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Simulations and analysis on the effects of landscape pattern change on flood and

low flow based on SWAT model
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Abstract: The effects of landscape pattern change on hydrological processes have become one of the major ecological
concerns in the world. Some researches have been working on the yearly and monthly runoff response to the landscape
pattern change based on distributed hydrological model. How the daily runoff, such as flood and low flow, responds to
landscape pattern change has not been well studied. The study area of Jinjiang watershed, which is situated at southeastern
China, is one of the regions where the economy grow fast and the landscape pattern change dramatically. It is worth to reveal
how the change in landscape pattern influences the flood and low flow for the regional ecological security and economic
development. In this paper, an integrated approach of distributed hydrological modeling and Pearson correlation analysis was

applied to quantify the contributions of the changes of landscape indices on the variation in flood and low flow. Daily stream
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flow under the meteorological condition from 2002 to 2010 was simulated with the landscape pattern maps in two periods
(1985 and 2006) using the Soil and Water Assessment Tool (SWAT) , respectively. The changes of annual maximum 1-
day, 5-day, and minimum 1-day, 7-day stream-flow between two simulations were calculated. Finally, the changes of
stream-flow were related to the changes of landscape indices in Pearson correlation to quantify the impacts of changes in
landscape on that of flood and low flow.

The results show as following: (1) All Ens and R are above 0.75, and Ers are in the range of +10% in the calibration
and validation period for three gauge stations, suggesting SWAT model is well performance. (2) Compared with the
landscape in 1985, the annual mean maximum 1-day and 5-day stream flow from 2002 to 2010, which was simulated by
SWAT model with the landscape in 2006, increases by 5.46% and 4.97% in the Jinjiang watershed, while the annual mean
minimum 1-day and 7-day stream flow decreases by 3.79% and 2.55%, respectively. (3) There are significant correlations
between the variation of flood flow and landscape indices. The forestland area is negatively related with annual maximum 1-
day and 5-day stream flow with the correlation coefficients of —0.764 and —0.721. The glass area is positively related with
annual minimum 1-day and 7-day stream flow with the correlation coefficients of 0.461 and 0.478, respectively. It
demonstrates that the increase of forest area can reduce the discharge of flood, while the increase of glass area can increase
the discharge of low flow. Furthermore, the relationships between landscape metrics and flood are also revealed. SHDI and
SHEI are significantly positively related with maximum 1-day flow with the correlation coefficients of 0.721 and 0.736,
respectively. On the other hand, LPI and CONTAG show negative relationships with maximum 1-day flow with the
coefficients of —0.61 and —0.596, respectively. The relationships between landscape metrics and flood reveal that
equilibrium distribution of landscape classes and low connectivity reduces hydrologic cycle of the basin and eventually leads
to the increase of flood flow. (4) Landscape metrics are not significantly related with low flow indicate that the impact of the

change in landscape on that of the low flow is not so important.

Key Words: landscape pattern; flood; low flow; SWAT model; Jinjiang watershed
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Fig.6 The annual change ratio in flood, low flow between two
simulations using landscape maps in 1985and 2006 in no. 19

typical subbasins
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/D A ) T B A2 a1 el A0 1 FH
TR N, R 6 v LA Y, 19 5 F ik
5 A ) AR A5 T e O R BRI, #E A )R 5 5%
T, 5 1985 4E LA JR AH L, 2006 4F 5004 /) T
FIUE K AR TGN, Al 7K AR T2 (R AR AR B K 4
Witk Horf, 2002—2010 4EAEF AR 1 d FlESE
TR S5 d R AN 11.9% F1 11.38% , - F )
e/ 1 d FES RN T d IARTLIR 5> -27.99%
F1-25.39%
3.4 FOULAS SR AR A X TR AR U B i AL

WG ATR 4 20 4 F A H Bk
R AR A UK - b Ul FE B0 £ Rt A 42 3
Ak, W Pearson AH G AT I, 1A MEAG A2 I 45 48
PRAR A8 5 WA Ja 48 B2 A R B AH OCHE | T DL e
ST RO SR 5 RS AR I B) AR BLOG R T AR 4
RN 3, MM BV AL AR T N, AR
SO SRR 1 d EEmK S d MM R E (P<
0.01) , AR B3] -0.764 . —-0.721 , 3 B AR 5
X 588 63 7K AR B R A < i B B ] B A B A, AL
T2 28] 31 D T 0 3 160 £ 25 TE AR, R A 40 A
BB R, KB SRR dESEK S d
AR R (P<0.05) , M 5¢ 2%k 0.502.,0.515,

K 35 T AR 18 o £ o S A2 A 1) YA T R, AT S R
PR R R AR, RS RN 1 d SRS
d AHSEPER: B 3 (P<0.05) MR EH 0.461 ,0.478,
R R b AT LB 5 A S K U B T 3R BE T, B AR K
B,
MFACTE T S48 508 b 5 UG 72 I AR fh A
KNEFE, 5 Shannon Z FE14:$5 %4 . Shannon 35 i
BECSRR 1 d MOCHE S 3 (P<0.01) , AH G435
iKF]0.721.,0.736, F WM 1985 4F-F] 2006 4, Ji I
AR Ml b 55 U v el b | 2 15 S LG Ak 2ot
i o | A 1) S5 UL 49 A A 43 A, 5 50U RT3 7K
R AR 2, Sn ke R R KB s 2L
MEIERE 5K 1 d MHCHERE (P<0.01) ,MHKER
M -0.61.,-0.596 , Fx KEEHAEE S iE S K 5 d M
KM 3 (P<0.05) , M RECH-0.472, itk
155 1985 4F S A% = A HE , 5 YL 3K 2006 4 5% WL
T AR 22 ) A PR AR R AL R AL, 1 55 T LXK
(A AN IR SR BE T, s it i i i . 534,
BEHAEL SERIBES AL R A B i BUINA 43 4
BARL S AR WA bR AR L AR A 3 A oGk | 3R
PP 37 3 S O %) B o B N BRI IR B 2% X A% i 2 Ak
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Table 3 The correlation coefficients between landscape metric changes with flood, low flow changes in study area

HEIKFEL Flood flow

#h7K A2 Low flow

ok 1d HELRK 5d T/ 1d HELLEN 7d
Maximum 1-day Maximum 5-day Minimum 1-day Minimum 7-day
FOMZE JK M Paddy 0.235 -0.172 0.402 0.192
Landscape class U Dry farming -0.262 -0.303 -0.204 0.02
Ml Forest -0.764 " -0.721"*" 0.182 0.427
el b Plantation 0.321 0.211 0.089 0.061
i Grass 0.201 -0.121 0.461* 0.478*
AL Urban 0.363 0.369 0.03 -0.099
K3 Water 0.502* 0.515* 0.143 0.038
KA HHL Barren -0.356 -0.207 0.099 0.141
SR NP -0.031 -0.068 0.318 0.297
Landscape level AREA_MN -0.065 0.048 -0.206 -0.397
LSI 0.264 0.321 0.272 0.321
FRAC_AM -0.435 -0.268 0.24 0.236
SHDI 0.721** 0.174 0.174 0.085
SHEI 0.736** 0.226 0.134 0.038
LPI -0.61** -0.472" 0.095 0.06
CONTAG -0.596 ** -0.248 -0.165 -0.151

* % Fon ARSI E K 0.01 CBUBAIN) |

* AR K 0.05 CBUZ AL )
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