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Abstract

On March 27, 2017, an avalanche occurred in Nasu Town, Tochigi Prefecture, killing
eight people. The runout zone of the avalanche was estimated by the field investigation, but the
track and the starting zone are not clear. In this research, we conducted surveys through UAV
(Unmanned aerial vehicle) and SfIM-MVS (Structure from Motion and Multi-view Stereo)
photogrammetry to acquire avalanche data six days after the disaster. Results included an
orthomosaic photo and a snow DSM (Digital surface model) (resolution 2.95 cm, root mean
squared error 3.08 cm). Snow depth was estimated using the snow DSM and a DTM (Digital
terrain model) taken before the disaster. There was a site where the estimated snow depth was
small at the most upstream of the gully where the avalanche flowed. The UAV photograph
showed crack-like textures as a kind of morphological features called covered snow
microform. This may indicate a part of the starting zone. However, there is also the possibility
of morphological change due to weather after the disaster.
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Fig. 1 Topographic map around Mt. Chausu
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The black triangle is Tengu-Iwa. Surrounded by a black circle is the slope where the avalanche was
thought to have occurred on March 27, 2017. The background is a topographic map (GSI Maps)
with a translucent shading relief created by the digital elevation data (5 m grid) of the fundamental

geospatial data'®.
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Fig. 2a (upper) Precipitation and temperature

Fig. 2b (bottom) Sunlight hour and snow depth
These observation items were obtained
from the Nasu-kogen observation
point of the Automated Meteorological
Data Acquisition System (AMeDAS)',
Observation period from March 24,
2017 to April 3, 2017.
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52 O FATROR RO SNAVE LIZ W, TRITO
T, BERATICE DS Fh L7z, RATH
7 b7 = 71213 Map Pilot for DJI % L,
P EHO T —N—F v THRIGHETHE, T— A
& H1280%, A HbEEE150 m & MEFE§ 2 M8
TERAT, Hog SN B GEOH 15 EEEIL3.3 cm/
px (px: pixel, MWj¥%) & L TR L 72

4.3 SfM iR

UAV g 585 & GCP % i L C SIM f##T % 17
VAV VSR OES DSM 2 1F L 720 SIM
V7 b7 x 7 121d Agisoft PhotoScan Professional
Edition Version 1.2.6 build 2834 % i il L 7z, SfM
AT CTE & % BN EETR OO b, Hoghrib
OWIMEIZIZEE O EXIF |Z508%k S 4172 GNSS i
BIEREHEH L. 7 AT OLRSIERIIIEL T
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Table 1 Fixed internal orientation parameter
of the camera system mounted on the

UAV.

f 4578.196040 bl —11.800820
cxX 38.748427 b2 1.815484
cy —26.914177 pl —0.000649
k1 —0.227553 p2 0.000145
k2 0.128918
k3 —0.027081
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Table 2 Solar elevation and azimuth at the time
of UAV shooting (Data source: National
Astronomical Observatory of Japan®).

Date Time Elevation Azimuth
(degree) (degree)
April 2, 2017 14:56 35.7 245.9
April 2, 2017 15:52 25.2 256.5
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s, PR O TH S, 11HN
|21 GCP [ U CP O i & A ) L 720 GCP O
WWIRCE & LT, WNREFHORBFEITIZIT 5 #Hn
ERL7e FA4RA 2N, GCP KU CP DL
EILED Fig. 312R T, TOEFNVICBITS CP
@ RMSE 1£3.08 cm T& - 7= (Table 3), 147
FEEMGE SN2z, IV N OF % DSM

e KAEAS4.01 em, /Mi#EZ52.58 em, *F351#753.39
cm, IEHE(FF1320.40& 7% - 72 (Table 4), FRAH L
LT, SIM T DA & % 5 DSM R A v v
ERIE, FERGE CREOBEEZRZET V1D
PET BNE 7208, MR RIE, W0 RITEE
BICEBMAET AR5, BIREROERIC
BEED R WIBEOE TV (2 2 TlE, IEEFIL)
RS N TR 2 T L7

5.3 HETEROHTE

FEEEROHEEIMEH T2 DTM 121E, KEOH
7 4R, 20094E10 H KICEHI S 7z zE L —
MET—=F2HEHLEY, 2OT7—% 1y M2,
Im A v =2®DSM, DTM, AV Vilifg K
Ty M) N T IREEN TV, BEEY

Table 3 Error and RMSE (Root mean squared
error) on accuracy check points (CP).

