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Analyses on the meteorological conditions and the distribution of snowfall
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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
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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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ZHVETOFAT, 2017 43 A 27 HICHRAEBIR CTHA LS HIE B AR 7 48l L 72K
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850 hPa [ 7%, RERFTHEIX AR T v v /LB E, KU, B, FMALE O 850 hPa, 500 hPa,
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IRRE DR ERE L LT, MERED 24 B (LR A2 B 60 £ CTHIMIL L7- LDR24
(Kuwano-Yoshida, 2014)

sin 60°
sin 8

ps(t) — ps(t — 24h)
24h

LDR24 = —
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1. 2017453 H 26 A 18UTC IZKRZETHEM T oV > 7T NFTH TLDR24A=1 L7 B A X
—DEE (B, %) & JRA-55 @ LDR24=1 (KFE#H) . #nFh (a) 201743 H25H
12UTC, (b) 24 H 12UTC, (c¢) 23 H 12UTC, (d) 22 H 12UTC #J#4E.

ZFf L, LDR24=1hPa/h ZEIRKE L LT-. 22 Tp diFmAIE, ¢ 1 XHEM, 4134
Thn. THRENIO D, [GTRMEMNTT —4 JRA-55 (Kobayashi et al., 2015) % g
T—% L LTHWEZ. JRA-55 DACEARG LT 1.25 BT 6 IRl fiE OfFATE 2 A7z,

30 RER

AEl, HREBHROER O —D & 72 - T AR 2017 4 3 A 25 H 00UTC (2L 5T
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ETRo T AU NR—DEIGEMFRE LT, BARDRLN D O THAERZX 118 T. 22
H 12UTC #IHIE S O FH IS EREDOSREL TH LI A v 3 —F—2 172 < (K 1d),
23 A 12UTC WIEIELAREIC A8 EE T2 A U =N EBEd Tnd (Kle) . LarL, *
DEIE T 30%FLE THER L, BRI 25 H 12UTC WIHIEDO T TH 60%FEE Th - 7= (1K 1a) .
F7o, BUENE Z HNEITFEEOREMNE XTI AT 2N H 0, EKKIED
FETHRE LTI LWEH TH -2, LiL, ARMNEOHRSEDZEMOMICHONT, T
YT NTHOE A L N— L JRA-55 EOZERIFBE AT S &, 22 H 00UTC #IH#IE £ Tk
T U T NNAN—OIE L DX IREZ VA, 22 H 12UTC UIEOWIHIETIX, THOIES
DEPNEL TV (K2) . ZOFRIE, Hx ORKEDREEREOTHMAHEMIZ 1 H
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Characteristics of heavy snowfall associated with cyclones causing surface
avalanche in Nasu

A fEKER D
K. Araki"
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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

1 XLC®IZ

2017 /3 H 27 ElG:Kﬁbl@%%ﬁi@fféf&ﬁm:ﬁﬁoTﬁfﬁéﬁf‘kgﬁﬁ?ﬂi’ v, %F%Eﬁbi
A UTe, BIHFAARS RO, BRIAE OV R0 G5 BT —H R3S Lo BEERE RIS
L BOMENEZYD, REEHRIC %ot&?&méﬂf“é (B KB FE AN SET, 2017) .
AT, ZOBERITORBFIZER L, BHEICKELY L2 b T BREEDRELCHRERHE
EEMRET D 2 L2 BT, BIEERE 2B LI BNES R BB OMNT, B X OFMT T — 4 %%
W MRHRNT 21T o 72, FEICOWTIETRA (2018a) 2B\ -7 & 720,

2 2017 43 H 27 HIRES IR O FHHIfRMT
2.1 fEMTT —% - BUEFEBRORE
M5B & BRI O ICIIBFE L — & — - L b - EEKEREH, KT A Y KBRS

VT BESEBRII KRG T IR /1T T L (Saito et al., 2006) & VY, £ KRB 1.5 km
THHAAKZES 1,425km WU J5 2 FHEEE S L. %JJE;HFE‘ BESEICRGT A Y BB 2 0,
26 H 12 KE~27 B 21 I (JST, LAFIAER) ZXIRICEHEZIT-72 (1.5km-NHM) . &IZ, Z
DFERD DRI - BERE A IERR L, 26 H 21 BE~27 H 15 BE& 5t 52 78 4 & 237.5 km IU

