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Response of land use/land cover change to hydrological dynamics in typical

watershed in Loess gullied-hilly region of China
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Abstract Qiaozidong watershed and Qiaozixi watershed in third sub-region of Loess Plateau were selected as the case to
investigate the effects of landuse/landcover change on hydrological dynamics at watershed scale. The results showed that the
impact of land use/land cover on annual runoff yield was significant. The runoff coefficient of controlled watershed reduced
about 50% 85% and 90% respectively in wet normal and dry year in comparison with the runoff coefficient of
uncontrolled watershed. The average runoff coefficient reduced 73.6% during the period of 1995 —2004 compared to that
in the previous period of 1986 — 1994 for land use in controlled watershed. And the impact of land use and vegetation

changes on runoff strengthened in response to the increasing rainfall. In addition the impacts of land use/land cover on
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runoff yield are characterized by seasonal fluctuation. The maximum monthly runoff reduction in both controlled watershed
and uncontrolled watershed occurred in May when was consistent with the period of the maximum land coverage appeared.
And only in growing season obvious runoff yield difference was observed between the two land-use periods of controlled
Qiaozidong watershed. Finally the rainfall amount and rainfall intensity in 30min had significant correlation with flood
volume and had greater impacts on flood volume in uncontrolled watershed than that in controlled watershed. When the
rainfall intensity reached a certain threshold the variance of flood peak in two paired watershed reduced which showed that
the effects of forest on flood weakened. At the same time flood peak discharge frequencies indicated that peak discharge
would respond to the land use and vegetation change obviously on condition that there were the same frequencies of rainfall
intensity in the earlier and later periods.

Key Words land use / land cover hydrological dynamics Loess gullied-hilly region
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Table 1 The main geography character in Qiaozidong and Qiaozixi
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km~* % in elevation m km/km

1. 2. . .34 . 77 .1
Qiaozidong 36 Half-sallop 00 0.68 0-3 8.0 3 513
Qiaozixi 1.09 Fearthing 2.18 0.50 0.23 8.0 377 5.09
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Fig. 1  The branches distribution of Qiaozigou watershed
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Table 2 Area proportions o f different land use types in Qiaozigou
Watershed Land use type Forest Grasses Terrace  Slope farmland ~ Shrub  Sparse forest Orchard Barren  Resident land
L . 1985 0.9 0.5 2.8 77.5 1.1 0.0 0.6 14.5 2.1
Qiaozixi  Ratio of area
L 1985 14.0 2.4 16.1 54.2 1.5 9.2 1.6 0.8 1.2
Qiaozidong
Ratio of area
1995 18.6 0.6 27.0 18.0 1.3 17.3 15.9 1.2 0.0
- . 4.6 -1.8 10.9 -36.2 -0.2 8.1 14.3 0.4 -1.2
Variance ratio
1985 13.1 1.9 13.3 -23.3 0.4 9.2 1.1 -13.7 -0.9
Variance ratio of
Qiaozidong comparing ) 595 17.7 0.2 24.1 -59.4 0.2 17.3 15.4 -13.4 2.1
to Qiaozixi
80% 5% 11% 8%
36% 14%

1985 1995
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Fig.2  Annual rainfall of research watershed Fig.3 Variation of runoff coefficients over years
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Table 3 Comparison of average rainfall-runoff among wet year dry year and normal year
Dry year Normal year Wet year
Average rainfall Average runoff Average rainfall Average runoff Average rainfall Average runoff
1986 ~ 1994 369.5 n=2 0.15 561.7 n=4 6.1 687.0 n=3 24.6
1995 ~2005 350.2 n=2 0.04 557.9 n=6 0.9 729.6 n=2 14.8
Variance -5.2 -73.3 -6.8 -85.2 6.2 -39.8
ration %
1986 ~
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3.2.1 Table 4 Estimated annual runoff from 1986 to 2004 in Qiaozidong
5 6
Runoff yield mm
Rainfall Reduction
Year 1 e %
ale
6 3~11 o Pre. 1 Pre. 2 "
1986 302 0.06 0.01 76
5 1987 582 3.37 1.77 48
1988 638 5.94 3.47 42
3~5 5
1989 608 4.41 2.44 45
1990 804 24.72 19.05 23
6~9 1991 483 10. 67 0.45 9%
7 1992 575 3.13 1.62 48
1993 619 4.93 2.78 44
1994 437 0.58 0.21 63
1995 436 0.57 0.21 63
1996 384 0.26 0.08 68
7~10 1997 315 0.07 0.02 72
1998 454 0.73 0.28 61
1999 470 0.90 0.37 59
2000 543 2.20 1.06 52
2001 593 3.78 2.03 46
2002 426 0.49 0.18 64
1986 2003 867 39.36 33.19 16
~2004 - 2004 463 0.82 0.33 60
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Fig.5 Average annual precipitation distribution in watershed

Fig.7 Scatter plot of monthly rainfall-runoff in Qiaozidong and Qiaozixi
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Fig. 6  Variation of monthly runoff coefficients of Qiaozigou
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Runoff process of Qiaozidong and Qiaozixi on 7 —8 Aug. 1988
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Table 5 Correlation of event rainfall and runoff
Period for land use Rainfall intensity-flood runoff Rainfall-runoff
1986 ~ 1994 q=0.264 I, -2.162 R*=0.697 n =12 0=265.1 P-4079.5 R*=0.851 n =12
1995 ~2004 g =0.068 Iy, —0.508 R*=629 n =16 0=147.3 P -1760.8 R*> =0.772 n=16
# () Runoff yield m® P Rainfall mm ¢ Flood runoff m® Iy, 60min the max rainfall intensity
for 60min mm h~!
4
1 /
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