In the initial model (same as final
model), five points were used as ground

control point (GCP).

. - Error (cm)
5 2 Javr
& L TIE31,660 px, & £21,391 px, H_E 55 f#E2.95 o X e~ Z Toml
cm/px @ GeoTIFF 7 7 A V&1 L7z, 12 0.96 ~0.08 0.49 1.08
WIZ, ETINVORBEMEE>{T-> 720 GCP & CP dia 0.57 3.65 1.35 3.94
DB WG H 8 DEDRBAF 0, g | o0 om0 | 0w
. g -1 -4 .25 5.
: s} E IJ__T N IJ___" ~
TiE, WA HED 5 # S0 GCP 205 1 #hpig lineu —032 931 075 045
D, 6HIE D SH CP LA EHR L 725130788 — & p -1.86 -1.77 -0.22 258
ERRE LI ZOMEE, CPIZBIT5 RMSE © RMSE 1.00 279 0.84 3.08
Table 4 Variation of RMSE on accuracy check points.
Original t Replaced | RMSE of Original o Replaced | RMSE of Original t Replaced | RMSE of
GCP CP 6 CPs (cm) GCP CP 6 CPs (cm) GCP CP 6 CPs (cm)
12 3.32 12 3.08 12 3.74
dia 3.33 dia 2.98 dia 4.01
dia2 3.82 dia2 3.11 dia2 3.48
3 =» a 23 =» ! josetu =» a
g2 2.65 g2 2.31 g2 291
line-u 3.88 line-u 2.98 line-u 3.91
P 4.01 p 3.11 P 3.04
12 3.55 12 3.55 RMSE (cm)
dia 3.66 dia 3.23 MAX 4.01
dia2 3.30 dia2 3.62 MIN 2.58
gl =» @ gdn =» a
g2 2.58 g2 3.94 Average 3.39
line-u 3.60 line-u 3.17 SD 0.40
p 3.57 p 3.63 Initial model 3.08
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W, ZThEDIM & L THERAT2FETH 72

LAaL, [JEETOY L, FEEMEE L -5
LR PIIEN Lze —HOREICITEADT RS
n7z7s, B FIEAOE L EBR %58 & THYA
EREICERLTBY, MEEAT»SEEIIT
2 BWIRITH - 720 T D720, UAV 22HIC
&% DIM OHUR & L7z,

UAV-SIM |2 X D 572 FEEDSM % 1m A v ¥ 2
WV FY 7L, WIESN DTM %559
52 EIZ X DHEEMTRE 57 (Fig. 3)o 2O
B BB CREEO RV T, EERTE
FETIZEWERZRL, 7L Y FTIRIEIE—RRO
%R L7z FEEEA FM L -t % &t b

A Tengu-lwa Estimated snow depth (m) -
. Ground control point |:I <00
A Check point 00-10
O Measurement point of snow depth |:| 1.0-2.0 B
@  Ground height point [ J20-30

Contour (50m, Snow DSM) [ Ja0-40

[ IFig4andFic. 6 0> 40

Fig. 3 Estimated snow depth (ESD) around the avalanche area.
An achromatic color with an ESD of 0.0 m or less. The background is a shaded relief created from
snow DSM. The green circle is a ground control point. The green triangle is the accuracy check point.
The white square is the actual measurement point of snow depth. The black circle is used to confirm
ESD accuracy at the point where the ground surface is exposed. The white line is a contour (50 m
intervals) of snow DSM. The red rectangle is the range of Fig. 4 and Fig. 6.
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T, HEERMEHED0 ~1.0 m OAE % 753 PR
BIRDY , BEORSF IR L HEN D - 720 T2,
fiE DSM 3B om S 2 &t /z0, R
1,390 m DL F o ki R Bk ok, Ehobh s
Bt CIEERE RS E RENTZ,

