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Fig. 1 Locations of Sanyanyu watershed Luojiayu watershed and Dongshanxiang weather station in Zhouqu Country
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Tab. 1  Flood peak discharge and runoff depth results at different frequencies in Sanyanyu and Luojiayu
2% 3.33% 5% 10% 20% 50%
50 30 20 10 5 2
(m?/s) 255.37 182.55 136.00 97.30 67.22 38.07
24.1 km?
R( mm) 38.15 27.27 20.32 14.53 10.04 5.69
16.1 kn? (m®/s) 174.50 129.31 98.90 71.60 49.93 28.50
- R( mm) 39.02 28.91 22.11 16.01 11.16 6.37



42 35
o 50 .30 .20
.10 (1 )
( ) L 0.76 (I ) (I . (N )
0. 63; ( ; 5 2
)S c ( 2. VoV
2.2 N 2 N
(5) ( )
° ) 2) .
o 2 2
(1h) C .
(1h) .
1
2 N
Tab. 2 Hourly rainfall thresholds for debris flows at different early warning levels in Sanyanyu and Luojiayu
I I I v \Y VI
1L =0.63
C 0.75 0.72 0.68 0.67 0.64 0.6
( mm/h) 50.86 37.87 29.88 21.69 15.69 9.48
:L=0.76
C 0.68 0.67 0.64 0.61 0.58 0.56
( mm/h) 56.10 40.70 31.74 23.83 17.31 10.16
1L=0.63
C 0.79 0.77 0.75 0.74 0.72 0.7
( mm/h) 49.39 37.55 29.49 21.64 15.51 9.10
:L=0.76
C 0.74 0.73 0.7 0.68 0.65 0.63
( mm/h) 52.73 39.61 31.59 23.54 17.18 10. 11
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Fig. 2 Hourly rainfall at different frequencies ( different early warning levels) in the Sanyanyu and Luojiayu
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Fig. 3 Extreme rainfall characteristic curve and fitting relationship

for past years in Zhouqu
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Functional relationship between rainfall intensity and duration for debris flows at different early warning levels in Sanyanyu
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Tab. 4 Functional relationship between rainfall intensity and duration for debris flows at different early warning levels in Luojiayu
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Fig. 4 Relationships between rainfall duration and rainfall intensity for debris flow at different early warning levels in Sanyanyu
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Fig. 5 Relationships between rainfall duration and rainfall intensity for debris flow at different early warning levels in Luojiayu
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Tab. 5 Historical rainfall characteristics and early warning levels

for debris flow in Sanyanyu

/( mm) /( min) /( mm/h)
1978.07.15 37.4 60 37.4 It
1982.06. 18 46.8 60 46.8 |
1989.05.10 47 60 47 I}
1992.06. 04 38.4 45 51.2 I}
1994.08.07 63.3 120 31.65 I
2010.08.08 77.3 40 115.95 |
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Fig. 6 Demonstration of early warning levels for historical
debris flows in Sanyanyu
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Abstract: A justified precipitation threshold would act as a solution to the engineered control of regional storm-type
debris flow. In order to estimate the triggering precipitation for debris flows haunting Zhouqu region Gansu prov-
ince China two recent debris flow events occurred at Sanyanyu gully and Luojiayu gully were exemplified for de—
termination of the threshold value. Given antecedent soil moistures in either wet ( regular) or dry circumstances it
studied correlation between rainfall intensity and duration in the process of motivating debris flow to various forewar—
ning level. Hydrography method was borrowed to calculate the peak discharges at various frequencies and the asso—

ciated precipitation threshold in initiating debris flow to varied extents. Results showed that as antecedent soil mois—
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tures were in the regular and dry conditions early warning precipitation in the level of red [ at Sanyanyu gully and
Luojiayu gully arrived to 56. 10 mm / h and 50. 86 mm / h separately; in orange Il pre-warning level it was 40. 70
mm / h and 37.87 mm / h; in yellow Il pre-warning level it was 31.74 mm / h and 29. 88 mm / h; in blue IV
pre-warning level it was 23.83 mm / h and 21.69 mm / h; in preparatory pre-warning level it was 7.31 mm / h
and 15.69 mm / h; in preparatory VI pre-warning level was 10. 16 mm / h and 9.48 mm / h. Relationship be-
tween rainfall intensity and duration at different levels of pre-warning could be interpreted as power function /=«
x D’ exhibiting regular changes in value in relation to levels of pre-warning. Rainfall leading to geohazard occur—
rences in Zhouqu region were characterized as two types: one took place with a short duration in the unimodal
shape concentrated precipitation like as " Point Rain"; another type occurred with low intensity a longer dura—
tion like as "drizzle". This research will serve as a scientific initiative for regional monitoring and early warning of

storm-type debris flows in Zhouqu region and it contributes to geologic hazard prevention and mitigation at local lev—

el.

Key words: Zhouqu; hydrology; debris flow; triggering rainfall; critical threshold



