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The effects of forest disturbance on flow regimes of a forested watershed in

northern Daxing’ anling, China

DUAN Liangliang, MAN Xiuling*, YU Zhengxiang, LIU Yujie, ZHU Binbin
College of Forestry, Northeast Forestry University, Harbin 150040, China

Abstract; The natural flow regimes of rivers have been threatened by climate change and increased human activities, which
could consequently affect their heath and integrity. Forest disturbance and climate variability are two of the most critical
drivers affecting hydrological processes in forested watersheds. Despite an increased understanding of the relationship
between climate change and flow regimes, few investigations have been conducted on how forest disturbance influences flow
regimes. Moreover, existing researches have not accounted for the effects of climate variability on flow regimes when
assessing the effects of forest disturbance. In the present study, the paired watersheds approach, which can account for
temporal and spatial variations of climate, was applied to a typical small forested watershed ( <100 km®) in northern
Daxing'anling to investigate the effects of forest disturbance on flow regimes. The results showed that low—flow regimes were
more sensitive than high—flow regimes to forest disturbance. Even though the area of forest disturbance was only 6.74% of
the total watershed area (Laogouhe watershed) , the average magnitude (0.47 mm) of low flows was lower by 26.58% and
the average variability (0.39) of low flows was higher by 36.77% than those of low flows (0.60 mm and 0.28, respectively)
in the control watershed ( Xiaobeigou watershed ). Besides, the differences in low flow magnitude and variability between the
paired watersheds were statistically significant (P<0.01). In contrast, the magnitude, duration, and variability of high

flows in the disturbed watershed were greater than those in the control watershed, but no statistical significance was found,
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suggesting that the small forest disturbance did not significantly affect the flow regimes of high flows in the study region.
Based on the results of the flashiness index, the flashiness of flows was significantly increased by forest disturbance. The
flashiness index in the disturbed watershed was 0.078 during the whole study period, which is 1.37 times larger than that of
the control watershed (0.057). These results indicate that the natural flow regimes of small forested watersheds in northern
Daxing’anling are sensitive to forest disturbance. Since small-scale disturbance in the study area can lead to significant

changes in flow regimes, more focus should be applied to forest disturbance and water resources in future management.

Key Words: flow regimes; forest disturbance; low flow; high flow
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Fig.1 The location of paired watersheds and the disturbance in Laogouhe watershed
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Table 1 Characteristics of the paired watersheds

R A

bk bR AR R Composition of 1zl Ty
Watersheds Area /km? Elevation /m pos . Canopy density Soil type
Tree species
LW LCH 99.23 600—791 673 111 LI 0.6 FRakaduy
ALY AR XBG 66.44 550—779 6 7% 3 11 1li+4 0.6 e ik
LGH: Laogouhe watershed; XBG: Xiaobeigou watershed
2.2 HdiEsk
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Fig.3 The relationship between the daily flows of paired watersheds and precipitation
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Fig.5 The magnitude of high and low flows for the paired watersheds and the results of Mann-Whitney U test
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Fig.6 The analysis of high flow duration characteristics for the paired watersheds from 2014-7-8 to 2014-7-12
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Fig.7 The variability of high and low flows for the paired watersheds and the results of Mann—Whitney U test
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Fig.8 Schematic diagram of dividing of rising and recession phases for the paired watersheds in the study period
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Table 2 Flashiness index of different phases for the paired watersheds
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I 0.086 0.069 0.078 0.052
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I 0.160 0.049 0.074 0.029
Y Average 0.163 0.054 0.109 0.039
WF5EHTBE The whole study period 0.078 0.057
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