R =R J. JISNDS 38 45555 57-79 (2019)

ER264E 8 AZMIC K BB
+ A S E D E OIS

Al E—BF-ER RE2?

Damage characteristics of debris flow disasters caused
by heavy rain in Hiroshima City in August 2014

Shoichiro UcHiyama' and Toshihiko Sugar®

Abstract

The debris flow disasters in Hiroshima City on 20 August 2014 were surveyed via
Unmanned Aerial Vehicle photography (UAV) and Structure from Motion photogrammetry
(SfM) to measure sediment deposition volume and to reveal the characteristics of damage to
buildings and of geology. The average flow path in areas of human casualties was smaller than
that in areas of building damage. Most casualties were concentrated within an average of 132
m from the fan apex of each debris flow. The average flow path in areas of building damage
was much longer on granite area than on hornfels area. On hornfels area, buildings stopped
debris flow, but on granite area, fine particles continued downstream through gaps in buildings.
These results show that the reach of debris flow in this event was the same as or less than the
topographical development range of the alluvial cone.
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Fig. 1 Study area. (a) Chugoku district, Japan. (b) Study area in Asaminami-ku, Hiroshima City, Hiroshima
Prefecture, which was damaged by debris flow on 20 August 2014.
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Fig. 2 Damage range of actual debris flow in designated sediment disaster-prone areas during the heavy rain
event of July 2018 in Kumano Town, Hiroshima Prefecture. Note that debris flow ran from the point
indicated by arrow A, in a designated red zone, where the flood height of the debris flow was assumed
to reach 0.76 m (Hiroshima Prefecture, 2017)'". Arrow B points to a debris flow in a small valley,
outside of zoned SDPAs. Arrow C shows a small-scale collapse occurring in a zero-order basin, where
the occurrence of sediment disasters was not predicted. SDPA designations in the figure were set on 9
March 2017, before the disaster. The orthomosaic image was taken and created by the authors.
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Fig. 3 Catchments and sediment deposition areas within the study area. Note that green points mark sites
of human casualties. Although a house was partially washed away on the eastern side of Midorii 8,
no sediment deposition was designated downstream of the house, so the site was not analyzed. The
background shows elevation tints and shading created by GIS from a Fundamental Geospatial Data
Digital Elevation Model 5-m Mesh (Geospatial Information Authority of Japan)?*. The steepest paths,
indicated by the gray drainage lines, were plotted by ESRI ArcGIS Spatial Analyst from the same data

source.
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Table 1 Specifications of the aerial photographs.

Date Camera Platform Grour?d Flight altitude ~ Flight path Number of
resolution shots
Pre-disaster May 21, 2008  Intergraph DMC Aircraft 20 cm 1,920 m 3 23
Post-disaster  August 24, 2014 Ricoh GR UAV 3.5cm 150 m 14 5,500
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Fig. 4 Histogram of surface height change. Note that negative values of surface height change (left
side) correspond to erosion; positive values (right side) correspond to deposition. The two
solid black lines in the middle indicate the range of surface change that was excluded as
measurement error (+0.3 m).
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Fig. 5 Exclusion of surface height change areas unrelated to sediment deposition (example from downstream
of Yagi 3). Left: Ground surface height change. Center: Orthomosaic image after disaster. Right:
Orthomosaic image before disaster.

A: Area where vegetation growth or removal is excluded from surface height change.
B: Changes in structures and land use are excluded from surface height change.
C: An unnatural surface height change in an area where SfM analysis could not be performed.
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Table 2 Comparison of sediment deposition volumes measured from the surface height change and

sedimentary volumes provided in the literature.

. Measured Sediment volume per Sedimentary volume

District Catchmept sedlment?.ry sedimentary unit catchment area upstream (m?)

area (') area (') volume (m?) (m*/km?) (CRDB, 2014)
Midorii 8 629,342 36,582 11,303 17,960 11,200
Yagi 3 238,956 36,281 14,269 59,715 33,000
Yagi 3 East 29,603 8,115 987 33,324 3,100
Yagi 3 Bairin 35,609 16,397 1,947 54,683 7,900
Yagi 3 Abu 202,152 20,683 4,095 20,258 n/a
Yagi 4 288,227 50,612 9,460 32,821 10,400