WIS, FEROERLETT Y FHRICID SHED
REREARI L, MEMTREOLE LT
(Fig. 3, HWIUMIE) . Z OfEE, HERTEIL
I T226 m/hE K BAED 51T /z (Table 5).
W, BES LU OTIZB W RO %
1To720 THUE, UAVHRH (4 H2H) o7 L
VT L TREAATHEC, HFEATEE M LT/ 3 T
(Fig. 3, BADOHIE) IZOWTERMLZe IS
O EIEHE EICH L7720, 1m Ay ¥ a2
59 BHEEIIEDR D B D20, Ay A
Fib ) 2SR S ERMTIRE OBGEICHH L

FIH 510 cm FIEEN L7 mAs 2 Mk o 72
(Table 6) .

WIS, FMDFEA L7z e S D HH & K
L, Em#ioHEiT-7 (Fig.4)o ML YT

FAEOME, BHHHRALCHESNIEMIIL 58
M ofiil, HEHFOEBYREFEORAIE, &
BT HHERE X122 T OHEEEPH %511
LY, HEERERICERTORLZ, Mz <, DTM
HOAER L 72 %K, R OSEERTO b i 2
SAERE L 7220094F Bk Ol A= #i R & XUR L 720 o
B IEFES DSM 2 BAER L 72852 % v 72,
CORRELEDDERDE )T D, HHIX
OHeEHIF (Fig. 4, #EMME) OFMOR (Fig.
4, KEI1 0 b Ly FAM L) 1T ORA
BHER SN TR WD), ZOREFHIT N L
ALl ORE T, ERBO R R b 2 &N
IRENTze 72, DIM PSHUE S N7 T, BE
VR O [\ HLFH AT 2 b T 7z (Fig. 4,
Vegetation area, Fall 2009) 7%, HEFE [X o 7€ &
O LT, AL R VHEIF D R S
(Fig. 4, £F12), Fig. 4D %I 373 TR A
Lz LBy, Zo#sTRAk34m oD
EEBSROET VAL, 22, [HE
LV UREEOENEL L 2->THY, HBNGEH T
bz ]® L&, BUFHASE R L AT

Table 5 Difference (equivalent to error) between measured snow depth

(MSD) and ESD.

Snow DSM elevation of ~ Measured snow depth Estimated snow depth Error (m)
measured point (m) (MSD) (m) (ESD) (m) MSD—ESD

1405.0 2.00 —0.50 2.50

1406.4 2.15 0.48 1.67

1406.4 2.62 0.55 2.07

1406.8 2.75 -0.22 2.97

1408.4 2.75 0.27 2.48

1410.2 2.53 0.13 2.40

1412.7 3.05 0.84 2.21

1414.9 2.53 0.77 1.76
Average: 2.26

Standard deviation: 042

Table 6 ESD value, slope angle, and elevation range within a 1 m mesh at the

ESD confirmation point.

Estimated snow depth

Slope angle

Elevation range of values

Point (ESD) (cm) (Degree)  withina 1 mmesh (cm) ~ ror (¢m)
grd -1.7 185 +16.8 within range
grd? 19.7 129 +115 8.2
grd3 24.4 152 +136 10.8
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Tengu-lwa Estimated snow depth (m)
Things left behind by the sufferers. |:| <00

Broken branches by the avalanche: [ ] o010
Measurement point of snow depth |:] 1.0-20

O X = p

| Estimated runout zone I:l 20-3.0
: Contour (10 m, Snow DSM) [ 3040
\: E Vegetation area, Fall 2009 - >40

& !j Drainage line obtained from DTM
¥

¥ e Trench survey site on 2 April 2017

Fig. 4  Enlarged view of ESD around vicinity of the avalanche site.

