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Influence of forest landscape pattern on flood mitigation in Beijing Plain based on

SWAT model

LU Yingshuo, WANG Yaohan, ZHENG Xi~
School of Landscape Architecture, Beijing Forestry University, Beijing 100083, China

Abstract; The landscape pattern and its change are important factors affecting surface runoff and spatial distribution and are
also an approach of managing urban rainfall flood and governing ecological environment. Taking one million mu of
afforestation project in the plain area, Beijing as the background, the remote sensing data during the first round of
afforestation time (2011, 2013, 2015, and 2017) were selected in this paper. Defining the Third Ring Road, the Fifth
Ring Road and the Sixth Ring Road in Beijing as the boundary, the plain area was divided into core area, central area,
suburban area, and outer suburban area for analyzing the changes of landscape pattern of the whole forest land and the
partitioned forest land, respectively. SWAT model was used to simulate the impacts of different patterns on storm runoff in
different regions, and explore the dominant forestland landscape index affecting runoff change. The results show that 1) the

forestland area in plain area presents an increasing trend, with an increase of 12.96%. Apart from some parts in the core
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area and the central area, the forestland patches are more concentrated and more complex in shape. 2) One million mu of
afforestation project plays a positive role in reducing the risk of rainfall flood in the plain area. However, due to the
influence of urban construction and human activities, the effecting intensity of afforestation and construction expansion on
the runoff mitigation in different areas are slightly different. The effecting intensity of afforestation on runoff mitigation in the
core area and central area is greater than the side effect of construction expansion on runoff, which is manifested as the case
that the total runoff decreased, with the proportions of 1.98% and 4.29%, respectively. However, the situation is just on
the contrary in the suburban area and outer suburban area: the total runoff increased by 0.09% and 6.82%. The intensity of
construction expansion in the outer suburbs is the main factor affecting the runoff risk in plain areas. 3) The key forest
landscape indices for different regions are different. The dominant forestland factors of runoff in core area are the number
factors of patches and the shape factor; that for the central area is area factor; those for the suburban area are aggregation
factor and shape factor; and those for the outer suburban area are area factor as well as aggregation factor. The control of
dominant forestland factors will reduce the risk of rainfall flood more efficiently. In this study, through SWAT simulation
analysis, the spatial changes of forest pattern and runoff characteristics in the plain area and the key forestland factors for
runoff mitigation in different areas during the first round of afforestation were obtained which provides reference for

improving the effect of mitigating rainfall flood during the second round of afforestation.

Key Words: forest landscape pattern; Beijing plain afforestation; rainwater runoff; risk of flood; SWAT
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Table 2 Explanations for selected landscape indices

& LA fb 7 Runoff variation

L X b IX IERRIX JERBIX.
Core zone Central zone Suburb zone Outer suburbs zone
2011 — — — —
2013 -4.88% -5.40% -1.87% -2.57%
2015 4.09% 1.81% 2.49% 9.53%
2017 -1.19% -0.70% -0.53% -0.14%
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Fig.7 Variation of runoff characteristics in different regions
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Table 3 Results of correlation analysis between landscape index and runoff volume

FZEM: R EUE Correlation coefficient

CA PLAND NP PD LPI TE LSI I SPLIT Al
102 X Core zone 0.856 0.856 0.966 0.966 0.822 0.896 0.923 0.967 0.835 0.915
FFULy X Central zone 0.991 0.991 0.582 0.577 0.930 0.999 0.934 0.032 0.957 0.927
JERBIX Suburb zone 0.438 0.438 0.395 0.399 0.817 0.280 0.887 0.858 0.896 0.663
JLARIX Outer suburbs zone  0.756 0.756 0.842 0.841 0.945 0.305 0.088 0.662 0.748 1.000

x4 ERESEWRBHIMS TEEREREAER
Table 4 Principal factor matrix and regression model of runoff and landscape pattern

T SRR

e o e
BT R FHT  FHT R
Component index X, X,

Fit>X Core zone FIERFEEL 1.000 M Bl SR — 0.933  Y=-0.010X,+1.490
BANGKE 0.996
PR g 0.993
PR 0.993

HuL X Central zone SNGKE 0.997 M AR A — 0.989 Y=-0.033X,+3.926
SESJT o5 LT AR LA 0.994
PERZE AN 0.994

FERBIX. Suburh zone REE 0.988  -0.115 MIFEAHET MHTEIREF 0985  ¥=0.301X,-0.351X,+58.310
BRBEY 5 S AR Fe A 0.984 0.137
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Fig.11 Variation of runoff characteristics in different regions under specific circumstances
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