Note: Sedimentary volumes cited from the literature (Chugoku Regional Development Bureau, 2014)*” correspond to the volume

of sediment production upstream.
n/a: The value depends greatly on where the fan apex is set.
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Fig. 6 Damage distribution in Midorii 8. A: An eroded road that became a waterway. B: There were three
houses along the flow path. C: Thick sediment accumulation upstream of a house, causing casualties
with sediment influx. D: Thick sediment deposition downstream.
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Sedimentary area
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Fig. 7 Damage distribution on Yagi 3 and Yagi 3 East. Note that on Yagi 3, A: The area close to
the fan apex, where casualties were concentrated. B: A newly built apartment in the vacant
lot shown here was lost in the disaster. C: This building situated on a steep path survived,
but a person inside the house died because of sediment inflow. D: Vegetation several
meters in height, in which the portion close to the main flow path side was eroded. E: A
zone characterized by thin sediment deposition on the main flow path. F: Thick sediment
accumulation in a parking lot at the end of the main flow path. While on Yagi 3 East, G: A
building destroyed by debris flow, which killed a person. H: Debris flow carried the house at
G to a vacant lot downstream. I: Shrubs or trees lost along the main flow path. J: Downstream
adjacent to the sediment area of Yagi 3.
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Fig. 8 Damage distribution in Yagi 3 Bairin. A: A run-down forest, with the surface terrain exposed. B: Three
destroyed upstream houses, with loss of life. C: Two houses moved downstream, the lower of which
was destroyed. D: Sediment accumulation in the schoolyard of Bairin elementary school, which had
been removed at the time of aerial observation.
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Fig. 9 Damage distribution in Yagi 3 Abu. A: Debris overflow from a small stream created a new flow path.
B: Two buildings on the steep path moved downslope, with loss of life. C: Sediment inflow that
caused casualties where damage to the building cannot be interpreted in the image. D: Although
sediment accumulated here, it is excluded from this study owing to failure of area analysis via SfM. E:
Downstream mud deposition of <0.3 m, excluded from volume measurement.
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Fig. 10 Distribution of damage in Yagi 4. A: Area of two steep paths near the fan apex before the disaster. B:
Area where casualties occurred on the west-side flow path at the point of debris flow divergence. C:
Area where casualties occurred on the east-side flow path at the point of debris flow divergence; thick
sediment accumulation is visible in the immediate vicinity. D: Almost no deposition of boulders and
driftwood in places far from the main flow path.
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Table 3 Building damage and human casualties.

Number of casualties in the building Total number of buildings
District Loss Flowdown* Damage Distance from damaged in the district
Building  Victim | Building Victim | Building Victim  fan apex (m) Loss Flowdown* Damage
Midorii 8 2 2 0 1 1 195 9 7 12
Yagi 3 7 20 1 2 1 1 140 14 8 11
Yagi 3 East 1 0 0 45 2 1 0
Yagi 3 Bairin 4 9 2 3 0 154 5 7 0
Yagi 3 Abu 1 1 2 0 55 1 7
Yagi 4 6 8 1 2 0 200 14 6 10
Total 21 41 5 9 2 2 Average 132 45 30 40
*Partially washed away.

Note: In total, 29 buildings had casualties, including 1 on the east side of Midorii 8 which was not analyzed in this study (refer to
the description of Fig. 3) and is not listed here. There were 54 human victims, including 2 not included here. In addition to the
damage listed here, the extent of damage to 1 building at Yagi 3 Abu was not confirmed in the orthomosaic image, but 1 human
casualty was recorded; and another human casualty due to partial building damage on the east side of Midorii 8 was recorded.
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Table 4 Topographic features of sedimentary areas.

Elevation (m) Flowdown

District Fan apex Low.er limit Lower limit Lt?wer limit of distance along

of driftwoods of boulders sedimentary area flow path (m)
Midorii 8 65 45 20 10 619
Yagi 3 65 15 25 10 416
Yagi 3 East 55 25 30 10 307
Yagi 3 Bairin 45 25 25 10 305
Yagi 3 Abu 80 50 25 25 355
Yagi 4 100 60 50 30 511

Note: Drainage from each fan apex in all districts is run in culverts.
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Fig. 11 Slope gradient map (example from Yagi 4).
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Table 5 Slope gradient and geology.

Areas of building damage Areas of human casualties
Ave. horizontal Max. i
. Ave. gradient Horizontal N - horizontal horizontal Geology
o Slope gradient Standard . distance of . " I
District o by geology  distance of flow distance of flow  distance of | (Chigira et. al.,
(degrees) deviation flow path by
(degrees) path (m) path from fan  flow path by 2015)
geology (m)
apex (m) geology (m)
Midorii 8 9.0 2.6 335 195
Yagi 3 9.0 3.0 375 140
. 9.0 266 134 Granite
Yagi 3 East 10.4 1.2 140 45
Yagi 3 Bairin 7.6 1.8 213 154
Yagi 3 Abu 124 1.0 50 55
A 11.8 58 128 Hornfels
Yagi 4 11.1 2.6 65 200
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