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The effect of land use on runoff in Shenzhen City of China
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ratory of Environmental Change and Natural Disaster, Ministry of Education of China, Beijing Normal University, Bei-
jing 100875,China)
Abstract: The land cover change induced by the land use of human beings is the main cause and important
part of eco-environment change. The effect of land use on natural disasters is one of the main processes.
Flood disaster is one of the disasters, the number of which is most and the loss of which is the most seri-
ous. The effect of land use on rainfall-runoff process is studied to understand the relationship between land
use and flood disaster. In the flood generation process. the effect of land use pattern and intensity on
runoff generation and concentration is the foundation to study the change of urban flood caused by the hu-
man activities. Revealing the mechanism of land use on the flood generation is important to reduce urban
flood disaster. The first important issue, which should be answered, is how the land use pattern influ-
ences the change of runoff coefficient and the mechanism of runoff generation and concentration. Shenzhen
City has grown to a modernized city from a fishery village after it was assigned as the first Special Econom-
ic Zone in China from 1980. With more than twenty years economic reform and opening, the great changes
of land use patterns in Shenzhen City are inevitable. So, Shenzhen City is taken up as case study area to
study runoff change due to land use change. Based on the data of land use, hydrology and meteorology .
SCS model, developed by Soil Conservation Service (SCS), U.S.A., is applied to study the rainfall-
runoff relationship of some rivers in Shenzhen City. The following is the main conclusions of the paper:
(1)Basin-scale hydrologic model is a good means to study the rainfall-runoff relation. Remote-sens-
ing-based hydrologic model is one of main developing directions of basin-scale model in the future, and it
has a good developing prospect. Based on the simulation process and result, SCS model is a good hydrolog-
ic model to study the rainfall-runoff relation in the regions being short of hydrological and meteorologic da-

ta. CN value in SCS model describes the relationship between rainfall and runoff, which reflects the runoff

(49671001) (39899374)
:2001-01-02; :2001-04-10
(1959~), s s o . N o



1042 21

generation capability of underlying surface unit in basins. Based on the definition of SCS model, CN value
is the function of land use classes, soil classes and antecedent moisture conditions (AMC). Generally, the
CN value is large while the runoff is large in certain underlying surface units.

(2) The spatial distribution of CN value is successive, reflecting the runoff generation capability of
different underlying surfaces in spatial pattern. By analysing the CN contours of Shenzhen City, the spa-
tial distribution of rainfall-runoff relationship changes along with the change of land use classes, soil class-
es and antecedent moisture conditions of soil. The regions of high values of CN are urban and water. The
regions of low value of CN are forest, shrub grassland and orchard, and the elevation of these regions is
comparatively high. According to the spatial distribution of CN contours, the land use changes caused by
the urbanization is the main cause of the increase of runoff coefficient.

(3) According to the simulation results of storm runoff in Buji River Basin (one of the main tribu-
taries of Shenzhen River) . there are some important results. Firstly, the land use is one of the main fac-
tors which effect the rainfall-runoff relationship. The runoff increases from 1980 to 1994, and the relative
increasing magnitude ranges from 1. 6% to 62.9%. From 1980 to 1994, the economic development leads
to the runoff coefficient transforming into high values. The increase of runoff coefficient following the land
use change ranges from 0. 021 to 0. 075. Secondly, both the rainfall and the soil antecedent moisture condi-
tion influence the effect of land use on the rainfall-runoff relationship. On certain antecedent soil moisture
conditions, the relationship between the change of land area of different runoff coefficients in Buji River
Basin and the rainfall intensities is in the order 90% >50% >10% , namely the heavier the rainfall, the lit-
tle the effect of land use on the rainfall-runoff relationship. Given precipitation, the relationship between
the change of runoff coefficients from 1980 to 1994 and the antecedent moisture conditions is AMCI (dry
condition) > AMCII (normal condition) > AMCIII (wet condition), demonstrating when the antecedent
soil moisture conditions become wetter, the land use change has a smaller effect on the change of the
runoff. Finally, the changes of runoff coefficients in different times are different along with the change of
the rainfall intensities or the change of the antecedent soil moisture conditions of soil. The maximum
change appears in 1980. Then is 1988. The least is in 1994. The results imply that the land use changing
to urban land weakens the effect of the rainfall intensity and the antecedent soil moisture conditions on the
rainfall-runoff relationship.
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Table 2 The land area matrix of different CN values in Shenzhen City in 1980, 1988. 1994

