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On the characteristic formation of snow crystals
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3H3L HIZIE KRN ETR@EL CLE-T, K
MEMERTE oz,

3. 2 lJ\*@Li"I&H#‘f‘WLi‘H'Bld’éﬁﬁ’ﬂ“‘f‘*%
ANEE T, BRI ISR S 2 0 O ROk &
ntu(%‘j—, 7}(76(}&" 1 E%Eﬁnmf%iﬁﬁ")ﬁ_.

s e ] Uk, HWIRIHICHE S 2RO k2 E
B HeRE L7203, L&ﬁm@ﬁ%hmﬁ%ﬁo

MER/KEEZ 10 [HREMEB L0, 12 A 7

Ho1BEIDOARTH T,

3. 3EEMEKBICHITHEAKLR

3H315@%¢ﬁfi,wm@@ht%%
PESY KR TRMB LN TR, K AR T
X lpino T,

Hﬁmﬁﬁf@ BEERNDIES %49 kKT
BTV, BIEREICEED SR KN E
ﬁmbt.W®ﬁ%%k%z%né%é®Wﬁ
MIA, KEUZI > THROEEEZERE L, HVE
%ﬁ_ﬁ%hémﬂkiﬁﬁéwﬁwﬁmﬂ
bz, HoORREEEIFIEEIICEZEND
FCHM T, BEIROKECE LS EAE2 20 m
FREDORKEN T EH D, ZENDINEE
WITBE Y N ER L TV, RKDRKEEDE
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BIL, SOomBETH-o7= (M7). ZROREMEBIKICE S, ZRENORKBLIER
gEL T\ oo BEANTIE, BICIZIEFEITICh TELLEBRBADPGERT S HFRIC
Bt mEOTHRARKR 2R L (K8). & 51T, EAK m OB IRK K 2N 1 55 5
FELTWT, ZEE bTOMFD XD KO w61, FRE KB TR K N
Aoz (K9)., KEZRMHPKMOBERT, 10miEH 7.

4. £&OH

2014-2015 LW OFLWE & Z DO EDITE T DWTBEITB VT, ZRELEE 72 KB TR
L7z, ZHETKEIE, BEVEEBSINTWVWRWHRETIEIH o720, 2L 2WHEE
THRETDHZLNVHRBTE .

W&, bR, BT O, FEOMOWT N TE, ZIROERIZ VKK
R E RS Z 50T, VIS E ALK Z MR L. S5, AR CILEA
HTHEITOM TKMEMBLZ. 2T, AASHICHOKZRFERSETWALHET,
KR D BHAE AR BRIREOM E D LBV IRSINDTEDTEEBEZILND.

AN R & BEANER T, WIWIC K 2RO AORECHBEMNOBMNEZ Y,
FEE LD KRB N D728, KR IT D 2. MEER TIL, ZHET
WK ZHER YL TWDN, SRR TE o7z, SHIIIFIFEL Y bRIENE <,
INEIEF KT D ENIFEEAE R o272 EEE 2 D, BWER CTix, BE
HH KM ZHABLTWT, 48 1 [\FER Lz, BHWER TIX, KB &S 0P
T/EIER LD QKRN EZ DT WD ZEELbN5.

WA, FEEW & KB TR EMB LM YOREFEFANS 5. AHFZEIC L DBEL
D 1 FOHOEM T, BEHWM TR EZHR TE Lo, KB TIIBREY %1 >
ZHELRTREDRKNEBBLIZZ LIIFETREZLTHD. BORMITH - 724+
FEIICIREY N ERB LB KERNRE W L, REVEMEZNTTHRELTWL22
EEIMPPDEDL. BOEMICH - TmRZIE, EENPOOREOEATAELLEE X
s, TO®BEMNDL, EARTDHHBEICKANRKTSEZ LT, FHBOKEBEELEE
E2zoND. BEERIC, HAEEM CRKMOBBEENRERD Z L, HFIZLD
HERONISHERL TWVE .

AR OB BT D KBOREAERRICONVTIE, BBLXFHEBETIZ LN TE
oo %X, FOLIREFMHET, EOLIITKMNEE - KE - HRT D00, —H#
DOBFEEZMREHICBIIL, KDORA DT =X ARHZED TNET-\. £, LHELE
ROKBDHEFRE S NI D T, BERCAHMHICONTOIRHEZRL TV E L.

(&% - 5IFAX#]

D) RMEARBARE, 1973 @ BSHIRERROK I O A plibirs 1, £k, 35, 4, 173-179.
2)Victor C.T.and Wettlaufer J.S.,2007:Star patterns on lake ice, Phys. Rev.,E75 ,066105.
3)ME A FRL T, 2009 @ KK D N AR B DHFTE, LB F K FH S REEF 2L
X, 148pp.

Ay REEELER, 2014 : /IMEEFZIS T DHREOK EOKBOBIEE, LHEE DLk, 32, 7-10.
5) HMEAREBIRE, 2014 : ALIR TS 381 D HROKEC & [FO FOKEC OB, 7678 O 2
K, 32, 11-14.

