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Runoff extreme responses to watershed landscape pattern changes and their

attribution analysis in the Three Gorges Reservoir Area
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Abstract; It is important to identify the relationship between runoff extremes and landscape pattern because it benefits for
collaborative promotion between ecological construction and water resources regulation within a basin. As one of the most
important ecologically fragile area in China, the Three Gorges Reservoir Area experienced ecological construction during the
last twenty years. In this study, the Dongli River Basin, within northeastern part of the Three Gorges Reservoir Area, was
taken as an example. Several methods, including the SWAT ( Soil and Water Assessment Tool) model, landscape pattern
index, Pearson correlation analysis and Random Forest, were used to analyze runoff extremes response to landscape pattern
changes. And then, runoff extremes of driving mechanism were investigated from the perspective of the whole basin and
typical subbasin. The results showed as following; (1) Within the whole basin, forest and cropland were the dominant

landscapes, area of which increased by 3.76% and 1.82% from 2000 to 2020, respectively. Its landscape became
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aggregative while landscape diversity and uniformity declined. The dominant landscapes within the subbasin were similar to
that within the whole basin. Changes in patch density (PD), largest patch index (LPI) and contagion index ( CONTAG)
were more dramatic than those of the whole basin from 2000 to 2020. (2) Four indices, including the maximum 1 day
(Max1d) runoff, the maximum 7 day ( Max 7d) runoff, the minimum 1 day (Minld) runoff, and the minimum 7 day
(Min7d) runoff, were selected as runoff extremes. Within the whole basin, runoff extremes mainly showed decreasing
tendency under the landscape pattern changes from 2000 to 2020. Among them, Max1d decreased by 4.44% while Minld
runoff and Min7d declined more than 40%. Due to landscape changes from 2000 to 2020, the changes of Max1d and Max7d
within the typical subbasin were higher than these within the whole basin. The changes of Minld and Min7d within the
typical subbasin were similar to these within the while basin. Runoff extremes within the typical subbasin are hinger than
these within the whole basin. (3) The regulation ability of landscape pattern on runoff extremes became weak from 2000 to
2020. Due to degradation in forest-grass landscape combination and aggregation in landscape spatial configuration,
contribution rate from landscape composition decreased by 0. 84%—7.39% and contribution rate from landscape
configuration decreased by 1.63%—3.89%. The results can deepen the understanding of the hydrological process to
landscape pattern, which can provide scientific basis for the ecological construction and restoration for the Three Gorges

Reservoir Area.
Key Words: landscape pattern; hydrological response; SWAT model; attribution analysis
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Table 1 Data source and its spatiotemporal resolution of Dongli River Basin

Data types Data description Data sources

BT R Digital elevation model 30m 43R https://www.gscloud.cn/

3 Soil types 1:100 J1 https : //data.tpde.ac.cn/

T F ] Land use 30m S EER https://www.resde.cn/
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Fig.2 Parameter sensitivity analysis of daily runoff simulation in the Dongli River Basin
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Fig.3 Observed and simulated runoff daily at Wenquan hydrological station within Dongli River Basin
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Table 2 Detailed descriptions of impact factors
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Category Influence factor Description Units
UL A #kHh ( Cropland ) A i AR L 451 %
Landscape composition PR ( Forest ) M T AR HE ] %

1 ( Grassland ) R b TR L 5] %
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DEM ; $07 F FEFE ] Digital elevation model ; TRI: T HLBEFEE Terrain ruggedness index
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Fig.4 Analysis for multicollinearity between factors
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Fig.6 Transferred area of landscape composition within Dongli River Basin from 2000 to 2020
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Table 3 Changes of landscape configuration index in Dongli River Basin from 2000 to 2020

SR BEYL R B RRPELRIEE SRR EFETE AL BEBEIRB Shannon B ETREL
landscape index PD LPI LSI CONTAG Al SHEIL
2000 0.68 31.30 58.14 55.96 91.33 0.67
2010 0.60 33.08 50.76 57.59 92.47 0.66
2020 0.61 36.50 51.86 57.85 92.31 0.65
2000—2020 AL/ % -10.20 16.60 -10.79 3.37 1.06 -3.36

Change rate from 2000 t02020
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Fig.7 Changes of landscape configuration in subbasins within Dongli River Basin from 2000 to 2020
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Fig.8 Change rate in runoff extremes under landscape pattern of the whole basin from 2000 to 2020
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Fig.9 Change rate in runoff extremes under landscape pattern of the No.24 subbasin from 2000 to 2020
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Table 4 Correlation coefficients between landscape changes and runoff extremes changes in Dongli River Basin

IRy [ 2% HEKAZHL High flow MiZKAZ I Low flow

Driving factor Maxld Max7d Minld Min7d
#FHL Cropland -0.281 0.587** -0.581 " -0.575""
i Forest -0.085 -0.195 0.121 0.122
FiHl Grassland 0.339 -0.560 ** 0.580"* 0.573**
BEYE S PD 0.273 -0.473" 0.472% 0.471*
FRBEYAE %L LPT -0.232 0.453* -0.456* -0.450"
SOUIBARAE EL LSI 0.136 -0.540 " 0.473" 0.465 *
LIEREFE 4 CONTAG -0.042 0.267 -0.256 -0.253
RA B AL -0.234 0.587 ** -0.546** -0.540**
Shannon 457 BE 46 %k SHEI 0.021 -0.219 0.213 0.210

* xR 0.01 BEKF, = TR 0.05 BEKF-
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