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Snowfall Properties in the Sapporo City Area and the Occurrence Frequency
of Radar Echoes over the Ishikari Bay, Hokkaido, Japan

By Yoshio AsuMma and Katsuhiro KikucHi1
Department of Geophysics, Faculty of Science, Hokkaido University
{ Received November 25, 1986)

Horizontal distributions of snowfalls in the Sapporo City area located in the Ishikari Plain,
Hokkaido Island, Japan, and that of the occurrence frequency of radar echoes over the Ishikari Bay
are statistically analyzed with respect to the invasion direction of radar echoes over the Ishikari Bay
during three winter seasons (eight months) from 1983 to 1985. The data obtained by the simple
weather radar system of the Sapporo Science Center were used.. These statistical analyses averaged
individual snowfall characteristics and clarified the climatological characteristics of the snowfall
phenomena and their mechanisms in this region.

Although the most frequent invasion direction of the radar echoes over the Ishikari Bay is WNW,
the most frequent direction of the echoes when the snowfalls in the Sapporo City area is from NW to
NNW. The difference between directions of the echoes is explained by the existence of mountainous
regions located westward of the city. When the invasion direction of echoes is westerly, the invasion
of echoes is obstructed by the mountainous regions and they fail to pass over the city area.

The frequency distribution of invasion of echoes over the Ishikari Bay showed characteristic
patterns. That is to say, the most frequent regions of the echoes over the Ishikari Bay moved
clockwise along the coastline of the bay from the offshore of Hamamasu to the offshore of Otaru with
the clockwise change of invasion direction from WSW to N. It seems that the most frequent regions
correspond to the regions where the cold air masses pass for a long distance over the sea surface
supplying warm moisture from the sea surface. Further, the regions correspond to the convergence
area formed by the topographical effect of Shakotan Peninsula. The reason why the radar echoes
concentrate in these regions has not been clarified, however, it seems to be connected to the topog-
raphical convergence of divergence of Shakotan Peninsula and the formation mechanisms of precip-
itating clouds in these regions.

The importance of this kind of analysis is gradually increasing with the development of the
computer technology. The statistical and climatological properties and characteristics of the radar
echoes are essential for the understanding of the mechanisms of heavy snowfalls and the very short
range prediction of snowfalls in the Ishikari Plain including Sapporo City.
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Fig.1. Radar coverage area of the Sapporo Science
Center Radar and its topographical map. Fig.2. Locations of the observation stations.
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Fig.3. Frequency distribution of the invasion
direction of radar echoes over the Ishikari Bay.
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Fig.4. Frequency distribution of the invasion
direction of radar echoes when the snowfalls
were observed at the Sapporo District Meteor-
ological Observatory.
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Fig.5. Frequency distribution of the invasion
direction of radar echoes over the Ishikari Bay
to that of snowfalls at the Sapporo District
Meteorological Observatory (Fig. 3/Fig. 4).
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Fig.7. Relation between maximum echo area and accumulated snowfall at each echo invasion direction.
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Fig.8. Frequency distribution of the invasion direction of radar echoes when snowfalls were observed at
each observation station.
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Fig.9. Frequency distribution of the invasion direction of radar echoes to that of snowfalls at each

observation station (Fig. 8/Fig. 3). Solid lines : all snowfalls, Dotted lines : snowfalls more than 5 cm/
12 hrs.

V. EAFRAICA-TO—08EEIZO>WT

FUE, BVETRNTEL L) CURHTREOERBENBERICSIT 51 — 55— - = a—0iGln
BAbNTz. ZORR, R OMEICMET 5 FRIL 250 & T 2 IERE I TTABO B ERITIC § 25
EHZTnp I bbb ok, 22T, ZOETE, Ta—nEAHFRIIC 198342 A4 6 198543 A
iT@3§%ﬁ8#H@¢V—-i#—wmv&wluimlj~mOwT1kalkav%:ﬁ@
BESHR 72, Z0L ) REEMEEEL LItk o T 3— 0@ ) BRRFBICH L ChHx 7 —
DRFOBEE RS Z L 25 TE, NRTTBOMBESI OEEOBEEE L 52 dNFEMTIZ b 5.
Fig. 1012 3 XM NV — 2" ~Ei% 16,599 M B C 2 O HBEES 2R L1, MOA TR L —
F— VA L THB. ZOEBEN—AIE100km TH Y, SBECHEEERLTnD, 2844 70 km %8



326

%
<
<
£
&
<
L
<
<
<
&
<
%
<
>

Fig. 10. Occurrence frequency of radar echoes of all invasion directions over the Ishikari Bay.
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Fig.11. Occurrence frequency of radar echoes of each invasion direction over the Ishikari Bay. (a) West-
southwest, (b) West, (¢} West-northwest, (d) Northwest, () North-northwest,(f) North.

