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Fig. 2 Variations of soil temperatures (a, b, ¢) and soil moistures (d, e, f) observed, simulated with
CLM4.5 and GLDAS-CLM2 at D66 (a, d), TTH (b, e) and Maqu (c, f)
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Table 1

The Bias, RMSE and correlation coefficient between CLM4. 5 simulation and observation, GLDAS-CLM2

simulation and observation for soil temperature and soil moisture before freezing (BF) , during freezing-thawing
period (FT) and after thawing ( AT) at the Stations D66, TTH and Maqu

D66 TTH Maqu
oA
BF FT AT BF FT AT BF FT AT
TR GLDAS-CLM2 Bias/C 7.51 7.40 11.72 5.12 7.16 10.70 0.72 5.17 3.60
RMSE/C 7.82 7.60 12.02 5.46 7.53 11.30 1.59 5.82 6.03
r 0.88" 0.94" 0.72° 0.61" 0.88" 0.60 0.97" 0.72* 0.19"
CLM4.5 Bias/C -2.90 -0.35 -2.82 -7.90 -1.30 -8.61 -3.11 -1.00 -1.48
RMSE/C 3.87 2.21 3.86 8.30 2.73 9.07 4.12 2.28 3.00
r 0.72* 0.93" 0.65" 0.67" 0.85" 0.59" 0.87" 0.68 " 0.78"
TR EE GLDAS-CLM2 Bias/(mm?® + mm ~3) 0.03 0.08 -0.01 0.02 0.08 -0.07 -0.20 -0.03 -0.20
RMSE/(mm? « mm %) 0.04 0.09 0.02 0.04 0.10 0.08 0.20 0.07 0.21
r -0.31"  -0.42~ 0.37° 0.30* -0.23" 0.52" 0.72* -0.08 0.56"
CLM4.5 Bias/(mm?® + mm ~3) 0.09 0.03 0.07 0.31 0.08 0.13 -0.13 -0.03 -0.12
RMSE/(mm? + mm %) 0.10 0.04 0.07 0.31 0.08 0.18 0.14 0.05 0.13
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Table 2  The partial correlation coefficient between soil temperature, soil moisture and air temperature and precipitation
for CLM4. 5 simulation, GLDAS-CLM2 simulation and observation during 3 periods
D66 TTH Maqu
i H

BF FT AT BF FT AT BF FT AT
JiE GLDAS-CLM2 Fgk  -0.24*  0.17°  -0.37° -0.15 -0.02  -0.28" 0.26" 0.12 -0.28"
A 0.95" 0.89" 0.86" 0.98" 0.84~ 0.69" 0.98" 0.71* 0.45"

CLM4.5 [ 7K 0.01 -0.07 0.01 0.12 0.05 0.02 -0.01 0.18" 0.11
i 0.90" 0.94" 0.91" 0.88" 0.76" 0.74~ 0.94~ 0.88" 1.00"
XL 57 -0.02 0.08 0.11 -0.21" 0.15" 0.32° 0.11 -0.05 0.15~
i 0.95" 0.89" 0.83~ 0.97" 0.78" 0.80" 0.96 " 0.80" 0.61"
i GLDAS-CLM2  [%/K 0.72* 0.46 " 0.56" 0.68" 0.26" 0.70* 0.84" 0.56" 0.74"
! -0.16 0.00 -0.06 -0.32" 0.12 -0.08 -0.39" 0.15 -0.34"
CLM4.5 [ 7K 0.24* -0.06 0.17" 0.42" 0.04 0.34~ 0.20 0.02 0.57"
SR -0.06 -0.09 0.08 0.40" -0.17* -0.23" 0.10 0.30" -0.18"
XL [k -0.17 0.00 -0.04 0.64" 0.01 0.32° 0.57* 0.10 0.30"

Ak 0.28" 0.19" 0.29" -0.66" 0.30" -0.10 0.16 0.31" -0.08
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Fig.3  Scatter plots of the air temperature in atmospheric forcing field versus the observations at D66 (a-c), TTH (d-f)