DA CTACERGE 250 m DFEERZTT > 72 (250m-NHM) . ZHHDOFEBRTIIEK « 5 - &
% 2-moment ~3/L 7 T O EMELBFLE FWV-. F72, BEEITT 5 HIE O 8 A ek ?6
72, BRZEE DR & 500m (295 £ (NASUS00) & EMifE AR+ 538 (NOZS) %17

277,

2.2 ﬂi&%lﬂ:[ﬁﬁ? BE5 DR
3 H26~27 HIZ)IF T, EZEDER N7 7 tEyy, B2 fE o BHHEEE (F R EA
E) BAINEGE EAwmE Lz, IRAEICERS 2 6726 LIREAE TR EIERE Lo P 27

52



HO~3BHZRAELIELDT, BfREE-> TV otz 7T AX AMAERETIL 27 H 1 BRI
FEEEN 0em 72 o727, ZHLIBEICRES RN 2, 10 FFZIX 34 em (2 L7z, 26 HARIZIE
A & O Warm Conveyer Belt (Browning, 1990) (Z%it7" % 850 hPa D/KARR T 7 v 7 A&
DR E WEEIR 2 IR EUE L ORI O Y, 27 B 3 BRZIZIER~ OB CIREICHEA LT
7= (K—1) . Z0O% b IZEED TIEBHOIRKERETIZME S b~ EIC L 2 KkZEL 0%
UVRTED S FRE L CTuN 7z,

 WASHE
! E"Bb 1B <V

- - - - - - <

Y X ~
. N 1 B R T
—_

= '—-f{fr-‘*”“}o\\ v

— PSEA(surface)

—

~40.0m/s
60 80 100 120 g/m**2/s

X—1 RETAYVEBIENICED 3 H 27 H3EO-50hPalZB i AKAKR T T v o 28 (&
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23 BEOEF L BETRICKTT D HITE O FE

BAEER CHE S NTZRSCRARIUE, B L V0B N L0 E L<EAL
TNz IRZEJEL CIXRRICIRZEE O b~ AR 12 F I L AR EN L, BENEF LT
W (X—2) . ARZAE R TS BRI B R 3km LR TR H Y ORE 7208, thx
WZHFY ORUCE DY, 5ROBEE R L 72 R CIE S R 2~2.5 km LR T~ O JEA K
TEUE LI E o 72, ZOED B IVEEOAL R AN E2E TIEEER 2 km LLTIZ 0.5~1ms-1 OH
e ARSI S, FRAL L RE Lotz (K—3a) . 2O EHREECI3mEs
HERHFAEL T (K—3b) . IRKIEICHE D ZEOKREKMREIC X 0 BThL 0 FHERE
AMIEHE S 7= = L lThinz, gk ERIRIC X BimEIERIE R TR BRI T
1, Seeder-Feeder A 7 = X A (Houze, 2012) 12 L AEFsafb LG FZ2o K& T Tz
STWEZEIRBEND. 26 H 21 BF~27 H 15 B % 2 MNEHEMARER TOHIC X 5k
Rk 1% 250m-NHM T#HJ 26 mm, NASU500 T#J 11 mm, NOZS CTHI 5mm THY, #%EH2 >
DFERTIIREZEOLTIIRA AR T

INHDZ ENG, IEESCEDHIENRES O R R ERICIEFICEE THDHZ LD
Molz. WIRBLZZ T RWESF 0%, LR 22 TRA Lo ilmAEAIER O %2 5 1T 1258
WS RN RRE L, BT RORE CHRRON- b0 LRRICEBESRAEZ LD 25E%
BOBRENEZ - EZLND.
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TRV E BN S.

