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Land and Lake Breeze of Lake Toya

Hisashi Kato

Laboratory of Fundamental Research, Division of Environmental
Structure, Graduate School of Environmental Science,
Hokkaido University, Sapporo, Japan, 060
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Topography surrounding Lake Toya and location of
the observational stations. C
every 300 m (a), and 100 m (b)
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Monthly mean temperatures of air and water at
Lake Toya, after Tokui (1961)
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1. JAEMEROSE

FRAE IR ORI, ALIRORIPEHY 60 km i 7B L, # 7o p#0 5 km 5@ € C IS LCuw b,
KINRGERY 69 km? T b, JAI & IR AR E hioh AT 7 ThH S (Fig. 1),

Fig. 2 i iEHI oAb (7, 1961) & iARAZEASBINFT (RN 0L 2 km, IREME) 1t
BRSO E 7R LT %o S, AKIR2SRE SN & SR ORI b v, BWOMER, Hibo
HEDFRRSLMCH L C B EELBNB8H 29 H~9 H 1 [ (19794F) 1047 » 1=,

a) HAEOH EERA, EEEL

B, Wovis (A, R EREILA D), #w (AR, JbR: (1) o 418 (Fig. 1) @i
19794F-8 H 30 1, BEED O MBANOZALIREINC £ 7278 5 72 FW 4 155 5 9 KRS AT TFF o 720 BN, FE
HOJIFHT X b 10450, FRBEENI N e © vy VEEEE (B 25 m) o on-off S AR TS
TF—7Fva—F—iEHL, 1B FH % H AR
oo ARBGEIZ X3 BT OREE A B L, 0.6 m/sec L)
TORBETEND > -FHO AL E L,

SRS EOBI & FIRRC 7 A~ VRGN X - T
10 Sy 45 S b Rk L7,

b) ILEHE L TOLERME

By, 8H 3L HFHIE I ES 2 M, Fhth
P & R OB % & 5 2 5 feoiciThiiie, bR
2 BHRERC T ol ETERBIE R R 4 Hi 2 B C
R ANERRL, ThE2HDEA FF A P TRIFCES
%> TOFLEDOZELS EEOR ARSI, Fh Thé
SEAF LT T4 s 121 % C, [ UL 1 Ak b
LIRGHHR I 0 ¢ R O 28 LA i~

c) EETOEFHTE

WAL (1) 1@ 16 m o> & 7 — %37 C, Jl, JagE Ol
L15m), Al B—= vA x vz v EGERRERNC X B
—3m, 5m, 7m, 10 m, 15 m), i GREMZE—
15m), Jbifl, H4H% 10 Sfgic it Lic, Fig. 3 il
WE T —DBEERFEIRT 5, Fig. 3. The observation tower at

. . e Akebono station.

F o, i N HRLRN, JRERT Ok 25 m) %

B U, AL, B R (PE) ETIHERERISETT 1T - T B BIENELE D 7 — 2 ke, i
C ORIABIIGLS D 5 b, AR GBININL < O TSR b T o —fic 72,

111 RAEHMOKRES

Fig. 4 i@l a1 -7 8 A 30 1 - 31 H ZhE R O O RGN A 0w CTh b, < OWH, JbimE
fhEBIEoE AT S b T, BREEGE, Lo 7 — 2 CRAUIHE 1,500 m (37 % Chvie hF3<
(Table 1), WFEROFEFESME LCHiH ESMH LT B bha, WKL 205°C CIRIEPEER, *
7o, RWERF D 7 — 20 LU, At 23°C jits CisiF PRl 2y, RIEEIRIE 9°C AT ¢
D, TOFEMCLTCUME»-TcEBLBRS,
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Fig. 4. Synoptic situation at 0900 30th and 31st Aug. 1979

