestimates the liquid water content, and overestimates the ice content in winter, so soil
temperature bias has thus occurred. The modified scheme obviously improves the estimation of soil liquid water and
ice content, and the simulated soil temperature is closer to the observation. Thus it partly improves the simulation

performance of CLLM3. 0 on frozen soil processes.
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Fig. 1 The forcing data: (a) Air temperature; (b) incoming short wave radiation; (c¢) incoming longwave radiation; (d) precipitation;

(e) specific humidity; (f) station pressure; (g) wind speed
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Fig. 2 The simulated and observed soil temperature at (a) 0 cm, (b) 20 cm, (¢) 40 cm, and (d) 80 cm. Black lines denote observed

values. red lines denote original model values, and blue lines denote modified model values
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Fig. 3 The simulated and observed soil volumetric water content at (a) 3 cm, (b) 20 cm, and (¢) 40 cm. Black lines denote observed

values. red lines denote original model values, and blue denote modified model values
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Fig. 4 The simulated volumetric soil ice content at (a) 3 cm, (b) 20 cm, and (¢) 40 cm. Red lines denote original model values and

blue lines denote modified model values



146

S S T (N A

Climatic and Environmental Research

16 &
Vol. 16

110

Observation

——— Modified model v

N A
f o

A
|

Outgoing longwave/W -m™ Outgoing shortwave/W - m
o

Observation
—— Modified model

(b)

Net radiation/W - m™

Observation
—— Modified model

©

1 Apr
2003

1 Jul

1 Oct 1 Jan 1 Apr
2004
Date

1 Jul

1 Oct

FS INAISIA R Sl . (0w ERYERRESS s (b) mERIKERES: (o Wi, BREGORMINE. EEER IS RRUE
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Black lines denote observed values and blue lines denote modified model values
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Fig. 6 The simulated (a) sensible heat flux, (b) latent heat flux, and (¢) soil heat flux. Red lines denote original model values and blue

lines denote modified model values
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Fig. 7 The differences of (a) sensible heat flux, (b) latent heat flux, and (¢) surface soil heat flux between modified model and original model
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