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Design of a Comprehensive Land Surface Model and Its Validation
Part II. Model Validation

CHEN Hai-Shan and SUN Zhao-Bo

Department of Atmospheric Sciences  Nanjing University of Information Science & Technology —Nanjing 210044

Abstract By using observational datasets collected by BOREAS HEIFE ARME GAME-TIPEX representing different
land cover conditions comprehensive land surface model CLSM is validated against the observations to verify the
capability to simulate different land processes. Results suggest that the model not only simulates the special land surface
processes including seasonal dynamics of snow cover variation soil heat and water transfer in arid / semi-arid regions but
also describes the interaction of vegetation-atmosphere in tropical rainforest together with the exchanges between the land
surface and atmosphere over the Tibetan Plateau accurately. It is concluded that CLSM can describe different physical
processes accurately and exhibit it' s comprehensive capability to represent processes related to various land surfaces.
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Fig. 3 Simulated results and the observation of BOREAS SSA-OJP 1994/1995 snow case

30cm d

cm ¢

2 CLSM II.
No. 2 CHEN Hai-Shan et al. Design of a Comprehensive Land Surface Model and Its Validation Part 1I. Model Validation 275
4 £ 1000
o A Obscrvational (a) é —— Bl Simulated (b)
e 3p ® HHUMB Snow pit observational .5 8 HHH Snow pit observational
B = — HEHL Simulated tEe
XE 7%
B3 2 % 500
& 3 %2 . :
& = anl
11-10 12-10  01-09  02-08 03-10  04-09  05-09 11-10 12-10  01-09  02-08 03-10  04-09  05-09
1993 1994 1993 1994
= 800 20) -
= o FHHHE Snow pit observational (c) z O o MM Observational  — Bl Simulated (d)
2 o0} Bl Simulated ~ z 2
= o
ﬁ 5 400 N —"(a’: ) Ve E =
Yl - W \ A/V : E 5
%3 2 e Ry
2 200f, wi WS
S0 " . 430 . _
=100 12-10 01-09  02-08 03-10 0409  05-09 11-10 12-10  01-09  02-08  03-10  04-09 05-09
1993 1994 1993 1994
2 Col de Porte 1993/1994 a b c d
Fig. 2 Simulated results and the observation for the France Col de Porte 1993/1994 snow case a Snow depth b SWE ¢ snow bulk density
d surface temperature
3a
10 em
2~3 3b 20 em
3c 50 ¢cm
3b~d
1.0 20 -
o FP Observational (@) , o P Observational
g 081 — 48l Simulated 1:' O = Bl Simulated
- L, =
RE 06 2
7S ®E
K é 0.4 45
02 2
1]
15 .
. o M Observational o ogsh ° MM Observational
5 10 — el Simulated éﬁ 5 — il Simulated -
®E d #3210
2% P 2% .
BE oD ! il
H3 WL =3 g
10 . e -10 ) (d)
10-01 11-30 01-29 03-30 05-29 10-01 11-30 01-29 03-30 05-29
1994 1995 1994 1995
3 BOREAS SSA-OJP 1994/1995 a b 10 cm ¢ 20 cm d 30 cm

a Snowdepth b ¢ d soil temperature 10 cm b 20



29
276 Chinese Journal of Atmospheric Sciences Vol. 29

3d CLSM

4a
4b de
4d e

BOREAS SSA-OJP 1994/1995

CLSM France 1988/1989 1993/ 4d
1994 BOREAS SSA-OJP 1994/1995 3
CLSM
8 4
8 5~12
R}
8 5~17
8 8~12
CLSM 8
/ 13
CLSM
de
20 90
HEIFE
Sa
HEIFE
15 16
1991 8 1~20
30
sand 2
5b~d
300 K 10ecm 20 ecm 40 cm