The white A-A’ line with 50 m scale is the survey line shown in Fig. 5. The yellow dotted line is the
estimated runout zone, broken branches by the avalanche and things left behind by the sufferers
were quoted from field survey report®. The translucent with horizontal bar is a vegetation area in fall
2009. The pink line is a drainage line calculated from DTM. The arrow 1 indicates the trench survey
site where inflow of avalanche was not confirmed®. The arrow 2 indicates a range not affected by
vegetation. The arrow 3 indicates the rescue activity site¥. The arrow 4 indicates the point where the
estimated snow depth increased due to the influence of the standing trees.

Hotze TOS LA O AT T, BEE1,385
mAEIZH B EBAOBAROFLEIZLY, g
FEBHERDPIKES Wiz R L7z (Fig. 4, KHI4). 7
B, FI‘EZ?E%L&U:’E‘%’:F&@M%@/\ v 5 4 — GPS
OH— 12X DHlES, 10 m BEDOKFEEEE
G, Fo, TIALHEREX oM #iFIZ, 25
Ji5 0 1 IR EIHm S Tnzb 0 Th b,
WIS, AA I R HEE265 m) 12381 5 7%
% DSM & DTM O, K OHEMTED 7
Oy MR (Fig. 5) AHIROEETOND
IZIZBEMYSH 5 (1511 m). O Mok
FEROFEVHIFSH ), HEBFERITRATLS
m &R L7z 2 2hBAERPIC A S EET (B

1,482 m) 1220 T, HEEEERIIL8 m £ TR
T 5. DB L D A E Mo @B, 3_CHEE
FPCEE N, MARMIZAL L, EEHRST
BIE—F02mBEETCTIRT L, T0#KIIRKA25
mBED AN, 7RO =27 2R LN S, 1m
BREORTETL, RWEDFE FHER Lz, F5
1,390 m OKF-HiEE225 m H k) © LRl o i ih

ZEL, 220 51EE1,385 m (/243 m HisT)
Iz 7b>w‘f34 m DY — 7 &REOWEBMERIKE
WEIR AR S 720 2 2RI R Bhiib Bl #h 2
Thhbo
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6)o B, FIVVHEEOHPHIX Fig. 312K L7z

EROIIZOWTIE, FERX, ER HEXO

WTIIZDOWTYH, TS EAENE & OB RERIC

DNTC, ZOEMBV—EBIZOWTHFRET L &

I TEhholz, HEsNBmERTIEEIZON

T, TOWENIFBAETIZT 2, a RO b (2315

D ZEFITIBERLIRRFHH D 720K Lzs ¢, d R

Weld, FMAEICHES S, — M2 H#E R

BlEEsns, f, g hRUilE, ZERsEESN

5 HFHO NI OB I B S Tz,

a Rive  flEOBECE?2S B P2 L, B
B LEICHEWER RO RO L) 12285 HTw
Lo T —3a =y 7o HEWI % 5
HTH D,

b. b L ¥ T4 : UAV O H & R 129206 &
N7-FEFWEBNFHED b L T dbfloRIC
HHLZOD ML T (bl) T, Wb F

1525 A Knick line (DSM 1,511 m) 45
; i ’
1510 St - 4
R Upper end of vegetation (DSM 1,482 m)
1495 AN A 35
N Rescue activity site €«—> :
1480 - h 3
= | R i l' l\
E 1465 i RN , 0 25 __
S | \ A : o l' £
£ 1450 ] \ A | S L] 2 o
© i Y i i Mot )
3 'l I Y i R w
S 1435 ,, L I T
1420 ) i - 1
v | [ | |
] Lo 1M \M j |
1405 ! [ A 0.5
| ‘,‘J [\ \ RN
1390 M o " At o 0
V\I \"/ \v/ /
1375 Inflection point (DSM 1,390 m) ” 0.5
0 50 100 150 200 250
A-A' distance (m)
—Snow DSM (m) ---DTM (m) --ESD (m)
Fig. 5 A-A’ Cross—sectional profile of snow DSM and DTM with ESD distribution.
Left axis: Elevation of the snow DSM (solid line) and the DTM (short-dashed line).
Right axis: The estimated snow depth is indicated by a gray long dashed line.
5.4 UAVEBEERUVAILYEKROHS Dt TIRMARED 7228, MloRIZH 5 b
UAV BB O )V v BRI FE LS & - Tl & LT (b2) TERED LN o729,
NBEERmMPEEL 4 VY% EIZRT (Fig C.Z7IAN RIRICED X HICHL T AT