and Maqu ( g-i) before freezing (BF), during freezing-thawing period (FT) and after thawing ( AT)
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Table 3 The Bias, RMSE, and correlation coefficient between CLM4. 5 simulation, GLDAS-CLM2
simulation and observation for air temperature and precipitation during 3 periods
D66 TTH Maqu
it H
BF FT AT BF FT AT BF FT AT
S  GLDAS-CLM2 Bias/C 7.28 8.94 7.32 4.55 6.17 5.13 2.67 1.24 3.32
RMSE/C 7.43 9.38 7.74 5.27 6.83 5.89 3.10 3.14 5.60
r 0.78 " 0.85" 0.59" 0.87" 0.81" 0.65" 0.97" 0.81" 0.61"
CLM4.5 Bias/C 0.27 2.04 -3.33 1.61 1.81 -1.10 -2.41 -0.43 -0.47
RMSE/C 3.84 4.31 5.41 3.77 4.10 3.67 4.29 4.11 5.30
r 0.25" 0.74" 0.27* 0.67" 0.70" 0.49" 0.70" 0.41" 0.42"
f#&7K  GLDAS-CLM2 Bias/mm 0.12 0.05 0.03 -0.23 -0.04 -0.40 0.28 0.19 0.42
RMSE/mm 1.09 0.32 0.30 2.06 0.56 2.52 2.31 0.51 4.21
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RMSE/mm 2.87 0.22 1.38 2.85 0.57 3.64 2.26 1.01 5.00
r -0.01 0.07 -0.01 0.00 -0.04 0.09 0.08 -0.02 0.22*
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Table 4  Multiple regression contribution of air temperature and precipitation bias to soil temperature and soil moisture bias
D66 TTH Maqu
it H
BF FT AT BF FT AT BF FT AT
% GLDAS-CLM2  [&k 3.6 2.5 0.7 5.1 6.1 0.9 6.7 3.1 2.5
Ak 73.4 32.5 27.4 94.3 33.1 13.4 22.6 0.3 0.7
CLM4.5 [k 11.3 9.2 1.4 3.2 4.1 1.3 3.1 16.2 9.5
i 66.7 70.0 64.6 19.1 49.4 12.6 65.5 60.5 46.2
B  GLDAS-CLM2  [&/K 68.9 16.3 40.2 56.9 3.0 17.1 39.3 6.3 28.9
Sl 5.2 13.2 19.5 17.3 16.5 40.7 6.6 22.5 19.2
CLM4.5 [k 20.0 9.6 12.5 23.4 5.0 18.8 40.7 1.7 39.8
i 15.4 18.0 54.3 6.6 5.6 13.8 17.8 10.2 8.0
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Fig.5 Content profiles of sandy soil (a), clay (b) and organic matter (c) at Stations D66, TTH and Maqu
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Bias characteristics of land surface model ( CLM4.5) over the Tibetan Plateau
during soil freezing-thawing period and its causes

LI Shiyue, YANG Kai, WANG Chenghai

( College of Atmospheric Sciences, Lanzhou University / Key Laboratory of Arid Climatic Change and
Disaster Reduction of Gansu Province, Lanzhou 730000, China )

Abstract: The offline simulation experiments over the Tibetan Plateau was conducted through CLM4.5 ( Com-
munity Land Model version 4. 5) forced by China Meteorological Forcing Dataset. The observations in three sites
(D66, TTH and Maqu) were chosen. The CLM4. 5 simulation was compared to the observation and GLDAS
( Global Land Data Assimilation System )-CLM2 simulation to analyze the biases of land surface model in simula-
ting soil temperature and moisture during freezing-thawing process and its possible causes. The results showed
that simulated soil temperature of CLM4. 5 generally agreed with the observation (averaged RMSE =3 ),
while soil temperature of GLDAS-CLM2 was higher than the observation with the biases ( averaged RMSE
>6 C) larger than that in CLM4. 5, especially in freezing-thawing period; CLM4. 5 can reproduce the seasonal
variation of soil moisture, but content of soil moisture had some differences from the observation ( averaged
RMSE=0.1 mm’ - mm ) ; GLDAS-CLM2 cannot reproduce the seasonal variation of soil moisture. The bia-
ses of CLM4. 5 simulation mainly come from the uncertainties of atmospheric forcing, while the biases of
GLDAS-CLM2 mainly come from the imperfection of frozen soil parameterizations, besides the uncertainties of
atmospheric forcing. Air temperature and precipitation in atmospheric forcing have different effects on the per-
formance of land surface model in freezing-thawing period and non-freezing-thawing period. In non-freezing-
thawing period, simulation of soil temperature is mainly affected by the air temperature (r >0.6), especially
before freezing period, the contribution of air temperature biases to soil temperature biases is larger than 50% ,
the variation of soil moisture is mainly influenced by precipitation, the contribution of precipitation biases to soil
moisture biases is about 20% —-40% . In freezing-thawing period, soil water flow and heat flux are coupled, the
effects of air temperature and precipitation on soil temperature and moisture have reduced, the variation of soil
moisture is significantly influenced by air temperature; contribution of air temperature biases to soil moisture bia-
ses is 10% —20% . The imperfection of freezing-thawing parameterization schemes in land surface model is the
main factor for simulation biases of soil temperature and moisture during freezing-thawing; its effects are larger
than the impacts of atmospheric forcing.

Key words: soil temperature; soil moisture; land surface model; simulation bias; freezing-thawing process
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