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Parameter Sensitivity Analysis of Landscape Evolution Models—An
Example from the Kumarak River Basin
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School of Earth Sciences and Engineering, Nanjing University, Nanjing 210023, China

Abstract: Landscape evolution model is the basis for quantitative research on landscape evolution, but it involves complex
processes and numerous model parameters. In order to alleviate the difficulty of parameter identification and improve the
reliability of model parameter setting, identifying the key driving mechanisms and parameters of the landscape evolution model
has become the focus of current research. In this study, the Kumarak River Basin in the Tarim River Basin of Xinjiang was
selected as the study area, and the landscape evolution model of the study area was established based on the LE-PIHM (Landscape
Evolution-Penn State Integrated Hydrologic Model). The parameter sensitivities of the LE-PIHM model were identified by the
global sensitivity analysis method, Sobol method. The surface elevation of three typical landforms in the study area was used as
the objective function for the sensitivity analysis, and the results showed that the key model parameters for the landscape evolution
of the mountainous areas in the study area were the weathering rate of bare bedrock (P0), the fitting coefficient for bedrock
weathering equation () and the rate of tectonic uplift (U), which were mainly related to the weathering effect of the bedrock and

the tectonic uplift effect. Meanwhile, in the plain area of the study area, the model parameters have high sensitivity except for
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aquifer porosity (ng), and the elevation change in the plain area is mainly controlled by the interaction between the parameters. In

the riverine area of the study area, the sensitivity of the model parameters is similar to that in the plain area, but the soil porosity (ns)

and aquifer horizontal hydraulic conductivity (KHg) have significantly stronger sensitivities, which are related to surface water-

groundwater interactions and aquifer permeability properties, respectively.

Key words: landscape evolution model; sobol method; sensitivity analysis; elevation variation
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Fig. 2 Schematic of the Kumarak River Basin
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Table 1  Data sources and related information
Hin ey 23 [k e IR /h B
[ 30mx*30m 7 National Aeronautics and Space Administration
R 250m*250m G International Soil Reference and Information Centre
T-IgEeAl 1: 5000000 7 Food and Agriculture Organization of the United Nations
Fegea 1. 10000 & International Soil Reference and Information Centre
+ A 10mx10m B/ Environmental Systems Research Institute, Inc
L NIACiEE 1 0.5°%0.625° 1 National Aeronautics and Space Administration
MG 0.5°%0.625° 1 National Aeronautics and Space Administration
Rk % 0.25°%0.25° 3 National Aeronautics and Space Administration
2R 0.25°%0.25° 3 National Aeronautics and Space Administration
AT R A 0.25°%0.25° 3 National Aeronautics and Space Administration
MR it 0.25°%0.25° 3 National Aeronautics and Space Administration
KA 0.25°%0.25° 3 National Aeronautics and Space Administration
AHXHE 1.25°x1.25° 3 National Aeronautics and Space Administration
SR 0.25°%0.25° 3 National Aeronautics and Space Administration
[T 0.25°%0.25° 3 National Aeronautics and Space Administration
BT 0.25°%x0.25° 3 National Aeronautics and Space Administration
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Table 2 LE-PIHM model parameters and the range of values of
the parameters
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Ymis B RE (K1) m’/yr 0.1 0.3
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