Table 1. Upper wind speed and direction at Sapporo
during the observation period

August 30 0300 § 0900 g 1500 | 2100
Degree m/sec Degree m/sec Degree m/sec Degree m/sec
900 mb 284 1 288 3 76 2 ; 263 2
850 300 4 320 4 201 5 | 270 4
800 276 8 308 4 | 241 5 i 292 7
700 260 14 | 285 10 | 283 5 l 260 8
i ~ i |
August 31 0300 0900 | 1500 | 2100
,,,,,, ? - !
Degree  m/sec Degree m/sec | Degree m/sec : Degree m/sec
900 mb 308 5 208 1 310 3 ; 116 1
850 307 8 272 6 261 6 | 250 1
800 293 9 279 8 | 300 5 | 208 4
700 285 12 309 4 831 10 | 319 8
- i -

V. BRLER

a) MBAEOHLEERA, BREEL

Fig. 1 WR LIc#lf 4 iR CoRy, BERORBEEHIOMKREY Fig. 5 10 L0 ORI, £Hific
EBEOESZ 71 5E0oR#EY, TRORERILI05EOMA LT LT 5, Fi Fig. 6 ) U4
TO 10 HHEOKROEIL L FHE TOHHF O E VIFMEIR L, Fig 5w i, HHEHILo KoMl c
DD B RERC T TEERS, Fi, ThUBERIERIET 213 A CTHIEA E AR - T B 0hhh
Bo L LIahis, BEEDSEREAOLEEZITHIRC X 0 B 5 T\, Fig 6 EGThEons L5
I, B AEE GRS Bl D KRS LR RIS TR, LT OB LRRIIR , MR, ERT
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Fig. 5. Variations of the wind speed (bar) and direction (barb) at four
stations around the lake on the morning of 30th Aug. 1979.
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BB Te- TR D, LOZIN IR RA T, O &XIFERBIC 1 % BIFE RO S A C—H
Tikie <, W F OHBELREDOBE MR » TV AR L FIE LTV 3,

B DZAETRE & LCRBRA 5  0uALs: (1) SR (BRTLA L) OBICH D, SRR 5 WEA~
P A SRRSO R R IR T & Th B, UL, O EDIIEFIIRE U 5 S FR M i —
DG L b OGS EH - ek Bhbh s 2 AR LB, SOFGH B oo Tin IV-b) T
Wt B,

Z ORISR T, PEROREE TN COMA TR 1~2 m/sec Th » fehd, FCHE IBHFTLA
R) TRRRED ST, DO LR, WHROMPIC X5 FERIC BB LI b0 L B2 bR b,

Jei () oS XY, 8A0E~9F1HECo3 [, MEOKE hIERLIZE—E LT
fehs, BB E DEEENE—~E L Colehiode, CORRR 78 ER A To 8 A0 13 HiFich iz
BHUOFBREF L CH Y, A, ZOHEAFRC b2 JIORRICEEbhLT\Z ERRFLT5 (I,
1980),

i @Kéﬁ/ﬁf/z@

)

Fig. 7. The released points of the balloons (® 0503-0602); (i} 1044-1143) and
the topography near the observation area to the north of the lake.
B : theodolite tracking sites
@® : location of the observational stations (See Fig. 1)
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b) HMEER OWE
LR OB, WodLIEas b I A T ORIRIC 35T 8 B 31 AT o T, ~34 S 258 5 I
15p~6 1k 02 43 L4 10 7 44 Sp~11 15 43 iy 0 2 @], Lheh Fig. 7 wWiRkd 4 Husn S 0K Uic, Bkt
FHCIETIT s B I O i s o TBICIT 5 708 & OBIEE L 7ok LRI, ATH OB=, BEcols,
MOBRRS e E s, R, WL b iE—EREC S B & Bin L,

8 F 31 HFiolc s 5 LM O RO LY Fig. 8 wiid, 30 H4F firh oS ToH LR
DB LR, M BT T 6 IR TR L, CoBmBURE b vl R~ s L
T, BEREO return current {3, PEEMATHET S 6 BRLmidnie D88 » Tvie, 7, BIAD return
current % 10 Bt Bl Cute,

SOn(;— h\ o E
AN <
400 { N =
V
. RO
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Fig. 8. Time section of wind at Akebono on 30th Aug. 1979 based on
the pilot balloon observations. One wind barb equals 1.0 m/sec.

