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Optimal selection of grid-scale for land surface model
the numerical simulation of spring soil moisture

LIU Xin, REN Li"

(College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China)

Abstract Land surface model provides a suitable way for regional farmland soil moisture monitoring. Optimizing the grid
scale of land surface model can improve computational efficiency by making the most effective use of spatial input
information. In this study,we used the 1° x 1 ° region (115.5—116.5 “(E),38 —39 "(N)) in Haihe River Plain as the
study area. The community land model (CLM3.0) was used to simulate soil moisture during the spring(March- May) of
2003 over 14 grid scales((1/120) — 17) . With input data of a certain spatial precision, the optimized values of grid
scale for land surface model were surveyed. The results showed that combination with spatial resolution of model input
data.rounding errors in computer’s floating-point calculations could be effectively reduced by an appropriate selection
of grid scales. Unlimited fine grid scale did not improve modeling accuracy. An optimum grid scale for land surface
model could be chosen based on the precision and range of soil sand percentage data, and the purpose of the
simulation. The optimal grid scale was about 1.4-times the range of soil sand percentage data for average soil moisture
in the region,around 28% of the range of soil sand percentage data for the regional spatial variability of soil moisture,

around 19% of the range of soil sand percentage data for the regional spatial variability of soil moisture and the
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maximum value,and around the minimum spatial scale of soil sand percentage data for all spatial statistical features of

soil moisture is required.

Key words soil moisture; land surface model; grid scale; optimal selection
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Table 1 Spatial statistical features of spring averaged precipitation,soil moisture at 10 and 20 cm depth,

water storage in top 2 m soil layer,sand percent and clay percent in top 2 m soil layer
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Table 2 Geostatistical features of spring averaged precipitation,soil moisture at 10 and 20 cm depth,

water storage in top 2 m soil layer,sand percent and clay percent in top 2 m soil layer
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Fig. 2 Spatial statistics of spring averaged soil
moisture at 10 cm depth changes with

the grid scale in the study area
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Table 3 Relative error in spatial statistical features of spring averaged water storage

in top 2 m soil layer
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1/2 6.75 21.08 1.04 9.23 8.11 34.16
1/3 6. 65 12.05 0.09 12.96 12. 88 25. 07
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1/9 0. 00 10. 89 0. 40 5.33 5.71 10.73
1/10 0. 00 10. 89 0. 47 0.55 1.02 10. 72
1/11 0. 00 10. 89 0.16 3.81 3.96 10. 72




553

X A - ol TS 2R ) T A% R JEE A A7 2 0 0 AL P Y DG P i £ 173

i A BN 1) 235 TRDRG B Sfe e 2% . R B U A0 TR T B
iR 2s 4T L e R .

5 2.2 5 Hral R — 30, 11 A W9 A% L #B A AR
U A ATUAE DX % - 558 435 55 1 2 {8 A 0 1R 22 L7 #5
FE LY AR o 3K % 5 - 00 1 00 i R G0 2 4
TE VI A 5 00, T - BERG1E A9 A5 B o 0. 86°, 1
0. 86° 7242 119 151 14 35 FB1 P+ F 198 39 195 J2& 2 ) 4 o6
B o A5 R r s B0 5 O DX IR 2 A 2 I N
S BBV 2 A5 CRIVCTL 2)°) I A% R P 4 8 37 15
HBZS [ AH G g aT AATAE 25 | SR 3B(E T . AR
D5 R IS /N T 728 i A9/ 2 435  TOHT BE T - 498 30 15
A XS E . DL 2. 5 %0 AR I 22 R i R AE, 24 K
& RUBE R (1/4) B S 3H bR o 22 S8 S5 2R 800 A
SR 2EFEE /N T 2,520, 2 [ A% REE R (1/6)°1,
PME bR vfE 22 A8 5 2R B0 B KA A AR AR 22 3t 2 /N
T 2.5%0 5 11 Fl S OB TR B DX 388 f5 /0N 8 0 AR X
WZEABR T 102, (1/D°FI1/6)°5 1 He i 1% 19 48
FEHCAE 2 329K 28 %6 F 19 %%,