3 BRZEKRT OFRHENT
3.1 FRfEHREE AT

IASE R FHI ORI AR L, IMEARERFOMRS - QGG OFRET 57280, 7 A X 2
FHEROBREOREZIRBINT — & Do 5 1989 4F 11 A ~2017 4 4 A % X RICHEHRNT 21T > 7.
F9, ZOWREOT A X ZAPEEFIZEBIT 5 HESED lom LLEOHH] (1,665 1) ZHhH L
THMBESREHRAT 21T > 7-. BEERIZ1~24FHOEREOBEEOLE L L, BEGKITHD
Hazen plot Z£¢/H L7z, AREEHEE lem DL EORESE B L CHIMIF 2Kk, ZnziZEHTo
EEPEHETFE A (F959 H) TEIY, WAFREFEIN ML —X N2 1 EOBBORETH
LHEFRT (K—4) . ZOfER, RATZHEFOFBMEILN 3 ZEETHD, 30—
W1 ERERRZDREE 72, —F, 3AOFEFOREMNGET DL, IRASHEF O H K
ELIL3 A TR LREL, BHEEEITN19EE 572, BOREFLE L UIMmRER 72 L
Wz 5.
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3.2 RUERLE KX — om0

WIZ, 7 AZZIRAEBRETOHEZEDN 10em BLED 226 FFIZHOWT, SR LGS
ORI 21T > 1. FHEICKIERLE Y — o 2 E RGN THET 5 &, &% (WIN)
23142 F6 (63%) , AIfRZEFE D BREEE (SCC) 28 57 41 (25%) , AEAFZTRAIFHIO &
INTHIRZ ED R VMESJEN 11 4 (5%) 2o (F—1) .

F—1 19894F 11 H~20174 4 ADO7 A X A AR T, HEEZE 10ecm UL EOFEHFIZHNT
LT RERLE NS —

BRFR ) S —> BHIER BE%) 88
WIN KB 142 628 RBEOSTERERORS
£ PR E AL D BRI RT

SO gsE 0T P (RS (LIRS

= AR E DR WANEEFED

(SRR, —DFERE
Other DAL 16 7.1 Lo yzme=

INB = RITT A X AR TOM EBIORHEEZTRD &, KFFHO H R RKESERE
B U 72 B%0 T WIN TR ~AbE O Jal, SCC & SCONF CTlEAbdb v ~db AL B oo Jal /3 5.k
THEVWIEWVARLLNE (KK . UL, BRKEZSESCHBESIE R S 2 — Mo

BRETAON o T.

F72, FHEO B RKRESBHEABI LRI IR W R OKRGT 55 FE T
(JRA-55, Kobayashietal.,2015) T —% ZH\, K[&R5OR % MA L7=. SCC & SCCNF O
EEIG T, EZEOKIEDORDONMESIRERE DR SIZ00E RN R SN0, FU XS eREE
B2 o=, BRZEEI O 850hPa DRI L KRR T 7 v 7 ABEIELIZEZ A, WINIZOWT
IZ—5CUTDLDNIEE AL T, SCC & SCONF IZZN L 0 EIEOFEFIN L N-T- (K—5) .
—J, KKK T T v AT SCC TIL 3 HHIMROLIT TRERETZ 720, ZOMIZED
NG — 2 THRET 2o Tz,

140 20

~ 428158 | Lo * WIN . * WIN
r‘:n 120 BIERERS o 0SCC 18 . ; 0SCC
£ o 0 SCCNF 16 201743 F127H 0SCCNE
2 0 2016F18188 | AOthers e %B@%aﬂgm AOther
5] 2002%1H278 [N It D A
X . 5 il 200141 58H
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N 19292818 ° 5= e _“"'.;_'i;/‘ 9 oL
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r'; 60 —TEFIEsO i ) 1po2eF2A1H !
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K—5 SEBRE Y= FORERNICE K—6 KEAEBE Y — B0 HBERL
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KBEZVENBLIN S 7= 441 3T 0 850hPa (2