6)ERFEN, 2014 : 20144 12 A 7 HICHER L-h B oMz ) 2Kk, #iF
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BHICE T2 HRAREXRSE SSA HIEEEDER
Operation of the gas-adsorption type instrument
for measuring snow SSA in a fieldwork

INOARAGGL (AERTERS), WWaE (B SR b 5E i),
SEHERS, AN NED (5 HF i 22 ik JEBH JE HEA)
iz (BILRY), BGEEA (AbiE K AR S22 T,
FEBER, FARPSE, FAMK (K%
Akihiro Hachikubo, Satoru Yamaguchi, Masahiro Hori, Tomonori Tanikawa, Konosuke

Sugiura, Sumito Matoba, Masashi Niwano, Katsuyuki Kuchiki, Teruo Aoki

1. [FC®HIC

HET VAN NIEERL T ORERL X O IRE KT L, FRICITIRAMEIR CILE
EREDHENRENZ LN TWD V. BAMC BT D HE RO SRR E 5T,
N—REREF =T E2HANTBRBIENERTH DN, BER ORI O E 7 13
TRV, Fox ORFZE 7 L — 7N El L TWARBERmE M <i, kT RoREgIC
FIM T DB FOERZ Al &L, TEMERATEOREOKEDOIES, EHHFEOH
KL, LLbSLDFOLEMOMRREE d2 & LT, ZD DKM, K/ME, FR
BAEAFBEEE L ICREL TS, ZRETONZE "Ik, d2 i3kt g%
SR RIAE) ICIEWVWE SR TWD., 2D b, d2 ITREE2RET B T
IRNTA—=Z L LTHWOLNTE R, MERNBIZEMEH LD, d2 OREM
FEMEZFRCIESSXNAEL S, LER-T, MERMRIZIEEHEL & HICBNFIC
KETHEH N REWVREHEE, LRI T

O LTEEBRARICRDLNNT A —F L LT, HEDEMmFE (Specific Surface Area,
Pt SSA) ML EH I TWD., WREBITHEMEER WL EAMEE Y- ORE
HCERIN, BMEKFEBHCTCOZENFANARAE THLIBEET VAR L3R
N5, EIZEOH DEFRZICK L, BT SSAITEE—2>OEMBFET 720,
FEETNRREZRDT RT A= E LTINS, BE SSAZHET D FiEELT
X, AR D 2 WockiE %, F7- MRIX X## CT T 3 koohEis z 4 CHEE T 21T
ROREDTHERH LN, WTNHERMBELWHIMELZIZILATWS. Fxid 2011
END T ARE T SSAIEEBZRBE L CEE7Y AR ciL, MEEEONKE S
SOMHEMERE, BRALEABENRZICHONWT, BATOEHOBEANLE LD S,

2. WEHRADEE

AW E D Z T SSA JIEIZIS AT 28581, 2000 4FRi1ZICT T ADHGE 7 L —
TiekoTHO LR TV, B TEERERERD SO0 BET #iglx, ZALEKOD
SSA BHIZIEK HWHLNTEY, BHEILIERZRETAICHNS., LorLaeins, ==
FI1L SSA 2 10*-10° [m’kg 'O A —F —DREHZHWNTEY, SSA D4 —F —N
10°-10% [m’kg "1 CTH D EEREHCE A+ E, HITEELE O\ E2 D, SSA DHIE
AREFIH Z IR ET A 01X, WMEREICBITLZ2RETAOEKIIETH DH. KITFAELED
BOWMETHLZEnD, WEREIXARERBV RN ENRLE L, £72 SSA N
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Model 2015

VacuUM g
pump

cold
trap

liquid nitrogen

-196°C room temperature (+25°C)

—-N reservoir cell (50mL)

o

NN

N

w 4
— K pressure
2 (b XX Moo
o :
@ ﬁ needle E% MKS Baratron 722B,
D ﬁ valve full scale: 1.33 x 103 Pa
o |
s 4“5 —N— Helium tank (50mL)
3 |1 Meth
g ethane tank (50mL)

]

B 1 ARFE XS SSA JIELRRE (8 5HK) & A7 AKX

R/ NS WHEE CIIREBEEZ RS IR T 272 DICWET ADEKEIZE N E D BFH
Ml L7 %, JRIKZEHEIEE T 1294 [Pa]TH D A X L OREE "%, BFH SSA DHIEIC
KETHY, TrxrbAXEZRALTNS.

fth o> H AT, REREREE THRKIEN350[Pa]oZ V7 hrai kLY, ZEL
T EZERENE LIS W, —F, AX ) —LO@ESaTHhHHK-100C T/ v~ L7
R LED, THLZELWMEAERN I E VRN, TNUHDOHATHREENED
HIFRETIAATHD. WA TORKERIATFORES 2% 2, K& NaCl O
(-21.3C) T/ = ~FH o 2Rk LN Y, 2 0IEE TIIKOFHEENER TP,
HEMOBEMICEDS. M LT, AXUNRERBRET A, L) EIIRD
N, MEEEORZENLAEATHY, BATOERICKEZ2HHEZLZO LTS,

3. AEEESLVAERDEME

2011 T m M A IDRGER L TELR, BRI 6~9 5N BIE CHBBH THDH. 2
NOEORAKRFITIFIEREETHY (K1), 4 5HETOET VITRIERINES TS
N5, HEEMEEICHETIEEREO DI, ENREZOEINETONS. B
HEDOET VAT EERE I/ 1/8 inch ® SUSEEZMH L, MEDE S & A[RERIR Y 4
CLTWA. 1 5HTITAEE 1/4 inch, 2 S8 TIFEHEE 1/16 inch © SUS E A H L 7=
2N, BIE CIBEE OB BENRL, B TIETHEEROEDOFHE D EN % EE
EMREXI)NoT.

ALEITPEZE (100-0.1 [Pa]) BUK THRIET D720, EIERFHCSIET A DRI 7+
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WIZESL 2k, FERABAR (REERIRE) CEEARE (FiR) olMOBER
(thermal transpiration) RIEEIC LV, WEBOENETZ 5 S HETE TWRWVA]
MR T Z U ADRINV—T X VEfIN TV, BEBONR L AL o7& 2
5, REOBEATHESE SSA HIEMIT 1.7%D@/NHlicE £, BHEZOHODOHFH
P (3%) b/, ofkmes.

