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Abstract The Shuffled Complex Evolution Algorithm is used to estimate the parameters in the Noah model, and soil
hydraulic parameters are also estimated by soil texture components to evaluate the sensitivity of model hydraulic
parameters in simulating soil moisture and soil temperature. The results show that soil hydraulic parameters are more
sensitive than parameters related to vegetation, and more sensitive to soil moisture than soil temperature. When surface
soil moisture is used to calculate the objective function, the estimated hydraulic parameters can not only improve the soil
moisture, but also soil temperature. However, when deep soil moisture is used to calculate the objective function, the soil
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temperature simulation is even worse than with default parameters. Soil texture components are also used to calculate soil

hydraulic parameters; and when they are used as estimated parameters, the results can improve both soil moisture and soil

temperature simulation. Parameter estimation experiments in which soil temperature is used to calculate the objective

function cannot improve the simulation of soil moisture. When soil texture components are used as estimated parameters

and soil moisture and soil temperature are used to calculate the objective function, the estimated hydraulic parameters can

improve both soil moisture and soil temperature simulation. Decreasing the number of parameters has little impact on the

results. Accordingly, when soil texture components are used as estimating parameters in this land surface model, the

estimated hydraulic parameters show good consistency—more so than when estimating hydraulic parameters directly.

Keywords Soil moisture, Parameter calibration, Sensitivity, Land surface model
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Fig. 1

The probability density function (PDF) distribution of each normalized parameter when using soil moisture at the surface, deep soil moisture, and both,

to calculate the objective function, and when hydraulic parameters are directly optimized. The positions of optimized and default normalized parameters are

also shown
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Fig. 6 Comparison of simulated and observed soil moisture and soil temprature with default and optimized parameters when using surface soil moisture and
temperature, deep soil moisture and temperature, and both, to culculate the objective function, and when hydraulic parameters are directly optimized: (a) soil

moisture at 10 cm; (b) soil moisture at 50 cm; (c) soil temprature at 10 cm; (d) soil temprature at 50 cm



1004

N W 39 %

Chinese Journal of Atmospheric Sciences Vol. 39

0.55

Soil moisture/m>m

Soil moisture/m>m

0.20

335

325¢

Soil temprature/K

295

285

305

301 ¢

Soil temprature/K

289

285
1
2

0.46¢

0.38

0.387

0.29¢

315¢

305¢

o —
(=3
(=3
(U8}

297}

293¢}

10 cm

10 Jun 19 Jun 28 Jun 6 Jul 15 Jul 24 Jul

50 cm (b)

Jun

2003

10 Jun 19 Jun 28 Jun 6 Jul 15 Jul 24 Jul

10 cm (C)

10 Jun 19 Jun 28 Jun 6 Jul 15 Jul 24 Jul

50 cm (d)

Jun

003

10 Jun 19 Jun 28 Jun 6 Jul 15 Jul 24 Jul

Date

Obs  ——— Default —— Optg,. Opt Deep Optg,,. Deep

7 [FE 6, (HZ IR L LIS 5

Fig. 7 As in Fig. 6, but for the soil component as the optimizing parameters

DAL TR AR AR SO - SR P BT 2 AR BB S 2 L U (R AR S AT PR, fH
e, (X T HIEREMBIORE, =il RRZERIA R, PR, AEIEZ T3
EARERRIGRIA R 8, BKRE, I FIRR R Z IR S0 R - 5330 5 A DA Al 4 1)



51 PAFENAE . R RN R FEREITL P (0 S B U 2 A AL A

No. 5 LI Deqin et al. Quantifying Parameter Sensitivity and Calibration in Simulating Soil Temperature and Moisture 1005

* 2 HANERFERE LMTIREEMRMNERARERE LM TFEEMTIREEEAAFERLSI N IREEFLIR
BESUNZEBHRIHER, FRGHTERIASHMER

Table 2
objective function is calculated by soil moisture at depths 10 cm and 50 cm and by both soil moisture and soil temperature at
depths 10 cm and 50 cm

The statistics of soil moisture and soil temperature when using optimized and default parameters, and when the
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Table 3 Comparison of three statistics of soil moisture and soil temperature when using optimized 16 and 25 parameters,

and when the objective function is calculated by surface soil moisture and by both surface and deep soil moisture and soil

temperature.
etk 25 A28 itk 16 24

Jil4hs RMSE* r bias RMSE* r bias
XJZ (5.08 F110.4 cm) +3EREF SMC gem 0.019 0.965 0.001 0.019 0.965 0.001
SMCsoem 0.074 0.981 0.013 0.074 0.982 0.013
ST10em 0.030 0.961 -0.392 0.026 0.939 -0.296
STs0em 0.099 0.526 —1.689 0.079 0.489 -1.365
LJ2(5.08 F 10.4 con) FIVEJZ 1 (50.8 cm) SMCgem 0.111 0.956 0.015 0.067 0.952 0.010
g P R LR SMCs0em 0.097 0.966 0.016 0.070 0.979 0.012
ST1oem 0.026 0.951 —0.246 0.052 0.941 -0.864
STs0em 0.085 0.529 —1.468 0.082 0.442 -1.407

VE: Rmse* i RMSEbox-cox, SMCI10 cm F1 SMC50 cm 43 5% 75 4 10 em AT 50 ecm AL L3832, ST10 cm F1 STS50 cm 43 53R 8% 4 10 cm
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Fig. 8 The probability density distribution of each normalized parameter when optimizing 16 and 25 parameters using surface soil moisture to calculate the

objective function, and when soil hydraulic parameters are directly optimized. The

positions of optimized and default normalized parameters are also shown
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Fig. 9 The probability density distribution of each normalized parameter when optimizing 16 and 25 parameters using soil moisture and soil temperature at

the surface, and in deep layers, to calculate the objective function, and when soil components are used as optimizing parameters. The positions of optimized and

default normalized parameters are also shown
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