2017 4F 3 A 27 BTG ARRIRZERT THRAE LT

R K FITES 3 4 AT
AR S 17K18453

[}

o

TRk 29 AREERM AP IR R A B & (RrRl i Fe e dE )
W e S =

Wik 30 4F 3 A

wrEfi&RE ba B
B SRR ATARIERT - TOKBS S Sit » & — « IR EATAFSE B






H&
LI
W FexE ik

BI1E BIHFAEER
FRZEBE R SEEDBLHITIET (..ot 1
RN I N oo ST B 5 7 N 1T AN A S I B Y 53
g B - B EAT - RE GLlg - B MFE - i B
B[S & - NIL FE—RR - 83K bR - BRE EE - A i
I A - o @il - R R - OHEED fh - BT ik
[ R - TN BER - PSS MR - TR Rt

2017 FEABZEE A K FEFAT D UAV-SIM DT oo e 21
Wil E—BB - iR We&RT - B B ik —H
201743 H 27 HICHREE CEHERRKEE H 720 LIZFEZ O TTFEHIEFE oo 29

R S - ke mig - JER B - TEAT T

F2E HMPBEREOEHKEEHOWNE L € OMITIC K DHET — & N— 2 DIERL
T K RO MR ERY AT 2 08 U 7o Mg S E R E O BRI 18) U 72 35

R PR - NI FERR - PR

BIE BREREOEHIMNT
BRI O THTIIAT oottt 45
T RN - EE RO KRR - e D - E B
g H— - imA BEL - KE 5L

20173 H 27 HOBRAESZRHRZ 726 LTARKIED THIFTEEME oo 47
HHOR

BB T D REERRFREIZE D DIRGIETE R T OEFME e, 52
AR EARRR

MP L — & —fEHTIC X % 2017 45 3 A 26 - 27 A IR T HHEK & RO/ ... 58
R EA - EK EE - W ER B REE FER

B X D9 T 2 AR ET A a - TR 64
A BI5L - ARE GARE - o fE - R BEA
RREIZEIBEF T AT LD Ka 2Ny R U —2 =8I oo 70

Htt w2 b - gl W - KB &k - A B
AT ERVIalL—TarEAVWEHESREME
IREZRA O FIRMHETE Z HAIE L7 EI S S 2 b= 3 2 e 76
gt B - &0 A -l EFE - WA U

FSE BIEROCKETLZERN L LESRICOIGTRAESEEETT VOB

IESUERE DT AR & LI THAIC b XM ATHE AR BT A 7 /L DB v 34
TE OB L0 g
RS £ O & 5 W B A% S0 LT RSB IE D 2 AT P & R 90

FADY eSS - AnTH IR

FBoE LEHMEHY TNLEZA AT — K<y FORIE



WIS « BRSO D FRART 2 X VEFTH OB o 96
&R EASH - RS M- B B

DR i 2 RTRE 72 T3 AR JE ARG R DRI T e 102
R R SR - ARor A

BIE EHEE

BRG] ZR I 2 K G2 & LT i T B T oo 108
UTRE R - BRm EE - PR e B B MES IE RS
R Gy e A N1 - TS 115

R A e B B SR OEE - B G - oDk i



LT HIT

2017 53 7 27 B, HiARBEARZENT O IRZE A CRAE LIS LD, BILGEE T o5
ﬁ$7%\ﬁ$ﬂﬁ1%@8%@%ﬁkﬁb m%#ﬁﬁ?é“iﬂ%ébibtom#
FIZBHERHR L EF 5 E L b, FHICHEE S WVAE SV AEE, ZFHIROBEREIC

RENHL BT ET,
Fexlx, SHBREORREZEE LD D, T AEBEEZD DB AV HELITVE
L7, FABIIKEEIRT A L AA—=IZ LD RIS RN TER L E LT,

HERRERDE (FAHREER) DARERHTET. SRTRETR WHIR

20174837 27 B |45 A WAL T T 362 L 1= SRR, LR RE, BT,

- ) E SHERS, FRAS, BAEAL. RHAE. A%
ERKEICETIRERAR K. DUV T S WM (218, s

BwEE | = ﬂ TN

REFHE
mWI~ER
ahtd

- soms |

REBI, REWH. R TEEET N
[ WEmEmUFLSS LAY —F o T

MERK @SR

EEMNSDRE
- == ==
[ memTwmmE | | EEESSHOAD-XLEY | ZguEEs |

FHEZOBMFAE & KGRW D | BRQEMEDRESE N T RO E LR TRAELERE
ERTIERVWNEBEINE L, ZORKEHOBRTIXLIND [BERkiHh) & LT,
EROFBIZ/>TND Z EIFMLINTWE Lz, 44FR1D 2014 452 H OB RO KRS
TiE, MAHEKQEDORS CLAECRE R, BSR, AR, ., HER, B5R
B, BTRR S TEHOTZMARRAE L, EREKEZHD, LMEREOBRSEZEDS
HOREOREREELHEZF LTz, InEEEIC, BRRIEEOKRSTIL. hd<TE
FFAEDRK L7203 <, EKITEETRELDTH D Z L2 Rra TR L TE 2 RE,
SEDOERER>TLEVE LT,

TEKMFFEEICE > T, ZOFEMIEFICYa vF 7 THY, ZhE TOMERBOLE
DHLEBEZRSELNE LT, BHOFEAHEDPICHEFSICE N, ZRTELS2 RN
WO ZEOEKRIE, TEEOLTEEZD EPBIZOLNFEAET, FREFILOELES



KKEZNET DRT-BIE, 2, 20X RKEFZS I ENTERDP ST, 4 FHIT
RRIEEOE R OGRS S DA AL TWRho o Z L&A THET,

SEIOREIL, ZOXIRBEMRERE FELRIIRNIEEE -OHNE LTS T
TE L, SMBEEZROBETHA, BESHENT. SHEDMRIT ) DIRKEMDOREETIC X
D ERBEDOHIEOoRBIN 2B 2R L. TR EDERIEN NS EZ TEE LN LR
HMOETELVATLAZBIEL, BILIPCAX—DITE 23T 2552 bFIHTES L9
RIERAERMET AL EFHB L CEE LD, SHIRKIEROBRETIC XL 2 EROfEREE
T2 eaEn, 2ETRT, @RBRILEERO®E S &35, RIZE > TIERL
IR T 2@ AELEDIMEL FEL TE £ L,

SEIOFEF —LTToTE L LT, BEERLET TEMTLIZLIEHVEEEA, 4
Bl XL 9 BRFRFGREZITITELZWERWET, BRERAT-ZESH TH AT
L SKERGIICHORT B 720120, F I TOBRNCES S BEANRRAIKRTT, £7-. h
SOEREIERT 570 OEMCILHIEE S S HIZHED H 2 L RKNETT, AfGEELZ D
T2 TIASHRFSZEMES T, ZEE 20X 5 REFTEZ S22V 72912,
S BT RANA R B W2 2T UEEN T,

AGRATIT VR 29 SRR AN B B & (Rrnl S (et ) DBpk 252 1 £l L £ L7,
DY ORI, BAITHIRE W o 720 T2 R R 2B A FE T B AR BB AE hates D
Pl —REER 2T T, BRE O 2 ITE# W2 LET,

2018 423 A 31 H
wrgEEE  ba ®
ENZAFFEREIE A B SRR IEAT SoRBIRpgE e v & — &



WS AR
Mo ERA

SE o Sd o S od S o S ad o o
e S P S e U N S U N S e« N P S

T I FFFFH PP
S s s
SETTTITLTLTSTS ST

4—\-‘-
|lm

oS o oy
lm |m o

o3 9
& o o
PP

4—\-‘-
|m

S O

R FEH
St
i

AT IEE

W OROME RO OB OE R

FEFTEEFTEEEEEES

ey

B fE R
=t
S

=
o

Bk BE Dk Dk B% o% o % oy o o oy

ok Of Dk oF

o
Mo - ¢

o
o
Mo

St
S
DR of of

c b B (UIRR R BRI IERT « KB KA 2 — - kX — R - K
EfEFER)

WHgeo A (s E R HE)

DA g (BIRRFREARAIZERT « TOKB ST SE R v X — - EAEIISER)

DB & (EHEEZE KPR - B BoATH AL - #i%)

R BN (BRI SERT - SOKB S TEt o & — - dh AEATER)

S A CIRRS: - SE BRI SERT - %)

cRAIT il CRR RS - SOF B BURAITIERT « FHEERER)

CUERY i (BEBRFEREERE - BRELENITER - #dR)

/A E (BARS: - B - Bh20

CARA AT GRAERT: - SCEREEBAIZERT - HEHER)

SN BER MRS IITERT - BRARES K FERRI - F— LK)

CARA fER (BSRHREARAIZERT « TOKB ST SE R v X — - BAEIIFER)
it W0 (BFEBAEAITIEAT « K« BB ST IERM - EAENFTEE)
I FE—BR (BTSRRI IERT « tER P9 2T DAFFEERT - K550
8)

AP R SRS « B SASERT - iR SEFAIRIERTRT - HE2ER)
T it (FHCE RS - REFBE LAMRSER - HEEUR)
D B (ARMENENSZILA VT TR - 2 - RR)
CEHEBS AR - BERAIZERT - HEEUR)
HHENFIEE (P EE E R HUIE)
A WA RS « B HIRSERT - sl ST ARTEET T - 2d%)

CEE FESD GRS BWTIERT - BRI STSEREIR - EAEATZER)

A oL (KERITRRMZERT « THATZER - FAEFREE)
AR KRR ([RETRRWITEHT « T HATIEED -« AFIEE)

EB B (BFRBEEARIZERT - 7K« BRDBTSRAFFEERM - S EAENZER)
gik EH— (BIRBZEEARIZEAT - K - £BE SEMFIERIM - EAEITER)
S T (B RN SERT - SOKB S FEt o & — - dh AL TR R)

WA 1 (BB BRI IERT « FOKPISAsEt > % — « ZAEMIER)

& Ghsg (BB AEARETERT « TOKBE K gEt o 2 — - EAEIITER)
Y HAT (BB REANIIERT - KB KAE v 2 — - BAEATTER)
Orik Bo— (BBt genT - SoKBIEMHsEE v 2 — - KihllgE B)
BrEs e (BB bRFERT « TOKBE S Tet o % — - ZRMER)
2 B (BIRREATIERT « SOKBIS e v & — - KERIBESEE)



WHIEt 114

WHIEt 114
WHIEt 114

IS VAR
WHIEt /1
WHIEt 1%
WHIEt 1%
WHoEt 1
WHoEt /1
WHoEt /1%

WHIEt 11

DR IR (MR R R ERT - AR PIHES A T BRRTERRP - B

8)

Wt #E (+EIE)
DPTES EAE (B SRHFEANIZERT - AR ICERRA S N—a S —
ShkEFER)
DR wRkE (A ARTOKERAGRE S EK R EFRE T — L)
CORER ) GRS RERTRE « TRREErt - i Hed)
At Flk BB AEARBIZERT » K - LB SAFZEERRT - FhlHT B)
fih i — (LB ER KT - %)
g wrE (BIEREBINRITSERT « TOKPISFEE > & — - KhliisER)
HAK EE BEBRBINIFERT - K - LB SEAFFEERY - FAEFSER)
W MR RS (TR R - TEEES - AR T — X - 2 4 4F)
A W (B SEBEBARBIIERT « 7K« LB KBFIERM « EENZER)
) GErR KT « BLER - HARERBERVER) - T 4 4F)
DR B CERRORT: - OE BRI RORSERT - BT E)



=

i R AR R






MEAZHXEDHMAER
The field investigation of an avalanche disaster at Mt. Nasu
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Abstract: An avalanche disaster occurred at Mt. Nasu in Tochigi pref. on 27, March 2017. Seven high school
students and one supervising teacher were killed and 40 persons including seven high-school students other high
school students and supervising teacher were injured by an avalanche. The field investigations for this avalanche
disaster were started on March 28. As results of snow observation, the avalanche was caused by the weak layer
of no rimed falling snow crystals which fell form in the front area of a low-pressure system. This observation
result led to analyses for a snowpack model and meteorological characteristics. The hearing investigation from a
person of a rescue team for an avalanche disaster, many important matters for an avalanche accident were
provided.

Key words: avalanche disaster, weak layer, hearing investigation

1. IZL®IZ
2017 4 3 A 27 HICTHIARBEAZEIT O ZEE TRAE LS ETIE 74 OEKE, 1 4 O
MEL 72D, 04 DHFNEBREL 2D RERFEZ OO LE (K—12H) . BEEZKD3 A
maﬂ%@ﬁﬁ@ﬁﬁﬂﬁéﬁw ERAORAERM A L=, 3 A 28 HOFAE TIE, FHAfE I
fET L DA T TR - CORBEWmBIHN 21TV, RE D 23-25cm IZES/{ENO R EE
R L=z, ZoEz9Ee L TRBSEMN/RAE LD O EHEE I, 5H%OFRIBEAEDHITICHE



MW TWBEERBNT —H L7eoTWW5b. 72, 4 A 2 HOBHGHATIX, FHORAETE
Wi CHEERMOT 7 VIR TE o720, FEEORmEHIC X > TEROENZ 5 FT T
WeR$ 52 LN TE =, Z0%k, HEOBRMEBIETIE, SAROHITNCRGRE OFTE L T
AR 3R & h, [T, i FHEEIC O T, HORERET LI LN TE L, IHIT

RBED FFRFERANHEIE L7 FICEE WY REEZITV, Y HORRICET 5 & i&&*%mwt.

39N

38.5N 1
38N+~

FTEN- e

36.5N

35.5N

36N 4 — : : : : :
138E  1385E 130  130.6E 140E 14068 141E  1415E  142E

M—1 EEONE (FOAT0A)

2. BiHgH A

AEFAE LT-EMELRND, BHOZEEZMHER LN EENL oA LE#E L, £—1
R Y, FEENEKDS 4 H TRIE TIZ S BIOBMFAEZITV, FaIOFARDN, BRSOV
THOLMNZI L. 7o, B—1ITR L HEEDANC G, EB]0OF— A THEMFHEZEHL T\ 5D
BANHDH. TNENOFEONEE 2.1~2.5 Hilrd.

K1 BUFRAEA CEMAE (O FEhR)

FRATIE H O\ GRS B 2017/3/28 4/2 4/13 4/19 4/25
BEARY O O O O O
FEE B O O O O
FE S BT 8L O O
AR B A O O O
e AMTZERE I X D 22k O O O

7o, BUHOREE (KN YU oo 2 IHEREIER, FRBIRE) 2XRIC, THEFYHO
KERDUCB BN E AT, TR AR QNS GEHT, R SRFIRIUS SV TR & B D i 2 5
fEhTh o, MEIYFEEICONTIE, A% bEBICHERE L T TEICHEZITY, #EFRSE
LEOTEBETARLIEVWEEZEZTND



2.1 BHERE

ERF AR, SRS, EEWmEN, SRAEMORAESEOEEEZRE L, R
MO GPS T ZReek L. 4 A 13 HIZ, z#—%ﬁ/&~A¢XHﬁ#E%%%®ﬂﬁ@%%
HraEhE Lz, TOMOPEE X, FNENOFEER S OEERY & £l L7-.

2.2 FEEEEN

HEWHEHOBERAY 07— CTRlE L, RIEEFTO GPS 1§ & iiek L. HEWIm
ﬁm&ﬁ%ﬁﬁfMﬁﬁﬁﬁmﬁﬁﬁ%%;ﬁékonM@&b_25%Tr¢ﬁkmﬁ%ﬂ
W HRO SN DEERSAM A WRIET DT DICHEEIERT — 2 285 LT

2.3 FEEWrmE R
EEOWNHORELZHET 272018, MEELZHMAI L CEM L7z, BN E K OUHEXLL T O
BYThHD.
JERES - B HELS
KA - iR :mﬂ%~~x&ﬁ/%—7/&wmaﬁ(%ﬁ SRBE 1/100°C) 12X %

ESfiAS 03 A 28 BN LS Wm Bl T O TR FiREIL, FEEA TR 10 50
EfE R EE T XNV AT W CE TG L 7.

st g :T/&/I/7z“*—5</7“—“/ (TR MREE 0.001kg, FIARESRE 15mm) 12X 5.

R 1100 cm® DARBEEY o 75— L, SR LSRR OREZ L TR
7-.

24§%ﬁ%%§

N TIRENC Ko THEEREOWm & S L WX DB OENOE AR LT,
£, BIROEATH, @ﬁ@ﬁ%@%;%%mbt %n%ﬁ%ﬁéhhﬁm,ﬁﬁ%%%
GPS THFTOME, REZFTEL, FEDR, ZOLFTOEER, MERE»OITNT-HE %if
D S Ztdk LTz,

F7-, BEMLEROWKRERFTAOMBHC R D 22000, BA LGS, BEAIEE L
GPS THpr&ariek L 7.