0.05



2 CLSM II.
No. 2 CHEN Hai-Shan et al. Design of a Comprehensive Land Surface Model and Its Validation Part 1I. Model Validation 277
. 1000 - o 1000
= o JE Observational - Bl Simulated (a) £ 2 MP Observatonal — BLEl Simulated (b)
= 800 = 800
=7 e
E.5 600 ﬁé 600f & & . A g 4
&2 s = P H A § ]
2 E 400} T E A00g 3
Sz Lo =z
7 200070 = 200
2 . ]
7 ok “
o 800 o 500 m
E 600 E a00b ° WM Observational gl Simulated
2 2
e g 400 jE é :
=2
E:Z 200 § 3
£E 52 ¥
= "z
= = i
2200 Z 3
= 2 b
Z 400 . . ; : . . 22100 . . . N . .
08-01 08-04  08-07 08-10 08-13 08-16 08-19 08-01 08-04 08-07 08-10 08-13 08-16  08-19
"= * o MM Observational (e)
e 400 ¢ - BHIL Simulated §
=5 ] !
=K )
£ 0 W Lo,
g2 ' R
£ A
;
- w
0 2
08-01 08-16 08-19
4 a b ¢ d e
Fig. 4 The simulated and observational surface energy fluxes at the desert site  a Net SW radiation b net LW radiation ¢ net total radiation
d Sensible Heat SH flux e Latent Heat LH flux
70 50 : ‘
6ol © AW Observational = Bifl Simulated (a) o JEH Obscrvational — Hil Simulated (b)
I =
2 50 E
o 2 o=
g 40 ﬂ 22
o0 { ®E
a5 H5
T2 204 % =
2 1o P
0 0
50 50 _
o AE Observational — il Simulated () - 3 Observational — HHEL Simulated (d)
&40 & 40
g 2
o2z B2 3
.Q,% 'E" g ‘,?g- o sy it prer—= T
ol ®E 2
H s 3
210 Z 10
0 - ; ; - 0 . ; . - — -
08-01 08-04 0807 08-10 08-13 08-16 08-19 08-01 08-04 08-07 08-10 08-13 08-16 08-19
5 a b 10 em ¢ 20 em d 40

cm

Fig. 5 The simulated and observational soil temperature at different depths at the desert site  a surface b 10em ¢ 20em  d 40 cm

ARMES3
CLSM /



29

278 Chinese Journal of Atmospheric Sciences Vol. 29
CLSM
/
Ta 2 cm
10 cm
_ 16~22
7b

ARME  Amazonian Region Micrometeorological Experiment

1 Tc
1983 9 1~30 8 8a
Clay
4
Evergreen Broadleaf Forest -
80% -
0.75 298 K
CLSM - 8b ¢
6a b
CLSM
35 35
o
% e
£ 30 B 30
B g
o = g 25
R g & 2
g 20 20
£ k
@ sL@ 15L®
0901  09-06 09-11 09-16  09-21 09-26 0901  09-06 09-11  09-16  (09-21] 09-26
1983 1983

6 CLSM a b

Fig. 6 Surface temperature a and leaf temperature b simulated by comprehensive land surface model CLSM



A%

2 CLSM II.
No. 2 CHEN Hai-Shan et al. Design of a Comprehensive Land Surface Model and Its Validation Part 1I. Model Validation 279
1.0 o 900
B - (a) =) o JLF Observational - HE4El Simulated (a)
S 09 10 > 700 .
BE e 10em A B A g T . 958148%q g b i
250 WA I i1 S,
kd = = | i i Y s Vgl
% 5 0.7 = .S ';‘;T?",ﬁ’;-i'?gﬁ?ﬂ' ?:”v--.HH"*E‘;#I%*&:{L*:'.;
®Z 06 3 504 a'{‘%g'.glfrg-. .’i} Hi ol e a g el REe
n oz U 5 \ a4y NI $1 1 ¢
Tz 0 E oot g bR ta st pa d it
o 2 0o g 2.3 ; y
0 T eettesltitraages o 600
£
£ -50 = .
o * {5 400t |
ﬁg s enanne? %E :
BE o -
=2 2 00
Z 150 z -
-200 Y T
70 e 500
60 {c) = o W] Observational (c)
- 3 3 400F B3l Simulated
e 3 300 S 3
Xz 4 2T 200f £ oo 1
o l ER( Y :
= o0 | l Z  Op : :
0 sttt .I..ull_ . @ -100 . N -
09-01  09-06  09-11 09-16  09-21 09-26 09-01 0906  09-11  09-16  09-21 09-26
1983 1983
7 a b ¢ 8 a b ¢
Fig. 7 a Simulated soil water of ARME 83 b observational soil Fig. 8 Simulated and observational a net radiation flux b latent
tension ¢ observational precipitation heat flux and ¢ sensible heat flux
GAME-Tibet 1998 10Ps
5
4000 m CLSM
32°14'N
91°37'E 4000 m
70% 30%
1998 8 1~14 14
20 90 CLSM
— 0.55
GAME-Tibet : 281 K
TIPEX "
GAME-Tibet 9
TIPEX cm 10 em 20 em