—H T, EERBEROY—VHE, Thbb Ny X OoBRRPMEL o7,
REAERIL, —FEOBEREEZRAL—XICANDZENRTE, POBEARET, K
REZBEPOFIEIS ETOREZBICOMA DML END D, Fx LMmEMN T TE
ORAT LV ABIKR =X TNV T 7 X —TVS-N2 8 (FHE 30mL) Z&N L7, MWER
FmBEERHWLNET 7a RNy X UTE, AT UL A LEDOBIEEROEWVAFIK T,
HMAREZRBEETTHAT DL E—APEND. ARG TEAKEMBEDOIZIERC AT
VILARyFY (REGHEOEWVWTDODTNICEZLN) BDERTEX, v Fr
OB P NKRETIX 100 Z B 2HFHANARETHLZ L EZHALTND.

4. AEEEDONRBLURA

7T UADOME TN —T OEE LT DL, HESAERBEENRD NS, i
40cm X 50ecmX & S 30em BEDO R X IIZLTHRNED. 77 ADOWRE 7 Vv—7 1%
KD B —REFR FEREH L TWDO6 L, Fx o3EE i3/ i Ak E 22 R
> 7" (GHD-031, ULVAC) ZfiH L CF v, HiEFEIF0.07[Pa]TH D728, SSA I
EICII X E XS0, MEICHERTAEHL TPORIKOZ V7 I AN TEL 20,
BGTOH AR NFEOPREIIAE, £ 100 REH 5 oG ENTETH D.

—F, MEREROFERITIL b RERRXETHS. FHEIXZ 1 B O ELK
WCHIKET D0 —HICIZE ARV, 2014 FE0FILAMICE TS 6 HREOHEE VT
X, REHAH - EW - WE - EERCTHNT vy T EOLHBTH 35L 2HE L, Gt
24 R ELD SSAMEZET-. T/hbb, 1 7—4b7=0 ISLEEZHE LZHEERD.
T, BERCTOEMICITIFEABRERA/ALECTCHY, BEIFOET—Z —|ZTKERH
BT, Bl 2 XM B T SN D KB RE TIXEBIMICE LY. LR
T, BOBEWRIZBT2HANEIINETCHY, REEZBLOEHAERNHERTE D
Mo 7 RN MEER D, WA TOEETHE T 7, REBER~OE AL LW
RIA4vwmR— (R=R—=v =) ZHVWIEREEREEE TOBEMEETH S.
B THREBZEEL, G T7AETHETD. FIA4T v 3—F, RIKEREZNEIC
WL ST 2 BHEELS OBHBENDEZFHFOX A TRHREINTEY, MZEKSEICHER
AREZR T2, B CIIRBZHRAE LTI RICRELIFDL, WO EARX A VRBLED
ERbns.

5. tHDBEE SSAREFELEDEER

WA, FEE SSA ZFWICHEE T 52 FENBHFEIN TS, BEiCiiiksni T\
IceCube (A2 Photonic Sensors, France) '"'2i%, £ 1,310 nm ® L — ¥ HJ5 2 Nk
HEDERO A BEER TEE BRI LIk, REOMKFREZNET HHEET
bHh. WERFEREL-HEGBZEMICESEX, REERNOBETRELIHEL, 2N
ISR E LT SSADBRDOLND. Tbbh, HAWER L LEE L CHBN FIE
ThbHIEIFEORVN, WELZREIZITRADHERD L.
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201542 AiCAbifEE T ALIN O BRFES CH A5 XFESE SSA I E 4 (& & IceCube D
Pl E A FEM L7 25, 10—60 [m’kg ' |O#PHTELL —F L. W AWEXTIE,
TR LR Tro 1R EHZVH 1RO ERM %2 E9 5 DIZ%F L, IceCube T
FELY (B4 CEATE, WERMIZ 1ROV EsRETH .

5. &8

Fxix, 2011 ENBHHFE L TE oW AREXNEES SSA HIEEE 2 EREINCFR B
L, 7100 BICL EOREIHEEZIT/R > TE 2. BURE LT, A X U0 TE SSAJEIS
W AETATHDLID, WEREZRFETHEOOREBERLEEZR T HOM
HEENLE L 725, 202808, MMEOBABRTIIREALARxy 7 EoTND.
T, WERKRITZ1RE S0 12200, TIceCube & DN REEITITBIE 72 b
. 74—V RTOERICIEZO X S ICHIRIEH 253, thoflEmE & ixeacm
SELTEBY, KWL P TREEEOE W SSAENE LN D720, & SSA fHIE TH A
— LR EEROXF Yy U T L —v g VEICHATE S EEZLNRS.

Bt

AT ILR F o 7e 2 (JEAEAFSE S:23221004) B LY 2013-2015 4~ JAXA GCOM
8% [GCOM-C/SGLI 1T LD EXRT I X AEEA « Fribes Ly, B LK
EETNVICK DRAEICET D9 OB Z% ), £ 23-26 F L E KFK
BRI FEE ((BELEE - TAXRXRRNBBRETLVEEO D DOESWEE KO
BN BT 2 BLAIMIAETE 1-4), fREE  FAER) o—fE L TEBEBINL.

(&% - 5IFAX#]

1) Tanikawa, T., et al., 2006: Appl. Opt., 45(21), 5310-5319.

2) Aoki, T. et al., 2007: Remote Sens. Environ., 111, 274-290.

3) AR ERELE D>, 2012 JE7HEE D 2ok, 31, 45-48.

4) Hachikubo, A., et al., 2013: Proceedings International Snow Science Workshop, 7-11
October, 2013, Grenoble, France, 73-77.

5) INASREEGAE D, 2014: JEEE D ok, 33, 121-124.

6) Hachikubo, A., et al., 2014: Bulletin of Glaciological Research, 32, 47-53.

7) Chaix, L. et al., 1996: C. R. Acad. Sci., Ser. 1la, 322, 609-616.

8) Hanot, L. and Dominé, F., 1999: Environ. Sci. Technol., 33, 4250—4255.