BIIAKIBEAKER T T v 7 ABOEZR%
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3.3 RZEICEIT D EERITO KRS OB

IEIZB T HHEFF TORBFIZOWNWTEZ LT, KEHTOESE lem UL EOREE O
EHREERME L, HREFHREOBBREFNTE (K—6) . TOMKE, CoF—rTHlik
ABNTIT H BB AEWVIZE BRESIES KE o727, SCC & SCCONF Tl H SR 23
S THLHBERERORZVEFNRONTZ. 2082014442 H 15 ANEZETH Y, ik
200141 A 8 H, 199242 H 1 H, 201044 H 17 B, Z L CIRAEZRIEFN ZNICHT-5.

IO DOHEGIOM ERRAKZ R L& 25, 5 HEID 4 FHE TR A O IRRE B R
EH T B2 EARE LN L@EIB L TRBY, HRKETIEZBH LR AT TR
BIZA->TWz (B—=7) . WTFROFEFTHIEITZ ORKEOIESERIZH -5, FHER
BROBKEDOILEGIR TIX AR EANRAEL, FRICHENME D Z E0H 5 (Colleet al.,
2014 72 &) L ARIZ 26 OFHBI T H AT FHI D L 9 12 Seeder-Feeder A 7 = X L 7ME) T
WHDTHIUE, FTREOARKMARIZ LD Feeder Cloud DA Z, BAZEEFE DRSE .0
NIEOFRRICALE L, 221214572 Seeder Cloud 3MEMET 5 Z & N IVE COMEBER OREIZ
HETHDATREERS S.

(a) 20174F3827H9F (b) 2014528 15H 98
AT B e
) AN e

—7 FERFER T OFEA LT E o RN,

4 v

AW TIE, EBXEOBBIC > TIRETREL 725 L X OBRERMELZEM L, RKEERH
WAL DORRREEIET S Z L2 HIE LT, HHIMAT & MEHRIT 21T o 72, ZORESE, 2017
3 H 27 BICRBERANBE L REEHCIE, AR~ FEROMED & L i
g BRGNS EIOKE L FE TR, RHAIIZ Seeder-Feeder A 77 = X LI L 5 B Dk
B Z > Tz, 2k, IREEOI~ERE CIEEEZOES L ERHTOREN G-
baINZ EbnoTe. Mt ORER, Z O%FEH L RBMBORTZITFIFIC1E, 3 HE
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TITK 9 FEIC I ERAEL TWDHZ Enbho7-. A THRKEE &N 10cm LA L & 72 5 % ER
EIXARD 63%, RRJEN 30% TH Y, EAMICITHBESHEARWVIFEBBRSENIKEL
otz L, BRIEIC L DBEOLAICIIFIAMNIERF TREIC 2 2 B3R SN,
B D% L OFFITIHREE A ZE B CRIE T A4 8l LTz,

KEEMBAEICEERFEKRIT, EFEHTOZEOBRELIT TR, EDL ) KSR
A NDOEZTHRELIONLEETHD. AR TH > IRESHFEF CREINTZL DI, HE
03,%2’55 K0 BEEEEORHE S RPN L TNWD I ERBLLND. L75>L7‘£75>%fﬁu)dif

T L O FEREHR IS LB R BT — Z 3D T2 LW D, mEREHEIC K 2B TRE
m®ﬁ@®ﬁbﬁﬁ~UJ<2m%)@kf%%ﬂt7 26 EREEAL, BEERE#TIC

BITAEFRMEZFASPICL T LERH D,

ARFFETITIREICE T 2 KFIESE L W b AR OREEER O 5 2MEE @2 &
W BN o 7o, ABIOKERLERFIC H AW ECRET HBEEITEAMICHEILETHY,
BIECRTB R CHmNZ o5, —F, IRKEICFE S BEE CIHMRIRARS &S & T s a2
RTWVESEKMNEZ L, RESHOV AT HENWEBZLNS. _h%@’&bg ﬁfﬁ’ﬁfjt
ERTHRIND & &, LHOKERE Tl IRKEICHE Y BEBS TH 2 5HA121E,
KREOR Z Y 0F SSRGS ORI D, %E*%%é@)z7mmiék%z%né 7=
2L, REDRTHEINDIGAITIIFTRUSMNIG Ll LOBILS. GEEOBENRH D728
WTIUZ L TH IUFEIR COIEENZITEERLETH .

