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Abstract Model evaluation is an indispensable part of model development. In this study, the authors evaluated the
Common Land Model (CoLM) using the latest benchmark software called International Land Model Benchmarking
(ILAMB) and compared this model with the Community Land Model version 5 (CLMS5) from NCAR. As a land surface

WHSHER  2020-02-25; MEFALHAREA  2020-06-02

fEEREN Big, &, 1994 F£H4A, WiEmiad, EENFRmEAMT. E-mail: 1139672720@qq.com

BIWEE X1, E-mail: liushaofS@mail.sysu.edu.cn

BEINIE  EXE AL TRITE 2017YFA0604300, [E5K AR 4: 41875128, 41730962

Funded by National Key Research and Development Program of China (Grant 2017YFA0604300), National Natural Science Foundation of China
(Grants 41875128 and 41730962)


https://doi.org/10.3878/j.issn.1006-9585.2020.20021
https://doi.org/10.3878/j.issn.1006-9585.2020.20021
https://doi.org/10.3878/j.issn.1006-9585.2020.20021
https://doi.org/10.3878/j.issn.1006-9585.2020.20021

650

k5 3 A
Climatic and Environmental Research

model benchmark software, ILAMB can automatically generate graphical diagnostics for model variables and score
model performance. Results show that CoLM generally performs well, and its simulation result is close to the benchmark
data. Compared with CLMS5, CoLM is slightly inferior for gross primary productivity and hydrologic processes. For
radiation, CoLM performs as well as CLMS5, and is even better for variables such as surface upward long-wave radiation
and surface net radiation. Comparing the forcing data of CRUNCEPv7 and GSWP3v1, the authors found differences in
the climate average state and observed that the model performance under GSWP3v1 forcing is better. The latent heat flux
simulated by CoLM and CLM5 under CRUCNEPv7 forcing has a significant positive bias in the Amazon plains, eastern
and southern Asia, and eastern North America, but the bias decreases under GSWP3vl forcing. The two models
overestimate the sensible heat flux in north Africa and central Asia with either of the two forcing datasets. Regarding the
radiative process, the surface upward shortwave radiation simulated by CoLM was mainly on the high side in the world,

which to a certain extent caused the low level of surface net radiation. The surface upward long-wave radiation scores of

25 %
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four experiments are similar, but a difference exists in the specific spatial distribution.
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Table 2 Classification of the 16 variables selected for evaluation
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Table 3 Diagnosis for latent heat flux

A 2E/Wm* BIPARRE/W m GRS/ Month  ZEfE5  MITIRREMS  FIWEHGS  FMAOMES B
CLM_CRU 6.84 17.9 0.760 0.52 0.42 0.86 0.92 0.63
CLM_GSW 2.55 14.6 0.783 0.62 0.46 0.87 0.98 0.67
CoLM_CRU 6.77 209 0.974 0.56 0.34 0.83 0.96 0.61
CoLM_GSW 4.20 19.4 1.06 0.58 0.35 0.82 0.98 0.62

7E: DAFLUXNET MTEZ#E4E (1982~20084F) JyFkifE

-10
B2 1982~2008 FEiF PGB EMZE (BPREIERE) 6: (a) CLM_CRU; (b) CLM_GSW; (¢) CoLM_CRU; (d) CoLM_GSW

Fig. 2
Expt CoLM_CRU; (d) Expt CoLM_GSW

20 W m™2

Bias (model minus benchmark) distributions of latent heat flux from 1982 to 2008: (a) Expt CLM_CRU; (b) Expt CLM_GSW; (c)
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Fig. 3  Relationship response between latent heat flux and precipitation: (a) CLM_CRU; (b) CLM_GSW; (c) CoLM_CRU; (d) CoLM_GSW. The

references in black and model in color; data points show the mean for each independent value and the error bars indicate the standard deviation range
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Table 4 Diagnosis for sensible heat flux
ke /W m?  BHIRIRE/W m®  AR%E/Month RS BITRLEEMS  FWEHMGS  BWA6ES B
CLM_CRU 4.09 22.9 0.917 0.55 0.46 0.91 0.78 0.63
CLM_GSW 2.33 19.5 0.795 0.59 0.50 0.92 0.92 0.68
CoLM_CRU 0.899 22.6 0.855 0.55 0.40 0.92 0.90 0.63
CoLM_GSW 1.71 22.0 0.793 0.59 0.41 0.93 0.91 0.65

7E: DIGBAFEUESE (1982~20084F) NI:HE,

=20 -10
B4 [EE 2, {H5 1982~2008 4F &M &R 2 /A0

10 20

Fig. 4 Same as Fig. 2, but for bias distributions of sensible heat flux from 1982 to 2008
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Fig. 5 Same as Fig. 3, but for relationship response between sensible heat flux and surface air temperature
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Table 5 Diagnosis for surface upward shortwave radiation

BRI R2EW m SOPRIRIEW m ™ B Month R E184) HOTHUR RS FHEIES EAES RS BH
CLM_CRU 1.82 125 0.789 0.64 0.57 0.90 0.99 0.58 0.71
CLM GSW  —0878 12.3 0.759 0.65 0.56 0.91 0.99 0.67 0.72
CoLM_CRU 4.53 153 0.789 0.53 0.56 0.90 0.96 0.57 0.68
CoLM_GSW 177 153 0.725 0.57 0.55 0.91 0.93 0.66 0.69

vE: DACERESHIESE (2000~20134E) MyFtHi,
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Fig. 6 Same as Fig. 2, but for bias distributions of surface upward shortwave radiation from 2000 to 2013
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CoLM_CRU; (d) CoLM_GSW. The gray curves represent the CERES data and the color curves represent the results of the model
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Table 6 Diagnosis for surface upward long-wave radiation

