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Abstract This study aims to evaluate the effect of two, new, global soil datasets on global land surface simulation,
based for the first time on the Common Land Model (CoLM). The effects of the two soil datasets, namely GSDE (Global
Soil Dataset for Earth System Model) and Soil Grids (SG), on the model simulation results were studied. The differences

between these two data sets were compared and analyzed for five soil properties, namely sand, clay, gravel, organic
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carbon, and bulk density, and the impact, caused by those differences, on the estimated soil characteristic parameters as
well as the hydraulic and thermal variables in the model were discussed. The results show that the global spatial
distribution of soil characteristic parameters is mainly influenced by soil particle size distribution (sand, silt, and clay),
and also by gravel, organic matter, and bulk density. The effect of the soil datasets on the global simulation varies across
different regions. Their effect on the hydrological variables (the maximum value of R, is 100%) is greater than that on
the soil thermodynamic variables (R,<=+10%) and on the surface radiation variables (R.<=5%). The soil volumetric
water content in central and northwest Canada, southeastern Russia, and midwest and central Australia is quite different,
and the total runoff in low latitudes area shows great variance. Thermal variables show some differences in northern
Africa, northwestern Canada, and north-central Russia. Comparing the simulated soil moisture with site observations, the
performance of the two datasets is similar and there is a certain deviation from the site observations. More specifically, the
values based on the SG data are closer to the observation values. The results show that there is an increase of about 0.01 to
0.02 using the SG data compared with the GSDE data at the Molly Caren site. This study shows that the model simulation

results are significantly affected by different datasets and that soil data with higher accuracy, such as the SG data, are
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preferable for model use. Further studies on the effect of soil properties on land surface modeling are required.
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Table 1 Basic information of the stations

3 R K5 2R SR izt il eyl JITASE FE il R P e U B
Molly Caren Mol 39°57'N 83°27'W A H /5 b iR 2013~20144F
Mahantango Ck Mah 40°40'N 76°40'W i 2016~20174
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%2 SG 71 GSDE MEHIEESKXE T ERE M FHME.
REE EXREATHENEXNENLE R,

Table 2
coefficients, and relative changes R, of the SG and GSDE

Average values, standard deviations, correlation

datasets in the globle area of soil properties

+1% SGHIGSDE SGHH%} T GSDE

@ BdRgE I bEE OSSR mARE

Whi  SG 4922%  16.19% 0.49 —0.4%
GSDE  49.42%  19.89%

ik SG 20.99%  8.93% 0.57 9.15%
GSDE  19.23%  11.68%

A SG 9.51% 8.37% 0.28 —0.03%
GSDE  9.51%  10.64%

AW SG 573%  6.76%5 0.86 96.23%
GSDE  2.92%  6.36%

KE  SG 1250 kg/m’® 220 kg/m® 097 —4.58%
GSDE 1310 kg/m® 210 kg/m’

e M REEYE T B (P<0.001).
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Fig. 2

Sand content at 0—30 cm in (a) SG dataset and (b) GSDE dataset, which are both based on long term observations; the difference of sand

content between SG dataset and GSDE dataset at (c) 0—30 cm and (d) 30—100 cm
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Fig. 3 Clay content in (a) SG dataset and (c) the difference between SG and GSDE datasets at 0—30 cm; gravel content in (b) SG dataset and (d) the

difference between SG and GSDE datasets
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DL P EBHEAE 0~30 cm ZH (%5820 A . (£
P BERF IR SR X A WK & 2 /b, dbafesk
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Fig. 4 Content of organic carbon in (a) SG dataset and (c) the difference between SG and GSDE datasets at 0-30 cm; the bulk density in (b) SG

dataset and (d) the difference between SG and GSDE datasets at 0-30 cm
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Table 3 Statistics of soil characteristic parameters of CoLM-SG and CoLM-GSDE tests