AEE

AL EAT O HTZ 0, BERFH I DR SUE K & K[EHEiT O R — TR, fE
MEHENTICOW T REF IR T RRA A2 WEEE Lz, 2082000 TBILB L EIFE.
AFFEIE, SCHB AR & B2 12017 423 H 27 BICHIAREIRZERT THRA L= S,
KEIZET HFMAENIE) GREFR S : 17K18453) ,  [HHE O &R E RS HB] AL T
tﬁ%%%@ Rl GRS : 17K14394) O—BRE L CHEELZH DO TT.
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SRR

W]
[0

FEARBERES (2018b) : HTRBAIC KL DB&EEE SR EEN HERSHS T ny =2 b . &
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MP L—4—f##TIZ& % 2017 &£ 3 B 26-27 BAVERBIZH T 5K ERD S
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

1 ZLU®IZ
2017 4E 3 H 27 BIZHRZEIRR 7 7 2 U — A —8Ha o |LE (L% THLH) L 5Rak) THRA
L7 KEBEBFRIZOWTIL,
c 26 A S 27T BT TOZ OB L L3R REICL AHEMHEND S

fRAE
- BEFRmND 17cm~30cm F OERATE DD 7 WHRE DB SRS O ENIEE S
TEBERNREAE

EHEE ST DHFAIED, 2017). ZDEXDFELE RS, HISEWEL R T-EE O
MEBRMTEXD0E DD, MP L—F—F =X & W -E L RO 21T - 7-.

2 WA
2.1 PBEIKESAR & VVP JRSEAT

EL22EE X /N K MP L— % —(XRAIN) DI — % &2 4 L1, BKES &
volume-velocity processing (VVP)IZ & & JE &2 f##T L7-. BARAYIZIE, 2 0B ORSRE S Ky 7
T—HEAEHL, 28K VVPIEQLY - 85K, 1994; Wt 2010) % HW T EZ2o A,
FURZHEE LTz, ZOFEE, —EOFERDERY NAN—ETHD EIEL, FHMADE(
28D Ry 7T —HEBOEND, F/h ZFIEIZLVEED 2 3 ERODDLENI HEDTH
5. EOMGED T D+ km W HRREOFIREZ LE LT 570, 56025 ROSMFREITH < 72
D, 10km A7 — )LD RENRSGAEZRADIZEL TV,
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AR OIENTIE, BT — 2 I2E N TV D 2 43 O /K TR (mm hour) % 2 4y ki L
b B2 LT, A LEZBKEmmM)ZRD 7. mE, B, FAKETL—F—%2fhe L
72 1km A& (2P L 7=, BLHTRE Tk XRAIN BA L — & — DI 1.6° 5 — X M b AV
PHCIEZ T CE 72T, A 1.6° OfHTRERZRT. FRARIZIV RS 13H
R L —% =D OB 62.5km TH Y, ZOFFHIZEIT 20044 1.6° O B — A0 IifEw & L
4 2500m, T 72 HELM EZERK) 1000m TH 5.