9) Dominé, F., et al., 2001: Environ. Sci. Technol., 33, 4250—4255.

10) Legagneux, L., et al., 2002: J. Geophys. Res., 107(D17), 4335, doi:10.1029
/2001JD001016.

11) Gallet, J. -C., et al., 2009: The Cryosphere, 3, 167-182.

12) Zuanon, N., 2013: Proceedings International Snow Science Workshop, 7-11 October,
2013, Grenoble, France, 1020-1023.
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SYUATLVBAICER LI M OBITE L VRERGAD T
Calorimetric and stable isotope analysis of methane hydrate
formed in mesoporous silica

KHEAE,NARMEIL (AR TERY)
Vi (PEE BT AT 28 7T)
Yuka Oota, Akihiro Hachikubo, Satoshi Takeya

1. ARDOERELBEH

AR UNA RL— b (MH) (X, /K51 TR I RMEEIC A ¥ 0 703 a i
ST, KR BIECRERMERTH D, KERHE OWEIKIZA D ILD H AT,
KR A Lygk (HEREWRERAK), BELOMKESTESRAEDR WO 2D, wEREBICK
S MH WNFEET D, R MH IFBLRO b DL H D0, 0% ITHEREE o5 LgR<e
IRIRICA > TS, RIR MH BEEXRBHERY T T 1208 TAERLTWS Z &
FIE, MEWRW. ) LEEMESoMEY 2 E FHEME BRI, I
A= —DRPBEIZEZNTWDEREEINR DDA EEDTNDHIERH 5.

Handa & Stupin 1%, £ 7.0nm ® U B ZFIVHIALFIZ AL L 72 MH O A £ 23 %
V7 MHDEAED 2~10fF L@\ 2 2R L. 2k, v U B 7 VA2 MH FEfr
JEAEESEMICY 7 bEEDZ L2 EWRT 5. Uchida 132 2%, E4££ 10.0~50.0 nm
DOHILE SO HLE N T AHIZ MH 24 L, 7NV MH & OEHIRFE O ZE 3L e
BT D &R L. —H T, MILEN 100 nm & 725 & EHEfBRIL L7
MH O Z 272 0 -3 < D MEEHEREY P OB OMALIL 10nm 22 5 1 pm £ THE %
TH DL, HEREWRL O R R RN K MHIZE 2 2 BIXREM S LRV,
WMPATEDLEHLF 220,

ANTLTHIC MH ZERK L7ZES, A RTATH D A X 2 ORIERNARS B O ELE D ]
mERNTWE Y, bbb, MHARKERICIX, A FL— MRIZAZERAMEKLED /NS W

(W) AZ NS 2B TORICAESTS. —FHT, AZUDOREZRMMEKIC
DWTIEGINE WDy, ZOEBHRHBRUTTHS. b DBRIE, KA MH ®
BIEOHANLAER LSO, &5 W EICAER L CTREEO T A D% ERAAKLL
MWEALT=0D (T7bh, HVon), Z2EmT21-00HEEO—2IZkbdMb L
R L LS, R - OMILN Z 9 LI L ERMAKS BRI EL KT
TRREMEN D D .

Z ZCABME TIX, MHASIXE DAL - MEHERE CHEWRL O EZ Db F
ZFTHWDEEDRHOG &, FATHFE D EFIERBEOMILY A XD Y B 7L, BIY
ML LTHIREISN TV D EREEZ AN TAER L MH OfEREESR, 75 ONZ MH 4L
KFD A X DR - KBLERNARLORIE 21772 > T2

2. BAMAERAE

AALIEAESE 15 nm O ¥ 7= U H 70 (Sigma-Aldrich) 3 g % 30 mL Mif[E & &= 12
A, ZTNEF ¥ o AN—HNTHIROMAMAKZRIETICEAMEOL L, KEKE oI
a5 &7, £~ T, -20COKIE=ENCTER L (Sigma-Aldrich) 1 g & ¥Rk
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03gZ30mLMERBANTEISIEYE. TNDOAKEEREHE TEHZEI & L%k, A
Z 2 THIT0MPa £ THIE L, MHEZRSZ 0°COKKITE T TKEHR» ICEfESE, M
ALHIC MH 2 ARk & 7. PHELL ETHEIINEE L%, +1°CoMHEIRM I ER R
NI, BRAATAHAREEOSD 2 KEE2THEMIE T MH 23 b4 L. £ D1k,
AR L7z MH BB 2 RAREREE T TR L, MERSBZNOT A (FFHTA) & MH
FEROMEEY A ZBRI L. MHFEROEV IZOWTIL, WIREHRIEE CRIFLE.

3. MHERHOBASH, TARHORERUASIME LI VCHARBOLLZEREAE

BN IR « & E RS RBV R (BT2.15, Setaram) Z W /-. Z OEEG X —
72 DSC ORZEEBEAER) LHTWEA, RERHRLEe— b7 0y 7 HORAGKE
Y —F A )V THIET 5 Tian-Calvet U/ E DT S v, A CTIIERE 3.7mL D+
RBVDERAARETH LS. DSC LRI TR TH Y, REHHM LRSS & IR O
BERTAZEHANLIZY 77 L ZHMERDRO 2 OPEENTHHAAEICSH D Z &
T, BAAOREREOEICEAIE DL X 2MEAL, SKEREZMREIZLTND.
BEFFOREREIIRARER L e — N T 2y ZOMB AT M- TiThbh, &
B CIIREERRELLS T TORBBANAETH S.

