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Impacts of land-use change on flood process and frequency of various return

periods: a case study of Jiaokou Reservoir watershed in Fenghua River

LEI Chaogui, XU Youpeng*, ZHANG Qianyu, WANG Yuefeng, LI Guang
School of Geographic and Oceanographic Sciences, Nanjing University , Nanjing 210023, China

Abstract; The effects of land-use/land-cover change (LUCC) on the watershed flood process have become one of the major
hydrological concerns in the world. A change in the flood process leads to the alteration in flood design and control system,
which has caused serious problems to human life and urban security. In this study, we take Jiaokou Reservoir watershed as a
sample area to analyze the LUCC effects on storm floods of different return periods based on the hydrological model ( HEC-
HMS) and GIS-related support. Jiaokou Reservior is located in the west of Ningbo city, Zhejiang Province, and is
controlled by the plum rains and typhoon storms with various return periods during rainy seasons. Due to rapid economic
development and intensive human activity, the land utilization pattern has changed in recent years. The spatial data of land
use of the study area during 1985—2003 was obtained from Landsat TM ( Thematic Mapper) image data, and the images
from different periods were interpreted and overlapped to setup the transfer matrix of the land-use types. The land-use types
were dominated by forest land, bush grassland, and cultivated land, which covered 92% of the watershed. The main LUCC
in this area is the conversion of forest to bare land, grassland, and agricultural land. The analysis of the LUCC impacts on
flood shows that (1) during 1985—2003, 3%—30% of the forest land was changed to bare land, bush grass, or
agricultural land, and the LUCC has different effects on floods of different return periods. Both flood runoff and peak

EETE: HK HRF =4 LW H (41371046, 41371044 ) 5 K FI 36K Bl 28 35 & W30 H (201201072) ; LA H R B £ T H
(BK20131276) ; VL. /K ARk 54 H K5 H (2015003 )

75 B H#:2015-01-22; ¥ £& tH kit B 81 :2015-00- 00

# W IHAEH Corresponding author. E-mail ; xuyp305@ 163.com

http ://www.ecologica.cn



2 S % 36 &

increased for all flood magnitudes, but the runoff changed at a higher range as compared to the flood peak. (2) Low
magnitude flood was found to be more sensitive to the LUCC, the increase of the total runoff and flood peak of a 5-year flood
increased by 3% and 7.6% , respectively, while those of less than 2-year return period floods increased by 5.41% and 11.
91%, respectively. From the perceptive of flood classification, the flood return periods of 100, 50, and 25 years were
reduced by 15, 6, and 2 years, respectively, during the study period. (3) Different land-use change patterns lead to flood
variations. Along with the forest being characterized by a change ratio of 10%—50% since 1985, forest-bare land-use
change pattern impacts flooding most intensively, and the forest-grassland change pattern has stronger effects than the forest-
agricultural change pattern. Compared with a simulated flood in 1985, when forest was converted into bare land with a ratio
of 10%—50% , the flood peak increased by 0.88% — 4.3% and the total runoff increased by 1.61%— 7.91% in the 100-
year-return-period flood. While, the widened range of the flood peak and total runoff under the same condition were 2.
18%—10.67% and 4.15%—20.62% , respectively, in the 5-year-return-period flood. As the change ratio gets bigger, the
difference in impacts of different patterns of forest transformation to other lands on floods became more distinct, especially to
the low-magnitude flood. The results of this study can provide scientific supports for the flood control and water resource

management.
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Table 1 Area of land use and dynamic change in Jiaokou Reservoir watershed during 1985 — 2003

R P 1985 2003 A5 Ak i/ km?
Land use types T Area/km? HEE Proportion/ % T Area/km? L EE Proportion/% Area change
Mt Forest land 198.6 76.68 132.2 51.04 -66.4
JEF b Bush-grass land 9.2 3.55 69.4 26.79 60.2
Bt Cultivated land 37.0 14.29 39.2 15.14 2.2
FEHH Construction land 5.6 2.16 5.8 2.24 0.2
#H Bare land 1.2 0.46 7.9 3.05 6.7
JKAK Water 7.4 2.86 4.5 1.74 -2.9
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Fig.2 Distribution of land use types in 1985 and 2003
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Table 2 Main transformation types of forest land from 1985 to 2003

SRy - M A AL Forest land FEHh Cultivated land B Bush-grass land #iH#b Bare land
Vear Land wse tpes Rk S/ % BBV ke FEILE/% @B kn® BILR% BV kn®  BEILR/%
1985—2003 HHth Forest land 117.97 — 23.43 11.81 47.37 23.88 6.34 3.2