BRI WZE/Wm T BIRRZEW m T AR R Month RZEAS4r RIS TER S BRSNS ERERAS B
CLM_CRU 2.36 15.5 0.507 0.73 0.68 0.94 1.0 0.68 0.78
CLM_GSW 5.23 15.4 0.494 0.74 0.67 0.94 1.0 0.69 0.79
CoLM_CRU —5.36 15.3 0.500 0.74 0.68 0.94 1.0 0.68 0.79
CoLM_GSW 0.291 14.2 0.470 0.76 0.68 0.95 1.0 0.72 0.80

vE: DACERESHEIEH (2000~20134E) JyFtk,

8 [FAK 2, 1HJ92000~2013 4F 3 [ b Ky 4m S 25 23 A

Fig. 8 Same as Fig. 2, bur for bias distributions of surface upward long-wave radiation from 2000 to 2013



6 34 NS, FET IR AT & ILAMB X FhE# K CoLM 1 1FAl

No. 6 PENG Jingman et al. Evaluation of Common Land Model Based on International Land ... 661
; 410 A ; 410 4
Do 400+ ;‘N 400 A
§'E 390 §'E 390
%5 380 %5 380
8.5 370 8.5 370
£ 8 360 4 & g 360
& O 350 o A S 350 -
340 T T T T T T T T | T T T 340 T T T T | T T T T T T T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month Month
410 - 410
= 2 (d)
S 4007 2., 400
§'E 390 §E 390
52 380 o S 380+
=1 = > = V4
8 o 370 A 8 o 370 A
ST 360 & © 360 o
€2 £ 3
38 350 , A8 3504 __
340 T T T T T T T T T T T T 340 T T T T T T T T T T T T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month
9 [FIE 7, {HyhR M FAK R S A Bk = AR

Month

Fig. 9 Same as Fig. 7, bur for global average seasonal variation of surface upward long-wave (LW) radiation

323 WEAIRH

B 7 AT, IO ASADL ) 2 1 e A 5 ik o
AR RN, HAm/ANEERK . (R340 J71H
BRAEBRAE F A3 2 4h, HR S TGk .
K10 Eon, HEEMESE CERES ML, CLM _CRU
RN 1 2 5 S 7 o b 2 ok v 4 5 X 7 22 I
F, (EARTE A 0 bR YR A R
WA ZE . HA 3 LRI R R 4R
SFELE R R LAAIM B X 1) 2% (8] 43 A A ARARL, TEAR S —
AT R 2, A8 SRR KR (RS0 i 25 AR /)N o

MZEFA 2 (B 1) RE, 4 HIRE
(1 b 2 3 S 5 e HE O A LU TE & 2= 26 AN R A
Ew iz, 5i2Wiak &2 A B 258 — 5.
CLMS5_CRU 5 40) [y 1 3% 4 4 o 2= 15 AR A it 28 5
fiy 3 HRIE AT R EHFIAR, B 7~9 A
R M ZHE T 0, XA g5 a0fE R TE
— AR A 5 . 10 CLM_GSW L F) 14 4 5
B ] A5 A 4 5 I L — 8, (RRA PR A2 4
AR5 BT B K, ARANAE 7E & = H R FR A

15 W/m® /24 . CoLM 7E PN AN [ 3ae S AL 15
MR Z /T CLM_CRU 5 CLM_GSW 2 [ii].

bR P ST (RSO {1 = S AR 1) b R R
SRS A DG, TR 1) b IR R S DN )
FH 2% SR 5E . CoLM RSDL IR 1 325 1) b 4 D
SHER S =, SRR ] R S AR A B R
YIRS CETIRIIER R LBIL A K.
s, B 79 CoLM 5 CLMS £ GSWP3vl 4
PRI PR AU B2 /N CRUNCEPY7
THHSWMERE, X5 12 9T S
& GSWP3v1 5818 [ {H CRUNCEPvV7 /), &1 H
- S A AR B AR GSWP3vV] B 2 IR 6 R
ZAERERW], HERSTEE R, RiE g — N E
BLRZIA R T

4 BBHFBFEEMS

URETRIR, KR AA AN 8 T 2 s AR o
AN R R R 2 —o FH3RA T A SR

£7 MR SESSH

Table 7 Diagnosis for surface net radiation

BRI R2EW m SOPRIRIEW m ™ B Month R E184) HOTHUR RS FHEIES EAES RS BH
CLM_CRU —5.80 224 0.719 0.66 0.62 0.92 0.96 0.60 0.73
CLM_GSW  —125 22.0 0.682 0.66 0.62 0.92 0.98 0.67 0.74
CoLM_CRU  —833 22.0 0.848 0.69 0.62 0.90 0.99 0.62 0.74
CoLM_GSW ~ —10.1 214 0.662 0.69 0.62 0.92 0.99 0.65 0.75

vE: DACERESHIESE (2000~20134E) MyFtHi,
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Fig. 10 Same as Fig. 2, bur for bias distributions of surface net radiation from 2000 to 2013
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Fig. 11 Same as Fig. 7, bur for global average seasonal variation of surface net radiation
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Fig. 12 Average global distributions of CRUNCEPv7 forcing variables (a) precipitation, (c) temperature, (¢) downward shortwave radiation, and

(g) downward long-wave radiation from 1992 to 2012 is shown on the left. The difference between GSWP3v1 and CRUNCEPv7 is shown on the right
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