BOMOTFNEFLLTOLEEY THDH. 1 BT TH—180°CE THEHENITZHH I,
¥ 1g ® MH Z & A L7 H I ER & 2 20 &5 ' » b L7, 3UBHH £ A 48 13 IR
DORID 150mL it E ARSIV SUS B THEfE L, RINEZHEZES & L7=%, 0.15C min’'
DABREETHIEE THIE L, MH 2t E7-. Z OFIRK OB H M E A4 O IR
B TENBIORHJICHAD T8 EZWE LT,

— 77, MH R EHE BRI D 5% T R F5 K OVRBE T ZAFBHZ DWW T, &8 RIALIRE &9 07
$E1E (Delta V, Thermo Fisher Scientific) ZHAWTENEFINLDRA X VIRFE « KBLE
BN AREE 2 E L7, RBHE i FIBIC oW TII T E VLR TH 5. BERNMIKL
DRLIZHONWTIE, EHEEERENDOFEE THRTEL, REFMELEZ §7°C,
KFEFRNIALEZ 6D & LT,

U BTN OMILIZDONTIE, MR EEHRN DL TWNDOICx L, EHEEICo
WTIERRRE O 720, RERENEZ . WE TIHMILEN A — & — THERZR D Al REME
NEZLNDD, THEEENICHLNIT L7, EHLEZTY D5 VB XOE
BEDLRMEAE (SSA) Z A AWEERICLVAE Lz, R LZEEIX, IREECHEES
NS SSAHIER YObL0THY, BEOREHNATHDILAZ L OOV ICEFEE
A, FRFIMESOREREEIBEZFFOREHCHMWTE Y, B 10~% 100 m*g’
BEOHEREBEAZMET D2 ENAETH L. HEICOWNTIE, MIAELE 15 nm O
U7, B, BRLO2003 FI2H Y CEILHRIPCRIRS L2 KX MH & A HEYD
217 LV32-13GC @ MH # 2B L CW 2 HEREY, @ 3 F¥EIC W T3 e L 7=.

4. BIEHRER

G ORERO—FIZXK 1IZRT. YU BT - HERoOmaEE LS, -100°C~-80°CAH
HIZADOE—7RnH Y, FRREICEDN EFLTWD. £ U5 VIZRY, -50CH
END I DICRERAOEWEY — 7 N8N, [EHBFRKICEHE L TWDH, EHHE
ME-10°CHHETIEE > TWA., 2D X1, YU BHFMITONTITIARNE, LT
DL g EGRE - JFENEAER N E > TWBR, FATHFZE Ti: MH fREE IS 5-80°C
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0.15
= T
—
0.10
! g
I 4
ﬂ§ —HRE(I) A5 IL150m) —
{4{’2_25 "'ﬁuu.i(f:::?ﬁ) [ _r\j
i #1378 (Handaand Stupin,1992) / i 0.05 H:'
—I:T:jl(/ 1) 7457 )L15nm)
A~ ||[m=-ENES) Lo
& | = E A (Handaand Stupin, 1992) i
g - o - = .
v - ¢ e o —‘ I
1 1 L 1 - an m» SVP = S = 1 1 L 1 L 1 L 1 L 1 1 1 000
-200 -150 -100 -50 0 50

mE [C]
X 1 MH REHEBE R R (21T 2 B8R & & JE 1O &4k

fFEOE—7 R 20IZ8NTEY, KIBMA U A7 VL o MH f2EE, &R 2
SNV O MH fRBEE fRIRS TV 5. 0°CHHE T HAERIZ, SEATAFE Tl S v 7 KO R
fRE— 7 NI HND D, RKHFFETIZ NV Y MH: NV 7 KD — 7 13BN ho
. 2D DD, BATHIERTIZS Y B/ AVREICH MH B L UKBFHEL THEDITH L,
Kﬂ%?iéf@*ﬁyjﬁfwm%ﬁﬂ4Pv~kkbfwk,k%i%hé.:h%mﬁ

L, BEEOLAIX-80°CHIED MHfRBEEE — 27 O%, KICK > THAHFIZEHLIAD b
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The shear strength of artificial surface hoar formed in a wind tunnel
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Yuhei Yashiro, Toshihiro Ozeki
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A Practice of igloo building
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in consideration of the children's participation
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Features of pressure patterns and regional occurrence of recent
heavy snowfall and snowstorm in Hokkaido
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The characteristics of snowfall event in Hokkaido of recent years
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Naoki Matsuoka, Hironori Nakabayashi, Takashi Taniguchi and Asami Komatsu
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Cold winters in East Asia due to the recent Arctic sea ice reduction
and role of the stratospheric processes
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Study on Navigability and Ice Condition of the Northern Sea Route
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(2% - 5IAX#]
1) Douglas I. Benn and 2 others, 2007: Calving processes and the dynamics of calving
glaciers, Earth-Science Reviews, 82, 143—-179
2) C.J.ven dar Veen, 2002: Calving glaciers, Progress in Physical Geography, 26, 1,
96-122
3) Y. lizuka and 2 others, 2004: Water surface wave induced by calving events at Perito

Moreno Glacier, southern Patagonia, Bulletin of Glaciological Research, 21, 91-96
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ABESYEVITR FUBIZEIT HKAEKIEHA
Hot water drilling at glaciers on Livingston Island, Antarctic
Peninsula

FlE ERAGRF 2 IERT), 70 7mr « 77 v Zxa (w RY v RIRX),
PR GERBORA2ZE), Wlm ol (b k@ & e v 2 —),
KEKEE (FERAY), Trolrya - UF= (UARFRAZURET AT I—)
Shin Sugiyama, Francisco Navarro, Takanobu Sawagaki, Takahiro Segawa,