3.2.1 MR E 5K

FET B 1985 4FFN1 2003 A A bR A | 5850 A RRAE | = 2 s PSR B3 YR [ W AR AR, 275 A G F
g3 RPN R BT (Univariate Gradient) FEBR A =L R S E, EESHCRE LB KL R ILE 3, H
H #0465 (Initial Loss) Fa%E T 78R ( Constant Loss Rate) Yt i ( Tp) & o0HES5 . [RIET, A FH we 1 7K 28 It ek
D3 52 1 BRI /NI B B AR R 25 SR A TP, JE R 8 B N KA TR AT . B IR Tk K o AR
FAR M | 79823 %5 5 IR I K EATAR SR AE | 74819 45 3 37 TR R BGIE /A , 455000 3R o G IE 1) &5
RILFE 4,

X3 HEC-HMS #HEFESHRELER
Table 3 Calibration results of main parameters in HEC-HMS model

A2 SR SR X AT SRR B
Number Parameter name Parameter implication Calibration range Calibration values
1 Initial Loss WA R (E 10—20mm 10—15mm
2 Constant Loss Rate R TBR 0.5—1Imm/h 0.8—Imm/h
3 Recession constant BRRERH AL 0.85—0.99 0.9—0.95
4 Ratio to Peak UEEFT b (3B B ) 0—1 0.02—0.05
5 Muskingum X To i AN 0—0.5 0.2

%®4 HEC-HMS #EELIFRX 8 A K IFMER
Table 4 Results of evaluation for simulated 8 flood events of study area by HEC-HMS model

TEIEAEXS TR 22/ % Pk AR 22/ %

FREW UL Bk Tk (m’/s) . . U B 22/ min T T AR AL
Calibration /Validation Flood events Measured peak Relative error Relative error Error of peak time Nash coefficient
of peak of runoff
FE W] Calibration period 79823 979 -17.51 -17.78 =20 0.81
82811 441 -0.86 -6.18 +30 0.79
85922 605 2.170 -3.05 +90 0.91
87912 887 -30.70 -13.91 -10 0.81
201623 283 5.05 -1.57 +20 0.81
Y XHEF1 9.26 8.38 34 0.83
BEME Validation period 74819 795 -8.75 -2.98 +25 0.94
84819 620 -0.15 2.53 =70 0.87
98919 572 3.97 13.60 +30 0.9
Y XHEFYY 4.29 6.37 42 0.9

WEBLT 22 T L) = FOR B T HL R+ FOR B TR
MF 4 FTLR R EW] S GrtoKF sl v R EC 0.83, BHUAY IR B 22 7 £ 1.5h 1, kg Bt i

PIREXTIR 225 9K 9.26% F1 8.38% , F /MR 2% K —0.86% , 15 22 Tl BBl R #RAFFE£10% AN . {H A, 87912 77k it
IR B LI AR R 250K 30.7% , X FE B R T iz Wit kKB 9 Ho HE 16 H, PP iL i AR A
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Fig.3 Comparison of observed and simulated hydrographs during validation period
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Table 5 Results of flood simulation under 1985-2003 land use patterns in Jiaokou Reservoir watershed

1985 4 S H 2003 4ESHUH - 4t ] AR AR 5 )
— Yok 73 n;giyfg ﬁmm :Hﬂ:lzlined in 1985 :Hmii:jieﬂcd in 2003 " ::facls of LU:(; B
Return periods Flood number in?ens?ty F{l/(;oji})l::i / PN F{I;‘sz;i y PN (/E:J; nngﬁ 41(:(;1";“:1%
(miyey  unof/mmo oy Runolbmm o k% of runoft/%
54E—iBLL | 81830 307.7 1033.2 434.4 1061.2 471.7 2.71 8.59
Over 5-year return period 87909 361.7 599.7 257.7 626.6 282.7 4.49 9.7
97818 271.2 1331.4 222.5 1355.3 232.5 1.8 4.5
Fy 3.0 7.6
2—5 4E—iff 74819 228.8 726.9 260.3 749.4 286.3 3.1 10.1
2—35 year return period 79823 245.3 907.1 300.4 931.7 324 2.71 7.86
200913 182.7 537.7 180.3 570.6 197.6 6.12 9.6
F 3.98 9.19
24E LI 85921 148.4 618.1 109.8 647.3 116.7 472 6.28
Under 2-year return period 93630 76.5 414.8 60 443.8 72.7 7 21.17
98919 155.4 575.6 94.2 601.5 102 4.5 8.28
Fy 5.41 11.91

®6 HMREAEEIH R L F AT HIEER (m’/s)

Table 6 Simulated flood peaks under different typical return periods and land use types

F Y] Return periods/a

AR A A A A A
Land use 54E—18 10 4F—i# 25 4 — it 50 4F— it 100 4F— i
S-year return period 10-year return period ~ 25-year return period ~ 50-year return period 100-year return period
1985 4F 938.3 1293.6 1712.7 1986 2288.1
1993 4F 960.2 1315.5 1734.6 2007.6 2309.7
2003 4 982.2 1338.1 1757.2 2030.1 2332.2
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Fig.4 Impacts of land use change( LUCC) on storm floods with typical return periods
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