HEODREL L6 3w, OWEIEED 5 OBEANSE, HED L HIHCEIT TR 28R S48
JEHE DA A LN E, 2l 0 B P LIRS F I DI THED S - Ty b, HESHDE
FHIEAR G & E—Ee T ICIZIEREOERMZ L > Twbd, £ LT, BIH AR B e 505
ENEETHEE (101-180) &% -»>Twad, ZNLOI X, ER (1985 ok 28 kBoHEER A
R P "—‘fguw—-& B EOBRL TR T AL LRI N L, TEEECHEDEA
TLTH LA & S IS EFE ETOREERN LRI 282 5% b THNFBSR T BRI 2 2137




328 BE G- M B

ThH oY, BITHREFOARERBIIT I SRERT L - Twb, 2, ZOBA, MEL LRI
P TCHONEMENT A > LT a—HENFZ T L AHTHE->TWwWa, WEMFIT—EDNY
=Nk I T T, T O T TR (B0 12720 - ¢, B LI T TRV E R LT 57T
HBELEZONE, Za—DEEEFIRTORRICL P > T IO THHROER CHREIH 2L DL
Ez bbb, @IEER HDEANGE, i3, ETAHAFOREICHE - 2ERE (0 SHEETPAL
N, B, INEHEED T A4 2l /M, BEICHITTHE L, HIRISED IR TE{ k> TwT,
LHEENF LRSI 2D > T TE{ DBE2HNICL 26 LT3, &, AFEofRIcd
D SERAEY S SHEEME A LN, COWMFIEza—NBY BT > Tw5, (Fdbdbllir 5%
. AFEOBAGE R, EITHTHEFOERICE > LIS (, i, ME SR~NEC S IS
DTAL VIR BREF A LN, ZOSEEFIILIRERN, $ic, BloLEFIC £ TEVYTW 2,
B LEHIC AT TOBEDES TIRICE k> Twa Z L, WIFEMFOEAE Za—DEATHZ
E2C, WHEHHFICEER DD ) COMETCRREY EAT2ESE L TE D TER2BRLERT WL
EZ L5, (Dt b DEANESE, AFEPRICLI—NFE) BICHET 5 iU 5 SHEEF T
2 L/AMED &8I 1 T O WS T 21— 40 OEES A H OEREDTED > T 525 SHENINL T 1
BEEL v, BEENED N RHENOTHICIZ VN ZATWS,

PEn L 5z a—n#AFMINC G 72 2 o —DRES I IR Ao 3, Todad &8l
ECHRARLARTEROBRE S & R U DR DS b EELbNE. Thbh, WHEHE, L 6OEA
DBERBEREF BRI rrbLT, BARENHELRT, D0, THREATRL2HOEE
Bos@ N B B3OS w2 MR RIS £ 0 725 LIC v, BEIRED L AT
LTid, THRTHE 2 L2 tERICEE2 L2560, bl LdEICZ 320 CGHURBOBERIT
LBEFL04, dick b s, HIEHTOBEED 2WE L ) BEOKE, MEOF TCHEENE( LS. L
o T, WIRTHARBOBEIIERFERTCREET AL 2—0REHFHIZHBIEENRAPZ D TEHEERICES
BoebbnrBnizbdrrbs ¥, BMich S LERTENLHI, TROBER T, Jdid, 5
Wid, LB L NDEACK L CTHOBRENRED L E N L — A 2B L COREEE L A5 L HHRD
BETE 25 EBREINS,

BRELOT 2—DFEESFIX, FEER, BOBAFMIHL T, BETza—2FEL T L)
LMD A LN, AL, dtiE, JtdkdE, B 5 vid, o ARMICS L TEEIT FREFRICH A
FEMEIBOELBICH - 2RI SEEHEFA LN, T A H KB THEN (Holroyd, 1971) L
B, AEErE, Em 5085, BrVWERDS LBEEKBROEREZTELTCREL LD BRI,
wdGPs, JuEs, Ut L ofel, BLEBLEOME, AbiWwiE, EENEY, Thbb, EBE
DIEIURE DB NI L - C, EITHFAEFOREMETEEEBI > Twab LNt BHINSG. 2F Y,
LZETEMERATA T Y, TRTRBE & OEEFH 2N TRASECZIFLNE, Z0F»NE
i, BEIT Y LBHEICKEIL, BENIWVINRWELETCRAL LA TN LW, BEEIOKE
WEEE, BBV, ILEHE T, LNECZTFLNE. LT, TRTRETHRANEFOMRE
CTERABIY, M, EFCE, BERehs, BRBICE, $4hbb, —a—TERT V0 TLE
SEHREOBFEBIN L 5 A RANEFRIC b7 5 BRNE TS 2 555, BBILHED L 5 I REDE
FICMMET 2EBCIIETE T T—DEEX ST b Twv, 542, BEALEDEEIL/ MG & &S
T COWERNETIES %, PLFAEWTE  ZdoicklL, duf, dhdklE T, #wRfhE 62
Wi, INEHHETHEINETE T Tnb I L, FiR (1985) n#EEEBRTHEEING, FRIL, 7
AN AEKEO ) —#ic & 5 lake effect snowstorm 2% U -CTHW & 772 Lavoie (1972) OE{EZER *
AR B 72, FoRR, WS L L TRBEOR(315), 12m/s, BABHE 3% 3 kn
ELTEEA B % 7255, ANBROBREIE, Fig 11citisd 5 295 225 300°, T4t b, mEILE