472 HE19 B, 5 1,385m £ ORHTE B AR A 5 T8 R 1,300~1,420m O Fi 4 % 52
L7z, F£72, 4725 B, [FEEOTE A2 EHM L7722, @ KMO SIS OE FOEE 1,490m
EORNE £ THIPAZ AT 2. 723, 328 R4 H 2 HIZIXEMBAEDOHBRNE 2 b2
ZORMDBIEE T ORE I H AL R0 o T2

2.5 i AfLZEREIC K 2 22
M TR L B2 E, SRRAEHEET 250 EIRE LTEMLZ. 22X b,
R AR CORBBRNB L OBEERT — X 2B L, 5%IThi D EROREMITCES)
:;v~ya/$ CIGHFREE 70D, Fo, SHBESNHEA LRI & RERICERZITV, B
HﬁET@%ﬁL®ﬁ% B ERD D ZEMMARETH S, 28, 4 19 BHiE, ESLESDOK
@@W@T,ﬁ R LNTE o7z, MAMZEHIC X D 2SR E ORI O W TRk
(Wm%)%%%éntw

3. ARG R

X —212 2017 4F 4 A 2 BICHEAMIZRE TR LI NEE SRR A SR 2 7R~T. BEEOH R
NHAED FEORBAR 2= U 71, REIBIR 7 7 2 J~X%—%@#V/TT&6%EA@
2K 1,515m ORI OB RAEDE FICAE L, 201743 H 27 Bl K& lEL -6 Lz
ERNBE LT EHESN AR THD. 4H25®ﬁﬁﬁ§fi,ﬂﬁA@Tﬁ 5 1,385m
FHEIZ NI HRE S 7z B ﬁm@Aﬂzoﬁméﬂt._@Aiaﬂna@ﬁﬁ%éﬁﬁ
Kﬁﬁﬁ@ﬁ%%éht%@f%ék%z%h,ﬁm&@ﬁﬁkbfl 21Z/RkL7=. 3 A28 H
VWTTE L 2 N L 7o R, Z ORHTEEI IR &R CIRO S B2 T OFEE 1,350m (SAET 5.
F72, 3 A28 HFEINCIE, AX—Htr ¥ — U A0, /B OMEICREEROT 7V
R FORPHERTE T2, ZOT T VAL LT ETEL TV,



REE
1,915 m

BHERIDEAE
$91,515m

/ o
5 Hﬁ%ﬁ?ﬁmﬂﬁff““ <=

Bigt i oa lﬂﬁiﬂuﬁiﬁABﬁ“ RZCFFR : 2017/4/2
X —2 ﬁﬂé‘a‘%‘%ﬂﬂ%@éét& o8-y (2017¢4ﬂ 2 HE “‘ﬂ%ﬁzﬁﬂﬁ IR TREL e

Yo 1 328 FEWrmBINIH S, A ;327 EHRERIEAR TR,
B : 328 IZBIDOFERIOIEM A2 38 7L U7~ 4Hm)

3.1 FEEWrmBLARE SR & &2 (2017 423 A 28 H %)

F—2 LX—3123 28 H 1350 55 ~16 I 20 /0 ICFE B NS OARRE A 4R 4~ 5 7= DI 2 FE i L
TR E W B R 2 R T, B CRHHTREN Y 7 s T2 HB R B D IE R A 45T, 2017 43 H 28
HFZIZ, SRBIRFLTESRH -T2 E SNDHREAXF—ZOF LT NBRD, ¥—2 TR
FHEE 1,350m (70T CRES W m AL 2 0 Lo, FARROICIEX 3 ORI A O AR XA TR
W R & i L 720y 7228, 27 BOERREAK S 3 H 28 HOFREH £ THRENHVTEY,
TAERFICBWTHERBAED Y R Bd 5 Ll S8, RHTEEIHLE O T 5 O o H
2D 5~10m MU HFEE OB T 7= fhm 2 B IGRE L. 38E L BESEm s, &
A O S & 2K O s E £ TOEAREREIIA 350m Lir<, EEZEDR 165m &/hE
W2, ERBEREFEZEORNUNIFIEAEEDL WS THS YW L. &HE A O XX
A (AL 135° ) O EEH (G0 11257 ) THY, TO FEBORICALE T 5 FEE Wi
RS ORE OM X IZHR (5L 90° ) THDH. HERMGITFEE A Tid 30~38 &, FEZWrmEHl
HSTIX3SETHY, b\@“ﬂ%%%%)ﬂfﬁﬁ%bﬁ%’%é Lo VW MEARME 35~40 FE O#FH (McClung and
Schaerer, 2006) % ZEeRHAICThH 5. Z OES WG OFEEEIX 305cm Th o7, FEE M
BUANE, RAELE-TBAICERT S L féz SNT-HEEEEN SHESHK 100cm £ TOREEREE %
RGN FE i L 7=

FEEERmHIES 100cm £ TOFERIE, KE-0.6C, KIK-13CTHY, ZNHDERSTHIEL
JEKE T ThoT-. BE 0~1.5cm ([CFHEEA 32kPa &0V T 2 M BFER SN0, Z DE4SY
%, FEEWmENEZE/RL7-3 A28 BAFOAFIZXVIERLIZEEZ NS, S 1.5~9cm
X, HEHLVIIHENOL I LEVFICLEEL TWAEIZHENSTDH. 2O 35kPa &S00 <,
BT 97kgm’ FE T OBLY 00K E <, MAOEEL S T THES SN TWD WTRENE S &
N5, BEI~35em bHEHLIVEIHENSL I LEVHFIIEEL TWLETHD. HEIT 48
~94kg/m® &/NE <, REPEIE 0.8~3.5kPa E/NE VN, RIS, EE 22~25cm 3BIE AR T S L&
Z 5L, WHE 0.8kPa, #E 56kg/m® Th-o7-. EE 35~37em I[CIZELDFEENRH Y, ES 35~
38cm DEEIL 170kg/m’® & K x <, FHEEL 82kPa Ll -7-. 728, ZOSLOHEEE LOF



L. ZLEVEFEREOMAITFH 2L, FEO—HOZILLEILDE~OEILRD N7,
HRE 37~4lcm & 41~49cm 1T L EVEE, 49~62cm 1T LEVEFE LEV ENRET HE, <
NEVEWEE, SHOOFLLEVERRAIHELE. SHOEOETO 37~4lem OZ LF
DEH, LEYFEOBEEIL66kg/m’ L0/ E <, ML 88kPa &0/ EnoT, TRED T
DT, BEEIE 93~201kg/m’, L 12~220kPa T - 7-.

F—2 MEEWrmBNAEE (2017 43 A 28 H i)

# A8 me= MEsw xR SR (B R
20170328 305 cm  13hS0m - 16h20m B -26 C(13hd0m)
-4 4 85K E: 209 HAE M Ko EiRwe MER
37° 07062 139° 58490: 1350 m 35 90 D KKMNKN
THr =2 e @
T(C) 0 (kg/m?) PR(kPa)
. 5, *]
A&, D F - D T D 0 D ¢ | PR
(em) Ll (cm)
0 - -15 o o| -06 0 - -3 6| -15| 15 32
15 - -9 +.7| hard | -10| -04 6 - -9 97| -75| 15| 35
-9 - -35 | +./ 20| -13] -12 - -15 94| -135| 15 24
35 - -37 o 30| -13] -17 - -20 57| -185] 15 11
37 - ~-41 ° 40| -11| -22 - -25 56| -23s| 15| o8
41 - -49 ™ 50| -10] -27 - -30 52| -285] 15 15
49 - 62 | /@ -60| -09| -32 - -35 48| -33s| 15| 3s
62 - -69 o} -70| -09| -35 - -37 170| -3s| 15 82
69 - -75 ° -g0| -09| -37 - -40 66| -385| 15| 88
75 - -86 o -90| -08 -42 - -45 104 | -435| 15 70
86 - -88 ° -100| -08] -52 - -55 93| -s3s| 15| 12
= v
-88 - -305 62 - -65 125 | -635| 15| 160 fEJ'L{ﬁlj
72 - -75 154 | -735| 15| 30 | +:FHE
=17 - =80 11| =785 15 90 [ /. C|FUE
92 - -95 201 [ -035| 15 220 | §1%Z
- =
®LFIUE
Y95k
[ £

*1: ¢ IXAREERDT .

FH B 20170328

BglA (95"], AfuA [90'] o SHIEEFZ 13050m — 16h20rm
81(%) log PR{kPa) RR(kef)
o 10 20°39 : Ellgog? als 0 40 8 729 160 200
I T L T h"d 1) L] _: T T L] L] T L L]
..-_ 7
EEAYEL,
=] IR Rernivl
Eg=gake]
+ HE
S CLFEYE
O:FLHE
® LFYSE
Y 53Rk
ol HER — —
-20 -15 -10 -5 0 305cm 0 100 200 300 400 500
-] (‘c) E Efgo(kg/mﬂ
BEXREMNSEZI0cmETERE Shinjo Branch, Snow and ice Research Center, NIED

X—3 FMEEWrmEREES (2017 43 A 28 H 3hi)

B—412, 2017 453 A 28 HICEN L7 BSWrm & SR+ OFHEZ/RY. T3, 5982
WA BOME (BE23.5m) EFDOLETFTOREO A (B 13.5cm) & C OfriE (B E 33.5cm)



MBI L THRsg L7z, TRFOFRERAZLK TS L, AL COTRF LY b B OTHRFORED
BHRE <, BORAED 2mm Ll EDOTRIA1F, BRIBHE L TORWBCRIER TH D LBt
5. Ab CHERIIDLRVPRRIT/NE , RRFER TR, Lo T, 82PN T5E
LA, BRI E R LOBCIRFS TH Y, HEHE- T 2ROIRDIHEEHIZER L TV D
FERASEDRZ2D (HDHWIEA 7R BEEROBETHLEEZDND.

“"\‘ @ 13.5cm

P B 2oem
23.5¢m

- 25cm

X—4 201743 A 28 HICELH L7ZF S & TR 105 H

K—5ICREBTHERRT A X AD3 A 24 H~28 HOKEFE AR, ESIRT A X A1
3 H 28 H OEEWrm AL A2 5 BICK S knlcffE L, 55 749m TH5H. F—2 L3 1R L
723 H 28 HOER 1,350m HA COMEBEWmEIN LY, MERmEPOHES 100cm £ TOMEEIIR
TR ?@%?ﬁf&;é <E7M@E?3 STV D, X FE O 70 SR B3R 1E-0.65°C/100m Toh %
MH, X—5 TRLULIES 749m OIREERT A X AL VSN 751m 8 WO I A K ATHT O &
1,500m mi, xﬁiﬁmiﬁfﬂ/ﬁmﬁ?x AL DKAICIEL D EEZLND. LIzBn-T, B—50
%B%ET%JET% K2 DKIROBIGE R 2 RIS 1,500m T oRiEE#HEET 5 E, 3 A 27 H~28

FIZKE TR IN TWA EHEETE S, Lo T, FEmnRAELEZ3 A 27 BIZiE, SRR

AR EEZZLNDHIER 1,500m I ORBEOEEF X, KA TOBROLEThHoTmEEZEILND.

K—5Xv, 3H25 HOWREAESRT A &2@%‘%%{1111% 6.9°CTH B0 0, FEZE Wk I H

TR 20CEHEESND. LERN-T, £—2 &X— —4 _/Tw_f—‘afi%@ﬁ% 35~37cm

DS DOIBLOEFERIL, KBNS T T AT/ -723 H 25 El ﬂ&ﬁké:ﬂtk?&méné. X —5 DR
KEOBHMEL Y, M—3 KUK —4 OFMEERmM~E S cm OFEFIL 28 HIZE =B L
FHEETHDHLEEZLNDN, TNLLTFORERS 35cm £ TOMEE (RS 22~25cm OFfE % &)
%, 3 H 26 HxD 27 BIZHNT Tl L7 IREE (—6 M) IZEIBENRES - TER S
R END.

3H 28 HOMERFICAF =B LT hLEMBAEXLEEZ HNIZHE %’rﬂ’n@%j&—.@Ta)
%‘lﬁ (M —2 Ot A) 2815 L2, BB OEMIT RS ooz, M—51T0n7 L 9I1C

DERFEZBEARR DY, LITRLEZ LIS, & 1,500m TiX, 3 A 27 A~28 HIIKA T
f&)é#%%%mﬁ%ot_mx%z bAad. £z, EIEIX 27 B 3800 4~10 FF 20 4y £ TX
HTHDHH, 27 B 11 BERLIEIE, B 203 27 B 12 B 00 23 (2 EGE 5.8m/s, fie R EUE 10.6m/s,
28 H 730 /01 A EGE 5.6m/s, e KBFEE 10.7m/s 2 5idkd 5 7 ERBO0HM L 2o TN D,



BIZIZHENRFED > T DA, KRS 0°C CIEREGER 8m/s BLE, -5CLLUFTIE, MK Sm/s LA
ETCERWHIIRE RN FEAET D (TN G, 1986) Z &6, 27 H 8 KF 30 pEHOEEERFEARL H R
EDoE X HIRE N4 T, 28 H OB IXAEWITE 72 & ORE TR AEDERI DM 56 o
TLESZENEZLNS.

WA S O E B2 RS EOGHLT I, K—4 TR LZE DI, BENIZER 7 LICIRES
FOFENFIEL, BEENICHEZEVWIERICRLERREIZ2s T EfEES D, LR
ST, 327 B 8K 30 EICHAELE-FAE, EHRALSRBSH TH D aJREMENE & T
ha.

B—6 IZ5&)TH ERKX & KGR (e %R, 2017), K OWITRN R 2 7~ 7.
K—5 LX—6 OKRGEDRIELY, K—4 OTES 22~25cm OFFEIL, AMOFF % AL HICH#ET MK
SUEIZFES 3 A 26 H~27 HOBEFHIZ, BFFORE SR ORMDERLO 35 O 70 Bl KA o
BORAER NS VIR RH Y, TOREEPIHEL D Z sk o TR SN EHE SN, 251,
9 & 2R HHORAESR OB S > 721%12, F UIREENS 726 &7z 27 H AR O iy FE R H
R o 72BN LHES & 7> THRENARL TSR, HREGERZBESMMNPBAE LT EHEE
=hi-.

3H 28 HFRIOAF =7 LT OBIRIC L > T, M—2 1R L7=fE B Tli, HRZE
HELEZEZONDRBEROT 7 VWM FOBRBHER TE /2. £—2 L —3 1R LIS Wrm @il
FRL ZofE B OBEREEDOERBESHOENS, IEEMITOREBIIARLERIREICH -T2
CHIBrEND. ISR D, FERL 29 4F 3 H 27 HIRESRESMRIEEESREE (2017)
WCRENTWD LI, BRI TIE, 3 H 27 BICKRERWELZAE UK —2 OfHE A DEEER
%, RNEERBEORENS ARFEAE L mREME L, REERBEEOREIC AN AV AL 20
WZRAELTREMEOmR N H D EEZ L.

TR AERFORPLOMRFHIOWTIE, BIEbHEZMT CH 5. 2018 FHEICHED D TET
HOHMER FHEDOER L AREETHL IR > FHMFAEE NS, 5B S OICHRHT 5T
ETHD.



JEE (m/s)

B3 ()

s (°0)

TR (m)

fEK & (mm/hr)

1.8
04! E83B3RY | 1(08 30LE) i ﬁm_ :g =
— 108
‘ — 0.8 HE
0 “ | |- osiE
— 04 M

il LR

00 L—— — 0 0

00:00 00:00 00:00 00:00 00:00

March 24 March 25 March26 March27 March 28

K—5 KRETIESRT AXAD 3 H 24 H~28 HDOK LR
GRZERIET A Z A 2 3/28 T W im BRI 2> 5 HUSH 5 km,  #EE 749m,
JEA - 90 FE : BE, 180 S : FE, 270 5 : 7H, 360 % : db)



| 2p26m218%

| | 3R26E218%
Yot B sid B,

3A27H038F

[ ’\ | ;"-' £
o & g
A A

3827803 [
ﬁcif i £ -

"
R ¥ Y — : % e
\ ! . g ot ;o

e o
E 1385E 199 1S0.5E  MOE  L40.5E  4IE L4LSE 14

| 3g278008

135E  1B5E MOE 1395 M4OE  L4DSE  M41E LISE 4

K6 GG KRR KGR (FRERSE, 2017)

RO R (o AIAREE: ORLIE, GRADS 12 TEX)

() E

(-]

(U ww) S50

(ufww) = B



32 BERVEMNGAAR R LB 4 A2 H, 19H, 25 HFEE)

EERB 2R T A2, 4 H 2 BIZ, 3 H 28 BES Km0 bR 2 BRARBR R o1
5 1,420m L E CHEEAZEm L. K—7I12R7 2 OOMETIT> 72 b LU FHENC L > THE
KEOMHEZHRR L]Z. /2, -7 ITRTHRA LY PO~QDOHIE THERIC L D2BEEREOILAD
ARZHEZR L, SEESOBERICEAROEIT, BIAOFEBROMBEAZFIM L. 4 419 HOFAE
TIE, RA 2 FO~@HEE 1,385m ORHIEEI MG 2 & el 5 1qu4mm@ﬁﬁwﬁﬁn
BIRKOFBEOMERZFEM L=, £7-, 4 25 HORA T, 19 B & REEOTHAE 2 I L7273,
R D B KIE OE T OFEE 1,490m 30T O E £ CTERIFE L, BERP % Eh L.

—
(@,
N
4/2:AE
e DARDR !
' H—-2#EA
T / T
Q AF—1{era—N\D2 =
DRBOR | 3/2810% —zr
— o, D
ﬁ\\\\wﬁ e T E ,
-
_/\_ o~ —_—
x\
-
0 005 0.1 0.2 0.3 04 oskm jﬁ ﬁNIED
WREGEIBREROBRERBEEERA R H PR NRER

M —7 EHFHA R T R XX E PR e o0 HhBRFBeih A £

321 AA MO (201744 H 2 H)

KA MO ML TS CTIIREMEW T2 T LT 2HHI Lz, RSOOSR
mnf%ot.E—stﬁ%yh®®bvy%®%§®%%%%f.ﬁ%yb®®FV/%f
3 A 28 HOEBWmBLA OIS, EEXRmND 35~37 DM EICBH SN TN I HHERE L
Fl—LEZBZONDILOEPHERTE, FOEIZ30~50 cmBEOLFVELZ LEEIEH
Sz, BERIIEE T THIRETHDIN, K-8 IIRTXIIC, BOREEDHRNPHER
SN, ZORRKRE LT, T FOHIRRE 2N, iz, K— 9 IHRA L OO LT
DOEENOBADORELZ /KT, ERIOLDEO EHOMEIC, SO FICtE-> TFRANCHE L
BIENTZ EHESINDIBAROE RSN, 2L FHNEE LIZBEOREIROOESEEZD
ZENTES.

XK —10 (R4 > FOALAORM A (K—7 B2HR) OFEEOREZ T, EEIS5HED EIC
JED D[R CALE OFEERE L 0§00 W T RS S 4L, T[T L72 AlREMED m &I &
iz, ek, AAMORTIIT 0y ZIROWOTFT 7 U ITEh -7, M—11 12K A > PO DR
R(H—7 2R) OESoORELZRT. EAORTIIESBOHNALNHER TET, FHOEWNT
Eﬁwu éﬁ’biiiﬂo 7=.

