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Abstract Proper parameter estimation is critical for enhancing the simulation capability of land surface models, yet the
high dimensionality of model parameters significantly increases the difficulty of parameter estimation. Sensitivity analysis of
model parameters aims at identifying the most sensitive parameters for further analysis in order to estimate the parameters
with finite computer resources. In this study, we conducted sensitivity analysis of forty adjustable parameters selected from
the Common Land Model (CoLM) using soil temperature and soil moisture data. The Morris method was used to qualitatively
screen out the sensitive parameters from the insensitive ones. We also adopted the Sobol’ sensitivity method to
quantitatively estimate the sensitivity of the screened parameters. The main effect, interaction effect, and total effect of the
parameters were computed. The results showed that the Morris method could provide reliable parameter sensitivity analysis
using a relatively small sample size, and the Sobol’ results provided a quantitative measure how each parameter contributes to
the total variance of the model response, which was consistent with the results obtained by the Morris method.
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Fig. 4 The cumulative contribution of parameters for soil temperature
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Fig. 5 The cumulative contribution of parameters for soil moisture
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Table 5 The results of Sobol’ interaction analysis for soil temperature

P3 P4 P6 P18 P19 P36 P40

P2 1.76X 107" 8.68X 107 4.76%10" 2.52X107 1.82%107° 3.41%X10™" 7.53%x107*
P3 1.81x10™" 6.59%X 107" 1.74X 107" 1.75%107" 5.22%10" 1.71X107"
P4 477%107" 5.82X10° 6.90X107 3.60X 10! 452x107°
P6 4.69%107" 4.67%107" 8.16X 10" 4.67X107"
P18 227X107 3.41%X10™" 131x10°
P19 3.49x10™" 9.03%x10™
P36 3.38x10"
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R 6 TIERERT Sobol —M R EMMN LR

Table 6 The results of Sobol’ interaction analysis for soil moisture

P3 P4 P6 P18 P19 P25 P40
P2 436X10" 1.99%1072 5.92%X10"! 4.98%107° 5.17X107° 549%107 487%10°
P3 449%107" 1.02 433%x10™" 435%107" 4.41x107" 432X10"
P4 6.04X10™" 1.39%107° 1.43X1072 1.42x107 1.34X 1072
P6 5.99%x10™" 5.90%X 10! 594X 107" 595X 107"
P18 3.93x107* 9.25%10™* 1.01x10*
P19 1.09%107° 2.75%107
P25 8.02x107*
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Fig. 6 The results of Sobol’ (a) main effect and (b) total effect analysis for soil temperature
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Fig. 7 The results of Sobol’ (a) main effect and (b) total effect analysis for soil moisture
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Fig. 8 The results of Sobol’ interaction analysis for soil (a) temperature and (b) moisture