2.2 [EFRI7HB

)@MN@WF 08T —# & VT, Kouketsu et al. (2015)(ZYEHL L 7= f& ki) BI(HC)
EiTol-. ZOLEFEEL LT, Zh & Zdr iZOWTIERBNT — & (7T F6) & A=A T
ZMHIE, oHVIZOWTIISNR R EZ AW MIEL 7 4 02 Y 2, KDP T DWW CILEFE
DErExEIT-o T, BIMUEBEZ N rIE/2 L — X —& L TRE, HNO 2341 N &G LR,
HAS L — 2 —TliI/ A 7 A IEICH W27 — % O & ARBFIEO %5 &3 2 T i o ¢
NA T ZMERFE—TIERnoTcled, REL—F—IZOWTORENT 21T o 72, BEAJERE~D
ZEHRIZ VX Cressman WHR A U, MRS EAER( 12 00 1 #idlk A > = |, 9 500m 53 fREE)
25 S EOEEH LT,

3 RER
3.1 FEREREAKESAR

A 1.6°DEKESNAFET = A —a Lz 2 A, $IM 1 26 BTl —m s Em D
N REEN RO D 72 Ekk 2 72286 A2 3 28R, WM : B2 E D 2 i 2-3 ], Bl
H E 22 53 PRR ) — AR 72 B O BRI & 72 0 2 O AN BEKsRAL 23 AL & v 7= I, BRI : = 0k,
Bidh |22 |2 0008 O BRI ME R L2 IR, WO BB R AR b7, 2ok
WCOWTHEARKEEZRDIZLONRK -1 THD.

HIM T2 WTZBLH & T2 0T TR D00 L, R 7232 — 3 6
RV, AF v S gy NTRLNEAY MESIMEHL BT, L—F—Blll#HEEZ Kk~ &
WL TV, A THIX — 1 ETRICEKODEF DR LNRWDIZZDEH EEZLND
(X —174). STz CTEBM EZOBRKET DR DODHANR—HETH L —F, TOR
M3W4wM@ 500m AR UD) ICREAKRDMER LT (X — 1 91) . BRI T3k 5 ez o7

, B B2 SHMDEKREN L7 (— 14). shEKmEZIRD &, Z O EEAKK
F#Tﬂ HIFEWTHLNH D L IITMHENTWEZZ &, DOEEN TN HIE ERANTR <
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I i ¥
. ‘ f 74
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%tﬁ%@f BROL— X —FHERBTHD. BT — & — 5t
K 7-(dBZ), SfEftitEmaRd. OLMITNENIME T 2 4
APRE R Z T, L— 2 — L EEEE 80km £ CHBRIEHATH 5.
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o TWeZ R d (M—2). HEIo
BRUNEZKIBIEIR CHEPATICEm L TR Y, BE
KN EUCTE SN BldE L, BTz
FRVEKE BT D LT Tz B2 b
5.

3.2 VVP fi##r

VVP fi#HTIZ LD &, 26 BHFHLRDOKED th
PR TH 728, & FEN D, BME s
IRV 723 6 & 2RI IR B~
FEOEIZE X #ab v (K — 372), Rl 26 H
21 REZ A0 B X pd HURS f 3 28 m & 7
ST FO#%27 H OMEZ A2 THiM -
221X ) —ER 7R AR DY & Fe o T2 (K —
3H). 27 H 1B ADLREAKDRED & &
HAZJEER N EE NN L, 5 B 30 43 T A0 B AL HUE,
DFEIRINIEN > 1228, Z D, B E o mE
EHFEY —EETEHRL, PEERRLND Z &
Do T (K — 34). B E22Tix6 R
AIZEE RS O RD AL FR R #& X i 5 72 1%,
Aedevi ~ & 24k UEGEIZ & HICi < 2o 7z,
BRI LR OBSIC X 20ER RS
ToRERA I, FMIEAE LV 2 EToEd
Th, EZEORGEITERREAERL L5,
EEbRKEL BigoTnizEEZEXBN5.
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IATCHEAR DR B 2 A BT D HECTH 528, Z ZTlE, Ruizetal 2015)ZF THWHILTW
L BEDREA & DAL D ZED I J7HR (Kessinger et al., 2003) % Fi &L LT [T 7 AF v |
ERESRZ L1295, Kessinger et al. (2003)D FIEIIMREAE L — 4 —F — X D L 2 PRI DONT
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=770, M—40CofbibEns.
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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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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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Ka-band polarimetric radar observation of a low-pressure snowfall system
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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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