Antecedent moisture condition (AMC)

eN AMCI AMCII AMCIII
Curve
Index 1980~ 1980~ 1980~
number 1980 1988 1994 1980 1988 1994 1980 1988 1994
1994 1994
30 Akm?)  32.4 31.4 22.5 —9.9 16.8 17.9 14.1 —2.7 0 0 0 0
Py 2.1 2.1 1.5 —0.6 1.1 1.2 0.9 —0.2 0 0 0 0
31~40 ACkm?)  216.1 131.9 135.7 —80.4 15.6 13.5 14.1 —1.5 0 0 0 0
PC%)  14.3 8.7 9.0 —53 1.0 0.9 0.9 0.1 0 0 0 0
41~50 AGkm?)  21.5 100.3 92.4 —+70.9 0 0 0 0 168 17.9 14.1 —2.7
PO 1.4 66 6.1 447 0 0 0 0 L1 1.2 0.9 —0.2
51~60 A(km?)  575.3 574.2 587.4 +12.1 216.1 131.9 135.7 —80.4 15.6 2.5 0.4 —15.2
P(%) 381 380 389 +0.8 143 87 9.0 —53 1.0 0.2 00 —1.0
61—70 ACkm?)  178.8 252.1 361.4 +182.6 293.9 371.8 349.2 +55.3 0 1l.1 8.0 +80
PC%)  11.8 16.7 23.9 +12.1 19.4 24.6 23.1 +3.7 0 0.7 0.5 +0.5
71~80 Akm?)  423.7 353.9 219.9 —203.8 472.7 451.6 380.4 —92.3 216.1 131.9 135.7 —80. 4
P(%)  28.0 23.4 14.5 —13.5 31.3 29.9 25.2 —6.1 14.3 8.7 9.0 —5.3
81~90 Akm?) 0 2.2 4.1 441 432.7 457.2 531.4 +98.7 576.8 413.5 447.3—129.5
PO 0 0.1 0.3 0.3 286 30.2 35.2 +6.6 382 27.4 29.6 —8.6

91~100 A(km?) 63.9 65.7 88.3 +24.4 63.9 67.8 92.5 +28.6 686.4 934.9 906.3+219.9
PCY% 4.2 4.3 5.8 +1.6 4.2 4.5 6.1 +1.9 45.4 61.8 60.0 +14.6

* A CN . P CN 51980~1994:1980 1994
CN . A: the land area of different CN values; P: the proportion of land area of
different CN values to the total area of the case study; 1980~1994: the change and the change proportion of the land

area of different CN values from 1980 to 1994

2.4
) 17. 72km, 56. 88km?, . )
. , 40%~50% . ,
70% . . 15%,
25%, 22%57,
24h . 24h
; ) 1%.2%.5%.10%.50%.90%.95%.99% 8 . 1980,
1988.1994 3 3 .
1,
® . ) ) )
. 1980 1994 , 1. 6%~
62.9% ., AMCI>AMCII>AMCIII; 3 ,1980
1988 .1988 1994 ,1980 1994 3 )

[18]

s



1046

21

5001
o CN ssof 1 Jogoamcn
> SCS 2a00f i lossAMal s
, € 450b - -1988-AMCH .
£ —e— 1988-AMCII! 2 _.oB
R 0 P
24h 90 % ( ).50% ( Ezso- —+—1994-AMCIII ’g ;ig‘,?:
) 10% ) 3 o 200 PP
( . -3 (3§ 150 +
) , 100} R
: sof ﬁét;ff:g"g’
(AMCI—>AMCII—>AMCIID , 0 9;'—*’95"" T T
f ’ ’ 6§ MK Rainfall frequency (%)
, 3
¢ 3~ 5. 1 1980~1994
® (1980—>1988—
1994) . , ,1980~ Fig.1 The runoff volume of different rainfall frequen-
1994 cies in Buji River Basin from 1980 to 1994
o , C 6 N
, 0.021~0. 075 . @
,1980~1994 90%>50%
>10%, 90%>50%>10%, .
- .3 ,1980 1994
AMCI>AMCII>AMCIII,
) 4, (AMCI—AMCIID 3
1980>>1988>>1994, (90%~10%) 3
:1980>1988>>1994, ,




7 : 1047

3 (AMCD
Table 3 The land area matrix of different runoff coefficients in Shenzhen City (AMCI) in 1980. 1988. 1994