J35h R AT UL 40 R AS RBE I AN — 2 4 TR I
& RUBE AL 25 2 1 0 — o LI E A9, AT DLk 4
A AS B . BT IRk E A A R
SRR 0 G B ) R, EL AR RRAR BT . mT LA
i 3+ HERD R 4 A R G 2R A, T OGS
B b e R AERE . 0T DR R e Rb R E A
Bl RS B AR AR BB LA B0 Sk I Ak 1 48 i 1
RUR A% IURE . 4 A% I BE DL AL U 7E 3 mb kL i
g3 2 i R Y 2 ) A /N RUBE Bl ), AT 3R AR BT A Y
23 AV G THRRAE 5 224 I A% RO EE () 00 1k B 7F 1 8 b kL
Ay o BRS04 %5 BT I AT AR A5 X
{0 - 930 155 - 2 A 5 224 190 0 R JEE 1 1 b UM e 4
WORE B 43 i B AR AR G 28 Yo B 3T A, AT AR A5 X 35k
By 358 39 1 2 18] AR SRR AE 5 24 A% ROEE /9 A8 1k BUE
1 HERD R 43 i s AR R Y 19 V0 BRI I 0T 3R
A5 DX 38 7 A R 39 1 2 () A8 SRR AE B b R AH

3 Hiv5itie

1) i T RS TR A 4L 194 2 2% - S I 1) 2 [R] A S
R S Hi AU 1) 22 o0 23 (B A8 25 A I 25 51 (R
KRR K T AR E AR, R E 4
i 5 RS 0 A R AR 2 0, o R E
El OB 5 e o T I o e e R - i S
FE. X5 E NN BF 5T S5 R — 3 Choi 2538 Bk

AR CLM #F58 1 AR A A 9 3 2t 0 5 A A A
FE T+ e S 8 KT A S8 5l ) AR O A S 2
F W] R X L ERR T 2 B S BRI X
RS RL T 23 i 2 ROR U b — 26 [ A A R
THTASE A S BIE TS e W L AR R SR AF AR TR B A 20T
b M FUX 4 B U

2 PR IRURE f 3o BB 122 45 B 28 iy A 080 1 25
(A 38 R B % o SR A T RO B R 1R 2

3) A% F) TG BRKG 200 O A BiE B2 1w A ULOR 75 2
AR AP 20 5 RO RS L A AR BB
IR SR G A 32 45 il o R 2 1) P A U o 2 AN R
A5 DX 3 4y SR 19 - 35 (L IR 9 A RURE 4 I A B
TE TSRS R o & B AR R 20 1. 4 AR A5 2
it B S A DX I Y - 5 2 TR AR SRR AR N AR R
[EROR N (A =R S R U A e L R
28 Vo BEIT 5 24 T L AR AT DX B Y L S G 2 )8
Tk BB RABLI » WA R B8 O AL (B AE £ S R0k
Or R AR FRAY 19 D0 BT 5 2 T RS XA 1
SRR 1A T AT 25 18] 8 T R I RS RUEE D AR U
T - SRS RL T 73 5 e o (9 25 18] de /N RURE BRI

HT T AR 23 56 o 1 il 11 AT ) b 2 oK iz B
RSB T SR A BIE 5T R T il T AR 2 A 1 T
T SCT X m 2 SR A R . R
el T AR R IR AR (PFT) 45
025 ) 73 B RO S 8 OB T RR &
23 () o A B — L A IR R B — g X [l
I (8 25 T S A8 Bl SR ) R 2 SRR L RS
Je i — 25 1 TAE .

