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Sensitivity analysis of swat model on changes of landscape pattern: a case study

from Lao Guanhe Watershed in Danjiangkou Reservoir Area
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Abstract: A number of studies have demonstrated effects of the landscape composition and spatial configuration on the
runoff sediment yield and non-point pollution in a watershed. The SWAT model( Soil and Water Assessment Tool) was
widely employed to explore the significance of land management practices on water sediment and agricultural chemical
yields which subdivides a watershed into sub-basins connected by a stream network and contain many Hydrologic Response
Units ( HRUs) characterized by unique combinations of land cover soil and slope attributes. In a variety of the previous
studies the interaction between hydrographic features and landscape characteristics was taken for granted in the SWAT
model and calibrated model was frequently used to predict the eco-hydrological variation induced by possible land use
changes without investigating sensitivity of model on changes of landscape pattern and the results of model would be used to
provide scientific foundation for decision-making in land use management. For a better understanding of SWAT model
response to different landscape patterns this study obtained a series of SWAT model outputs in Lao Guanhe watershed
which is one of the head source of Danjiangkou Reservoir Area by setting two land use scenarios with different landscape

metrics which are characterized by landscape composition and configurations and proposed to quantify landscape pattern.
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By comparing the results of SWAT model using the real land-use data in 2000 to that using the simulated land use data

which have exactly same mean slope and area of each land use type in each sub-basin as the real land use map. It was
found that the SWAT model could display a substantial correlation between the runoff sediment yields non-point source
pollutants and with slope and area of land use type but failed to demonstrate the sensitivity of the results of SWAT model to
the difference in landscape metrics. Perhaps because the model calculated each HRU separately then summarized them for
the output of the watershed. That is to say if the SWAT model was applied to evaluate the effects of planting trees in the
riparian strips on water quality of a stream only the increase of forest land area and the descent of forest land slope would
be taken in account. However the interaction between forest land and other land use types which might be more
significant in eco-hydrological dynamics could not play a part in water quality evaluation by using SWAT model. With
further analysis it is found that the runoff outputs of SWAT model by using land-use data with different landscape
characteristics could not only match the measured data but perfectly match each other just by adjusting model
parameters. Therefore an outwardly reasonable output of SWAT model could be a perfect simulation of real situations or
come from shrewd calibration of model parameters. As a result the SWAT model is not the default one to simulate the

hydrologic process changed by the change of landscape spatial configuration the sensitivity of SWAT model on changes of

landscape pattern can be enhanced by defining slopes with different gradients.

Key Words: SWAT model; non-point source pollution; landscape pattern; land use; sensitivity analysis
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Fig.1 Map of Lao Guanhe watershed
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Table 1 The landscape metrics of LUC-A and LUC-B in each sub-basin
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13 7914 5293 1995 25 899892 114 26 17959 227 2699676 341 78

LUC: Land Use/ Land Cover data; TA: Total Area; LP: Largest Paich; PR: Patch Richness; PD: Patch Density; TE: Total Edge; ED: Edge

Density; LSI: Landscape Shape Index
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Table 2 Results of SWAT model based on LUC-A and LUC-B in each sub-basin
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I 9 36 79 6.6 3.6 9 3.8 7.9 6.4 3.7 0.5 000 130 032
2 6 44 07 09 08 6 43 07 09 08 -0.23 000 000 0.00
3 7 462 05 1 L4 T 6 0.5 1 L4 -0.43 000 0.00  0.00
4 0 376 3 77 s1 10 37 3 77 51 027 0.00  0.00  0.00
5 9 41 78 3 197 9 4.2 7.8 393 197 0.24  0.00 0.7  0.00
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7 9 46 29 94 42 9 48 29 95 43 047 000 1.05 2.33
8 9 405 21 12 69 9 405 21 1.3 7 0.00  0.00 0.8  1.43
9 § 4.5 46 123 66 8 4l 46 12 65 122 0.00 -2.50 -1.54
10 9 397 53 2.6 138 9 397 53 2.6 138  0.00 0.00 000  0.00
I 7 403 23 12 12 7 4T 23 12 1.8 336 0.00 6.67  5.08
1 0 368 64 3.2 3310 3B.7 64 294 329 308 000 612 -2
13 0 246 17 53 2.8 10 2.1 L7 56 23 L9 0.00 53 2.2
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BRRME,, 1 0.99 0.99

HRU: Hydrologic Response Unit; Slp: Average slope of forest; Flow: Stream flow; SED: Sediment; ORGN: Organic nitrogen
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Table 3 Results of correlation analysis on landscape metrics and main results of SWAT model
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Table 4 Final values of SWAT model parameters based on LUC-A and LUC-B after calibration

ey LUC 418 LUCA B4 4H Eyies RORFREL
Parameters LUC value LUC-A value D-value E,
+HE{R il Ch_erod 0.28 0.13 0.15 0.93
TA[IE K b Ch_cov 0.23 0.11 0.12
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