10



TSI TAEE |
BRI L THIR y

T

”

i
ot

M-8 BTORE (KM—7H1 > FO R K9 HENOBADREE (-7 # >
VF, 201744 H 2 B FOKLYF, 201744 H 2 A

XoOTRO
LECARLVES
) DTk

Bz EoTHIR

ANCEOESE

AFDEE

=oHERE
- e .
p - E ":‘_k—'r % |
P T SN
4 . = 1 \

B—10 FEEOWkEE (M—7 KA +OdE  K—11 BEEORRE (-7 K1 > O™
AIDOIR, 2017 44 H 2 B DR, 2017 4 4 H 2 B

322 R4 @ (20174 H 2 H)

RA L FOTH, AA Y FPOERERIZRZMWTT AT R L F2EI Lz, X—12 12K A1
RO ML UFTOREORELZ R, M—11I17TXE218, RA L FOEFEOIHOER-ED
FICES TIEARAWESEAER SN, TO—HIEIO00FRELHIFIL TWD Z ENHERTE D.
L7=D3-> T, ZOBEEORNLLEROI FFEHEESNS.

quf;%

K—12 FEORE (MN—7TH A F@ LT, 201744 H 2 HiRE

11



323 AA MO (2017%4 H 2 H)

=13 12" T L DIZARA » MO TIIHESZHFITHAROKDOIBADHER I, £, M—141T7
T X IR EORANRTIN TR ERER SN, TBIEFRDN F LIZEEOEM O —>
EEZDLZENTED., =15 LI—16 IR T LT, BA Y FOIK, LoD R CRMEMNS
E%Lfmé%%?%D,%mib%%%®%ﬁ§<&ofwk.it,Am ZHE Y I L 7R R
DR O, MHEHHETH L Z ENHEE SN, RA 2 FOFEI TIE, FEANLEF B il L
tt@%ﬁﬁﬁ?bf%ﬁb,?79@%@%ﬁ%<&ofwt&%méhé.&k,f%yk
@ TH7 Yy ZIROWOT 7 VI3 T,

13 35 LIoBIADR (]—7 A4 2 b B~ 14 65 LIz ALt (R —7 1 > b
@, 201744 A 2 B ®), 201744 A 2 B

AR
ZlCfEdhL.
ERFEY LT
EEMETL

= HFELI=D T

TR0 AR
R FT EEDE FL
SO TEGLD

K —15 fﬁﬁ%m&ﬂwﬂ (®—7#4 F  H—16 %ﬁﬁ%@ﬁﬁkﬁ( T
®, 201744 A 2 B ®), 201744 A 2 B

3.2.4 BIAROEITIVEBN L OMERMAE A (201744 H 19 H & 25 H)

K—17 1284 > NQD LN S B O@ER” K& KiE, KORA > NOJm %k
FEEEZRT. £, M—181THRA L QD EHNLRA > O (RHTEEHE) FHia e
EEZRT. K—17 D A OBARIZIIZRR FOECH D B2 N ErkR LT, i
72, M—18 ®B & C DREARIZYH, [RERIC %WT@@MT%%&%x%néﬁﬁn%%mbt
A 2 FOORKHIEE LS S KD KA £ TlE, Bl co L —¥ —XEEEEE CoRE
E%ﬁ%(ﬁﬁ%)f%Jm,%@Lﬁﬂﬂﬁ&%ﬂéhk.ik,ﬁ4yb®ﬂ6®mﬁﬁf
IHERM 15~18 ERRE TH Y, KO EBAFIENSRA > h@ORHIHE S £ TOEBEOHZIC
1> T BEEEI A 290m & HEE Sz,

K—19 ICHFRO TR L B 2 5N ROBAROEITN ORI Z RS, WP b=k ok
HOELY, i THhHobEVEMARBE L TWRWnWEEZ bz, gl FHICE TFLTW
71; Lo LY, B EITLO Rt E X BN, 3 H 27 BICRAELES

DTN RN E W E B L. EOBEIIM—17 IR L AICEYST 5. £7-, A

12



DOFEEFK—18 1R L7 CIZEMST 5. W& bIi=fiL, ERImBEThH-o7=. THOE
M EEZONDIRTHE, TOMOHELED T, TNL D KO OITCEIAILI R TE 2n
S72. =20 IZILHIORDOE RO ORI E RS, EFOGEEOR (K—22 ® D) OERIL
L.5em 2%, AOEEO (K—22 ® E) OERLX 1.5cm BRETH L. JLAORTIE, ZoMmo
HEHEDT, I TODHOERIT 2em BRENR KT, T LY KROEOH-CEIARIZRE /LT
Xpipol.

X —21 [ OBSAEOE TFO 2017 44 A 19 BORWEZRT. K—211-7T X 91,
BERN WA ORI TH Y, ERAITRKISERETHD. KM—2 X—7 XY, ZEHAEIL
TH L 0 e < RRRHATS Z O RMD S IE AT CTEEANIZEL L, TBRAO FIREK & 72 o 72 iRkl o
RAELIAANTWD ZEN DD, 728, RBNOBREE FTOREOM X IIFEHENSEBEHRTH
0, BVE~PE~JLPE~ b~ LR OBEA DL S ICRHEICENR W E D AREERE 2 6 d.

K—17 K—7KA 2 bOLEHMHS Eo  X—18 [X— 7T4/F®L+B7b>f‘o:l“/r/
W RO & KE, LORA > vOFE O (RigEhs) Fmziky B & C
iR (A OBIKRIZIIR TN 2R Lz, ORI Z/#ERE L7, 2017 4F 4
2017 45 4 A 2 BiR¥E A 2 B

B —19 FEHAD FFE & & 2 B D IROBAROE TR
(£ X—17, 22D A, 45 :M—18, 22D C,2017 % 4 A 19 A

13



B —20 AL DR DA DT DR
(/£ :X—22DD, £ :X—22DE,201744 H 19 HiRE)

BHEEAO R AR

o -

B —21 W@HRMOBAREOE T (FEE 1,490m £35) OMRP (2017 44 H 19 AHRE

3.3 FHAVIERIC D 5 B4
X —22 IZERIEW & & ORI 2R3, 7k, ZORIZIE, BAROKIThOEFREBRO
E0y, ANy 7, i, Y77 2A0REMLEROEOGRE LT ey MLz, K—
22 (2o L7z B AT RS 5L & [F L PRPE SR B T ) Sm A v v =22 mT — 2 K0, FENHBAEL
72 B2 LN AREIE, BIARE 28720 1,420m 1350 5@ K o B RKCE (FEE# 1,515m)
DO OBIRHA D 30 BE~38 FERRE D2 2R C, AL, BHRHORE LT WS Z T
7L TWDZENg05. £72, BFICHEE 1,500m AitE-CHE 5 1,470m Bife 1%, ERVA DS 38 FERT#
ZRLTRY, FRICAHEAITH D Z B3 nhoT=. X—22 Ot EFANIALE T 2 I OB
WX A=V hG2570100F, bAIREOEREZR T TOLERHDLZ D, FRIEIKMO
BRATORBETRELEZEZZONS. 3 28 HOFERICIE, BERKLEEZLND KD
K FORHE LR F@%ﬂmTLf%ﬁ#ﬁzéioﬁﬁ Tix7e <, EENZLEo T\l
b, 31 HiTRLEEIIC, BRAELESMOBHEIIERESMIELHESIND.
uhwﬁﬁﬁﬁ%%#%kki%ﬁméﬂt %ﬂ% G PH A [E R EEp ] (K —22) 1258
AULT. Fiz, BAEESREAMET (K—-23) AR TRALLZ., KO RKAE TORAERXT
X5 O EE A & ST, B3O kI %D%%otiﬁ%?t&ot%iﬁ,ﬂﬁ@@%ﬁﬁ
WP Lz EHEE S NS, 612, FHE, -2 081> bO, @%&F0R (FEREOR) H#
EHRNATY, MFTICHBEOTOHRSE - ZLEVFEEHLEREIAAT (-8 EXK—-10D ML
Hﬁft%%%) EROEENRKRELS DI ETHRNEEN FH LZEHESINDS. MEO®ET
, ERIE, SHLOFRPLEZIIALBRNLHEFLE (K—120 b L U FHREKESR) &2
5n5.ﬁm%@%m&<ﬁ05 VR LTV DR A N@HLEAT T THR OB E MK T L 7= HE
X T, 7uvy 7 ROBTIERL BT ToRFIROTFT7T Y E L THRELZEHEINRS. K
—22 ORPTIVE E BB OALEIC LY, FRBEORTIE, D72 & bR 1,380m i E Tl
WMELIEZ RSN, F, BAELERBEEMIIX 22 17T L9 ITILORIC BT L

14



TmEEBEZOND. X—22 OEPTHVER & BEMOERNC X v, JLloRTIE, FESHITDRL
CHIEE 1,370m AT E TIXR F L2 Z & 2R T /-,

ISOOm 1450m |400m 1350m 1300m
T rd

oy

A EFIOR ‘l‘ﬁ t@mﬁm.gm acs o 02 o3
' \ L
N | / B }
Y 4198F | EvriRR 4/198E

Byl ‘;U’hrl%E

AN / 22 E ‘
, N, DA EDR
B ﬂ‘!a’:/b@ L QU
C+ wmmmmn TP, * IS e RE

Abvo%8 | |

JEBlo iR

~ A 42BERBY [4/2AEF ——— -o 2880 %
o anommmgn | (ORBOR] O Sy ﬂgﬂﬁﬁiﬁ,ﬁlﬂ\m\ﬁ
| 4 ! \4/2 RIED R
b 419RERE] P ( 4/2B% Riore| 7 A 2
| X asmEsn TR ‘ZM’J%RI i . = 2NIED
wtmuntan&mmnamn&mm . . . . . . ‘ . [upeE 22 10t ke
'm(fﬁwa“"""""ﬂﬁiféﬁfﬁﬁ'
WE.. | epmEAr®
v N N N N D e S ﬁtﬂ%ﬂiﬂ'ﬁ ‘3/28AF
ol e A
1360 1 1 4 3 { 1 { + 1 I 1 | 1 1 1 \"Z -l ;ﬁm“ t&;‘#\

0 20 40 60 B0 100 120 140 160 180 200 220 240 260 280 300 320 340 3IG0 380 400 430

EEEE (m)

X —22 FHRAIRE & Z OHIIRHEWTX (TR L F O F A I,
A~E [ZX —17~[X 20 |27~ L7358 8 B L= AR DAL E)
([ B AR Sm A v > 2@ L D)

ZBE
LI

BRI (D 2k
91, 515

Eﬁﬁﬁiﬁiﬂﬁf’#‘”‘”"‘“
,f"//A N7

0001-1439 B : %) ﬂmﬂiﬁiﬁ}\ % 25108 "SEFE :12017/4/2
< —23 HiA %ggﬁﬁ%\ééﬂﬁ/}im (K212 it T Lok K20 FmELERE A2 FEA)

15



34 HEHE A

B ED OFRSARIUCFE L <, FHeY BISRBNEEY 217 - 72 3528 LS RO BRI B e L
M AEEZITo72. Fl2, YHZHICHEE L7 OEE~OB ZHY FHED 2017 4 10 A
MBBBELTWDR, BEERTIIEEA T+ THDLIOT, Sk bkt L CRAELEm L, RN
FLESTEBETAELTHITETHD.

3.4.1 ARZE LG RN BR IR R k3 2 B & B Y JiAE
1) it B

IRAEERIFRIFRE ~OB X BV #8542 201747 A 8 HE 2018422 H 10 HD 2 [A15EHE L
7-.

2) MIEHE RER
2017 4E 3 H 27 H OREEEIOIRPUZ DWW THI B 2 5 L 7=, 24 H ORKENEE ORI % LA
TD32DT = — AR ONEDOMOFEIEIZAy T CTHEF L 7=
(551 7=— X WAEITOAENGHRAERR 7 7 IV —AFXF—HO L = v 7 £ T
9 : 40t BOZE L RS B xR e (DL TF#E ) Ao —0n [AF—CTERN
B 2~3ANBEIAENTZ) EWDEEENH ST, T ITE KR OB IZAE
WERE CHElE 2B L7, 2~3 0%, AILERBIRRE D GERERHV, HE)

guﬁﬁ)%oﬁ_

10 : 00 HjEH DHBWTXEEZ LT, BoolUighlgiE|cE-> CHEEZ M7=, BER
ET%)%ZJ)VOTEOE o TV, BEENRELRDIFEENRLLoTW
ot

10 : 30~35 kg X TOBOMEENH 2 BB OFEBICHEA LD T2, A X —3513E ¥

W%%Tbﬁﬁénfw@w@f,ﬁr%m%mﬁgawbﬁiz&~x%m
L. 2O, ICHED > THMO A —HNORE (FF % FHARIES
L5010 ETERMPEEL T, AFXF—BHERT LT CRAEZIAENTR
JERZ L BoTne, ERAENEEZAEINZETES TWahott., FIITHERK
E@m#@%$WW%@§%WéikﬁﬂE@#oﬂ

[2 7 x2—X: AF =t 2 v 7SRRI A BEE T

10 : 30~35tH 3 TICt = v T IZBERENWZ., W#EEATX, FL o7 TR <, FLrT W
DO—ARAFHE (-2 KO —23 Z]) o7 v o T oz Lo 2pro
ZEFEo KBIBKE L LT, Eavy Tt BOERUEEIOL S — ADIR
FULHERBRRIRE S T2, 2 Ofls, ZEOITH 5~6 LTEE, HFD TN 5
~6 HRREWT., RET, BLOWETOHERHLIND, AF—LOEER
THULYTHEESLTHDLW, TO%EHR LI L. JEFHLZENTE
T 5~10 ootz BRZEILERBIBRIX 2 4, B8R0 ) 3 ARRE, Mo
2~3ARRE L LI, BliGICHBI L. @ﬁk%%mﬁi%¢ﬁmm%@%o
72, METEOHANE -T2, BRRIIARTOKEE LT 2y TIZE- 7=,
@k AR R & L C, IR, @T,ﬁwmnﬁ%%MLfkw 2017
T3 H 2 BICERMLZIENY Thotz, EHOSISOSEEE, FR1OER Dk
DIZED 3FTEHS ZLIZL TS, F7, EETERE LT, B\R (LENE
) EFEE L. ZORETHEHELFINIZ- X D oL R0nD T, KEOKE
LR CRERREAE 2 B0 22N HATEN LT, RO WTR & (LR %03 5688 T,
WIZTEBE D T7, ZDOBEEO ST OIAICHEATS. EEOIFIZENL TN D, &
ZLTHRETHZI AW bW oz, BRAED FL—AXRETHZ T
Wik oE o7 BHORA v MISLLRPoN, —AKREZHIELTE -
FTTIAT KO IEARHOEENOfRE 21T Tz, EEED Z O TIX
HEHSIIE->Z V0o TEB LT, WHRT, AOLEIITS IOICEiErE=
7z, ZFL U TAOREEZBEDIRD T, HERE, A2 LR, MoK
Ipinolz. EEHEL T D EEDIDRE KFETHONT 2R LH ST &,

16



[637=—X:
11 : 45 LHLLR

[Z DftDFIEH]

WERTIERLS> L ADRFEIES> TWADORRZT. ZhEa L THEHIZORD
FETRZI -7z & THREWRW EiEE L.

RGBT ORHIEEN 2 B T £ T

RUTEEN IS BIE T D &, FICEoHE-S>TWDE 34V AN AT,
F77, EHIC EOREITHOREECHE > TWA AR I~ LRRERZT-. BZF5
S EOHFMNLEWH Lizhy, hfeedicfBiah, Kz LCRmo T
ZEEESTNDE IR THo7-. EEL T - e Am EEo |
T, Ay 7 %2FoTWAHANFIAT Y T2 - THSETTE HHEOKHD
T2OOFEORYH L AR TWEK o7, Fidwi e, EEoftrmy
ZIRTIERL, ¥ IH T Tholz. LEN->TRay 7 THYRLTWETIED
Sz BEo ESE R A ED 15~20m (& PEEN RS OIR & 2 BE T S
N AL OIR ORI D AR DO HGIZ 7, 8 B D AR L TWDHONR X T, &
VN, KRBT 3 A0 H Lz, BRE - A TODELEORED X
TR ZTe., FOEEEZLTWEDL, 3 A8 E > TCW=GETo4d L EHloE
DN [H—] Lx TB—] L), >OXTFENRMI 2. #Ed EFIzm
o TEMANCEERH Y, HANZERSH D L O RHEY FThoTo. TDOANER
D LS, Bl dH 72, FaENTnE\KIGTH 7=, & Lz
FEHLTWEEIRE L TH 72, £, ZOAZEENICTILESEL)
LW Bt ERIRE L. FRAT TR, FERSTRETHRIA-TE
D, FENPADSENoT0, IRLZ2WVWEIIZFZNTZD, FoxT&ln
e Lenn, 70—y — MIEAT LSS MIEEEZ L. fEEL T
%9 bz, oORERE LEIE Lz, (WHEKBhR, M, 820 3 5Tl
T, ZOEGFEZ—FRICTILESE-. BlEEfhraiRs L, FNE TR
o TN 44 EH T 1I0m U HRIZS WO Y 7 THE > TWVDH ARKR %
RO T, ZOMIEE, BERZENSCTNVE AL STELSITE LS. B
NEEO EHRTF, AMERLEMESICOLIIESIESDF B AW THLE
STED, Fnini~2mH< 5 WVORIICHE S TV EH I Y. MoK
NooTDIE, 2OEFERDLSTEAN— AT THo72. 7RV O 8 AT oxU
Mo Tz, BRI L BN FITMEL N TERERONER L. K
W2, BATTIIT 22 EnRTERVWEEREZ FLSELZLICLTE. TA—v
— FCTHEEZEADATE—T 2> T 4 SHERTTILESEZ., BATHS L X
2, RPN E LS o TWEDEBWTWS., BEEN AR ONERE
RO D IR ol 4 FRHOEEGEZGOAT, A (BHEHFHEL L7l
ERBBERIFE) DN OEEEEZMELRDS FIL L0, 14 K< 502
ST ZORRCIITTICt 2 v T I BICEZE N R TR, BEELT S E L.
L (RIBRE) N TFILBLMA»E ZOFETTFLEE TV, BERELEAD
2h, EOANN T LD, 15KEE . YL T ETE7r—r—h
ZRlo8EY, FLUTNIE, A/ —AR— MIEERZXT, A/ —F—ELTH
SESTHELEZ. T0Hh, BEBEOFR2ELEEE L. Y EZ Lok
IHENIK T LCW o, Z20%O 8 4 Ok EIXBEEKRO F e g &
IEVNI T Lol SADHIERETIX1TRREE o7, EHot = v 7
TR KD o TR L 72 o 72 D1F 17 B 20 pEZ 72, IR0 IE, oY
— A2 RS TN HWENS T2,

ERRE R AEFATIIERORE LT WERFHE TH Y, B HEPITOEREE, =
B DFEEED D 5.
I OFREREEH L TS ROFEMSILIZELTHONRIWEE XD,

—’C:\

- EHIEAEDS 8 B 30 4y6E

LM, Pihrolo—NIiE, 3L EFoFIINT, K<

FIZoT L& L D.

17



s RENEEI AT TR, HANHEVE NS, ROEKRKAENRAZ TWENEH
N E A ISP ANAN

- —AKRIE, B COROMITE TR TELESRATARCL RolcZ EENRWNEND
BT, BRLARAVWTT LTI L TV D

3.4.2 BHE LY FHA D S PR U 7= R IS B O N7 & AR
B3 72— ARETRENCE D 2B X EY 225,2017 4 3 A 27 B O HEIGEIRIC BT 2 RHiE
BT I DAL E REFR & X — 24~ X —26 |ZHEFL L 7-.

z&ﬁbﬂxmmr_ -8
- 118F455tE(Z7,8
ZHEEL TS
Q)biﬁ.ﬁfc%ﬁﬁ

T L= ZBA,
LS8

HEERE T
(BB FE-TEESTL \T'..
(1o>< 10mizfE)

: > J
x e ‘
> T
i =

X —24 FRZEILHE RO R R e~ B & B0 FRAS 2> S VERK U 72 BTG B s 130T O A7 1 B R
(R—ZADZEPEEIL 2017 F 4 H 2 HIZHE A2 CTRH SR 23 i 5

FHFEETToR
CoICoBEFE-TIEE
T (10% 1

:‘J‘b\-:‘tl. \t.* d

o =7 ADRERIHE
S eneiLTus | HETAE(EY -
ROLCETE G DD>TLTA

i To72%
ColTeBEE-TIRE STV
(10 10mF2FE)

M—25 IEILERYKERE~oBxmYy M—26 MAELFGBREIFREIRE~OME Y
P SRR U= R iR B S AR oA o a2 D AERL L 7o S B R A O T
FE RINCERE (R—ADFEL 2017 T DRIALERR (N2 DEEIT 2017
4 H 2 BICBGSERHF D s 4 A 2 BB SR iR

18



35 FLOHEAKD
351 £&

2017 -3 A 27 H 8 KF 30 43t (HEEWFA) |, WA BRALZEBRARERT DAL CTHE AN FAE L.
UREILEHIC CRIRILAHE T OB A L HENEMICEZ AT, 184, HIE24, 1%
JiE - BRIE 38 S DE L 7p o7z,

B O BRI X OEE S RERRRE & & S ICEE T 2B EZ I TWERORNEZH S
MZTHZEEZBRE LT, 3 H28 LIS, TN FLTHREDR DT INDHREAF—
BOF L TGN, T < O 1,350m, ERME 35 o BE) & B CRE S AL
ERM LT, FORE, BERmND 22~25cm FTOHE - Z LE 0 HFEHIcEZRiofE0d 7
UVHCIREE D SRS O T E AR SN2, 558 0BT S0kg/m’ BiT#%, MEEEI 1.0kPa B (d%
0.8kPa) T o7, i ERKKCUEBEDIEEIRT A X A EDOLXRBINT — 2 2T, HEEW
MBFE R 2 EBR Lz, TORE, Zo8EIx, AMNorEEZILERICETMERKIEICES 3 A 26 A
~27 BOBEEFIZ, o TL M DOIRDERLOfFE DD 7o\ 0 i KRB O AR S 2 K 0 B
S EHEE SN, S HIZEDORIZ, FUEKEND b7z b Sl by R 258 O
NS Lo THENAREICLRY, REEMNPBE L EHESNT.