29

280 Chinese Journal of Atmospheric Sciences Vol. 29
35 - 25
3L 672 .8 n: 672
| 7 0.969 2oL 70,972
s 50 p.070C = by 0.14C
E 20 p,:-0.067 E 5] pe0013
= = lar
E b5F E
iz 1ot )
10f
2 st =
2 of '
oL _ @ ol . , ®
-10 0 10 20 30 0 5 10 15 20 25
LW Observation MW Observation
20 — 15 -
n: 672 n: 672 .
r: 0,961 r: 0.896 -
5 b, 0.10C 5 | b,028C
E 157 k0009 = h.: 0,028
= =
£ £ 10t
o v
= 10} 5
& # :
N (c) ot (d)
5 " . 5L .
5 10 15 20 5 10 15
AH Observation A Observation
n FESLEC Sample number;  #: MISEFREL Correlation coefficient, b, #itf{F2% Absolute bias: b, A i Relative bias
9 a b 5 em ¢ 10 em d 20
cm
Fig.9 The simulated and observational soil temperature at different depths at Qamdo  a Surface temperature b Sem ¢ 10em d 20 em
0.969
-0.70C -6.7%
Sem 10 em 20 em
0.14C
0.10°C 0.28C 3% 11a Rupy
Ruprw
Rupww
8 1 8 1 Runy
10 20 cm
Ruprw
10
Rupry
11b
600 W m~’ 750 W m~*

100 W m™?



Ile~d

Fig. 11

CLSM

The surface energy fluxes at Qamdo

a Net LW radiation b simulated net total radiation ¢ SH flux

CLSM
1 CLSM
2 CLSM /
3 CLSM -

d LH flux

2 CLSM II.
No. 2 CHEN Hai-Shan et al. Design of a Comprehensive Land Surface Model and Its Validation Part II. Model Validation 281
35 15
¢ MW Observational — L Simulated
£ 30}
g
0 § o -
®E 25 :
2 X
% E 3 =
B O 20} g
H 2 5 :ﬁ
£
215 ‘ ‘
1 0
08-01 08 03 08- 05 08-07 08- 09 08-11 08-13
10
Fig. 10 Simulated and observational soil water at Qamdo together with the observational precipitation
o 950 a 800
'_E 500 o AL Observatlonal ------- ﬁiﬂ Simulated N_E 700
£2 0 g 3
B3 g £ 5 00
LT \ B
25 30 &3 00
3 3 100}!
5 250 5 O
“ 200 Z -100
o 500 600 _
£ 400 o WA Observational ---- Bl Simulated (c) s o PR Observational -~ il Simulated (d)
w3 0 w3
=
§ = 200 §E
2 i3 =}
5 100} 2
7 o z
4 -100! : : . - . 0r% a2 L
08-01 08-03 08-05 08-07 08-09 08-11 08-13 08-01 08-'03 08-(]5 08-07 08-09 08-11 08-13
11 a b c d



282

Chinese Journal of Atmospheric Sciences

29
Vol. 29

CLSM

CLSM
CLSM

2002 25 2 277~288

Chen Haishan Sun Zhaobo. Review of land-atmosphere interaction and

land surface model studies. Journal of Nanjing Institute of Meteorology

in Chinese 2002 25 2 277 ~288
CLSM

CCM3 . 2002

NCAR

Chen Haishan. Design of comprehensive land surface model and Its
coupling experiment with global climate model NCAR CCM3. Ph. D
thesis in Chinese =~ Department of Atmospheric Sciences Nanjing
Institute of Meteorology 2002
CLSM I.