Yukihiko Onuma and Evgeny Vasilenko
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P A o CIX R B e DK SR EE U, 2 < ORI 3 2B il 1a 2 /R 9772 &, OKIOK R
DREREHPBA SN TS, ZOHBITEZ TW D RMREE 0 FERK &
E2zoNnNDND, EMICOE28HT — 21T ARE L TEY, KIKKELEBOFEME Z D
AD=ZRLTIHSENTRY., L 2ZIERIEEFICE T, SAEMMOMREL & HICKE
EEOWMATRINDD, EHESICBI2EENXOEYT — X 3EFITD 0.
F IR H > TLHEMEIE O B W IE U TiX, KR O KERES, £ O2{LR
JKHRENC G X 2 ENEELEZEZ LN, TOOBRGHTEA TR,

AR bR I E T A Y B A R BT, AXA @ Juan Carlos I {HJEH %
P E U COKMBREINAITHOINTWD. 1995 412 Johnsons JK I Thh F - 728 & UL S BLH)
1%, 2001 4F2> 5 Hurd K] 2 & EICIRR S N7z, @E 10 FOE &N IIE &8 K
OEENMETFTLTNDZ EERLTEY 2, BB EST 3 2 [ #ilslk o ok A&7 — X
ELUTHIBREW. Z01F0, Kb —FICL2KERED, #ET — % & i 5 72 K 20
TOREEAE HITHLI TS Y. Juan Carlos [ tHEEHI TIZE B b 7- 5 K GBI 23k
S THY, KHHEDEH TIEEBRERHICH > THEERMEMTH S.

AR TIE, VECY AN UVEBTHREEZED L AL O E WL T,
Johnsons JK{f] & Hurd K[ IZ 3 W CTEUKIRHI 2 5 hE L 7=, K EmAKEZR]EL, £ 0D
L KR ~DHBLZPALNCT L ENEANTH D, ERBEIALEME - T, K
OIRERE, KTERAEBH OV 7V 7 2L L. [l Tl =T bn -
gL L, MEEICBIT AR ORmERERES X OOKIE# O X =X 5o BfiE
ZHETLOTHS.
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2. MEXFH

JEV 7 A2 E(62.6°S,60.4° W)X = F T > RiEBICE L, 2 (974 km?)
DI 70% NKIZEDILTWD (X 1). BHENEENX, BOFOEICALE T 25 Johnsons
K (5.36 km?) & Hurd K3 (4.03 km?®) T4T > 7. Johnsons K [F R 2§ 22
W 20— 0 7oK T, K58 400m (Site 1) &, & 512 LTI 800 m (Site
2) THEHIZ M L7=. Hurd K CTiX, FEEIZH D EKMEN SR 500 m O HLE (Site 3)
ZHEIL7Z., W # E Juan Carlos I #EEH A5 Skm LINICHLE L, EHx, A
) —F—t, R—hIXoTHELBIHZIT-T-.
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MR KIZEB L Z 5000L ThH 5.

20154F 1 A 12-30 HIZ, Sitel & Site2 T 2K, Site3 T 1 ADHEHIICHKTh L.
Site | TIZ/E &H 140 m, Site 2 TIEH 150 m DK Z EJEHHEI L, K _EJE ol E
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OIHNCE L= FEIX 10.5 B CTH D (P 62mh!). e —X—L R TORELE L
T, @FF213L (20Lh') oM é 36 L (34Lh"Y) OoF VY o E2HE L.
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R1AWHILOTRS, WHNCE UREH, R EKOHE &

JEEI AL | BREIAL | R E (m) | FER (min) | B (L) VU (L) /K (L)
Site 1 BH1 139 104 50 8.0 3,120
BH2 138 193 62 10.0 5,790

Site 2 BH3 153 166 50 8.5 4,980
BH4 152 133 36 7.5 3,990

Site3 BHS5 70 38 15 2.0 1,140
Total 652 10 h 34 min 213 36.0 19,020
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20154 1 H, Johnsons JK{fJ o 2 #5488 X O Hurd KW D 1 #S B WTHE S AD
PEHENC R L. IRE ORIER L 652 m, FXHRHIEE 62 mh', BREO 1 o B 13
H20Lh', YV 34Lh'THD. WHAFLICIHERAKERNEHOKEE Y, B
FOKEBEROY —IAZF o —r2RE LM, BB KO 7Y 7
EATo0o. V7V TN o TE, BRI D ILNEREZRIT L.

JEE KEIL 1A 29 AU E M2 BB 28 L, MR OKIEEICHEK > AT L0
FIETHZ LR THRENT-. -2 OKEZL L R, K7 B) 28 5 5 24 8
ZaRL, WEOBBRENRBS RIS, BIRENET >V 7VITHERRICEDLIRE-
THFTH S, £7- 2015/16 > — X NITKIERE L RENEIEZ BRI, HEY E
YITARNCETOBETELTND.
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1) Cook, A.J., A. J. Fox, D. G. Vaughan and J. G. Ferrigno, 2013 : Retreating glacier
fronts on the Antarctic Peninsula over the past half-century. Science, 308, 541-544.

2) Navarro, F. J., U. Y. Jonsell, M. I. Corcuera, A. Martin-Espanol, 2013 : Decelerated
mass loss of Hurd and Johnsons Glaciers, Livingston Island, Antarctic Peninsula. J.
Glaciol., 59(213), 115-128.

3) Navarro, F. J., J. Otero, Y. Y. Macheret, E. V. Vasilenko, J. J. Lapazaran, 2009 :
Radioglaciological studies on Hurd Peninsula glaciers, Livingston Island, Antarctica.
Ann. Glaciol., 50(51), 17-24.

4) Osmanoglu, B., F. J. Navarro, R. Hock, M. Braun, and M. I. Corcuera, 2014 : Surface
velocity and mass balance of Livingston Island ice cap, Antarctica. Cryoshpere, 8,
1807—1823.