90% 50% 10%
Runoff 1980~ 1980~ 1980~
- Index 1980 1988 1994 1980 1988 1994 1980 1988 1994
coefficient 1994 1994 1994
0.0~0. 1 ACkm?)  22.5 18.5 14.7 —7.8 2.1 1.9 1.2 —0.9 0.0 0.0 0.0 0.0
PCY%) 39.5 32.5 25.8 —13.7 3.7 3.4 2.1 —1.6 0.0 0.0 0.0 0.0
0.1~0.2 Akm?)  15.0 12.5 8.2 —6.8 2.6 2.1 0.9 —1.7 0.0 0.0 0.0 0.0
PC%) 26.3 22.0 14.4 —11.9 4.5 3.6 1.6 —2.9 0.0 0.0 0.0 0.0
0.2~0.3 Atkm* 4.0 2.1 1.6 —2.4 17.8 4.7 12.5 —53 47 1.9 1.2 —3.5
PCY%) 7.0 3.7 2.8 —4.2 31.3 26.0 22.0 —9.3 82 3.4 2.1 —6.1
0.3~0. 4 Akm?) 121 18.2 25.7 +13.6 18.4 13.4 9.0 —9.4 0.0 2.1 0.9 +0.9
PC%) 21.3 32.1 45.1 +23.8 32.4 23.6 15.8 —16.6 0.0 3.6 1.6 +1.6
0.4~0.5 A(km?) 3.1 4.2 3.8 +0.7 0.9 13.6 22.5 +21.6 17.8 14.8 12.5 —5.3
PC%) 5.5 7.5 6.7 +1.2 1.5 24.0 39.6 +38.1 31.3 26.0 22.0 —9.3
0.5~0.6 A(km?) 0.0 0.0 0.0 0.0 12.5 7.6 6.3 —6.2 184 13.4 9.0 —9.4
PCY%) 0.0 0.0 0.0 0.0 221 13.4 11.1 —11.0 32.4 23.6 15.8 —16.6
0.6~0.7 A(km?) 0.0 1.2 2.4 +2.4 2.3 2.0 1.5 —0.8 12.6 19.0 26.5 +13.9
PCY%) 0.0 2.0 4.1 +4.1 4.1 3.5 2.6 —1.5 22.2 33.5 46.6 +24.4
0.7~0.8 ACkm?) 0.0 0.0 0.0 0.0 0.0 1.2 24 424 31 42 3.8 +0.7
Py 0.0 0.0 0.0 0.0 0.0 2.0 4.1 +4.1 5.5 7.5 6.7 +1.2
0.8~0.9 A(km?) 0.2 0.2 0.5 +0.3 0.2 0.2 05 4+0.3 00 1.2 2.4 +2.4
P(%) 0.4 0.4 0.9 +0.5 0.4 0.4 0.9 405 0.0 2.0 4.1 41
0.9~1.0 A(km?) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.2 0.5 0.2
P(%) 0.0 0.0 0.0 0.0 0.0 00 00 00 0.4 0.4 0.9 0.5
% 90%.50%.,10% A P ;
1980~1994:1980 1994 . 90% ., 50%, 10%: the frequency of precipitation; A: the land

area of different runoff coefficients; P the proportion of land area of different runoff coefficients to the total area of the
river basin; 1980~1994 . the change of the land area of different runoff coefficients from 1980 to 1994. The same below.
4 (AMCID)
Table 4 The land area matrix of different runoff coefficients in Shenzhen City (AMCIID) in 1980, 1988, 1994

90% 50% 10%
Runoff 1980~ 1980~ 1980~
.. Index 1980 1988 1994 1980 1988 1994 1980 1988 1994
coefficient 1994 1994 1994
0.0~0.1 A(km?) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
rPc%) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.1~0.2 A(km?) 4.7 1.9 1.3 —3.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Py 8.2 3.4 2.1 —6.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2~0.3 A(km?) 0.0 2.1 0.9 —+0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
P%) 0.0 3.6 1.6 +1.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.3~0.4 A(km?) 17.8 14.8 12.5 —5.3 4.7 4.0 2.2 —2.5 0.0 0.0 0.0 0.0
P(Y%) 31.3 26.0 22.0 —9.3 8.2 7.1 3.8 —4.4 0.0 0.0 0.0 0.0
0.4~0.5 A(km?) 18.4 13.4 9.0 —9.4 0.0 0.0 0.0 0.0 2.1 1.9 1.2 —0.9
PCY%) 32.4 23.6 15.8 —16.6 0.0 0.0 0.0 0.0 3.7 3.3 2.1 —1.6
0.5~0.6 A(km?) 0.9 13.6 22.5 +21.6 32.5 17.2 16.7 —15.8 2.6 2.2 0.9 —1.7
PCY%) 1.5 24.0 39.6 +38.1 57.2 30.3 29.4 —27.8 4.5 3.8 1.6 —2.9
0.6~0.7 A(km?) 13.1 9.6 7.8 —5.3 3.9 11.0 4.8 +0.9 17.8 14.5 12.5 —5.3
PC%) 23.0 16.9 13.7 —9.3 6.9 19.3 8.4 +1.5 31.2 25.4 22.0 —9.2
0.7~0.8 A(km?) 1.8 0.0 0.0 —1.8 13.7 23.2 30.4 +16.7 18.7 13.8 9.0 —9.7
PC%) 3.1 0.1 0.0 —3.1 24.1 40.9 53.4 +29.3 32.9 24.2 15.8—17.1
0.8~0.9 A(km?) 0.0 1.2 2.4 +2.4 1.8 0.7 1.6 —0.2 15.2 23.3 30.4-+15.2
Py 0.0 2.0 4.1 +4.1 3.1 1.2 2.9 —0.2 26.7 40.9 53.4+26.7
0.9~1.0 A(km?) 0.2 0.2 0.5 —+0.3 0.2 0.7 1.3 +1.1 0.5 1.4 2.9 +2.4
P%) 0.4 0.4 0. +0.5 0.4 1.2 2.2 +1.8 0.9 2.4 5.1 +4.2
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Table 5 The land area matrix of different runoff coefficients in Shenzhen City (AMCIID) in 1980. 1988. 1994