FKEERREASL SIS A & R4 U, 28 H OB HUEINIG 2Rk 72 & DR E TS A5
HEOEBNIDD O 2> TLEST I ENEXLND. WWIHE OB 2EE EOFELIX
NS, FEENICERZ LB RO ENFIEL, MENICHEZ EWIEF IR L ERRIEIC
7o TNz EHEE S AL, 3 H 27 H 8 I 30 pEICHAE L7-FAL, mBAELERBEER THLH A
REMERE VSR S NS .

201744 H2 H, 13 H, 19 H, 25 HICHLEM CTHERE SR MSWEEn) , S
DOIRBIHA, AR LD RS 21T 72, £72, Y ABH TR 21T - 7= I L RBh %
FIFE~OBERYHEA 201747 H 8 H L 201842 A 10 HD 2 [MIEfE L7-. FOFEE, £E
BRI LD b B oA —7 Ve fRimICArE T 2@ RO KA (BEEK 1,515m) O
Tofa (ERMG 30~38 &) TRAEL, D7l & LBHEICILET D 2 2ORICHE FLZZ &n
HESNT. F2, SRHOHERXTIE, 7av 2 ROWTE R T TR koT7 1 &L
T, DK EBES I~2mBEITFHOENHEE L- T STz,

X —2 (TR L7=fHE B Tk, BARAELEZEZONDIEBEMOT 7'V L0 FOBNHER TE
72, FESWrEBAGE R L ZofbE B O HARRAEORBEZEROEN S, 2017 43 H 27 HOIRE
EAHT OB IR ZERIREICH T LTSNS, ZHORENS, FE29 43 A 27 B
HEREMHRIEEESWMEE (2017) [RESNTWD X H1Z, BRATIE, 3 A 27 HIZKE 228t
EBEAULK -2 Ot A OREERIT, RLEERBEEORENS ARBAE LRt E, K%
ERFEEORMEICANAD AT TOIHEE LT REEOM ERHDH EEZEZHND.

KRk 29 43 A 27 BIASFESRGELE BEamEE (2017) OFFEOITEIOFARE R & Al
HEORBER/REEDETERT DI L, EMEORTIE, KOSBKED FORNH 2B L TV
LEED A 23—, JLAIORTIZ 2 HED A U AN—=RNERICEZAENTZ b0 L HESNZ. —F, 1
~4 BEDYPEFALELHESORDUZ DN TIE, EHICHMFINKETH D Lk Sz,

aup
P

&

352 RELAHBOTIE

B, BXIERAELE CEROMERH O NI TE D, EFFKEROETT & 3L
B DOEMOFH, L CHSIBRLEHRAD N A —OMIRERETH S, Z0kD,
EHF AR ORBLOMRIT OV T, BUE b HE LG Th 5.

KPEZED ST, ZHOOMREEI ST HITIE, EEOE S & FHHh o B % 4 PR
HEN, EHETHCHR L7 ~HERY 217 ) HERRAR LA 5 X5 Ichotz. 20l
D, 2017 RPN D — ORIV FHE LA L TV D, 2018 FFEEICHED 5 TED S 572 5 [H
XY A O L AR TSI o BT R D, ERRA RO & A%
DEHOVE, € LTEREEOHMIC OV THEICHMN L, AT HFETHS.

e

& B0 FAA 21T O TW e IEW T2 A IR BB BRRIR R 72 b DN FHE0EBE O 7 IZITEE
RAES A TAW . F72, P29 43 A 27 BIVASHFSMIEZEB20F I HEEERSZAD

19



B, MOWIKRRHEEEZERICE, AROKG R OHEEENT — % 7 CERERIOIE T I
BAETEW-. £z, 1Z0»rDEL OERRIZHLRHEIC W IV Wiz, 2 ZICGHP L BT ET.

51 SCHR

1) McClung D. and Schaerer P., 2006 : The avalanche handbook 3rd ed,. The Mountaineers Books, Seattle,
WA. 271pp.

2) PrNEeEk - ZEXK%& - BPJRAt 5 - ARIRFESC, 1986 @ FETRFOD S\ IR o F AR SUR0H, Y
el fFE HAREKFRREKRES TR, pp.256.

3) FHERRE mwiﬁ&w&mﬂzéaﬁaz7a T TOREZICET D ARG H R,
http://www.jma- net.go.Jp/utsunomlya/lmg/20170327sokuhou_ooyuk1.pdf (I H&BEE H 2018 4F 3 A 11
H) .

4) SFRE 29 4E3 H 27 HIRASAAFSMRGEE B4, 2017 : AL 29 453 A 27 AINAS B S 8UREE
ZE WA E, http://www.pref.tochigi.lg.jp/m01/documents/20171015_houkokusyo.zip (#x # [l & H
20184E3 1 11 H) .

20



2017 EAEZRRKEFRAEA~D UAV-STM DE A
Application of UAV-SfM to Disaster Investigation of 2017 Nasu Avalanche

PILIEE 88 D, SAARHZE 7D, b ®, b —ft 2
S. Uchiyamal), H. Suzuki", 1. Kamiishi”, K. Nakamura®

DRSS RLLEARFZERT AR BS A T ARFZEHS
Y Integrated Research on Disaster Risk Reduction Division, National Research Institute for earth
Science and Disaster Resilience
BRI e EOKB S ge e v 2 —
D Snow and Ice Research Center, National Research Institute for earth Science and Disaster
Resilience

Abstract: We prepared orthorectified images and snow covering DSM by UAV-SfM, and it was provided for
avalanche simulation. The total error at 6 points of accuracy verification point was 3.08 cm. The ratio
between accuracy and flight altitude was 1:5,000. The snow depth was estimated from the difference with the
DEM by existing LIDAR. Surface DEM contains the height of Sasa and it was difficult to remove the
influence easily. High resolution orthorectified images captured the state of snow surface, but it did not lead
to estimation of avalanches occurrence areas and the mechanism of this disaster.

Key words: UAV-SfM, Robust SfM model, Photo interpretation, Estimated snow depth, LIDAR

1. B L OER R

2017 /-3 A 27 BRI 8 WE 30 43 (HEE) , MARIRZEAANZENT KT A T AN 5 [E A RN
(IRZEEIR 7 7 2V —AX—HAHT) ICBWTHERMIRAEL, BILFHER O ESEN TR
BEAENTZ. ZOBMICEY, F4L, EIE24, BAE IS LD NI ENEE L (N
B, 2017) . ZOFRRIZOWT, FAEMACW MRICET MR E255 2 &, BILO0%E Y
R b= a VIR ARE RS ROOERET V2SR A HME L Clld 2 5= L7z,

2. EEREIZEBT HFHE - BLHTE
2.1 MEAMIZEREIC K D 22k

FEEIL, RO EFCH 72 ERB SOOI L0 FEREECE OfE S R m OAFE 23 221k
THEEZLND., ZDD, BELLEZROA D= AL EHFET D LTI, ARSI
FRAEBRDOIRREEZHETHZENEEI LY. LrLens, SHBEEEZIIREZEDR LVWVA SR
FMERCEWERERY A7 R3H Y, BGICEAL CORBBREOBERSCT 7V sHllZ Y, B
IR TEDEMICITLZREHE FOFRINKE W, 20 L5, FRHEEICETTx 25
Ma N DONBEFTHZENTE, ENEUCRITE EH LOBERERTE 5. iz L —3H
BOH AMZEREOM D A ZIC X DEREIL, 2 A MPRKENWZERT AU v M5, HFH
B E— e ZITBIRNEFHNIRND, SREN 0 TIERWEERH 5. S 51T, B
ARE LR G OBRMIC X AWK, ZmoEElEE i, fERRIC X S FTRER R R &
ZORZANZHB T DEOHFEIC L LB ORI L Vo -MERH 5. i EL— & (TLS:
Terrestrial laser scanner) [z [@HH HFHAIRIEES DY, VAT A2kREMichHs. £ LT, B
R BIALTHIAEIT) 729, SHEROU A7 NEWGEFTCIEE/RTE 2. <bx T
ERETR EDOREEYOEHRS, AROERRKE WRE TIEFHIICE R WEEAET S, 20
X o 7pmh, M AMTZERE (UAV: Unmanned aerial vehicle) & SIM 2478 A7 L A G ENIE & D
DOE ZAAE DT TIE (UAV-SIM) BRI TS (NI - fill, 2014a) . #1H]
F (M ZEREOENES) 1 XZERGATICWRRN G, 77 2 AREMOBHNTE, X512
AT ARROBEANEEEPIZEST 23X MBMERNZ ERAY v M THDH (NEFT - fll, 2014) .
FEEREICHEHT2HE50AD AU v & LTI, ANEDBRIGEIZSH A D BRI
O, MEMEICEEE XN ERETONG. — ki T AV v ME, FRATHEREORRAN
m <X, JEUE 10 m/s 82 5 & 9 ZesR R, B R X eI ) e - BRERRIC
%, BEIEHTHZLIEREETH S, ZDlED, MZESZOBEEROHK LZIT 5.
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2.2 SIM R AT LA G &

M AMLZERE CTIRE LIZ 5B % SIM 248 AT LA GERE (LI, SIM) 12X 0 @i+ 2%

Zhicky, EofREOMFEEE T /L (DSM: Digital surface model) <A /LY EH A 7 [H
@%%gné(im ftt, 2016) . FETEERELCTO SIM FEAT O FEBNIL, TRk 26 45 (LFLEE

TN X D BT & HEREE P ORET (NI - B, 2014) <2, SIM fi#MT THERR L 723 i kT 5 1
Z Tl o IR L (Gauthier, et al, 2014) , EEFH O UAV-SIM FHANZ X A FEFHEOHE
& (NI - L, 2014b ; Nolan, et al, 2015 ; /NMEFD - fill, 2016) 72 &, W DD FEATHIE N &H
%. UAV-SIM TIIK = X k2D @ fifg 1 ﬁ%&%ﬁ@ﬁﬁ@ RETEMS, MiZepglc X pZer
BHEMREOME ) T— v 7 TTRE LT HAITE U CBLRIELPH 2 3.

2.3 HMERE T SM 23 2854 0 E

SIM OMEE |, 222 b7 X FENNS W ROSE, BEFITIC L 2 BEGAFESEOR
B A TE 9, ZHUCHi< SRR FHABLER 21T 5 Z & b TE V. [FEkC, BEIZED
RWFTOF G RARETH D, BEEEITE VAR RERL, SOICKHEEDOL
UHWN D, BEEENBREFEL L 20 AROT 5720, BEBEEESITEALEELNRV.
BRI, BIEO X2 ICHESBEICMMB DR\ 0RGES, SR CTHEHH B AR WEES, E
FEZIRT# CRBNE EICHVENDRWES, 26D EDORY - THRESRE EOBEEN
5520, b7 A RENEFITNE WD, SIM T 21T 9 ETREQREEL D,

3. RGO M, HE, KRS0
3.1 #E - HE O

IRZE AR, BAbA AT KL 7 vy b FISAE LT a . SEEBS5ALTEIC 1.3 km
DONEICH HHEE 1,915 m OEFEZ gL L, At 25km i2H D 6 DD KA SRR S
L. KEHIZEBRT D&, B 1 TELNICIER S iz kil s TR A E R D A,
BLO, BHEE DS 1,300 m (UL F TRBEGFA~END 3 DOEEI TR STV D
VA TEIEE 91,000 m, 1§ 500 m 225 700 m, JEEK 100m TH Y, ELEHY (HEE - i,
2014) . AEIOKEFZL, FERIHOL FHLEERORmE CHRAELZ (1) . EEROR
Bl 30 FERA O ICE S, *%@%éb%fm@ﬂ%%oﬂﬁ#ﬁ<Aﬁbfmé

™. ;;_‘l\i"f’— S 1675 &

@ Tengu-lwa ¢

. Slope angle (degree)

. <30 =
\! H> 30 Z

B RN LT S (Y

0 200 400 600m

A L T 24D

El%ﬂ%ﬁmmﬁ%%%ﬂ(“ LA, LI, AT
3.2 /BRI

2T, EAMEEORI TR A E TORGURIIZONW TS, K 2127 A & ABHILE
[BRZEE R D 201743 H 24 A6 4 A3 B COBNGERAZRT. SR EIX3IA27H,
HEAMZEHIRE L4 A2 B THD. 7T AL ABNAIIFZHREAESFTOR S km B, ZEET
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749 m Th 5. KIRBER 0.65 C/100 m DB, FRAFEAEIKD & 5185 1,500 m (Z81F 2 50R
B L DA 4.9 IRV, X2 720 5, 5 1,500 m (2 7éﬂmoﬁ@74/f%5

ZOXKIZED &, &Hma0*%%ﬁﬁ%4ﬂza@ﬂAﬁﬁ” .ETOMIC, BRAAL
NIZDOF3HA2EPH3HA30HBEIV4H2HO4HEITH . 3H29Ekio3ﬂ3oa
D2 BEE, BGAAEORIEN 0 EEZBL, 7TAX ABRE TOREEITI3I A0 BTER L
po TG, ZInbh, IENMTbIS 4 A2 BECTOMIZ, SWMBEEZLOESFREOINE
NE, REOHHENZLL TV D ATREMENFET TE 5.

o w5 EERART (FER) -

i ¢ [EKE (mm) 5 . . ‘
= a5 —%H  WEE(m) .
--- B RO (1500m) A 4 . .
el el L A= g
o L E| |2 L £
it 25 B 0.2 &=
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’ “/V\ s 060
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2 7 A F 2B DI OBLAME (201743 7 24 H~4 3 H)
£ BRKEE, SGE, A FRIER, RIS

4. FAETIELAELR

AWFFETIZUAV-SIMIZ & 0 Ji# % 920 L, fiE R i £ 7 /v (LUK, #5555 DSM: Digital surface
model) B I UAN YW A Z G EIERTD. ZNDOEANREEZSL-DIC, REAT
(ZH B EEE S KOS ERGIEAS A% E L, GNSSIZX 0 246 DS O & JEFE 2 B4 5.
W, FEEROHEEZIT O . BESHOMZE L —ET —% (LK, #1#% DEM) # ATFL,
GmffﬂﬁmM#%m%me%ﬁﬁﬁézkmiD%%%%%iﬁé.

4.1 Hb b JEYE SR KOV ERGIE S ORR R
SIM DEFRET /> A M) v 7 B AT EHCEEERRETH S, @EE R AR L O
WFTOREZ R 27200 ) U A N v 7 B A TICEDIRETH D380, NEBIEEESR R
F OB E TR, SIM Y 7 h U = 7B HEET S, SIM T T D EIRHERIL, ApkT 5
SEERETADOTF N 77 LU RER END ORI LT, N L OGMNBIEE 235 OHEE R
Ol EICHLEHENS. 20Xk 9L T, SIM TERT 24V Y EY A 7 2 DSM OF5EE LE
ﬁ—ﬁuiu%tﬂé AFRAETIE, M EREUESICNZ T, ZRIEETADOVAF) 77 LA
WAER L2l & UC, M EJRYE S SN, LR ERGE R AR E L. BREORRIL, *5
FHEZ A HD LD ICRIET A Z &, MFREHONBICHHETHZ &, xT%%%aI(D TR DA
szfzé.&tyoto ICRETDHZEEZSMEL LT, ZLENMEL D DA ZEE L. MERE L
:Mmﬁm& AU By — N &2 4 0 FRkE L, GE ECTHPRIHEEATRERERK O [, B
OERFEAROILEICH 58P [ KA BLOAEE D, 50O FRHER L 6 23T
@%fﬁ&ﬁ%mﬁbt.@ﬁ,%Lﬁﬁﬁ%&%bt4ﬂzE@ﬁﬁfﬁiﬁ%iﬂﬁhm
ZEOREND Y, 2 EOFBEIZ XY FRRAERONECZE ORELIC iﬂﬁj:%‘;%ﬂﬁct@“*i
ERAEEORBEEITH 2 EIETERN-T-. 20, RAERBOMEIZHOWTIE, EE
D5 H FHAIZ GNSS 12 X 2 FEAE@L 21T > 72. GNSS HI &AM IZIX, 2m &m0 — T/V//
N— U455 L7z Trimble Geo7X & Zephyr Model 2 #4ME87 > 7 F 2 L=, BUANZIX, A—
H— ARG 10 cm @ VRS (Virtual Reference Station) AL 5 =12 K 5 10 B O#LHIZ 3[BTV,
D FHINE % VR & LT,

42EA%W% kA BEEERY & SIM I XL DT

(1) Mz X D EERY R X OEE A

F&IR1X DITINSPIRE 2, 7 A Z X DI XSS # 2. B AT OFETiE, #HiEFEE 2,000 J7H
, ¥ A a7 4 —H—ZXCMOS t o ¥—, Lo XHESIREE 15 mm, STABEMHIL 7.6 EThH
DOV AT LATRHMEE 150 m 22 B EEE F 2oy L7256 O R LR #ibHIE, #5173
m, it 130 m, 1 EAAEREIE 3.29 cm/px & 72 5.

@%
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FEEBREEH A O SIM fi#NT EOREE 2.3 i) 1oV T, RO X HITHHL L. BEFRE
\ZHHERC X D7 TR oM (DI, T2 A F %) Oy hF A FE%, ARERIRD KX <,
IR CEUX RV, T, AEELZMOET 572012 RAW IR TRigk L 72, (2 8 bit
D JPEG R TIL 1 F v 1/ H72 0 256 BEFHOGIRE TREL SN DD, RAW EXTIIET ¥
FIV12~14bit, DFE D 4,096~16,384 P CREFLTX 5. JPEG TlIA—1— (T ¥ —) 72
TIREEDO 7D AR (Bo5h) T 5W#EN, RAWEXTitdkah=7—% ThiuL, b
T HEE OB OENEIIRT 52 LI LY, 5RO T 7 AF ¥ 2B TX 55805 5.
WIZ, 77 AT ¥ N LA 20/ & ARG ERG L. RO EEIETIE, %
— RV O TPRFZRIEOIRENEE LR, BSRE XN EL R 5[ E LL 2
V. FBEROM MM X DR NE D K 9L, KGEENMES BHOH 5 REH 2 3R
L7z, AENIFEEE & OARE AL ROT-D, ZHICEZET A0 O H & ARA 7 KB &
EDLRENRANTHDH. 2072, 15805 1TFEBUNICREZITO & Lz (F1) .