2 % X #

C1] LR . ot o AF =2 VR AR T 1 39 1 3 1% b 23 28 Ak RRAE
0. P EA A% ,2010,31(3) :423-426

(2] @B, mKHI, H S, 5. 19842005 4RI VLA THARKX £
W R i AR ARREAE LT ] A E AR RS, 2009,30(1) 1 41-44

(3] ZE¥, £, HMS. LR EEOE S R W) ] bl
Bhef ik . 2006,25(2) :123-130

L4 AR, KB AR CLM3 B 48L1 1979—2003 4F v [F] 4 e 1% 3 1
X 4 B W (4 AT g e LT, w5 JE AR5 2008, 27(3) :463-473

[5] ZouL J,Gao W,Wu T W,et al. Numerical simulation by the
Common Land Model (CLLM) of the soil moisture over China
during the summer of 2006[J]. SPIE,2008,7083:8314

[6] Choi M,Lee S O,Kwon H. Understanding of the common land
model performance for water and energy fluxes in a farmland

during the growing season in korea[ ] ]. Hydrol Process, 2010,



174

L L I N =

=2 4 2012 4F 45 17 %

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

24(8):1063-1071

Li M X,Ma Z G. Comparisons of simulations of soil moisture
variations in the vyellow river basin driven by various
atmospheric forcing data sets[J]. Adv Atmos Sci,2010,27(6) ;
1289-1302

Meng L, Quiring S M. Examining the influence of spring soil
moisture anomalies on summer precipitation in the u. s. Great
plains using the community atmosphere model version 3[J].J
Geophys Res,2010,115(D21118)

Liu Y Y,Evans J] P, McCabe M F,et al. Influence of cracking
clays on satellite estimated and model simulated soil moisture
[J]. Hydrol Earth Syst Sc,2010,14(6):979-990

Song Y M,Guo W D, Zhang Y C. Numerical study of impacts
of soil moisture on the diurnal and seasonal cycles of sensible/
latent heat fluxes over semi-arid region[ J]. Adv Atmos Sci,
2009,26(2):319-326

Dickinson R E, Oleson K W, Bonan G, et al. The community
land model and its climate statistics as a component of the
community climate system model[]J]. ] Climate,2006,19(11)
2302-2324

Vazquez R F, Feyen L, Feyen J, et al. Effect of grid size on
effective parameters and model performance of the mike-she
code[J]. Hydrol Process,2002,16(2) :355-372

Mo X G,Liu S X,Chen D,et al. Grid-size effects on estimation
of evapotranspiration and gross primary production over a large
loess plateau basin[ J]. China Hydrolog Sci J,2009,54(1) : 160-
173

R L BRAT. S /NI R X SRR E 20 A 5K SO K ST

[15]

[16]

[17]

[18]

[19]

[20]

[21]

FRBAU Y S [T ], 7K AR FFiE 4% . 2010,30(3) 1 112-116

Kuo W L,Steenhuis T S, McCulloch C E, et al. Effect of grid
size on runoff and soil moisture for a variable-source-area
hydrology model[ J]. Water Resour Res, 1999,35(11);3419-
3428

Oleson K W,Dai Y J,Bonan G, et al. Technical description of
the Community Land Model (CLM)[ M]. NCAR/TN-461 +
STR:174,2004

Qian T T, Dai A, Trenberth K E, et al. Simulation of global
land surface conditions from 1948 to 2004. Part i:forcing data
and evaluations[J]. ] Hydrometeorol,2006,7(5):953-975
Mohr K I, Famiglietti J S, Boone A, et al. Modeling soil
moisture and surface flux variability with an untuned land
surface scheme: a case study from the southern great plains
1997 hydrology experiment[ J]. ] Hydrometeorol,2000,1(2) .
154-169

BIGE WA K. 3 P A X - T b A R (0 R M 3 B
[J]. S 5 HEE 58 . 2008, 13(5) : 585-597

Chen T H, Henderson-Sellers A, Milly P, et al. Cabauw
experimental results from the project for intercomparison of
land-surface parameterization schemes[J]. J Climate, 1997,10
(6):1194-1215

Yang Z L. Dickinson R E, Henderson-Sellers A, et al.
Preliminary-study of spin-up processes in land-surface models
with the first stage data of project for intercomparison of land-
surface parameterization schemes phase 1(a) [J]. ] Geophys

Res,1995,100(D8) :16553-16578

ARG TR