7 AT ¥ HHRERR SNz KITIXIEIR 72 By7i %
ARLTEY, FHLILBES Nz, BRH
Fevioizr I A MORKERIZHS 2 Tldk
v,

d. RO G+ KA NN - T - 7225 %
TR IR DSARD I S N T e RFINZ SR 70 35
FiamLTBl), FHEIEBgEsNn,

e. A/ —R—)v  FH LI, HABEZEVEIROM
HAHY, FOTEBIZIZ10~60 cm (3 ~20M]
F) DA — K= Vo ENT,

f. 77y 7 KoM (E#T) @ 51,486 m £k
2, KM EFIOICHEY S 7 5 v 7RO 5
HEDIA BTz,

g. 77 v 7 KOS (M) @ 1,476 m £k
V2, EARBATNSEATS 2 M0EO 7 F v 71k
DRI SENTze 12720, 77 AF v T,
h WEATS 2 RO S+ EIRBA IR > TRS)
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FRNEEEE Estimated runout zone

. = Contour (10m, Snow DSM)

Fig. 6 “Covered snow microform” extracted by photo interpretation with UAV photographs.
a: Tengu-Iwa, bl and b2: Traces of trench survey, c: Crust, d: Dimple line by water path, e: Snow ball,
f: Linear streak line which appears to be a fracture line, g: Arc-shaped streak line which appears to be
a fracture line, h: Dimple line (d) distorted to meander, i: Group of streak lines patterned like echelon
cracks. To clearly show the shadow, a high dynamic range (HDR) image with contrast amplification is

shown on Fig 6.

L, BROGH (d) LAREDERS N, £
DEMGVPEMTIE R, AT LT

i AT REIR O St © 81,429 m ~1,457 m
227 T, BEEHK 5 m O VEIEEE R TR &
YD 57002, DI 720 A s S iz,

6. EE

AR TIE, TR RS 254X, £,
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UAVSSIM 12 & 2 & 24T o720 €206 60
ToMEERB TR OEE RO W HRE RS,
ERFHOEE v A Db T, HEEBBHEDIE
TS, UAV-SIM OFHHIFERE, BEMAICBIT S
UAV-SIM OIEHICDOWTEE T 5,

6.1 EHEEOHE

WIRT OO LY, SEES N 7f

Mo, FHHOFERREELRE & OB A& T
WRTZ LR TE LD B2, BWEEDIHE
ERERTIE, EBEORMEFRN L B2 LM% 7R5 i
BHDSEDSo TW oo T D720, FHEDZEM A
B 5 T R I EE T & B SN RE Sz,
B0, UAVEEHFOMAR T, BITHSE
I EoOMFEROEN, HRHXIZBIT D77 O
D EAYN Lo 72 2 B 2FRO 5Nk h o
7oo INHIZILET 2RI, FREEROS
BHH I 5 ORFIRTH 729720, FHkIC
TR R LI WS Th 7228, K
D UAVIREZ TO 6 HMOSARIZL - T, T
REIREAZAL L 722 LRI TE 5, L L
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M5, BREMTIED 525 HABCRIE L 9 55
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BRPEBOBEBREEZRL TV BEEDDH 5,
CoftiElE, VL) OTEEIZ L > TIREEE D
2RIV LA RN AR ELEMEIEE
EASE LT VWHIE TH 5, BEME T OHEE
FHEERITERE LTEIRE L, A FH~ORE
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WRilZB W, RO EM A E, YT
&L HITH20 m OHPHTHELIZZ b &
I BEFIEAET B0 Z ORI O ERE RO
mX (Fig. 5) # A% &, HERMFHEROLE -7 1
(4.3 m) A ORAHEHEICA ST (F18m)
TOXMIZEBWT, HEMEEA2.5 m 2
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6.2 HEBRTROEMES
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