IS MG FLBRK NGy R TR TR 358 S 4
it s I IKE & Aite BT s #
SERME CoLM-SG 027m’m” 16.54cmd™ 0.17 -21.70 cm 1.64Tm K" 235Wm 'K
CoLM-GSDE 028m’m° 2244 cmd” 0.18 -22.56 cm 1.62Tm° K 225Wm ' K
ANl CoLM-SG 0.02m*m” 20.77 cmd’ 0.04 10.35 cm 0078Tm°K' 235Wm 'K’
CoLM-GSDE 0.09 m*m 27.06 cmd’ 0.06 12.32 cm 020Im K"’ 225Wm 'K
AHR R CoLM-SG 0.097 0.378 0.128 0.144 0.002 0.425
CoLM-GSDE
AHXT AR CoLM-SG -3.57% —26.29% —5.56% 3.81% 0.12% 4.44%
CoLM-GSDE
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SRR LA AL B R, 4Bk A . I FLER
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PN IS 43 H X R4 2 17 7 7 4 ARSI~ iR
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Fig. 5 (a) Saturated moisture content of 0-30 cm in CoLM-GSDE test, (c) saturated moisture content of 0-30 cm in CoLM-SG test relative to CoLM-
GSDE tese; (b) saturated hydraulic conductivity of 0-30 cm in CoLM-GSDE test; (d) Saturated hydraulic conductivity of 0-30 cm in CoLM-SG test

relative to COLM-GSDE test
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Fig. 6 (a) Pore size distribution index of 0-30 cm in CoLM-GSDE test, (c) pore size distribution index of 0—30 cm in CoLM-SG test relative to
CoLM-GSDE test; (b) matric potential at saturation of 0-30 cm in CoLM-GSDE test, (d) matric potential at saturation of 0-30 cm in CoLM-SG test

relative to COLM-GSDE test
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Fig. 7 (a) Heat capacity of soil solids at 0-30 cm in CoLM-GSDE test, (c) heat capacity of soil solids at 0-30 cm in CoLM-SG test relative to CoLM-
GSDE test; (b) thermal conductivity of soil solids at 0-30 cm in CoLM-GSDE test, (d) thermal conductivity of soil solids at 0-30 cm in CoLM-SG test

relative to COLM-GSDE test
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Table 4 Statistics of soil hydraulic, thermal and radiative variables of CoLM-SG and CoLM-GSDE tests
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Fig. 8 (a) Volumetric soil water at 0-30 cm in CoLM-GSDE test, (c) pore size distribution index at 0-30 cm in CoLM-SG test relative to CoLM-
GSDE test; (b) total runoff in CoOLM-GSDE test, (d) total runoff based on CoLM-SG test relative to COLM-GSDE test
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Table 5 Soiltexture information at Molsite and Mah sites
il A TR EE7 {2 A== RRL WA S E EERiIR s Aidi/kgm”
Mol xKZ SG 24% 25% 3% 0.56% 1320
GSDE 22% 21% 1% 1.94% 150
Site 22.1% 21.1% 0 1.14% 1470
0~30 cm SG 24% 25.1% 3% 0.53% 1320
GSDE 22% 21.1% 1% 1.94% 1510
Site 21.5% 22.6% 0 1.08% 1480
Mah xKZ SG 37% 16% 11% 0.85% 118
GSDE 33% 17% 18% 1.5% 1370
Site 37.2% 13.4% 30% 2% 990
0~30 cm SG 36.9% 16% 11% 0.81% 1190
GSDE 33% 17% 18% 1.5% 1370
Site 35.8% 13.5% 31.3% 1.3% 1090
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Fig. 11 Daily average (a) simulated soil moisture at the first layer and (b) soil moisture at 30 cm at the Mol site. SG-11 (SG-30) represent simulated

soil moisture of SG at the first layer (at 30 cm), GSDE-11 (GSDE-30) represent simulated soil moisture of GSDE at the first layer (at 30 cm), Site-11

(Site-30) represent simulated soil moisture of site texture data at the first layer (at 30 cm), Obs-11 (obs-30) represents the surface (at 30 cm) soil

moisture observed at the site. Gray columns represent precipitation
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Table 6 Statistics between simulated and observed soil volumetric water content for two sites

xE 30 cm
W OHOR HCRE BTHERE R mD AHEEm m BT AR HCRM BT m® AR Em m R AR
Mol SG 0.58%* 0.16* 0.14* 0.89* 0.16 0.18* 0.17* 0.86*
GSDE 0.56 0.18 0.17 0.86 0.17* 0.19 0.18 0.85
site 0.59 0.16 0.15 0.89 0.17* 0.17 0.15 0.88
Mah SG 0.66* 0.07* 0.06* 0.95* 0.89* 0.02* 0.02 0.99
GSDE 0.59 0.09 0.07 0.93 0.87 0.03 0.02 0.99
site 0.60 0.08 0.06 0.94 0.87 0.02 0.02 0.99

R RBEN B E MR (P<0.001).
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