Fig. 9 & Fig. 10 il &SR OBEN S B 2R, o hb oRoRitoER oLmi» &
O D » 7o NW-SE DRI i » CHENBH - TE - Th b, i, foCliliciilim (84 m MSL) 2»
LOEERE > Thbd, ThbOREC I, o ORBY CRiRM Tl oMROE 23 100m Th b, *
fo, %0 rveturn current HITIEFIEDOE XA o Tt WoduLTizEERONE b 22l 72 b, return
current & AR CH o7, WHEIBER X D b0 <, BIRICEWATCH 150 m ¢, #lorRicar->< o
R D, WA L D 25 km ORI CRFY 50 m BEETH - 7o, Return current (L% D EZ2DR & FJTH
T o Tele DT DOE X 3 ARE CH - 1o,

Fig. 9 s\ CRFOBEROMECREIETORMLRE SR T 25, BIROMRE D, 31 HEER]
SIS IT F — Z AT s o7z LI L, DS 2.5 km oM Co BB OBIH M, #3000 m
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Fig. 9. Cross section of the land breeze to the north of the lake.

The distances are measured along the NW-SE line with
the lake shore at Akebono as the base.

Table 2. Hourly variation of the wind at the meteorological

August 30 1 2 3 4 5 6 7 8 9 10 11
OHKISHI NW NNW NNW NW NNW NNW NNW N SSW SSW SsSwW
3 2 2 2 2 .2 2 1 1 2 1
DA-TE ENE ENE ENE ENE NE N ' — NNW NNW WSW SWwW
3 3 3 4 3 2 ~0 2 2 3 2
OHTAKI NE NNE NNE NNE NNE NNE NNE S NE SE —
1 2 2 1 1 2 2 1 1 1 0
KIMOBETSU — — — — - — -— — SE NW SW
0 0 0 0 0 0 0 0 1 1 1
August 31 1 2 3 4 5 6 7 8 9 10 11
OHKISHI NW NNW NW NNW NW NW NW SE S S S
3 3 4 2 3 2 2 2 2 2 2
DA-TE NE NE NE NNE NNE NE NW — S SSW  SW
2 2 2 1 2 2 1 0 1 1 2
OHTAKI N NNE N NNE NNE NNE NNE — SSW S S
2 2 2 1 1 2 1 0 1 2 3
KIMOBETSU | ENE E — - — E — — — W NNW
1 1 0 0 0 1 0 0 0 2 2
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Fig. 10. The same as in Fig. 7, except for the lake breeze.
observatories of AMeDAS near Lake Toya on 30th-31st Aug. 1979
12 13 14 15 16 17 18 19 20 21 22 23 24h
S SE SE SE ESE ESE NNW NNW N NNW NNW NNW NNW
1 3 3 3 2 2 1 2 2 3 3 2 3
WSW S S S SSE SW SE ENE ENE ENE ENE NE ENE
2 2 1 2 1 1 1 3 3 3 3 2 3
SSW SSW SSW SSW WNW — — ENE NNE NE NNE NNE NNE
2 2 3 2 1 0 0 1 1 1 2 3 2
WSW WNW WNW WSW WNW NW WNW ENE — E — E E
2 2 3 2 3 4 2 1 0 1 0 1 1
12 13 14 15 16 17 18 19 20 21 22 23 24h
SSE S SSE SE S SW N NNW NNW NNW NNW NW NW
2 1 2 2 1 1 2 2 2 3 3 3 4
SW WSW WSW WSW WSW S ENE NE NE NE NE NNE NNE
2 2 2 3 2 1 2 3 2 2 2 2 1
N NNW NNW NNW NNE NNW — NNE NNE NNE N NNE N
2 2 2 2 1 1 0 1 2 2 2 2 2
W NW WNW WNW WNW WNW  SW E E E — E ENE
2 2 3 3 3 1 2 1 1 1 0 1 1
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RT3 — R TFRERDC S 204 £ 700 S LG, S olgghicaiorh O fhici ko NW
DOEMBA VAT EEZ bR A,
Hifin Zhooiils &, Fig 9 ¢ il> i & return current OfE], ¥ 7 return current &%
O EZEOE oM, Fig. 10 CEM & return current & DD\ I 5 WAEE E o T BN HIN D T HE
ST VCRDBEB RS iz, o2 CREDRILK 50 m DOFLTH B e, b OROBIT Y
DT UAHOB SRS, BlSRHF- CHBE Lavbh bt Shb Oy 2 - ik, £0
S RLIRARI A A L A I ST L, WL 5 bR NE ol E LT, iEa
DHRERTSE O & LTHERFPR - OHIRICHEA LCR L OTiwneHz bbb, ORKS %
4‘%%: JEE RIS IV-a) 12 31) % LR ORI ORI DHB &13 SACEETH 2 & B LTV 2,
B, TREREIEE km AR CCAMIECE LCk b, Fio, TRV S, KR £ AMeDAS station
LA Y R TR B BRI~ 5 F A LRl T B (Table 2), W inz Cii Cilt ~ 7
<o TR T BRI S T b A R B LR I s b & h,W%M¢&fﬁ
BN & D OWIIC B Kb BN 0, I & -Gl C R LAY, MBI UM A RuE
LCwBEBLLNRD, CHBIERO RO CHBRAF U5 O 2EA T ORDR '?‘*'5395 Fig. 11 12
(3.8 H 30 o, dugUTECORIG, BHA 30 SRR EN T WD, THERELSIECHEL G E 208 2
DI T & TR D 5 boBEHI E B4R Y BB T, ¥ AMeDAS o5 — 212 Lhid, 5
fEDFHE - PrETd BB RRAE - Cude, LLERAE X 0rp g Cili 2 S wiib b, MG b
Bk Lte, e 2 OBUGZMLE AR b O TH D, FEHEDFEAH S & TLIEF 10 HUTCH o 1o, IR
MO L 5b0eBELbhE, iU uxJ L O Criaioe B, R S s ds o 7oy 11 G 30
LD BB A BRI L, 13185 45 20k 6 msec i B LA, & OB IRIREE A R 2« I s -
FoledIHL S 7 b O ERHIER S, L L, BUOEEodc s ol cbah, MRAET»EKS, o
D, 141 45 U TR OIS O AL L MO F 0% e, CAusiERofic 1 s o C
B0, BEBEGS IR TLE oo, MOREES oo bBL bR B, P IHTHE Gl 1T X