90% 50% 10%
Runoff 1980~ 1980~ 1980~
. Index 1980 1988 1994 1980 1988 1994 1980 1988 1994
coefficient 1994 1994 1994
0.0~0.4 ACkm?) 0.0 0.0 0.0 0.0 0.0 00 0.0 00 0.0 00 0.0 0.0
PCY%) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.0 O 0.0 0.0
0.4~0.5 A(km?) 2.1 1.9 1.2 —0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
rPcY%) 3.7 3.4 2.1 —5.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.5~0.6 Akm?) 2.6 2.1 0.9 —1.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
P(%) 45 3.6 1.6 —2.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.6~0.7 A(km?) 17.8 14.8 12.5 —5.3 4.7 4.0 2.2 —2.5 0.0 0.0 0.0 0.0
rPcY%) 31.3 26.0 22.0 —9.3 8.2 7.1 3.8 —4.4 0.0 0.0 0.0 0.0
0.7~0.8 Akm?) 18.4 13.4 9.0 —9.4 17.8 14.8 12.5 —5.3 4.7 1.9 1.2 —3.5
PC%) 32.4 23.6 15.8—16.6 31.3 26.0 22.0 —9.3 82 3.4 2.1 —6.1
0.8~0.9 A(km?) 14.0 23.2 30.4+16.4 19.3 27.1 31.5+12.2 17.8 16.8 13.4 —4.4
PCY%) 24.5 40.9 53.4+28.9 33.9 47.6 55.4+21.5 31.3 29.6 23.6 —7.9
0.9~1.0 Akm?) 2.0 1.4 2.9 +0.9 15.1 11.0 10.7 —4.4 34.4 38.1 42.2 +7.8
P(%) 3.5 2.5 5.1 +1.6 26.5 19.4 18.8 —7.7 60.5 67.0 74.2+13.7
6

Table 6 The runoff coefficients in Shenzhen City in 1980, 1988. 1994

Antecedent moisture condition (AMC)

Rainfall frequency Year AMCI AMCII AMCIII AMCI~AMCIII
90% 1980 0.191 0.437 0.734 +0.543
1988 0.224 0. 475 0. 759 -+0.535
1994 0. 260 0.512 0.783 +0.523
1980~1994 +0. 069 +0.075 +0. 049 —
50% 1980 0.347 0.594 0.827 +0. 480
1988 0.384 0. 626 0. 844 +0. 460
1994 0. 421 0. 657 0. 861 +0. 440
1980~1994 +0.074 +0.063 +0.034 —
10% 1980 0.525 0.734 0. 896 +0.371
1988 0.558 0.758 0. 907 +0. 349
1994 0.592 0. 780 0.918 +0.326
1980~1994 +0. 067 +0. 046 +0.022 —
90% ~10% 1980 +0. 334 +0.297 +0.162
1988 +0.334 +0.283 +0.148 —
1994 +0. 332 +0. 268 +0.125 —
* 1980~1994:1980 1994 s AMCI~AMCIII (AMCI)
(AMCIID 590%~10% 90% 10% .1980~1994;

the change of the runoff coefficient from 1980 to 1994; AMCI~AMCIII: the change of the runoff coefficient from the dry

condition of soil to the wet condition of soil; 90%~10% : the change of the runoff coefficient from the precipitation fre-

quency 90% to 10%.
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