1AM K DR 2 Fel L 7R O KIG & E R LU (5 — 2 IZEN R E)

FAH Rzl mEL 150 ]
2017/04/02 14:56 357 2459
2017/04/02 15:52 252 256.5

ARZEE ED TR & 72 DA% <, AENITIIIRT Al fE 72 RGE S 0 R 6H A3 B3 -
2%, RERAKIDBBEAS Y EANHL DX A I T EHRFL, ¥ 2 BR1O3 A 31 H
W23 B 2R E Uis. B O EMEEEIX 10 m/s TH Y, EZ8 CifJaEsE 2 8 2 72 WA TER
BEAMEET AR S L. MHAMRELIN TH - THELHELERITITTIN =0, RErE SF 2T
S JEGE & DZEDN 2 m/s LA DBk i KRG 8 m/s (158 T 2 Ay BBLINIE) 2 11 T o> B
e Uiz, YHEIIEOR, #HFEIXEE—EDOM CTHRAIE 43 m/s TH Y, EEEE CIEE
LAEE DD OHMAZ M L, B OFLIL & ZZEMNTIFT I T & 9 B IEHTATEE &Il L7z,

RIERECTOMEE LT, $WHRIC)V F LA F R ~—R_y T U —%2FERELTEBY,
IR T CIERATIRF R 2R < 22 5. B HOKIRIZ2ETH Y, FIT R LWERHETh - 72,
ZD7, BUVMRRES =Ry T U — 2K LEH B FCINE L2, RATRIO NNy T U —
BEIT 16 ERETHY, FRE L THRITHREIOBOEDORESIFAE T 2o T

TATEFE IR D K D IZFRE Lz, TRATHIPHIZIATE 800 m, RFFL 320 m, &7 270 m, 4
—N—F o TRITHELT I, a— AL HIT 80 %, XFHIEE 150 m & MEFF9 2 B HETRAT,
IrfEREN 3.3 em/px & L CRHEI L7=. AT HIEE, RELEZITa— A2 HEICRITSE 2% H
ERAT E L, FRATHIMENIZIE Map Pilot for DJT 24 L 7=.

TS OWEfE L EIE A S 5T 2017 44 A 2 B, Hi R ELYE S O E %I 2o A FE
L7c. ATHIEE Y 7 ho =7 ORI E Y, fERE L TEITHM 72%, 22— A 85 %D A —
N—=T v TRTEREMTONTN, F—_"—=F v 7L LTUT D THY, HEKTFEORME
FEEAERNEEZZLND. ZHITX Y, 265 2D RAW FEXROEE T E 2 g L= (K3) .
ZOFEEEHAWT, (Bk) 747 7 Stereo Viewer pro % W\ Tk BB O NARRYGE 21T - 7=,
ZHUZEY, 7T ARRRAR S —R—)b, Jit FHEIHND ERA RGO O, 77 v 78k
DT I AF v, R REEREOKEFIBIZEIN (X3 BRICH T—RERT) .

(2) STM fifAT & K FE RRAIE

SftM Y 7 K 7 = 7 |Z1% Agisoft PhotoScan Professional Edition Version 1.2.6 build 2834 % >
7o, MEAMUZEREIZ K D RE T E 265 KoL M FIEHES 5 5% SIM 2 X 0 fRbT L 72 /55, 18 31,660
pX, & 21,391 px, SFERE 2.95 co/px DAL Y BV A 7 BB L OES DSM 2157, &IZ,
STM fifHT T B2 ZIRITTET NV ORRERGEEZ T 72, M EREUES (550 LHERGES (6
D) AT AU EIERIER S L s, TRECHEAT 218 %2 7 v X L ANE 2T,
FEERGESICHB T DREZEOBLEBE LT, WTho Y — 0 THRBERGEAS EOEZET 3cm
At &R LT, ez i, dHl= U 7 O JEICH EIRYE RSBl S LD /37 —
EL7Z (X4) . Zoi, M EEYES S SIS DFEZEIT 1.97 cm, FEERGES 6 £ TlE 3.08
cm E7ro7n (FR2) . kB, TNOOME[ER, SMY 7 b =7 REICHAOSHETHS.
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F2 M FHEMES () , KEMGES () (2B 274%E (RMSE)
X - Easting, Y - Northing, Z - Altitude

GCP Error (cm) CcP Error (cm)

Label X Y Z Total Label X Y Z Total
3 -0.84 -0.97 0.43 1.35| (12 0.96 -0.08 0.49 1.08
gl 1.05 -1.66 -0.12 1.96| |[dia 0.57 3.65 1.35 3.94
g3 0.03 0.72 0.19 0.74] |dia2 0.40 -0.38 0.03 0.56
gln 0.81 3.08 -0.15 3.19( (g2 -1.01 -4.98 1.25 5.23
josetu -0.97 -1.30 -0.56 1.71{ [line-u -0.32 2.31 0.75 2.45
Total 0.83 1.75 0.34 1.97 |p -1.86 -1.77 -0.22 2.58

Total 1.00 2.79 0.84 3.08

43 ERRAERMET —4% (MiZ DEM) O
HARREFRERINHSIC LD L —FEHT — X R —Z LA b 1BV Y%
OfizE L —VRlET — X OFEEREL, 20T —Xty MR L. 20955 [TH20 ¥
E@MﬁW&U%WMﬁﬁ%WV—ﬁﬂM¥%(muw%%wD%%m%)J%A%Lt.%
FEMUIE Y, B AW B M i R K W 2009 4F 10 A KD 11 HRIAIIZEHI S 7.

4.4 FEROHEE (ESD: Estlmated snow depth) & FE 25 RS FE D ffERE

#i# DEM O3 fERe (1 m) 2/ HE T, 5% DSM O fiFRE (2.95em) 2V H 7Y 7
le%//:@%%Dﬂﬂ%WWbt.%@% 595 DSM 7 bl DEM 2 E 95 Z &1
£V, ESD Zkdiz (M 4) . 7ok, HEENEOEEFE0ER ETHIZE DEM &5 DSM O %
%m&ﬁﬁﬁm@XVE%%wb,ﬂ%DH@@ﬁﬁﬁ AV EOAE 2 A UFIE L.

FEEROREMERIIZ BN OBEBRIZ LY, MENEH L T DEFTTORITRo70. JLHE
@$%(%$%)iﬁ%DH&HﬁﬁmM®ﬁﬁﬁﬁ®xva;ﬁﬁbttb FEEHED
FEEMERIZIIEA Ly, RHEFRIZH Y, MEO—EAFTEH L TV D 3 HIAIZ OV THER
1To7= (F£3) . MEIFEHL WD, ESD2S 0m IZenuiX kv, 72721, @ﬁ%mi%
WECHY, Im Ay 2NTRL S 2EEICITENH SH. ESD B2 DOIRIZILE > TWhiud
BZEIT I EVNEEZBND. FBRLELT, 1 AT Im Ay 2OEEBICINED, fh2
RT3 em BEDORENRA LN, FREORE & L OUIEERIE (£2) LM TH-TZ.

# 3 HEEHEETE (ESD) kiRm0 ESD & RHEMEA A LN Im A v ¥ = NOE S

Point ESD (m) Slope (deg.) Elevation range  Error (m)
grd 0.216 195 +0.177 0.039

grd2 0.108 10.0 +0.088 0.02

grd3 0.076 16.0 +0.143 Within range
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Cheek paint

. A Ground contral paint

Measurement point of Snow depth

@  Ground heint point
Centour (50 minterval)
Estimated snow depth (m)
[ 1<on
[ Joo-10
[ -2
[ Je20-30
[ lan-40
5 40

H4$m%$i)7ﬂL®%mﬁ% (ESD) M (BRI W?—ﬂ%fﬁ)
ESD 73 0.0 m PA NI A, 155 3FET DSM R K. = 3ih B IRYE A, LRI EERRGE A,
mﬁi%%@@%@ﬂm,mﬂimD®ﬁfﬁw_ﬁﬁbt%%ﬁ#%ﬁbfwémm H
FRIZAES DSM 2> B AERK L7 mf (S0 m [Mf8) . RENIBENEEh M T o iR, #Helum
XX 3 OFEHE T

45 FERFESHE L ESD & Dk

3 A 27 H OSSR SEERAER IR M ThO - S X 0 30 mFLE L5 OREHIZE W T,
VUTHRIZED 8 ROMEERAZFHA L7z, FENIfE L ESD & Z bl U7 fE R, ESD 23] 1.79 m
INEL RO TWE (K5 . ZoHICIEE S 2m i OF o~ ER0M L TERY
(FH, 1972) , 4 A 25 BLIBEOBMBIZR TIX, BRI AOELEZ B2 2N EAL (K6 £) ,
HEENS R EFTHZETERZ R (K6h) . Z2hb, ML —VHED L —F 03
FETHEELTBLT, HOEINEGENIZHEDEM 2> TWNEZENEZLND.

3.00 DSM (m)  [SurveySD (m) [ESD (m) |Error (m)
1404.97 200  -0.46 2.46
250 1405.36 2.15 115 1.00
€ 2.00 1406.41 2.62 0.95 167
5 1.50 1406.77 275]  0.06 269
5 1.00 1408.36 2.75 051 2.24
1410.15 2.53 035 218
0-50 1412.71 3.05 1.19 1.86
0.00 141489 2.53 2.29 0.24
1404 1406 1408 1410 1412 1414 1416 Average: 1.79
DSM Altitude (m) Standard dev.: 0.82

X5 FERFESZH (SurveySD) & ESD & d7 (Error)

E6%%%$I)7u§&75ﬁ@ﬁﬁ(E) m%ﬂ%fﬁﬁﬁ%ﬁ’%%(f)
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4.6 DO DOREH DOEE

M AMTZEREIC L D24 H 2 H, 190, 250, 5SH30 B 4EFEKLZ. ZDHb 4
A 19 BIXLTERHT CHRE O -5, SIM T CE 2 EEAZGH Z LIXTE o7z, H)
Bl 4 A2 HIZFEEREOHNAE, 2B ELFRIIMEBEICLVMRENPEHTLHZE2HLZH0
T%Zo. L LANGRIRD & B0 EROFEOR SORIEIEE L #E, Bie LTHiEm

WCHET 5T =X ORI TE R o772 L L, lBEEREZRE L TBY, IRk T
ﬁméﬁ%%ﬁﬁiwﬁg,%ﬁémﬁﬁé%%% ZHFETAZEMTED (M) .

o e ¥ AP & d e c g

X7 R REHIIA 201744 A 20, B :4H19H, A:4H25H)
5. 5%
5.1. FESEREE T UAV-SIM i

FEERMEICIEENE U DR & KBS k%TRAW%TTW s HZkicky, JE
FEBEREE & AR SIM T 2 @42 Z E N TE =, 4 B DR BT 1 [ENIRE D 7= DT
ITHiEE L=, ZooZ kﬁ%,w%*#im%ﬁf@LmvﬁM@m@k%ﬁﬂ%&ﬁé.&
\Z, FEEMEEICHIT 2787513 3.08cm Th o 72, #Hi FEUES L SERIEEEZ T v 4 LI AR
ZTHEELEHA THRBROBEL R L2 LD, ZOEZRITET MIREEMNICLE L TWY
HEEZOLND., K AONABERIEO FIEE LT, RIS Z FEET 5 FIETIRZELSb
OHSDOFRENH LN TIT R WREN D D, £, M EREESII =RocET V& 58l poIc el
BERE\Z T 4 T 4 7 SED RO, M ERAES DA TIT O REMRFEIZIE L < 220, %L T,
AEIDOE VAV 77 L AT B MR & RREEH S 2 ATVE X 72 S B oy Bl - T S, kX
H— UBLE CRERGE AT O FIER, HIFEET VREROBELZRT FEE L TEHATHD.

5.2. #EEFES R (ESD)

BB O EN D, HIE DEMIZIHOE S 2502 EAVRBEINT-. 20, DLy
T HFPHACTHBED DNTHEBERITIELL 2<, ZOEIITHKTIIRWD, BEEFEROBRS
ZIRILE L3 mOEBITEE L. LR T, BEIEDE S DAL N2 F O3 L #HEE
THZLER, MERNEL Lo TWAHEIN LT 7 U OFRFEEZRD D Z & bt cidzewn. 7=
721, ESD THENHWGATCTH- T, EHT25mBEOMENMRINZZ b, H
FITITFERN L2 BOBENFET H720, UAV-SIM TYERR L72E%E DSM 25 S = L—3

VWD Z EARIEEERR VN EEZLND.
ﬁm,%@%%%@iboéiﬁéﬁ G5, EGHGEo~ LTF AT bk
TR AL DO FLPH 2 5578 U OFPHZ BRI L2356, AT CIIE 00 A #HE 23 A wt
ﬁ%%@ﬂﬁh CHERRT —ABELRNWT L b, £, MizEL—YEHITIE, BAE
Lﬁﬂ@ﬁg4#mw END, HFICBEIET D L—FIERE S, SEBENNSLS D
Ho- fth, 2018) 72, EOREEARET L EITHL .

3. FEAFAICEE T 5 H A

VERR L7z 2V Y B D 3 fRREIE 2.95 cm/px TH Y, FBMITHE DL TV DH Ry ]\‘1‘ }\/l/%nuﬁ%
TEXHNMETHDH. ZD XKD RBEEMEEOEGRZSAE L CERTAZLicky, Fmt
W27 T IROT 7 AT v EPER I (K3) . LaLl, BENDL6 E|75§r(|‘jx:1ﬁb, wH o
2 HRE CRIRD 77 ATHR U % A 2 8ete 7z, FEERm OIREIIREERZOKREL E@E}Eﬁiﬁz
LTCWABDOMIA L TIEEZRWY. Lo T, BEHG A EB LTS EMORE , EHA
FEA T = fA@%m%ﬁ5:kﬁf%&ﬂot.@£,:@VAw®Em%@V&ﬁ%%%
iR LToT — 21307, BHOT 7 AF ¥ BNERT 5 EREEHG L OB T 5 m A
BHRTIEARNZ LY, HEZHLL T2HBO—->STHD. 4%, WMAMEHNLELL, £
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AR BB O ERGEE TEDNEETIUT, 9 R0 HEsAmK O\UK - fl, 2015) OF|O
ko, BEHEGEEHAOVESMBEA =X LCETIRAENFITTE D AEEND 5.

5.4. UAV-SfM D& H

UAV-SM DAY v b & LT, K= R b, @GR, mRFHIRED 3 S onsd.
FATICO DD ERITIZE B e D), EHEOT —XRENAETHD. £2, SLH AN
FEIL A2 & DI E A — MU OFHICEBWT, ZHE TICRWESREEIC L 5T — & Z2BUET
x5, 5%, KRR EEMED M L, SIM TS HElb SN 572 Y, AL Yl
B DSM BEZITH/E LD K 917U, BIAWIEARZ -GN S, Flx X, i RS
YT 2% H O UORE L TREE, LFMPIZEMOICHRITSEUL, BMEEOHEED
B2 5T, —EIOBEEA X NORESCHAAEHEPNIFIHI L7720, xR OSZHORA 25
MY, ERECKET D7 T v 700 T A NORIN A EGECBLITX AR EER S 5.
ZO XD RBIEML BIAIEA S —U Y — NOEEEIC L DN O LA E M AT A D
HIWrOREEE R B2 L, PRV ORRICHIEHAIETCH D EE 2 bND.

6. &0

UAV-SIM 1T K Y AL Vi L F5E DSM Z{E L, B I 2 L—ra Yo7 — % %1(F
L7z, & 51T, BEAFMIZE L —YEHNC L 2 #1358 DEM L OES O OREEREZHEE LT~ HiFE
DEM 131D @ S & H, TORBEMHICRETLZ IR TH 7. EHEE 4L
Bi%, 77 v AREMIZI 1T DB REERTORBEIRE X TV, KREFEDOFRIEAEE
ERAA D= A LOHETEITITIEL otz L, SHBOIEEREIC L 2 FHIRLO5EHE
B oORBEAFFIN D, UAV-SIM (X, FRAKEXHSCHFTEICIR D 32 2 P2 b iG]
BRTHY, SHMBLOEMOMAE & FHKEOHRALIMILIHREZWFRFTE 5.
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20173 A 21 BICHMEETERAETZ L -0 LERED HEMRE
Characteristics of snow cover causing an avalanche accident
at Mt. Nasu on March 27, 2017

e A, kor migl, JEEm @Y, R Y
K. Kawashima", T. Matsumoto", S. Watabe", K. Nishimura®

DR R KE R R
Y Research Institute for Natural Hazards and Disaster Recovery, Niigata University
D A EERFEREN BREFIER
? Graduate School of Environmental Studies, Nagoya University

Abstract: Aiming at clarifying characteristics of snow cover causing avalanche accidents at Mt. Nasu and Mt.
Adatara on March 27, 2017, snow pit works were conducted with special attention to the type of snow crystal
and the strength of snow. Consequently, it was found that the snow layer formed by extratropical cyclons
passing along the Pacific Ocean side of Japan on March 26-27 includes a lot of plate crystals and column
crystal without cloud droplet. The above-mentioned snow layers are characterized by less snow-hardness in
comparison with snow layers formed by northwesterly winter monsoon at regions along the Sea of Japan,
which is related to the occurrence of avalanche accidents.

Key words. snow pit work, characteristics of snow cover, snow hardness, snow crystal

1 ZL®IZ

2017 4E3 H 26 A5 27 HIZHT T, BARDOME Z@lE L ERKTE (FREKTE) Ot
IR A LT IRKE DR BIZ L0, BIRFE G O L2 RO KRS & 7e o 7o gy & -
7o, ZOHT, 3 A 27 BRI 8 K 30 S EITHIARRIZRT OAZEE (AZ0ER 7 7 IV — A%
—HE) B W TERBFEAEL, @R IFEMTS MO FHLZeEXEEES) 123
LTCWEERELHENEZIATN, E 84, FIE24, THIE - BIEAEHTHIEL
7po7z (PR 2943 H 27 BIRZERT CTHRAE LEFSmEMIZOWNT GBI , MiARRRRANE
B ERE) . FEE DI, ZOFMKEE LD LT O SRRECR S A O RS A
TRDHZEHAMELT201744 A3 BICBMFRELEm L. £7=, IRAEE»SILILES
M 60 km BEN7-ZERKEIL @SR T 3 H 27 HF% | REICSREERRAE L T
D GEE14) , ZOFERFIIEHL THLRE/KLOFEMERD2 2B E LT3 H29 HIZ
BHGFHE 21T - 7.

2 AT

AEEICB T 2HEMNELX -1 17T, FHAETIL, ﬁ[ﬁ”ﬁ\:f—fﬁifl’ (HTEBR (& 1690
m) OB UGED » FILNTES I (1718 m) £ TEY, Z o4l snEolERE KAE) ™
HORhE (B 1716 m) CHREEWHHEIN &SRB ORI FESR T OREOT-D) #1T-o72.
PR HS A S HLE L0 HAEE K 300 m m VY. 2L, FEAS 1 EERGE LR CToFE
BETHDHZ LMD, BEGHEOTDEEOEENDIRNEEZ D THD. —F, TEKX
Bci, ZEEf 1220 m OB AIRBICEBW THESWEEN (REHOH) LREEHBHREE
fT-o7=.