W — ;

¢ | Q oa
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Fig. 11. Variations of the wind direction and speed at Akebono
and Nakajima on 30th Aug. 1979.
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D@ o H EMRMATER ULTIT &, 19BRCRIEIRD 5 bOBEEDMAE » Tk, & 27T 31 e g HliTE
TORBERBRYN T B Ted, FHELGEYIIT A w2, B CoBIEORMINH © 30 BB Cilioh - £,
ZHUE, CORIRIER L O BABEL, MDA o CRHEEAC O E CA DiIAD I o DT
I EELLNRS, L Lnss, WS~ Wi Btk LRI B 7 2 1B 5 A DA A
TR L2 B b & ORI L, MR OB 246 - AR E D IH Lo CllisvmEE LS
hs,

ChHOFRER LY, WHGC Y B HEEOMREY € 7L LC Fig 12 kb Ui, LEBOROEES
A DIAGHE D7 dic b OIFBRRIEPLh U WA EFx bhb, B EO LR 3 # 100 m,

LAND BREEZE

x

Ui,

LAKE BREEZE

~

Fig. 12. The models of the land breeze (upper) and the lake breeze
(bottom) circulations described by the data of Figs. 7 and 8.
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Fio, WO LR 1S0mBEchHh, Lbdiifr T oEoms (MiHk 186 m) X hkl, cnZ
Db THIBER O KPR ISR - OWMEIREO Lo Ll h 5,
¢ BMELCBIBIREEL

Mg MED OB B, B OB TR IR OHEFT & & LI AIRDIET AR B
CERMBNTV B, OB T h FHEE O E A CORBCITTR SR A Bl T doss, iisko fi
CTHR~, COSROET CUIETHEE) KR L D L {EGEE TR » Q. CoMkES
BB HANL D, MWEEAEMIh8 H30H, 3l 0RO LR ERLWIE X ThI, ©
SRR 2 U e B A E 3 m, 15 m M oRE TV, BUA, BGEE, MR, H&EL &bk Figo 13
R LTz, Wi F & B S WK D A s M ACKIROE T2 B E - TR Y, O, HHEEOKT
RGN ot Fho ZOBEIRC Bm OB WTHEETH D, LA 2PCHELBEFLT
Teo WRDEE BN Z 0 X 5 feBlE i & 5 Ot 2 &3, Fig. 6 ofighic Abhs Lo efiuo
AT - TR0, FERHE MBS L EB L b5,
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Pig. 13. Variations of air temperatur , wind speed and direction,
ground surface temperature and flux of solar radiation
at Akebono in the morning of 30th and 3lst Aug. 1979.