2004 28 6 801~ 819
Chen Haishan Sun Zhaobo. Design of a comprehensive land surface
model and its validation Part I. Model description. Chinese Journal of
2004 28 6 801 ~819

Brun E David P Sudul M et al. A numerical model to simulate snow

Atmospheric Sciences

cover stratigraphy for operational avalanche forecasting. J. Glaciol .
1992 38 128 13~22
Douville H Royer J ' Mahfouf ] F. A new snow parameterization for
the Meteo-France climate model Part I. Validation in stand-alone
experiments. Climate Dynamics 1995 12 21 ~ 35

GCM - -
SAST . . 1999
Jin Jiming. A simple snow-atmosphere-soil SAST model used in GCM.
Ph.D thesis
Academy of Sciences 1999
Sun Shufen Xue Yongkang. Implementing a new snow scheme in
simplified simple boisphere model. Adv. Atmos. Sci. 2001 18 3
335~ 354

in Chinese . Institute of Atmospheric Physics Chinese

Sun Shufen Li Jingyang. A sensitivity study on parameterization scheme
of snow internal and interfacial processes in snow model. Adv. Atmos .
Sei. 2001 18 5 910~928

Sellers P J Hall F G Margolis H et al. The Boreal Ecosystem-

10

11

12

13

14

15

16

17

18

19

20

21

22

23

Atmosphere Study BOREAS  an overview and early results from the
1994 field year. Bull. Aemr. Meteor. Sci. 1995 769 1549 ~ 1577
Sellers PJ Hall FG Kelly RD et al. BOREAS in 1997  experiment
scientific results and future directions. J. Geophys. Res.
1997 102 D24 28731 ~ 28769

Hall F G.

overview

Introduction  to section

BOREAS in 1999
1999 104

special
experiments and science overview. J. Geophys. Res.
D22 27627 ~ 27640
Hardy ] P Davis R E  Jordan R et al. Snow ablation modeling at the
stand scale in a boreal jack pine forest. J. Geophys. Res. 1997 102
29397 ~ 29405
Levine E R Knox R G. Modeling soil temperature and snow dynamics in
northern forests. J. Geophys. Res. 1997 102 D24 20407 ~
29416
Link T E Marks D. Point simulation of seasonal snow cover dynamics
beneath boreal forest canopies. J. Geophys. Res. 1999 104 D22
27841 ~ 27858.
Wang Jiemin Gao Youxi Hu Yingiao et al. An overview of the HEIFE
experiments in the People’ s Republic of China. Exchange Processes at
the Land Surface for a Range of Space and Time Scales. TAHS Publ.
1993 212 397 ~ 406
HEIFE
1994 13 3 225~236

Hu Yingiao Gao Youxi et al. Some achievements in
scientific research during HEIFE. Plateau Meteorology 1994 13 3
225~ 236

Shuttleworth W J  Gash J H C Lloyd C R

Wang Jiemin

et al. Eddy correlation
measurements of energy partition for Amazonian forest. Quart. J. Roy.
Meteor. Soc. 1984 110 1143 ~ 1162

Shuttleworth W J Gash ] H C Lloyd C R et al. Observations of
radiation exchange above and below Amazonian forest. Quart. J. Roy.

1984 110 1163 ~ 1169
Dickinson R E  Henderson-Sellers A. Modelling tropical deforestation A

Meteor . Soc .

study of GCM land-surface parameterization. Quart. J. Roy. Meteor.
Soc. 1988 114 480 439 ~ 462

Henderson-Sellers A Dickinson R E  Walson M F. Tropical
deforestation important processes for climate models. Climatic Change
1988 13 1 43~69

Shuttleworth W J  Dickinson R E. Comments on* modelling tropical
deforestation A study of GCM  land-surface parameterizations” . Quart .
J. Roy. Meteor. Soc. 1989 115 489 1177 ~ 1179

Sellers P J  Dickinson R E  Randall D A et al. Modelling the
exchanges of energy water and carbon between the continents and the
atmosphere. Science 1997 275 502 ~ 509

Lean ] Rowntree P R. Understanding the sensitivity of a GCM
simulation of Amazonian deforestation to the specification of vegetation

1997 10 6 1216 ~ 1235

and soil characteristics. J. Climate



