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Fig.2  Rainfall records of the rainstorm on 16 July 2018 and rainfall amount comparison;

(a) rainfall condition of varied frequency; (b) rainfall process; (c) rainfall intensity; (d) accumulative rainfall
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Tab.1 Historical debris flow events and corresponding rainfall records
ER:] [ B R dE et ) /h SRR/ /mm B3R/ (mm - h') 10 min BERIEM/mm 1 h BT (E/ mm
1969 -08 - 11 i — 198. 60 — 15.90 56.30
1976 - 07 - 23 EEFS 4 146.50 36.60 — 91.40
1976 -07 -23 T — 253.60 — 32.20 127.70
1989 - 07 -21 T 11 340.90 31.00 32.60 58.70
1989 - 07 -22 0 — 146.50 — 25.70 50. 60
2002 - 08 - 01 i 7 280.10 40.00 — 74.20
2018 - 07 - 16 Jii 1L 6 235.40 39.20 33.00 113.20
2018 - 07 - 16 P S R 7 302. 40 43.80 33.20 140.00
2018 - 07 - 16 SRS 6 200. 00 33.30 33.00 69.20
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Tab.2  Statistical of drainage area
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Tab.3  Statistical of channel longitudinal gradient
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Tab.4 Discrimination conditions of debris flow basin
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Tab.6 Typical topographic characteristics of debris flow basins
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S-S {E 1.74 207 631 0.55 0.45 113 2.68
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Fig.5 Gully and slope-type debris flows in the study area: (a) gully-type; (b)slope-type
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The Characteristics of Rainstorm-Induced Clustering Debris

Flows on July 16, Yunmeng Mountain, Beijing, China

WANG Wen', MA Chao' , ZHANG Zhi’, ZHANG Yan', LU Lu’

(1. School of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China;

2. Ministry of Emergency Management Big Data Center, Beijing 100013, China;

3. Beijing Institute of Geological Hazard Prevention, Beijing 100005, China)

Abstract; A proper understanding of the topographic and the initiation conditions can support the prediction and

mitigation of debris flows. Debris flow is the most typical disasters in Beijing. On July 16, 2018, a heavy rainstorm
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triggered clustering debris flows in Yunmeng Mountain region and its nearby hilly regions, which posed a great
threaten to the safety of life and property of local inhabitants. Unfortunately, the characteristics of clustering debris
flows in this area have not been studied yet. This paper examined the triggering rainfall, topographic characteristics
and the initiation conditions of clustering debris flows on basis of observed rainfall records, GF images and digital
elevation model. The results show that: (1) Short-duration and heavy rainfall were the main factors triggering the
debris flow, with an average rainfall of 221.9 mm. The intensified rainfall duration lasted about 3 to 5 hours and
the mean rainfall intensity was 48. 6mm/h. The rainfall intensity and accumulative rainfall broke the regional
historical records. (2) The morphological features such as the drainage area, longitudinal gradient, catchment
steepness, gully density, incision degrees and catchment shape together illustrated that the study area was prone to
debris flows. Most of the catchment steepness was between 0.3 and 0. 65, suggesting that the formation process
may be between hyper-concentrated flow and debris flow in Beijing mountains. (3) There were obvious differences
in the upslope contributing area and local slope of initiation sites between gully-type and slope-type debris flow. The
discriminating contributing area and initiation slope of gully- and slope-type debris flow were 0.1 km® and 23°
respectively. In addition, the local initiation slope of gully-type was lower than that of slope-type. The average
initiation slope of gully-type was 16° and that of slope-type was mainly concentrated in 25° ~ 50°. Topographic
threshold condition could be represented by the inverse relationship between local slope and contributing area,
which was in form of 1.54<SA%'*” <5.91. This study contributes to debris flow prediction and mitigation in the

study area.

Key words: Yunmeng Mountain; clustering debris flow; geomorphic characteristics; catchment steepness;

initiation condition