Hi# (g, 1980; Kato and Takahashi, 1981) -Ci3 & o Blgic-ouCBRIE, 1B © Bk & 000
Ez, WHBEERE UTREAALZEHY, BREDOHTHE DEERATHTTHOBR & LTk EcEA L
TRDLDIEE B SO LHEM Ui, A, ZOERBGY XL T 5, BED & 7~ CORE
ko, 305K OBmES MR A7 (Fig. 14), &%,%mﬁﬁﬂbfvb%%%muW#%mmx
5 EAOMERE CHIR OB & 7R LT 508, B E 5B ORI, B X hIREL R Lzt
[ & OFR D fpiw 'Hf&@%ﬁﬁwmwﬁ&MFaﬁéoMﬁwﬂmﬁ%m,:@%,Wﬁﬁ%ﬁéif
OFFRERFEIATCHIRI 2 b DBE ZF CEH 755, WK E O L L LwmiE 17°C §igo— i iE
Fro el b OKMA SIS ARE b 51w, KROKTS LA b 5, CoMrboir, ®
MBEEL & L O KB ch b, BKM2»H 080 X b, SUROMIEIME L s, %9 o & ClKT & o
CHPEARIREEDVE U, ITPC RO SRER - B2 bNB, o, HHEOMEL by, HK Lo

Lo
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Fig. 14. The temperature profiles at the observation tower early
in the mornings of 30th and 31st Aug. 1979.
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i) WHEcopER, WEOE X, F0 return current FHHTCLNFERE 100m, 150 m Ch
D, THEHAFIRMCE > CoBEEL LR, $io, BREROBERRIINC EBOREES &5 - |
CEDRULATHD LI ThD, BB, PR A - CRAERI X v S h 320, RO,
FTHRZIWRARE DS 5,

i) R OB, BIKIR X 0 RGEE CREAEIT b L s BE R Ao i, T, HEICHRE
WIS RE S F o FISIR O PRSI b CAER 21TV, TR ER A 0t 0 B SRE T N — B e SR A & 7
oo, & CHIKIE & O MICBEEEPIREA A U, AR X DSV IRE IR & U OB IR - Tl
T EELHNS,

Bl B
ARPGEAAT 5 B iz o CHREEER & I - 7ol R P BB U B B At e s oI 1
. BB, TEFE BRI RSB e LR B, BRI EE R R - O S & ik
RO BRI WIS, B LUBRCER I G AR EERTCE CBERE L, Frell
BB U Qi ko B R DI e R B DR o 2 R (BLE IR, A & BUERREEE
BT WECHB R W EE L, ML UEHoBE R LET,
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Summary

As part of a series of observational studies, the effect of a caldera lake surrounded by the
mountains and hills on the wind flow pattern over the lake was investigated. Particularly in this

study, the observations of land and lake breeze were carried out on and around Lake Toya, and

some features and the structures of these wind systems were noted.

1) Land and lake breeze was observed in the entire lake shore, and the mean speeds of these

winds were found to be approximately 1-2 m/sec at lake shore. But the transition from land

breeze into lake breeze was different at each site in mode and in time.

2) The maximum depth of the land breeze was about 100 m, and the lake breeze was appro-
ximately 150 m. The structures of these wind circulations were considered to be slightly twisted.
The lake breeze was accelerated by the sea breeze from Uchiura Bay late in the morning.
According as the sea breeze develops, however, the lake breeze was disrupted in the afternoon.

3) It is found that the lake breeze set in when the air was still cooler than water surface.

This unique feature is explained in relation to the topography around the lake.