V= s 23— L ARIRTT BT & o — 0 MBEERE 329

DRIEDFRELI, ZDE EORSTI, MG L &I PIT COBRMTETRRREL» S L Ak ER
DREHEIZ % { & @RS A LN, 2, oMLt RFEL CREZT 2483688 (337.5) 12T 5 &,
ARBEBHORMIZ, Fig.11(), » 23w, @3l 72 320" 5 5 330° DM, §T4bb, dLfEds 6l
DREE Y, ZOBOBEER, e, /MEDr LRI TOWERFE CTREH» S L), ERfHEN
WEE TR A MM 2 bz, EHHNTIES S, WEEDL I —HLTWT, BEFETRENS i
BCiI = 3 —DEEHN S, ST VHRICIBEEY S WERA TS D b7z, HAR (1985) iT- o
EERIZ DM OHEBNLEENEETH 55 FRERZFBIHRLEA WOTRERLODBEESHIZBEERLIC
<wﬁﬁﬁ%?ﬁot;5&ﬁﬁ%ﬁLf@ﬁﬁ%ﬁ%ﬁﬁtﬁmﬁéﬁm%;<ﬁ%?é%m&%i%
nas.

VI & & 9]

LR SOER¥ENER Y —F— - F—F 322 a—DEAFABIC 1983 £ 2 Av 6 198553 AT
7 3 ZHAH 8 » RN ILIRT NBOBREFER UVAFE L2 = 2 — DB ENTR 2 BB iz, &3
BT — 2 2 HETICHANS 2 L 3L B2 BT 2TFHLL, BREBBOAEFNERERHLZLZ
EHTED, HRTNICEREL L2 03 = a— 0TS HIEERFE L RE L dRTHza—»
LRDZEITHMEIZRL D, BRMBICL > TEb>TL B2 Edbh o2, ZOREE L TI2FLRH
NTIZABET 2FFUE D & T 2 INEMFENFELDIT LN, 2, EBAFMICE EHIza—D
BESAIC L BRI L oA A LN, EABFMITEEES LI~ EEBETE D B b I ONTEEE LR
TE D TR S/ MBP LB IS E b T A LN, SHEFIIARVGAREL2REES
ZEDNTEDLIY, EBITHFAOEHEMIZEENRT W &, R, BMTEESOMBNERIC L 2R
BLEFT LI EDEGRELTNBICTERTWI bbb, ZORKE LT, #EDLDEEKE
KO, BEE, B (UE) OHENECICLB D EEZ LN, ANE LT —DFEEES
WA 5 A5 &, ARFEIEICHEMER, LicHEB N wo2HOZdbEICmIT 2 & ) s L
Twb, FBEAEE EWELRE CREGAEBRCSENEITHRNARICL 2P ERICL 50 TEE
PLRLTMBROSALIED LT AT WAL BOFEEN L a—DEESFICE D RE L HEY
52 T3, ETHMHOL 2—DBRESAHIIHTR (1985) 1T LBEEEROBRSSH & —8T 56N
babiiz, LRFOFEFICH 3 UFRHEIHENKRE L £ 752 332 UEMFOEmM LA
KEADBRMICKET L bbb, BIEIOMFNERE, KU, EEICHTIHEIHEZBHES
NTWT, BEEH (1986) ICLAERMEFTEL F > 25— 2« E— FOENFLESP, FHE (1986)
LE BBEIC L B TREDOERK & - 2 EYENERIEEICS 2 BRI S HERIC L2 LD L PHFS
na,

BRFRD & 5 ZEFERICE S 77— 2 2 M SIRZENICA D MRIIBRESPEEN A =X s kHb L
TEEZIEHL) TECERHTH & W 00 EANZHEY? L L BERXZETHN, 3 Ea—F—n
Rk LU T — S BN R, T— 3 OSBRI B S - BT I TEELMESELE LD L
Ezibnb,

#HEE AMTICAHVV—F—-T— 2, £ THRTEIERFEV —F—nbDTH), v—3—-
T—7BIUBEET—F R L THWAURHERE AN, LI, -BKET—F 2RMHL TR,
PHREXARARICE (RS2 LET. 272, BULHE 25 TS o 2MREN LH  HEHIE,
kU, FEEOFR BERICLBH#HOBLZRLIT.