3 T AXAPAEGSGROT —Z bR TRBEOHS

BESEH 2y S BUTHK 5.3 km BN 7-KART « 7 A X A B (K—1, 5 749 m) 128
ARG Q0173 H24H~4 H3 H) 22177, 7AXAPARRTIE3I H
27Eﬂm#%ﬁ%%@ﬁmﬁw@%h(7%51%ﬁmﬁim%mﬁmﬂﬁfi3ﬂ26&&
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NOBEERDST-bDOEZZLND) , HEEFEANIZEWEH 9:00 121X 33 em IZEL TV A, B
EREMHE O B X, 3 H 27 B 3:00~10:10 23 KD 7= O AR SN NDS, R R BT
BOT—E2NLRLRY, b% 0 R TEE (10 552 1% 4 m/is gitkidd > 72 rTREHER &
%, BEROKIRIZ 2:10 05 820 T T~ A TR (-0.5~-0.1C) THV, BIFIILENETH
Oﬁk%xﬁ%ﬁ’bé.
ERRAEBROLKBICERTH L, ARIERNLS1D L9123 H29 B & 30 HIZERTH
D, [UEHLZNTN18C, 118 CETLER LTS, 3 A31 HMLBIIRANR FORIZRY,
M EE Y FAEDOHRER, 4 A1 BIZITIMAIRR 7 7 2 ) —AF =AU TIERESN Lo St
ZENGhol BEEOEWT A X AIEER CIEMERL) . 20%, 4 H2H2»H4 A3
HFIE TCORKIIECTH Y, AEEZIT-724 A3 HFRIZIIENDEFE~E AL LT

4 FRAERER
4.1 FEEEHEG & RS ORE

ARZE I R AR T T > 7o B Wi @ OFE R 2 X —3 12, EEMm O G E 2 X —4 1277,
M —3 ICB W THESRIIAAICEEICHE L TWD. HEE 0~24 cm DESIZIIHHE (—H
ZLLELDE) THY, EREEATHNDZ &b, 3 H26~27 HOKZORHHHEFE L T
WEEWETHD LB TE S, AIEOKZOHBE LS LabE s &, H k& 24~64cm O
FEEN3IH26~2THORFBICE>THbINTZbDTHY, ZoOW, E#4cem (H L& 60
~64cm) (3 H 29 H~30 HOBRIFORERIZ L > TIbdfbLizeExbN5. Fiz, ik
B 64~90cm DEENTIZ4 A 1 BIZE-72FTHY, 20N, Eil 4 cm (M EE 86~90 cm)
i4ﬂ25#%4ﬂ3¢mif@ﬁfﬁ@@%ﬁ;of§%®MLt&A&¢:&ﬁ?%é.
ERITIITEEBICDIE>T~AFTATHY, 3 H26~27 HOREEFIT EES 4 cm 2BV CIREEZE
RBORELZLHEFVZITTWRNWESEZ 5.3 H26~27 HDORFIZHHGT 5 HEE 24~60 cm D
LEVERBICERT DL, FOBEITH EE 45 cm ZFR< & 255~288 kg/m® OFIPHTH % 73,
mL%4nmEHﬁmé<2%mmff%ot.ik, ZORBOMEE (7 VX VK EE R
(FovaF—) [ZXDHE) 1X289~649kPa DHEIFATH Y, BED/NS VM EE 45cm
DRFFEPRFRD T/NSWNZ ERH BN o T2 BEE L & 62D T/ NS o 7o EE 45 em
DOREEZEORFEIZ L, BELEZEEEZX—5IRT. 206 IOBBITHBHRE YA X
DOBRFEFRD TV BT LHFR T EZHEATND I ENRFRTH- T2

Wi, ZEXKEL CEARR) TITo 2 EEWmBLII O R A2 K —6 12, FEZWImOEH
ZX—7 1R d. BT R T 2 RBOHE (7 A X 28R (FEF 1220 m) K OHEHE K
%E%@ﬁﬁﬁ%ﬁ%ﬁ(@%lumm,mﬁ%)&%%Lébﬁtﬁ% EHH D 8~29 cm
@%é@%é@ﬁ3ﬁz&a7awﬁﬁfi@¢ IZXIGLTRY, BENX~AFTATHDLZ

kﬂ%ﬁﬁ%ﬂﬁ%%%@%@i%wa@w%wkﬁz%né3H2&Q7H®%$;ﬁ
IGT OB ORL 1 21Z< L, #ELEFEZX -8R T. ZOEEREICIE, ERfEOIF
& E TR WOBCHREE SRR B S 2 HEER D BT

42 RREVEDOREIZ X 2T 8 O™ O R

1 ER 24~60 cm D LE Y EFg O &l EOBRZ K —9 13T . Bl E O
o TR T 2RO b D . KFOMHR ORI, Tekeuchi et al. (1998) % OV
5(2001)723, HAWRIOZE/I (FICABKERERFOKESE) 2B\ THZW=Z LED
% LEDSOEE p (kg/m’) L HHE H (kPa)ORBRATHY, kATEENS.

H=1.31x10"8p* (1)

AR THE LN E DL IO E Y & FRICALE L TB Y, SROEAJEIC XL
AREEICITH A OBRBRANEES LW Z ER”ShE. -2 LENF - LENFED
R IIBED 4 FIZHHTLHZLIFIELI LML TNEDOT (KT, 1960) , ZHUIiE-T
A RO EMICRE AR RKD D &, M—9 ICERTRLEZRNQVELNT-.

H=9.23 x 10-%p* )
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KQ)DFRE E R(D)DOBREDLEDEIZHI 070 TH D Z E0n, R—BETHIZEEHEE
24~60 cm OFEE OREE D H AW HUE O EDR 70% THhH Z L2 EHR LTS, Z
EH L ETRENS 1 HERE LSO NFERETH D08, 3 H 27 HOR R THIRAE
WZEoTHRED ENTHEER (BrE) OMENRD TS o fiEERE 2D,

5 F&o

2017 -3 A 26~27 HIZ B RO il L7-IKREE (MR ERE) ot EsE BAHnic e
L7RGEIC L - T, AR (Wikk) OZERNRILD @BER) I2b706 SNTESITFW
BREE DM D T/NS Do T ATREMER S D . F72, 3 H 26~27 HDOKBSE TR S-S E 0 ME
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An attempt to understand the characteristics of local disasters through geographical
analysis of data on avalanche disasters
g HRFD, WL FE—ERD, AR —Hf 2
H. Suzuki Y, S. Uchiyama", K. Nakamura ?

DG SRR SE T (B A T AFSEER Y
Y Integrated Research on Disaster Risk Reduction Division, National Research Institute for earth
Science and Disaster Resilience
DRGSR FHANA ST FOKBL s v & —
ISnow and Ice Research Center, National Research Institute for earth Science and Disaster
Resilience

Abstract: In disaster areas, similar avalanche disasters typically occur repeatedly. We collected data on past
avalanche disaster events around Mt. Nasudake, using data only for local areas (i.e., ‘local data’) in the analysis.
The details of the collected data were organized into a database, according to the nature of the disasters,
topography, and meteorology. All disaster occurrence sites were mapped. The following features were noted
regarding the past avalanche disasters on the periphery of Mt. Nasudake. The topographical conditions
associated with avalanches were characterized by an east- or southeast-facing concave slope, with an average
gradient of about 33°, in many events. The meteorological conditions were characterized by 20 to 50 cm of
new snow that had been falling from the previous afternoon. The air temperature was around 2 to 5°C below
zero, the wind direction was unknown, and the wind speed was considered to be high. These findings were
consonant with the data on the avalanche of March 27, 2017.

Key words: Characteristics of local disasters, Mt. Nasudake, Historical disaster event, Avalanche
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Analyses on the meteorological conditions and the distribution of snowfall

bt ALY, EHEORYY, A fRkER Y
it @2y Y, w8, gvk B0, A B9LY, RE O jLg Y
S. Nakai", A. Kuwano-Yoshida®?, K. Araki”
Y. Shusse”, K. Iwanami”, S. Suzuki®, A. Hashimoto®, H. Motoyoshil)

DRE SERVERANRFTEAT KBS S gEt v & —
YSnow and Ice Research Center, National Research Institute for earth Science and Disaster
Resilience
DTHLRIED SAFSEET e BN T
IShirahama Oceanographic Observatory, Disaster Prevention Research Institute, Kyoto
University
ITHRAE SRR R ) SR
IShionomisaki Wind Effect Laboratory, Disaster Prevention Research Institute, Kyoto University
VYRBIT KRBT
YMeteorological Research Institute, Japan Meteorological Agency
B SR HATIEAT K - RSB SR TR Y
SStorm, Flood and Landslide Research Division, National Research Institute for earth Science and
Disaster Resilience

Abstract: In this short section, the key points of the activity of the meteorological analysis group of this
project is described. The in situ snow survey immediately after the avalanche accident showed two facts that
came to be the start point of our analyses: Unusual heavy snowfall from the evening on March 26 to the
morning on March 27, and a weak layer at 17 to 30 cm below the snow surface composed of poorly-rimed,
typically plate-like snowflakes. The analyses were focused on 1) the process of development of cyclones,
water vapor flux, and clouds that resulted in the heavy snow, and 2) the detection of characteristic snowfall
that leads to the formation of the weak layer. The predictability of both phenomena was also investigated.
The essence of the analysis result is listed, for example, importance of water vapor flux, seeder-feeder
mechanism and orographic effect. New method of prediction of snowfall particles was first applied to the real
case. The result of the method was consistent to the radar analysis showing that the time of the formation of
the weak layer seems to be before midnight. New technology, Ka-band radar analysis detected plate-like
crystal layer of another case, showing a possibility of its future contribution to the prediction of weak layer of
south-coast cyclones. The details of these analyses are presented in the following sections.

Key words: South-coast cyclone, Predictability, Radar, Cloud microphysics, Orographic effect
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Predictability of an Extratropical Cyclone Causing Snow Avalanche at Nasu on
27th March 2017

EEIL RS
A. Kuwano-Yoshida"?

DEERAEB ST RSB

YShirahama Oceanographic Observatory, Disaster Prevention Research Institute, Kyoto
University
DR RAEBA SAFIEIT W R ) FEBR T

DShionomisaki Wind Effect Laboratory, Disaster Prevention Research Institute, Kyoto University

Abstract: On 27th March 2017, a snow avalanche occurred at Nasu. Seven high school students and a teacher
became victimized by the snow avalanche. Before then, an explosive extratropical cyclone passing the south
coast of Japan precipitated a massive snow rapidly. Statistical predictability analysis of weekly ensemble
prediction system of Japan Meteorological Agency shows that the system tends to underestimate explosive
cyclone’s development passing the south coast compared with cyclones developed over the northern part of
Japan. The Nasu case could not be predicted until four days before, the position shifted northwestward even
in one day prediction. However, moisture flow pattern to Nasu which is snow origin were predicted from five
days before, while the moisture amount is less than observations. The predictability depended on an
antecedent ridge. In failed prediction, the weak development of ridge caused weak development of the
following cyclone.

Key words. Extratropical cyclone, Predictability, Moisture flux, Numerical weather prediction (max: 5)
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Y UTTHRTIE, BRERRTER A A CRIET D IRKUEIC R, FRIEE IV & 23R
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THIZET 5, SREIOERKEDREL Z I ) KK O TR REME 2 A L7,

2 T—HLEFE

AN T — Z 3R HE R AR B IEATIC T — A 7 SN TV ARE TR T v 7
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(@) HIT RATE LDR24>1 g?).JRAss_LDRz4 gﬂaa/h) (b) HIT RATE LDR24>1 ($).JRA55_LDRZ4 (thgh%
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12UTC, (b) 24 H 12UTC, (c¢) 23 H 12UTC, (d) 22 H 12UTC #J#4E.
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MEBEICEITLEIREBEHRAFLEICALLIESEEXREDHE
Characteristics of heavy snowfall associated with cyclones causing surface
avalanche in Nasu

A fEKER D
K. Araki"

RGIT R I

YMeteorological Research Institute, Japan Meteorological Agency

Abstract: A heavy snowfall associated with cyclones caused a surface avalanche in Nasu in Japan on 27
March 2017. It is known that large amounts of snowfall in a short time are important for occurrence of
surface avalanches, however, understanding of snowfall characteristics in mountain regions during heavy
snowfall events is lacking. In this study, a case study on this case was performed. In addition, we conducted
statistical analysis on the cases in Nasu from 1989 to 2017 and investigated the characteristics of snowfall
and meteorological conditions. As the result of the case study, low-level supercooled water clouds were
formed by orographically-forced updraft in mountain regions in Nasu as moist northerly and easterly flows
were intensified due to the cyclone approach on 27 March 2017. It is found that the heavy snowfall in a short
time was caused the local snowfall intensification by the Seeder-Feeder mechanism associated with the
low-level clouds and snowfall from upper clouds of the cyclone. As the result of statistical analysis, it is
found that heavy snowfall events of similar amounts as this case occurred once every 3 years, and in March
every 19 years. The surface pressure patterns in heavy snowfall cases in Nasu were about 63% in typical
winter monsoon pattern and about 30% in cyclones. Although snowfall amounts became larger as snowfall
duration was longer in both patterns, some heavy snowfalls in a short time exceptionally occurred in cyclone
cases, where the occluded cyclones passed near the Kanto region.

Key words: South-Coast Cyclone, heavy snowfall, avalanche
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MP Radar analysis of the distribution of the wind and precipitation around Nasu
area on March 26-27, 2017

I BEAD, Wk EEY, BRI, ik B, KB BE?
S. Nakai", S. Shimizu”, T. Maesaka®, K. Iwanami”, K. Kieda”

DRSS BLL B ZERT BB g v A —
YSnow and Ice Research Center, National Research Institute for earth Science and Disaster
Resilience
D RR A FAFTERT K« HRVBE SERFZEEE
IStorm, Flood and Landslide Research Division, National Research Institute for earth Science and
Disaster Resilience

Abstract: Time series of distribution of snowfall intensity, wind velocity, and hydrometeor are analyzed
using the data of X-band multi-parameter (MP) weather radars. Although the radars are at far distances
from the location of the avalanche, several characteristics of snowfall were described by applying
analysis methods developed in the field of radar meteorology. The volume-velocity processing (VVP)
method was used for the wind analysis. Hydrometeor classification algorithm using fuzzy-logic
technique was applied to the polarimetric moments observed by the MP radars. A specific period,
characterized by weak precipitation intensity, rather uniform reflectivity and wind speed, and small
snow/graupel ratio, can be identified. The criteria of these characteristics were decided empirically
assuming poorly rimed snowfall forming the weak layer in the snowpack. These characteristics can be
clues to judge the formation of possible poorly rimed weak layer of snowpack in conjunction with
improved quantitative precipitation estimation. Analysis of three-dimensional structure of wind field
and the distribution of each type of hydrometeor is a hopeful method. Radar-modeling cooperative
researches will be necessary for the analysis.

Key words: MP radar, VVP, Hydrometeor classification
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BEICLIBEEAICET IHBEBREETILEAV-BRER
Numerical weather simulation addressing weak layer formation due to
heavy snowfall

BAR B9LY, RE M2, (hn B2, i FHA?
A. Hashimoto?, H. Motoyoshi?, S. Yamaguchi?, S. Nakai?

VBT R
D Meteorological Research Institute, Japan Meteorological Agency
DG RBHFHAGETEAT oKL SR
2 Snow and Ice Research Division, National Research Institute for Earth Science and
Disaster Resilience

Abstract: From March 26 to 28, 2017, a developing cyclone passing the south
coast of Japan brought heavy snowfall over mountain areas in the Pacific side
of Japan. During this snowfall event, an avalanche disaster occurred killing or
injuring tens of people on March 27. According to the reports from the urgent
In-situ snow pit survey conducted on the next day, this avalanche was classified
as a dry snow surface avalanche. The weak layer identified at the vicinity of the
avalanche site in Nasu town was composed of weakly rimed planar crystals, in
contrast to the upper and lower layers which were composed of more rimed
crystals. In this case, characteristics of falling snow crystals were a strong
factor for the occurrence of the avalanche.

In order to simulate a transition of characteristics of falling snow crystals
during this snowfall event, the authors have introduced a new scheme to the
microphysical module of the Japan Meteorological Agency’s Non-Hydrostatic
Model (JMA-NHM) to diagnose the crystal features. The new model is able to
provide information about the mass ratio of different crystal shapes and
accreted droplets to the total mass of snow crystals. As a result of numerical
experiments, riming ratio drastically decreases in the midnight of March 26, at
the avalanche site, as is expected based on the snow pit survey. The drastic
changes in the microphysical feature of snowfall occur within half of a day as
the cyclone passes.

Key words: Snow avalanche, Snow crystal, Riming, Cloud microphysics,
Numerical weather prediction model
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WEEE, BRI OERIEDESWCRERIE & W\ o B, 558 O R E T 1 7T 6E
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ENT D EMER R ET V2 DT ThILTW 5 (FA1IED, 2013). L L, EROREET VI,
B R OIFIRSCERLAS B DES W EFICRBL LSRN0, RAF TOE « BRI HE
EWNEHOTEERICE D —EOYEBLEZ X T ITIEE > TRy, 22T, BERLTO
ERTEDEBNRLIERIE & Vo B Z 2T T X 5 & O HiEREET L (JMA-NHM)
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BREICHESBESRTLOKa/\Y FREL—F—EH
Ka-band polarimetric radar observation of a low-pressure snowfall system

it 0 D i WY, Ak B, AR D
Y. Shusse”, T. Maesaka", K. Kieda", K. Iwanami"

DB SRV EHATRRTEAT 7K+ A BE SRS Y

Y National Research Institute for earth Science and Disaster Resilience

Abstract: Ka-band polarimetric radar observation in Tsukuba was carried out on a snowfall system associated
with south-coast cyclone on 20 January 2017. Characteristics of polarimetric radar measurements related to
snow crystal types and the finescale structure of the snowfall system related to snowfall formation processes
were analyzed. During the snowfall period on the ground, two layers of radar echoes were observed at an
altitude of less than 2.5 km and an altitude of about 3.5 km. The generating cells with horizontal and vertical
scales of about 1 km were observed near echo top of the lower echo, which probably related to rapid growth
of the snow crystals. Their associated fall streaks reaching the vicinity of the ground were also found. These
finescale structures in the snowfall system likely contributed to the strengthening the snowfall on the ground.
The radar echo of the upper layer had remarkably large Zpr values of about 5 dB. Scattering calculations
support that plate-like snow crystals with high density mainly constituted the upper echo. These observation
results show the possibility of monitoring and early detection of snow crystals forming weak layers in
accumulated snow that could lead to avalanches by Ka-band polarimetric radars.