5) Sugiyama, S., P. Skvarca, N. Naito, K. Tone, H. Enomoto, K. Shinbori, S. Marinsek and
M. Aniya, 2010: Hot-water drilling at Glaciar Perito Moreno, Southern Patagonia
Icefield. Bulletin of Glaciological Research, 28, 27-32.
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RESHEN o HZF 5 EMAERE DR R 5T

Evaluation of emergency-supplies for save a life against heavy snow

storm

RAEZ, RilE LA, WASER (HARSFILMEES #KT)

Masahiro Nemoto, Toshiko Oyama and Miki Yamamoto
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A study of Distribution about Snow-removal Tools
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Practical Study on the Volunteer for Snow removal
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Observation of snowpack received heavy rain in peak snow season
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Report of snow survey in Rausu, Hokkaido, February 2015
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Report on an avalanche accident occurred
at Mt. Shiribetsudake, on Feb. 12, 2015.

fil R — (vl =R R, sl A (B R fth),
FlEs s (RS E), AARZIKRFEINE S SRR ERET — L
Ken-Ichi Sakakibara, Hayato Arakawa, Mikio Abe,

Snow damage research team of the Hokkaido branch, JSSI
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Study on risk assessment for avalanche caused by strong ground motion

- Examination for conditions of avalanche using seismic response analysis -
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Measurement of snow load on pole plate
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Debris-modulated ablation of anthropogenic snow patches
in urban Sakhalin, Russia

Evgeny A. Podolskiy * (Institute of Low Temperature Science, Hokkaido University),
Valentina A. Lobkina, Yuri V. Gensiorovsky (Sakhalin Department of Far East Geological Institute, Far
East Branch of Russian Academy of Sciences), Emmanuel Thibert (Irstea, UR ETGR, Centre de Grenoble
/ Univ. Grenoble Alpes); *Corresponding author (e-mail address: evgeniy.podolskiy@gmail.com)

1. Introduction

Dozens of scientific papers on snow hydrology and snow science are published annually in peer-reviewed
literature. Despite this, we are still facing practical unresolved questions about daily life in snow-bound
regions, and in particular about snow disposal after street cleaning operations.

Urban areas that experience heavy snowfall, such as Sapporo (Japan) and Yuzhno-Sakhalinsk (Russia),
face considerable challenges associated with winter street cleaning and snow disposal. The sheer volume
of snow represents a serious burden, not only on local authorities and land management agencies, but also
for the environment. Regular disposal of dirty snow may lead to the formation of perennial snow patches,
which generate polluted meltwater. This meltwater presents a significant cumulative threat to local
environments, plants, rivers, aquatic ecosystems and soils. In Yuzhno-Sakhalinsk, for example, a range of
negative ecological effects has been observed after snowmelt, including vegetation damage and dead
trees, soil degradation, formation of swamps, eroded roads, flooding of nearby structures, and the
deposition of refuse (Podolskiy et al., 2015).

The intention of this investigation is to highlight how glaciological knowledge and techniques from
remote areas could be applied to address geotechnical challenges associated with urban snow storage. The
original results of this study have been recently published (Podolskiy et al., 2015), and the purpose of this
discussion is to disseminate the findings more widely and encourage Japanese snow scientists and
practitioners to proceed with further in-depth investigations of the effects of snow disposal on local
environments.

2. Snowmelt patterns

Snow tends to melt quickly in early spring in low-elevation mid-latitude regions. However, anthropogenic
redistribution of snow during street cleaning operations causes some snow patches to survive the summer
ablation season, and thus become perennial cryospheric features. Recently, we investigated two giant
anthropogenic perennial snow patches on the outskirts of the town of Yuzhno-Sakhalinsk. These snow
patches can reach heights of 10-20 m, with areas and volumes of 15 ha and ~1x10° m’, respectively. This
volume of snow is comparable to that produced by street cleaning in much larger cities such as Montreal,
Canada. The results of the study showed that snow patches’ longevity is likely related to the insulating
effect of surface debris composed of refuse and lithogenic material (Podolskiy et al., 2015). This layer of
debris is gradually formed from refuse and lithogenic materials mixed with snow, and may have grass
growing on its surface by June. The growth of vegetation on debris-covered glaciers is rare, but has been
reported by LaChapelle and Post (2000).

Figure 1 shows photographs of two snow patches in Sapporo and Yuzhno-Sakhalinsk. There is a sharp
contrast in the amount of refuse in remnant snow at each site, with the Sapporo snow being much cleaner.
The cultural difference in the amount of refuse left in streets therefore has an important effect on the
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physical behaviour of these cryospheric objects. Furthermore, the layer of refuse appears to behave
similarly to debris on glaciers, in that it plays a key role in controlling summer ablation (Fig. 2).

[Podolskiy E-A™

Fig. 1: a) Snow patch near Sapporo Station (photograph taken by E. A. Podolskiy in April, 2015);
b) Snow patch #2, Yuzhno-Sakhalinsk (photograph taken by V. A. Lobkina in July, 2011).

This research highlights the challenges associated with understanding these anthropogenic cryospheric
features, as well as key operational and geotechnical questions that remain to be tackled. For instance,
there are currently no suitable disposal methods or water treatment facilities to prevent meltwater from
degrading the environment.

Fig. 2: Fedchenko Glacier, Tajikistan, Pamirs (photograph taken by E. A. Podolskiy in August, 2009).

3. Using in situ monitoring with numerical modelling for geotechnical applications

Using 4 years of monitoring data, chemical analysis and numerical modelling, we attempted to provide a
first-order estimation of water discharge and associated pollution from anthropogenic snow patches. As
previously mentioned, we argue that snow patch behaviour is modulated not only by meteorological
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conditions, but also by debris cover that is exposed at the surface by melting snow and affects the
temporal evolution of the snow patch (Fig. 2).

The mass balance model is based on a temperature index, which is a common approach in glaciology.
This model was validated using available in sifu measurements (snow patch height, surface snow density
etc.) and meteorological observations from the station at Yuzhno-Sakhalinsk. The introduction of a
variable ablation factor as a function of debris height and debris properties resulted in a more realistic
representation of long-term snow patch behaviour.