330 B G- B B

X N

Asag, T., 1965. A numerical study of the air-mass transformation over the Japan Sea in winter. J. Meteor. Soc.
Japan, 43, 1—-15. :

HEHHE - FHBESL - 4 A, 1984 a. iR RL —F—ic Lk bz a—BEREEICOW T, JEEREMERY
B RE, 4, 23—3 4,

B BHE - SHRUBEEL - S A, 1984b, MBARL —F—IC L 2B TOEMETER (Zn 1) —HEL T
WEelE—, JCdRE AR E @, 4, 3551

T B 5 HE - B HbRETL - & A-B0O 2, 1984 ¢, BREERV -t ARTFOERETUER (202) —F
REB—, ALHEEREHIRYES R SE, 44, 5365,

WAR BB, 1985. db¥mEFEE, BALEMTICHT 2LAHMEHEAMROBREZICNT 2 BORICET AR, &
MEEAFEAER SR A ARME L35, 125 pp.

B - SRR - BIREER, 1986. FTRBICH - 23r FRRz a—n i BARRESETALER
FHEE, 49, p.22,

HicucHi, K., 1963. The band structure of snowfalls. J. Meteor. Soc. Japan, 41, 53—70.

HoLrovp, E. W, 1971. Lake-effect cloud bands as seen from weather satellites. J. Afom. Sci., 28, 1165—1170.

gL - 4 A-B0 #K-BEBELHE, 1984, RIS BT 25K 10 £ OBKORE,  dhiEEFEERY
BEgregE, M, 121

sl - RERR - BEEEE - BINEL - AINEE, 1972, AFFFICBIT 2 ESomosinl, dhima i
B RRE, 27, 1-12,

Hisol - WEBEEEE - BIIEE - BXR=, 1973, BANFHICEITABESAOBE (1), dbEEkFmskyps
FiFREHE, 30, 1-—14.

Lavolg, R. L., 1972. A mesoscale numerical model of lake-effect storms. J. Afmos. Sci., 29, 1025—1040.

MaconNo, C., K. KikucHd, S. Leg, T. Enpo and T. Kasal, 1964. An observation of snow crystals and their
mother cloud. J. Fac. Sci., Hokkaido Univ. Ser. VII (Geophysics), 2, 123 —148.

Macono, C., K. KixucHi, T. KiMURA, S. Tazawa and T. Kasai, 1966. A study on the snowfall in the winter
monsoon season in Hokkaido with special reference to low land snowfall. J. Fac. Sci., Hokkaido Univ.
Ser. VII (Geophysics), 2, 287—308.

MaTsumoTo, S., 1967. Orographic edge effect on the downstream cumulus activity. J. Meteor. Soc. Japan, 45,
500—503.

EIREA, 1966, BERBIREOEEICET 2 Y RY 74, KA, 13, 436—440.

MuramaTsy, T., 1979. The cloud line enhanced by upwind orographic features in winter monsoon situation.
Geophys. Mag., 38, 1—15.

HIR Bk 1975, ERBHFICBITE2Ea—nfEBEBES TR, BERR, 27, 177-188.

HE A, 1986, GIFELOBREENL—F— - L a—DOHFTHOWEICEET 2%, biEERFERFER RSB
FTRMELFC. 95 pp.

Z= AL - AL - RERA, 1972, ARFHOBRZOKESA (1) (NEROBRT ). dhEEREnsky
BERFERE, 27, 13—23.

Z= HERS - 3BEAL - REFRER, 1972, AIFEROBZEOXESM (1) (EREBOBE L A). sy
BEFRRES, 28, 112,

FEAMA - BEHE - BERE - HIRAR, 1986, FEASEBICERTARTLa—lconwT. BARRFSES
KEHETHE, 49, p. 23,

TsucHiva, K. and T. Fujita, 1967. A satellite meteorological study of evaporation and cloud formation over
the winter Pacific under the influence of the winter monsoon. J. Meteor. Soc. Japan, 45, 232—250.

LH - REE— - HHREIL, 1986, Lw J BioiE) TRERICE T 2% (1) —HERSHET— BEREE
SKEASEHETRE, 50, p.83.

AKRESR - HLBTF, 1983, EBFBLEEE#FRLARKT REENTHN— LB FOREICEHEL C—, R
. 30, 291—294.