Key words: Ka-band polarimetric radar, snowfall system, snow crystal, generating cell
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MAZRDRTRAEEZBHNE LR IaL—3 Y
Simulations for estimating flow behaviors of Nasu Avalanche

g BB, ARn E?, | EY, R
Y. Ito", S. Moriguchiz), K. Oda®, K. Nishimura®

DRGSR B TERT ORISR sEE v 2 —
YSnow and Ice Research Center, National Research Institute for Earth Science and Disaster
Resilience
DHALKRT  SKEREEER T
D International Research Institute of Disaster Science, Tohoku University

DEAKFETEN A TR

3 Department of Civil Engineering, College of Science and Technology, Nihon University
VE I RRFRERE  BRETERF A

Y Graduate School of Environmental Studies, Nagoya University

Abstract: In this study, we reproduced Nasu Avalanche using two types of simulation tools to estimate flow
path and flow velocity. The flow path was firstly estimated by using TITAN2D, and the simulated flow area
was compared to the observed data reported in the field survey. Then, three-dimensional stabilized finite
element method was applied to the simulation to check detailed flow behaviors. According to the obtained
results, similar tendency of flow path was seen between results of two simulations, and maximum flow
velocity was estimated to be 11~12 m/s.

Key words: avalanche, flow area, flow velocity, computational fluid dynamics
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THATE AR AT OB A T, R T OBHE TEROMENIERX$ % & b
HEEFREEOEN R ENHER S, THROM TR Z H HRERY ZEeZl L TE . Lr
L, #f B TEAAFEL - it T L & BDNDRBNIEEB TE o Tolew, JAERATIIR
WEAHEDORE T A D EOHERNZ L EFE o, ZOXHIRBEROL L, HETH I 21—
¥a Ko TEROM TR FEE 2 HEE T DB 21T o 7. ARfiE T, 2 SO
EETFNAZ AV, ZNENOREAE LN L, BIHEHA TE Ot FHEERIH 2 & O E
TEDOMMaFE LD,

2 ffEREGHARTE T L (TITAN2D) % W= E RO IR OHEE
2.1 EfAE 5L (TITAN2D)

ERR O NIRGL (G TR/ &) AHEET D701, T HOIEER TR EE) £
TNEHOCTERBERBFTEHTE T 2R A 2T, HH LT VL, Aoy
E DR OW N 2 R ICH Sz TITAN2DY ©, £ v % —% v h L TERAB SN
TWAEHI (v4.0.0) ZfEfH L7=. TITAN2D I, BRfRIED N 2 FEEMEME DR AR DFin &
AL, SHICHNOEINE - B LTHy/hEL, ShEFmOEE AR Z B TE 5
EAE (BAKFEED) 3252 &EI2L Y, 3RITOFALEYE 3 IRIT7e 2 IRTTHAULC A L CitR
ATV OJE SR E DKM i Kb D Z ENFRETH DH. 7ok, FHAITI FEHC R
FOEEEZNEICEY AL, BENH FHEEEZ &S L 20WENT 25680365 2 LM BTV
%3P, TITAN2D TIZEEZ(LIZEEET EL LTn5.

TITAN2D THWHI TV A E &R - EHERAFXIUTO LB THDH. #hmx ik
T aiAvcxt L, fhm e AT x B L y B (XY Fil) %, & & $hEIC z JEIEE2 BV
HEls, BESHFCES SN &RARII()TERT 2 LN TE 5.
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gﬁ+ama Ohv,
at = ox dy
ZIT, MIRNDRES, tiIRHE, 0B8R 00 N Thx BE Oy FROHE (EEHHO

VEE) ThD. £, FERICES TS FE LS oEBERFELN x 7H) 3Q)TRS
ns.

(1)

ohv, 8(hv2 + 0.5k,,g,h?) OhD,D,
+ +
at dx dy

D, 07, dhg,
g:h|1 + tan ppeq — sgn ( dy )hkap dy SIN Yine

Z

2

=g,h— \/7

TIT, g BIOGIEENMEED x BEO z Y%, Upeq | TS HEEE A, mmimﬂﬁﬁﬁ
Thsb. RQOADOE—HIIEFEHE L TCOENETHS. FH HIE@BITS 7 —n v
BEEIPIO R AR L, r 3K O dh 3R R TR KIS < 1F ERin 23 Tl =R o gh B
R TED L IITRENTWVD. FH_HTIRNNEOEE AR & b 70 ) NIHBEO R+ K
L, kgpl TETEALDNE T 5 AR T T e IS N D 510 (kg) DFETe ) (ky) 7> THWESNS
JE4% %%, sgn(dv,/0y) iavx/ayODE E KoTERL 1 %2, Alrb- 1’%3@T5§§&’C§)%’)

FEBED TITAN2D Z H W2 3HRIE, FRARAEZICE A ZEZHEIC L 5= R TELNTL Im 7
Uy ROFREST —4 ki HE% REL, ZOFEMEDAEE Lk s LCRhim L2 T
THLOLE LTINS, BEROFRAGIT-CHEEMARIL, FHiEmT — & OBEECR M OB
JOEIEZEEICRETAZETIREIND. TOM, FSRAOHENRIE (FilOIEDS Y o E
FRAE) | %ﬁﬁéiﬁﬁ%%%m,W%ﬁﬁﬁmm%ﬂﬁﬂ7f 2L LTHETDHZ LT
BAAT - 7o, FHRFERIIANE OBECHITE OBEHE S I X > TRESET 50, KRS Cldk
CTCHI 2 RETHAENK T T EnEhoTz.

2.2 TITAN2D % U723 T 5% % 0D HE 2 il SR

EROFRAEBFTIIRATH 508, HGORE T2 D KIPEE FOREAT & HEE STz
7= (K—1) , IO OHEER-RESHBICERR PR ZRE L. 2oL xouiskms:
ILLTDEBY THD.

o i K—1 OHEERAX LIZITFER

o JRENFETS c B S55m, A 48m, JEEX 0.6 m OFEMEE (IKFE 1244 m®)

o AT A—% KBRS 30°, PEBERERA 25°
728, WEES ORE IIE, FRAERFOHEERMZIRICIN X THEORY AL TERHOE &N M
TAHZEERIAATOREOICHEL TIN5,

EROPIHINLE &, 7 T4 20 FoFE LB oi P2 X —2 1R K—112h5 &,
AP (R %£®%5ﬁ):mzfﬁw@ﬁuﬁhﬁ%¢b,ﬁm%ﬁf¥%®ﬁﬁﬁ 3
NEEALIORIZIFIFE A ETRA LW E W FHE/BEME LN, 20 &b, EBEOER
%i%ﬁﬁﬁ%ﬁﬁf%méhtﬁ%i@%é% ZABME] GRS KIS mo-> TH
M) THOLHRENRBEZOND. £ T, FROYPMEECE R 2 SI3EEETIZ, WAL
EOARILF AN S mFEET HOBL S TN OHFEEITV, BUHFRE CRF O 7ot T HEE#6H &
—%9 D LD RERRRAE ﬁ%ﬁ@é:& L7z, A2k T8ERE L e M B 21T - T2 46 58,
EFH K 15 m WAL E 295 L72HAIs, BUHERAE & i X< —&T 2 RB8 G o
(X —3) . @%,:@kémﬁﬁmiwiﬁikaUmm&fkﬁ Eh (X—4) .
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M —4 TRAOVEEE OFHRA R (K —3 OFHER)

3 3WRELETEALHREREE AWTZEROT FIRBLOHEE

3.1 AT TR & AR RE SR
AFENTCIE, FEREEDU RS S % FI\ 7= SUPG/PSPG 1: D12 55< 3 ki B AR E %

EERHWTEROM N2 RELT 5. FHITIEEHMED Bingham A & E L, TLoEH)
FRER L EGE A< Z LI X0 REEFE N RBL END.

ou; iy aul _0p N a Ju; +6uj N 3
Pt TP ax, T Tox  ox | \ox; ox; )f T PE )
aul- —0 (4)

6xl- -

Z T, plIEE, WX, pldET), nlIE MR TH D, FMAERENE, EAKOT
FREYy ORI E L CRIIN, 77— OIER%EZE A L 7= Bingham JitiE 7 /L OEIRKL
PEAREL (BRELAYIZ Newton JifK & L CAZGA OSMi72 kA2 5D & L TR X HIkd D
na.
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TIT, nold iR AL, DIZNTBEEE, Ik I THh D, o, HAMTOT R IT
FAMOTHEET VNV AV T FRO L IICAN T —ETERET 5.

1
14 =EVijVij (©)
F i DFBLZIE VOF (Volume of Fluid) ¥ Y& W TV, FiLOBEE e DBk e

Kafif< Z & THHMREDOMEDRFFIFER AN TN D.

dp  0dpy
— EZ_O (7
K%&i HEH L TWHEEIEZ R E L CHEENE-FEITHLR, ZHE TONE TER
T DA DR SN TWD 9D F7-, FRRIRITFMETONEL RS-, FHE=
x%wmm&wok%wkéﬂ,ﬂ%%%%ﬁé,ﬁiw%%1®%%&&%awTMﬁ#n
BETHY, EHKHENIAWVORFETHD. o, AFIEICBWTYH, TAITAN2D & [FERICRE
ﬁL@%ﬁ*%E&DﬁU;ﬁ%i%)%’bfk%?‘ BEA T —EL LTV,

3.2 FRNTET IV EMRNTRT A —H

TITAN2D OfE R A2 B F 2T, K589 27— A OWTHT 20 L7=. Case 1 [XTH
FHoXE (RfD&) OE FICRAEXEZRE LT-LE-THD, Case2 X Case | DFEAEX DT
BSAMNCRAEXE 15Sm BEIS B4 TH 5. 2ok, MhI2iE, BHFTEEORKE Y5 H#
iéhtﬁﬁﬁﬁé%lkio R HH I B Ml @ﬁ%%abfwé it A v 2%, K6l
AT EIICTHIICH > TE S 10m O CEM A 2EIT 5 2 & TEKR L TWAH . IRmEIZIT W
%yy;i&ﬁ#<&ofkw,ﬁ%ﬁﬁﬁfimﬁ%f//l®1B@Eé#ﬁlxm@m
BETETMELTWND.

HIZFEARIZ OV TIE, TAITAN2D &[RRI, FARTE AT (2B AT 2o % ZEHRTE L
tlmyj/kﬁﬁﬁ@ﬁ? ENBIER L TWED, sHFEROAET — &i&é@ﬂ@%a
ATEY, PN ARERZRMMNAEE L. ZOMME, BRORBIZEEOHE L EMEIC b
E“’i.“%f%uzéT EMEN DS T27280, FIRBELZHE L, X6 D X 5121 b/ IE R A
LTWA. 728, ZOMBODIZ, F773T 07 4 0E—E W)W FEEZ W0, 7t
OHIERHEEZ ZL I H RN K DT, FIEDOES N ZFITHRRIC L > TREL TN 5.

AT DT 8T A =2 13R— 1R T LB THY, BEIZO W CUIBOFTIER
AR Y, KEE N & R/ NEERREIC O W TR EOWISE "2 BB ICIE Lz, £, PR
FANZOWTUE, BRFENE LT HE R ICE SO TIREL TV D, B, HEICIIA——ar
B o— & — % O Tl AR 2500 FEEE DB TIT > T D,

374m 374m

286m 286m
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X—6 fEHTA Y =

B —7 HOIETRAR ORI LAAERRT, 4 @ SR LALE%)

K—1 AT/ ST A—X
BT (kg/m’) | PNEBEEER A (deg) | KEAE I(IN/m?) | S/ NEEPEAR KL (Pals)
200 15.0 100 1.00

3.3 FRHTHRE R

5 BT EHTHRE RIS W TR L L 7o iR B 2@ 2 X —8 & X —9 (27”7, [X—8 7 Case 1
DFER, —9 23 Case2 DFERTH A, Case | DFERTIX, i F1&DOERH OIS PH S B 1
B DHEE SN BIEERFH D DA FEAORICRN DR 7o TR Y, BHGELITRRD
MENZEFNI R > TND EEZ LD, TR LT Case 2 TiX, Case 1 L0 & ERRORIZEFRHH
ICH VSR & 72> T DL AT OFE I, BIHFHE THEE STV AR EAT & e aicid—
BLTWARWR, 2ERHR T A E LT Case2 DR ENEHRRBIEVWEEZEZBNRD. FDT-
b, FAXI Case 2 TRE LI EMITICHEE LIZATREERE W EEZBND.

—J7C, Case2 DFERMN LI KR SAMZRDIZE Z A, HKT 1m/s BRIE & 72 D &7
DR SALTz. AR CTHWEFIETIE, K (Rlm&Rmm) OFERSMED non-slip (K TiF
FEMN0) ML 72oTEY, EEMETDA Yy 2t A4 X0 10em FBETHDH720, JEmEEN
FEHL LD BB RKFEH SN TOAATREENEW. £, EBROSHAXESH THL L E2E
ZTh, RRNLY A BT #E R T REIEHE A/ NI L CW A RIBRMER S 5. Z 072w, R
DD I KRAIL 11m/s L ETH - 72 mTREMED B L.

81



X —8 fEMTHER: (Case 1)

<—9 fENTHES (Case 2)

82



4 FEoH

AR TlE, 2 DOBFHEE T V2 AW To BRI AP OHEE T FRLOHEEIZ DWW T
F & 7. TAITAN2D % W 7T Clk, BRI OR AT &2 HiHAE CHEE I -fE L v b
AN 15m OALE &2 2 & Tl FPRIgEICEET RN SN, 2, 3 RLENL
ARREREZH O RATICEB W THRBRORER E D Z e N ahoTo. it FEE X
TAITAN2D OF5R TIIHEK 12m/s, 3 RLLELAREREL AW TCRER T3 K 11n/s BLE
ThidrEEEINT. UEOZ L0b, METICL > THEOLNARITBBTh—H L kY,
EHA O PRI 2 HEE T DB 1T TAITAN2D Z A Lz KENRr28A L, X it
TR EHEE T D BT 3 R L EAH IR EFRVE 2 AW T fFATIC X > TIT 5 FIERERO Y 7 k
KRICAHTH D AR Z RIS 5 Z LN TE T,

A
3 R EALA BREE SR 1 2 IO T BT IC B LT, NP LR O il i L v %
KOPEZEWC. RBLTUEHHOBEZET.
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BSEMORELZERLE LE-ERICLMICARELGESEETTILORMRE
Development of numerical snowpack model to predict avalanches induced by weak
layer of cyclonic precipitation particles

TR OEAD, L0 gD
H. Hirashima ", S. Yamaguchi "

DBG SR B ZE T KBS et o 2 —
YSnow and Ice Research Center, National Research Institute for earth Science and Disaster
Resilience

Abstract: The numerical snowpack model SNOWPACK was applied to predict avalanches released at Nasu
on 27 March 2017. The SNOWPACK simulation showed unstable conditions of the snowpack. However,
weak layer was not reproduced in the precipitation particle layer but shown near the interface between old
and new snow layers, different from observed results. The purpose of this study is to develop the model,
which can predict avalanches induced by weak layer composed of cyclonic precipitation particles. In this
study, different algorithms to calculate new snow density, viscosity coefficient, and shear strength depending
on precipitation particle types were implemented as an attempt. Parameterized SNOWPACK model showed
the trend of smaller strength at the layer of non-rimed precipitation particles. However, it also showed
accurate estimation of stability index in weak layer was still difficult. Parameterization of metamorphism for
various precipitation particles based on experimental and observational data are necessary to predict
avalanches induced by cyclonic precipitation particles.

Key words:  Avalanche prediction, numerical snowpack model, precipitation particle types

1 ZL®IZ

2017 -3 A 27 BITHIAREARZERRARZERT O (LR CHRAE L7 BT, 8 4 DHEE 2 T K
R EL o, ZOFRAIE. 3 H 26 x5 27 BIZHT TREAEEKEORT « @iz k-
TRVELST-EN\E LR THONAREL TRAELEEEBER TH o722 & AR )
DIERB SN TS, 7o, 2O X 5 5EIC 0 0T WRKEEDO FITZRINAF 5 LTV,
TR R EOREENIINE THoT-Z ENBEOTHRFAEFH L VRSN TS, TS
QROINXZ D LD BRFHOFRAEZLZ TRT 5 Z &2 BMIC MEREMERTIC L 2 ERESERGRE
TR AT L] ZHEFELTVD, ZHUMMBREEEERICI T 2 KRR AK R, B O 555
JEIZ72 ) LT WEREES T E W5 L & bic, TORKEND RS BREKEES &2 L
H DI E CERBEMLREL THIT 5 HETH D, dHEARD/NZ T2 DR TR O fE R
ENRTHEETHIN, BELTEEDOREL Y LEOLZENO TS, L EkE R TRICT
TV T e R TEE STV,

—05 . BBV EEARFICAT(LA T, BRI Tlid, SRS oBEE 23 E T o MELE
%T/v(SNOWPACK)%FHmT%E““@%%é%@%@&)f%71(%% 2014), SNOWPACK &S D
PR EREEOEREFE TS LT, LLILOESE, MEOLEICED IR LT
ERRAEDERED RN ARERET NV TH D, LU 5, SNOWPACK 35 fh O fE
I L DBEODHAIA TN TN BURTITAEDSZH O X 5 7RG D FE S 2 k(A
ELIEERORETHIIR#ETH D,

AT, W OETNVORFZMAGHOES Z L1280, SNOWPACK % W CTIRAUEM:
DOEFITERN LZERoTHIZARRICT 2 2 HME LTS, AfE T, BIROBSEZL
BETANSEOERE TR TH oo, FHRALUR EAHBLTEL Bbh 556, 8l
HZHOWTHET 5,

2 HI{T®D SNOWPACK % FV7-21&

2.1 HEDZER~D SNOWPACK D3 i
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FEELEETT /L SNOWPACK (%, AA AHHE - SRS L7z, KREHRE AL
THEOEEEZHAT L ET LV TH D, KRA-FHH OB E F ORMAE | [EFIREE,
KB EZHAT L2 & THETORESCEE, GKEOT a7 7 A NVEHRETLHZENT
51, TNHOREE D LICEFECEAMTRE, MEREEZHE L TERORAETH
WAL TWS, —EIICHEEREEN 1.5 LRI EERNBELLTNESDRLTND
23, SNOWPACK D FHHLfE G & 228 TR O R A FH % bl U 7= #5RCEE 5, 2006; -5 5, 2007;
B[S « S5, 2015) Tk, < ORBEEMIIHMELEEN 2 LT LA INRHIRAEL TV
DRI N TS,

SNOWPACK TANT R4 T — X IR, WA, mm, FuE, Ai&E, RE. BKE
FRITHBRTH D, BEELZRET LRI, BKEEHEZEROLEL LD RIED 5 i
T 52 ENTE, FHRAGHMAHE CHSERVPBH SN TV D HEEITHESERY ., BT 2%
AlEBKEEZ AT 5, RAEELCBW I, ADCHERERRT — 2 B BllEn 50
IXFROSHETH D, K2I2ENTNONERMEE RT,

