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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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1 School of Water Conservancy and Environment, Zhengzhou University , Zhengzhou 450001, China

2 Institute of Natural Resource and Eco-Environment, Zhengzhou University , Zhengzhou 450001, China

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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Fig.4 Land use map and locally enlarged simulated land use map

LUC: Land Use/ Land Cover data
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Table 1 The landscape metrics of LUC-A and LUC-B in each sub-basin

ARG E

Same value of

A FHAEELAL-A

A FHAEELA-B

. landscape metrics LUC-A LUC-B

Sub-basin BT WA B Bk % h%k %ﬁ% ESUl Bk % % %ﬁ%
Ta R N K wE R I K I A%

LP PR PD TE ED LSI PR PD TE ED LSI

1 41882 32688 8073 19 3462938 83 43 72655 173 10388813 248 129

2 6375 5733 661 10 263043 41 9 5945 93 789128 124 27

3 4978 3209 1119 22 585208 117 21 10074 202 1755625 352 64

4 28557 22549 5029 18 2264950 79 34 45259 159 6794850 238 102

5 41369 34799 6547 16 2605545 63 33 58919 143 7816634 189 98

6 13754 13249 604 4 218288 16 5 5435 40 654864 48 15

7 15257 14508 890 6 321705 21 7 8012 52 965115 64 21

8 9492 9043 536 6 193388 20 5 4820 51 580163 61 16

9 24243 22978 1488 6 541789 22 9 13393 55 1625366 67 28

10 28272 25643 2950 10 1097169 39 17 26549 94 3291508 117 50

11 10514 9365 1266 12 472450 45 12 11392 108 1417350 135 36

12 28581 25907 3009 11 1116230 39 17 27082 95 3348690 117 51

13 7914 5293 1995 25 899892 114 26 17959 227 2699676 341 78

LUC: Land Use/ Land Cover data; TA: Total Area; LP; Largest Patch; 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

HbF LA -A 4 LA -B AN 2
LUC-A LUC-B Relative error

325 il L
TR b wer e s SRR B ey R vl TR R 1T
pe ﬂﬁﬁrg blf;w SED ORoN M ﬁﬁﬁl:;f Flow SED oy BE ‘é'«fm SED FeE
qru () /(m¥s) ke e ary Se/C) Jw/s) /kg ke Slp/%  Flow/% /% ORGN/%
1 9 37.6 7.9 60.6 31.6 9 37.8 7.9 61.4 317 0.53 0.00 1.30 0.32
2 6 43.4 0.7 0.9 0.8 6 433 0.7 0.9 08 -023 0.00 0.00 0.00
3 7 46.2 0.5 1 1.4 7 46 0.5 1 14 -043 0.00 0.00 0.00
4 10 37.6 3 77 5.1 10 37.7 3 7.7 5.1 0.27 0.00 0.00 0.00
5 9 41.1 7.8 39 19.7 9 41.2 7.8 39.3 19.7 0.24 0.00 0.76 0.00
6 9 39.5 2.6 5.1 3.4 9 38.6 2.6 49 33 -2.33 000 -408  -3.03
7 9 42.6 2.9 9.4 42 9 428 2.9 9.5 43 0.47 0.00 1.05 2.33
8 9 40.5 2.1 11.2 6.9 9 40.5 2.1 11.3 7 0.00 0.00 0.88 1.43
9 8 415 4.6 12.3 6.6 8 41 4.6 12 65 -1.22 000 -250 -1.54
10 9 39.7 5.3 27.6 13.8 9 39.7 5.3 27.6 13.8 0.00 0.00 0.00 0.00
1 7 40.3 2.3 11.2 11.2 7 41.7 2.3 12 11.8 3.36 0.00 6.67 5.08
12 10 36.8 6.4 31.2 333 10 35.7 6.4 29.4 329  -3.08 000 -612 -1.22
13 10 24.6 17 53 21.8 10 25.1 17 5.6 23 1.99 0.00 5.36 2.24
FAKERE Average precision 1 0.97 0.98
HES g 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
3 F FHAEHLLIA]-A LUC-A 3 F HAEHLA-B LUC-B
ik oVl B BRI % &K Tk FoU BEHe R % FRIE
TR F wmE O BumB EmE WRIEE R F ) wmE HumB B RIGEL
TA PR PD LP ED LSI TA PR PD LpP ED LSI

29 FLOW  0.981** 0.375 0.009  0.898""  -0.081 0.283  0.982"" 0.373 0.01 0.896*"  -0.082 0.287
> SED 0.848 " 0.293 -0.013  0.882**  -0.093 0.211  0.848*" 0.29 0.016  0.87*" -0.096 0.216

SAN 0.61"" 0.335 0.177  0.53*" 0.127 0.337  0.611"" 0.337 0.181 0.537** 0.126 0.337
S P 0.644 " 0.346 0.174  0.616"" 0.116 0.339  0.646"" 0.348 0.177  0.614"* 0.114 0.336

iR LR NO3  0.892**  0.379 0.11 0.817 0.075 0.326 0.89** 0.381 0.119 0.819** 0.078 0.326
# x £ 0.01 KL B EHIE

ATLAE H F]— R0 /e e S T AR £ R0, SO R A% 5 i B TA 3 A
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Fig.5 Simulated and observed runoff on a monthly step at Xixia station ( Calibration stage: 1993—1996, validation stage: 1997—2000)
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Table 4 Final values of SWAT model parameters based on LUC-A and LUC-B after calibration

S8 LUC e ZfH LUC-A feZfi SR BOR R
Parameters LUC value LUC-A value D-value E,
+ 1R AL Ch_erod 0.28 0.13 0.15 0.93
T[IE K 0P LG Ch_cov 0.23 0.11 0.12
USLE 28 5 F H#L N F USLE_C Hiih.0.21 B 0.2 0.01

M .0.0015 M :0.0012 AL :0.0003

S0 .0.003 Hbi 10.002 e :0.001
T EH VD BE J) 5 28 FEFEHL Spexp 1.023 0.023
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