Initially, melting intensifies due to the darkening effect of debris cover, but it ceases once debris reaches a
critical thickness, sufficient to protect the snow patches from atmospheric heat. Melting parameters were
found to be highly sensitive to model assumptions. Nevertheless, for the two main snow patches of
Yuzhno-Sakhalinsk the following observations were made across a wide range of ensemble of
simulations:

Peak melt rates ~ 50 - 150 mm w.e. day (= typhoons);

Peak water discharge of up to 15,000 m’d™' (= 625 m’ h™");

Annual water discharge = up to 1,000,000 m’;

Ablation ~ function of debris (modulation and overall reduction);

Debris cover over both snow patches had similar thicknesses (= 20 cm), but properties differed based
on the type of disposed materials;

e  Surface runoff > infiltration (= swamps and streams).

Here, we just note that the examples above suggest several interesting points. For example, the peak melt
rates are comparable to precipitation rates during regional typhoons and correspond to significant
discharge of polluted and cold water during summer season. Next, even if debris cover has similar
thicknesses at both study sites, its effects may differ from site to site due to different type of refuse
disposed from different areas of the town. Furthermore, calculation of surface runoff for both sites shown
that it exceeded infiltration into soil. This explains the observed formation of swamps and active streams
around the sites. Also, given that chemical analysis of snow from the snow patches documented slightly
acidic pH (this is actually surprising for snow usually mixed with deicing materials), it is possible to
expect an existence of a so called ‘acid flush’ known from Hydrology, which has extended duration,
compared with natural snow melting.

To avoid repetition of previously published materials, we refer the reader to the original paper for more
details and sensitivity tests (Podolskiy et al., 2015).

4. Ecological threat or alternative source of energy?

Little is known about chemical processes within snow patches, due to the complex mixture of material,
water, and possibly photochemical reactions. Degraded vegetation is a clear indicator of environmental
damage from meltwater, but the extent and exact causes of environmental degradation around snow
patches remain to be confirmed. To help understand the interactions between snow patches and the
surrounding environment, ongoing monitoring and regular chemical analyses are necessary. This work
will help optimize snow disposal methods and minimize environmental damage.

As shown in Table 1, snow disposal practices differ by country, and it is common for snow to be simply
stored at surface sites or dumped in rivers. In some cases, technological solutions for snow disposal have
been proposed to reduce harmful environmental effects. For example, harvesting snow in summer for
cooling facilities or cold storage has been explored in Sweden and Japan (Table 1).
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Table 1: Examples of existing snow disposal practices in cold regions (note that this list is not
exhaustive).

Country Examples of existing practice
Canada disposal to sewer chutes, rivers, surface cites, quarries
Japan disposal to rivers, surface cites, quarries, cooling of

buildings, experimental vegetable storage

Norway disposal to sea

Russia melting, disposal to surface sites or to rivers
France disposal to rivers

Sweden cooling of a hospital

However, before designing efficient and sustainable strategies for meltwater use, additional basic
knowledge must be developed. The key research directions to be pursued include the following:

1. The ablation regime of snow patches using ablation stakes, density profiles, or Digital Elevation
Models from drones (‘structure from motion’ approach; e.g., Kobayashi et al., 2015),

The effects of debris,

pH of melt water, and investigation of an extended acid ‘flush’ in spring and summer,

Meltwater and snow chemistry (photo-chemical reactions),

Influence on soils and vegetation,

Knowledge-based guidelines for disposal strategies and site preparation and maintenance.

SAINAIE IR N

Snow disposal presents many unsolved environmental questions and technical challenges. Smart
geotechnical solutions are worthy of further investigation, and will be beneficial for both the snow
cleaning community (local authorities) and consumers requiring refrigeration. We believe that Japanese
snow scientists possess not only valuable knowledge and experience, but also an ‘appetite’ for working
with Russian scientists to improve our understanding of this poorly understood environmental problem.
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REFORSEEREICHIT-BKXBEKES L
—EMEERKEE DL
Comparative observations of the snowfall intensity using two types
precipitation gauges

R, JREHEI, iy ((EOF) LARNFERT 2 AR FEAT)

Satoshi Omiya, Yusuke Harada, Masaru Matsuzawa
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BABID-VRVARATLALIZEHAZREDHAENER

Visual Expression of Snowstorm in Immersive Type 3D-VR System

BERER LR TERT), @EEY (tHEESL AR —Y 7 kBt o ¥ —)
Yukio Sugawara , Shuhei Takahashi
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Snow particles on the whiteout

YTNELR (NPOVEN HKkFy U —72)
Masao Takeuchi
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D%, LLFE&X &I 5. Atermapplied to that condition in which the contours and
natural landmarks in a snow-covered region become indistinguishable. The associated
meteorological conditions appear to be a uniform layer of relatively low cloud; under
such conditions the light which reaches the surface arrives in nearly equal measure from
all directions, with a resulting absence of shadows.
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A condition caused by falling and/or blowing snow that reduces visibility to nothing
or zero miles ; typically only a few feet. Whiteouts can occur rapidly often blinding
motorists and creating chain-reaction crashes involving multiple vehicles. Whiteouts
are most frequent during blizzards. (US Today Weather Winter weather glossary Winter
weather definitions) 7 AU I 6 L<ERLZEEOBADY ZHHEL T, RO~V
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REEHTEERRAICETIERN—ZER
A theoretical study on experimental relations between wind velocity
and snow transport
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—REFOBBIARTAEMN XY —
Effects of road environment on poor visibility in snowstorm
- Field weather observation performed by the visibility observation vehicle -
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Hirotaka Takechi, Masaru Matsuzawa, Yasuhiko Ito, Tetsuya Kokubu
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