AT AL A (B 751m), BUEHE: KR, B0, ma, B REFRE, BokE, SR
KA (B 1268m), BT H: <UR, SR
=70 A (FEF 1439m), BLHIEE FKE

IEDOT A X AT ENTWS T —Z 2 HWT, HRERI2 D H B0 &2 HEE
T 5 Z & T SNOWPACK (Z B/ AT —H# ZER L CHHEAET L2 Z ERAEETCH D, — T,
IREDT A F AL FRRORE LT-HUS LD 600m IE LKW 720, LD ITWEFTICEEROT —
ENBLGRNIENEE) ZENEE LV, DO LIRS E LT, RKILTHETZIENSEH S
TWER, BEROBHENZAARAERFD 3 A 27 H 8O S T40ecm FEETH VY . FRAFRA
HEDOFEBZREZ KM L TWRNWEZEZ BID, EDD, KR TITINEDT A X ADT —H
DHENOBANT =X B L, BRKEZBREEO MBS VITHW, IREEOSZRARAERAA &
DIEFRZEEZETHT=20, 100m H720 0.65COEREREZ H 2 CTRIEEMIEL CANT—4 %
ERC L, BHRZIT o7,

_____

R .
HBxEE DT R
A AR 4 -4 e
SRR E Xy W ; \ :
!ﬁgl ___:)i_) f’f : o ;kmng;nmzn.). THEARARET saemeres s
R % o) RS RND
* 2 L EXTT
\ S
1 SNOWPACK o[ B2 SRGREBL R OALERILR

22 FHEEER

AT AR A O 750m, FARFEAME O 1350m, [UTED 1750m, FNENOEEIZE
75 SNOWPACK DOitH#ER & LT, SAARANBOBELEE X 3271, 5 750m T
AR LEERTIE, 7AXATBRISNI-EEREFERIC3 A 26 HRERTIXF X 72<, 27 H
DORETZIZEY 30em FREDHZENES > Tz, —F, 1350m LY 1750m O & ClEFEE R D
ZHNFN 50cm KT 90ecm (FEDEENFAEL TWZ LRI TWE, £O LT, 30cm 2D
BERDHY, HWVWFLHLWEORFHE CHEENALEIC Rz LR I,

AFHEDORERNG | BMEBARLEICRSTEITA LN OO, HE CHERINT-HSE
BT A9BIIR. LN o T2, ZHUTHAED SNOWPACK TIXMEE s OEIC L HFEE D

85



FRE~DOEBNEEINTWRWZOTHD, TD=H, BT SNOWPACK TIHEAKEM D
BrEfEmb e @R E L23E o, UL 2ERORAEICIETSIELTELT, DL 57k
TRAOAE TR AT IS ERLELE SND,

60 100
40 -
ILI_ J,.
b, 50 g A
20 j‘ ‘ -
0 h ] 0 ,
3/26 3/27 3/28 3/29 3/30 3/31 3/26 3/27 3/28 3/29 3/30 3/31
E [
0.00 ‘ 6.00 0.00 6.00
b
B
— —
I —
0
3/26 3/27 3/28 3/29 3/30 3/31
N
0.00 6.00
C
B4 3 BRI T DEEE D SNOWPACK CRMA SN 7-EZEE, a: 750m, b: 1350m, c:

1750m
3 EREHEOREEERE LB SRS IR E A E T T /L O BFE
3.1 BEERICET HEHmOEA

REJEEDOREER SO X 57, 8@ 00T WES D %%%%ﬁ#ét Zix. BEER
ORGSR OERE AT —H2 & LTIV IAL, 558 @@%ﬁw%ﬁ@m@m%mﬂ
FH X 0 AR/ NS R DEA 2 HET 208N H 5, 93RBITEENEE L 0KV, &
Fﬁﬁ@?%?ﬁ%ﬁi@#Aﬁ%< ZDT- O AMTRENEFH LV /hE v, Lo T,
PeEREICER L2588 X2 FRAO THIZ AIRRIC T 2 7 0I2id, WIS, EMRE RS, &
U&fkﬁhm%ﬁ@%@ﬁ%%%@ ey %%# LTV BERD D,

SNOWPACK TIEBEEFEIZBET 2ERIIATIT —Z & L THbRLTWeWed, £$3%h%
MAIAT T D DU BN MER DD, 22T, BERMOREBLZHAALHTIEE LTIRD 250
T —FNnb 5,

a. SESHEOERERFED/NNT A =2 L LTAN L, TOMEERF L O DRESHEOEIC
Ko THRR Z [ERER PRI E AWIIRE DX E 5 2 THE R OREZFHT 2,

b. [Snpf'fﬁacc]:ofi&é%ﬁ/\f’?% & (B LR R A A A £ DAL A G
B 5L &I BT LT ERIR AR E O X x5 2 5,

a DFEITETF T & IHE LR B IAZLT Vs, BAIIRILICZ L7z, ]

TESIVIZREDRIFITES STV, — . b OFEIIWHAHEZ EET 5 72 OIATED mW
EBT M/ ZEDRHIFFTE 200, 2 < OB LI L 72 5 12D PHFICE < Dl 2 5

86



T 5, D=, BT a DFE, EHNICIE o OFETEDL2ONREE L, KAREN
TiX, a D FEEZHWTHETORLZEE B OFBZR AT,

3.2 REERRRI OB A M OEMREERR S

B Bl 1] OO 48 FE SO JE AR EAR B O3 W IC BT 2 B oRFgE L LT, RIS, BIEDICX 1T
bITE 720230 2 (BRI 5, 2004; %HES, 2006; #2)115,2006), + 2T, Z b4 L THR
JI5(2004) D XA FH BB E DOMIZ, %35 (2006) K ORI 5 (2006)D X% JE s HMEAR S O FHH
WCRLAGA AT, ITEEEICET AT FReo &R0,

- B 0 =23.4+37.5R+7.32v+0.579T (1)
- EBRIFHEEE o =41.2+8.26R+5.16v+0.422T Q)
- SERBIEE 0 =13.3+53.9R+6.54v 3)
« ERANLARBIE. 0 =67.5+23.4R-1.29v+3.65T (4)

T, o l3EEKRegm?), RIZEZHEmMmML), vIiZIm &OEEms"), TIEXIE(CC)E %
9, FTo, JEMERSERRE n Pas)IZOWTIE PRt EHWTER R DL NRNT A 525252 LT
FEEFEOENE KL T D,

n=Cip* Q)

TDONRT A= LR C ERallEL T, FRROENRELNTWD, SARBEIZBE LT
X 5 (2006) TERAL S TW RN, #2111 5006) DX THRAHT D Z LN ARETH 5,

MiE: C=154,a=3.39 (5. 2006)
BRI C1=0.0682, a=4.56 (F%HED . 2006)
STIRRETES €1=0.048, a=4.64  (#2)1155. 2006)
TR STIRMIRE €=23.2,2=326 (%ES . 2006)

AKEFETIE, COBEWVWNEZ DB LMRT 572D, 3 426 H 21005 3 H 27 H 2 HFE
TOREZ B, TS OWIRICFE - 725 %2 RS LR & L TEEMOZEEDOHE
ek drT-, KEE 1350m CRtAE LR A2 X 4 12RT,

150 150
100 100
50 | 50 i
[ L
0 0 ‘
326 327 328 329 330 331 326 327 328 329 330 331
0.00 50,00 0.00 T 6.00

a b
4 RIS, %D OREHAAA TRARDETROZLEZ5E LR 1350m (2B 25
FAER, KA OB Z R, a FBE, b: MELEE

B L LTHALNIEIE, thoJg &R CA&FETH A S Ga Il TARARHITITA 5%
BENNS S RDFEBRE o7, Flo. TNUCE Y ZORBIZHIT HDBERELIIMOHSE
LUK 2E NS SEHEINTZ, ZOX I ITEABTRENE T/ RAHAITA LN H D
D, FHTRONIZ L O REBICRIT DHESCHEEDORE REIHI SN o7,

3.3 B L AUWERE O BG%



BEOELEZ A, BERET L OBE LS ABRERBROEVNIET MbEEIR TRy, HIRT
BT HERE UL, BRI LOBREREMOREMN 42° ~45 & ERIHOXDf EEFHE
DEBEAGO LLE)LE~NESNWZ &, FEZOREAITILEILOETHE SN 44° 1230
WE WS THERERNR D D, 2T, BRRLBESHMEE LI HOENEL B WRLT-F L

DFEE TN EE L L%é%b*@aftﬁhﬁﬁf@ﬁ%mwfﬁiﬁﬁfédﬁLt
(K5), LHISDEOEAMWITREEZER 72 LE ﬁﬁm;ﬁﬁbt . FDRBIZBITHES
LEREIL 3 A 27 BRI 9 RERFAL T 0.2 TR L, vt Eiﬁm fxé L& BT, REE
ASVN YA L S T F Ay s é\IEIﬁHb\fcﬁé’%@ﬁh%ﬁéﬁfﬁ%&ﬁzﬁff&irtﬁﬁfocfiliﬁfﬁ@%iﬁw%
ThdZ ENRENT,

SBIE. BADLQR0I8)MT- T D K 5 RBESFD THIDE 7 /L=, Ishizaka et al. (2016)
DHEEELZ LD ZATUBRZEDD TETHD, o, BER & R OBRAH S0
o0 HEREBEICKS LT EESCE ARRE O T Vbl Z LT, BEREICER LS
DOFRKEE N[ E LT EHfE s S,

150

100

50

0
3/26 3/27 3/28 3/29 3/30 3/31

0.00 6.00

5 BRI LBEFHROTEAMBEZ LS00 ELFEUNTHEAROMELEL
4 FREBREEOE )72 TR T 7oA

IHEHIC BT 5B OREIIEEIC L 23 OEKOM, REICLDESEOFES b BT
5128, EEE%@%%&EFB@F WXAEANCFPRITE 5 2 ENEE LV, SHAORAGRE 2 mavic st
FI 57013, WHEO#EEZE 2 v o= TR L, MYEEOD AR EB LI ETEADA v
= C SNOWPACK DFEZIT I MENRH 5, RMEZEIZIB O TIE, AT - FAH(2018) 23 H11E-
EBREOHEIICB O TIME L — =& 2T TR N AN BT A2 AT,
eSS ME RS 5 FIEOREEZRA TS, ARETIIHR SO RED » FETRA
%73, ALPINE3D (Lehning et al, 2006) % FV N CTHRZE B DIZ 3610 D FES 0048 O FH R 2347,
ALPINE3D |Z A A AEHFRE « FHEAWFSEAT TR Sz, REDORELZZE L CHMIC
SNOWPACK Z# &3 Y — /L Thb, FXx DAy a2 THEOHEZITY L& b, REIZEX

T (m)

a

6 ALPINE3D # HWTCEHE L7-FEE RS, 3 H 26 HvD 27 HIZOT TOFIZ XL 0 24
THRETBENEMLUZ, a:3 H 26 HES b:3 A 27 HIEF

88



LHIEEHAEY 2 RRHCEE T 5, SENX2017 451 A 20 H225 3 A 31 HIZHT CHE L,
K623 H 26 HIEFKLWU3 A 27 HIEFIZBITAHEESMER~T, FEERI(XN 6a)lXLTAfTL T
ImBIEOENRH Y | BTEHENDRhoToZ & BB %RX 6b)ZIUTE VT T 2m 55, BT
H Im A< FTHEFEMEM L TOIERERZS LN, 4. Fa—rE AW EE S0 O/
PSR Ll U CRS RO RERICET 2RIt ED T & & bla, AFHREZ HWTHE
EZEEDOHEM R A DOFEIC L SRITF T FETH D,

5 F&®

IREKIEMEDBEFFESICER L2 BRORAE T A REICT 2 EHL HIIC, BERORELS
BLIEMEELEET VORRBICET Lz, BEHEOBHREZANE L THEZDND L) ICHEL,
TR DT — 2 W THEFRE T L 1T D TBHEE, BRI O AWrsE % 3
BE 73 R AERATe Z & T, BIED MG, C AT RE 2R #iPH CRES s Sh 00 958 23 F- B AT HE
DRIz, BRLO 2 OVESFERORBIZ E TR E L DRTHASLTWE & L CHHER S D
DEMEMIITFE S NZ OO, HEoR AWEERE %2 IE L < FET 2 O8RS TIEIR#ETH
ST, A%, BERIT L DEE A B = X LR 5 OW AWHRE DF T AL OBFFE A HETe = &
T, AR TG E LIz X 2 RERORBETRNARRIZR> TV D LB LND,

F-. BETFAE W EB R ERREO PRI AT T, ALPINE3D I L A EM e EE O E %
AT, Btk TEEWIAN O FRME 2 TGRS 5 248 FE O 1 0 A7 DT 2 s Tur <
FETHD,

51 F SCHik

BB - PESEEIT, 2015: Lo & HOBOREBREMAAA TR TM S AT LAOKTE. %
K, 77 & 15, 37-45.

HE 18 - SRJINESL - SHUBOL - JRTEER, 2006: FTFEEE O EMER R IZ B3 2 SEBRpuafse. 5
K, 68 %%, 3 7, 191-198.

TEABHEL « ATERLE « [0 A - FHELA, 2018 BESIC X 2B RICET 2 REASET
N W BBLFER, AREE.

ESEAT - VARG — - U OE - B E] - M. Lehning , 2006: FAAFEA TRIET L TEHE L
Te BRAKEFR RO T LE . B iR s - W4, 22, 26-30.

AT - EAE - EFRETF] - AL - BT « M. Lehning, 2007: AJIRRT — X 13 E
RS AE TS BE L2 - 2 2 5B —ENE 17 12861 D MiE—. ZEBfam SC - 54, 23, 192-197.

FETAT, 2014 FHEEEET VLD FMEAETROBLR LIRE. FK, 76 & 6 7=,
411-419.

M. Ishizaka, H. Motoyoshi, S. Yamaguchi, S. Nakai, T. Shiina, and K. Muramoto, 2016:
Relationships between snowfall density and solid hydrometeors, based on measured size and fall speed,
for snowpack modeling applications. The Cryosphere, 10,2831-2845.

PRJIIERL - LRI - &R0k - HEL, 2004: KR EREE[E LS5 E oH e,
K, 66 &, 5 5, 561-565.

PRINIESL « VEfES- - WER e - PS5, 2006 AL 31T 2 B S OB L IEfgkETER
DR EOK, 68 %5, 4 5, 277-285.

FADURERS « FATHREZE, 2018 BB X O ENIC L MBS HNACE S LI-EEREEDZEM Y
Tl & RREE. AR

MRS —Ht - ARAAERS - AT LI, 2018 IRKUEMERTIC X DRGSR T O AR

He
E

u

3t

4

89



BELUVENCLLIBREBNELZEE L-EEREDZM S/ TRl & 1&EE
Modeling snow redistribution by wind and gravity: prediction and validation of
spatial snow coverage in an mountainous terrain

FADY RfERE D, R e D
Y. Matsushi ), S. Matsuura”

DRI B AT TR T v SE A 20 0 P

YDisaster Prevention Research Institute, Kyoto University

Abstract: Prediction of potential sites of snow avalanche requires evaluation of spatial distribution of snow
cover in mountainous hillslopes. Thickness of snowpack depends on redelivery of snowfall through
suspension and saltation of snow particles by wind, as well as gravitational creep along the snow surface.
This study attempted to model the processes of snow redistribution on hillslopes and calculated the spatial
snow accumulation using a geographic information system. Suspension and saltation of snow were modelled
and calculated based on wind velocity and direction, and aspects and gradient of hillslopes. Creep of snow
particles was evaluated according to the budget of gravitational movement as a function of hillslope gradient.
We tested the model at a observation site of Gamahara-zawa, central Japan. The model roughly explained the
actual snow thickness in the watershed measured by airborne laser scanning. A more precise prediction needs
a further search for the optimal set of parameters, which should be estimated from an in-situ observation of
snow transport and settlement at varying topographic and meteo-hydrological conditions.

Key words: saltation, creep, geographic information system, airborne laser scanning
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Extraction of avalanche potential sites based on
topographical factor and vegetation factor.

BT D, R Y, e ® Y
N. Abe", K. Nakamura'?, 1. Kamiishi"?

U BESKBHR AR RGKERE A, S RN—va vk H —
Innovation Center for Meteorological Disaster Mitigation, National Research Institute for earth
Science and Disaster Resilience
D B SRV EBARII TR BEOKP S gE v & —
Snow and Ice Research Center, National Research Institute for earth Science and Disaster
Resilience

1Y)

2)

Abstract: In order to create avalanche hazard maps for all Japan, we tried to extract avalanche potential sites
automatically by factors for topography and vegetation in Mt. Nasu area. The topographic factors are
evaluated from the gradient classification from 5 m DEM maintained by the Geographical Survey Institute.
For vegetation factors, high resolution satellite image is processed and evaluated from the DSM based on the
forest height and coverage.

The evaluation method by combining these two factors was applied to Mt. Nasu area  (Tochigi Prefecture) ,
and a place with high avalanche potential was extracted.

Key words: avalanche potential sites, topographical factor, vegetation factor, GIS, satellite image,
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A Method for Evaluating Avalanche Starting Risk
Applicable to the Pacific Side Area of Japan

FI EEY | W ALY, Mot Eie?

C. Yoshikawa", K. Kawashima®, T. Matsumoto®

DOER R HEE
Y Faculty of Science, Niigata University
D BRI SKE 1 BB R T
? Research Institute for Natural Hazards and Disaster Recovery, Niigata University

Abstract: A simple method for evaluating avalanche starting risk was developed by using data of snow
avalanches observed in Yamanashi Prefecture and Tokyo metropolitan area in February, 2014, with the
object of application to the Pacific side area of Japan where extratropical cyclons cause heavy snowfall in
general. In this method, the avalanche starting risk is determined according to the combination of slope angle
factor and vegetation factors, and is expressed in seven levels in 10-meter grid square. The application of the
method to Hayakawa region (Yamanashi Prefecture) and Mt. Nasu (Tochigi Prefecture) confirmed its
relevance.

Key words: avalanche starting risk, Pacific side area of Japan, vegetation factor, GIS
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Y Graduate School of Engineering, Utsunomiya University
DINIEFVE NST L 1 VT Z i Bt f
DTateyama Caldera Sabo Museum
IR SKBFFHATIIERT  FOKB S E o & —
ISnow and Ice Research Center, National Research Institute for earth Science and Disaster
Resilience

K LR T = — X
Y Department of Civil Engineering, Utsunomiya University

Abstract: In this research, the authors examined the future of the training program aiming at learning what is
necessary for the leadership of snow mountaineering. This program is for advisors of the mountaineering club
activities of the high school to become snow mountaineering leader. Specifically, based on the causes of the
avalanche disaster in Nasu-machi, were constructed as a unit of the course which advisors acquire. Then,
improvement of capacity of situation judgment ability were examined from the viewpoint of risk
communication. After developing teaching materials necessary for exercises to improve courses and situation
judgment skills, classes and exercises for advisors (teachers) of mountaineering specialty departments of high
schools were tried in 7 prefectures.

Key words: snow mountain leaders, disaster training program, high school teacher, avalanche disaster
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The development of the avalanche education program
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Abstract: After the avalanche accident of Mt. Nasu, avalanche education program for the high school
teacher and student were developed. A program is composed of "snowcover and avalanche",

" avalanche risk management" and " avalanche search & rescue". We added a research result about
the avalanche due to the snowfall of the low pressure to the program. These programs were practiced in
the high school avalanche training meeting carried out in the seven prefectures, and it was popularity
mostly.

Key words: avalanche education, avalanche accident, high school
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