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£1-1 tBECBIIHBEOHFIEREHE

month Apr.| May Jun.} Jul.| Aug.| Sep.| Oct.|Total
decade FiM:L|PiMIL[FIN:L|F ML {F ML |F:NL|FINiL

year
1891-1820 [-:-i-|-i-:-|- 14123 -i-(-ili-|-12i-|-t-i- 12
1921-1850 [-:-:i-|-i-1174:2:2}- 0= 11-3-|-12:2{-i-:- 15
1951-1980 [-:-:-|3:4:4|2:4{43:-1-(-i-:1|-i-i7[6:-:- 38
total -i-i-3:4:5(6:10i816:1:-|L:1:1|-:4:9(8:-:- 65
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Alt

HEOVREBHOAMNKE L, WEL VEREADHTHNK
&V, MIEHOEREREZICOVTIE, Fh—Y 7l
D HABRIOFIKE S, KEHOERERZEIZBREH
ENAR—YVIBAITREVIENT—Ihdbh 3,
GRFEE D 5 BEEEFICH T TORBRIZR 2-1 127K L
72k, BRERE» S KFEREE TESM0m LT
DIEFEMIZ R > TWwD, 5% OEAMMAH 1000 m
Dol ckEhTwa iz, EiAmoRESE#L
Tw3, ZOFBR, RMNCEaD2[KSBHIE NS
(BB 5, 1982, 1983)1519, Z DHRIc B 2 HEB KRV
RERBRRI2ICRT. COERIPSDLBZEIEZ, 20
BEFEHOMBRICE, RO FEVWERDIB N HLHED
BOWEH, /MED10H 28T, 2H0ESHD, K
BHEZBOWTYH, BLBOFERE, KOS58 2525
BLEVWNEDAIB 2HET, MHOEBALND, T
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BED S DEECHEREENIZIZE L LEROMEIZ R
T2EMUEEY, CORRETLET ZUBORVIK
RAEED SR EHD I,

£1-2 BN, HE SEH50NED, R

Station First frost Last frost Frostless period
Aoyama-Chuo 7 Oct. 16 May 143
Atsuta 22 Oct. 30 Apr. 174
Bibai , 14 Oct. 9 May 157
Kita 15 Oct. 6 Hay 161
Shinshinotsu 14 Oct. 25 Hay 141
Ivamizava 14 Oct. 1 Hay 165
Otaru 22 Oct. 22 Apr. 182
Nomporo 14 Oct. 6 Kay 160
Sapporo 12 Oct. 24 Apr. 170
Kakuta . 11 Oct. 8 May 155
Yubari - 15 Oct. 26 Apr. 171
Koganeyu S Oct. 14 May 143
Shinanatsu 7 Oct. 6 May 153
Hayakita " [0 7730 Sep v 157 Kay -~ 137
Shikotsu-Kohan 16 Oct. 29 Apr. 169
Atsuna 3 Oct. 17 May 138
Hama-Atsunma 8 Oct. 17 May 158
Ohtaki 2 Oct. 25 May 129
Topakomai 6 Oct. 26 Apr. 162

12 May 143
10 Hay 151
12 May 152
(&% - A®F, 1978) °®

Mukawa 3 Oct.
Shiraoi 10 Oct.
Noboribetsu 12 Oct.
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U, BR{BIBBEICOABE SN, RIEICIZE R EEP
EHER & B L TE LV “NERBEE” 2’BR I B,
Z ORLIRE, BMRBORHOMER, FREROB
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—75, FEF(1959)™, IEH K ALR (1954)*, TEH(1974)
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I T 2 RIEKBFEETAVBES NI, LoL,
NS IRERY THOMBADGRICIIREEZHE O
D%,

I (1982, 1983 a, b)), Tk« F% (1983)*,
SEHES (1984)%, o (1983)%, Fx-ur#E (1984)% i3,
—RE O EELE L L TEROMRZIT -
2. Thoick sy, BHERTE, REBOBEDE
NIZE > TEESERT AL 2RLTE Y, HELR
THRAET 2 EBE EEBORKOKENC X 5 TH & B5E
DRIV BREETHZ LT3, IOHERICEDEE
B (1984) 137 AT AT —% 2B TEROHIE
TG LBk A48, HESERETHY, B
DEREFHEDORER E2HN L LIBRROTRITIZAR
BWUTHEEEZOND,

R TIX, BEMCREBHRICET 2HRICL -
<, BFHE, EFoFABEOL L OFEEED 500 m LA
EHB A5 —NORBOEH TOBRHOBEIZFHAZ N
DOH B, RHFFEOBHM S RRIT LM DRI
EEV/ N O EHER DI P A EAMERIC R 5 FRHA
BRRZCHEHS BIZZ > TWRY, ZOKR, NOEH
DB Y O/ R FHE T 3 ERNRHE ST X =51
DWTHIHEEN TR, Lizss->T, RttEDHE:
HEESEORRICIE, IhoDZ EBBELNZIND L
EH 5,

F48 HREOBH

RO & 512, BHRBDH 2 VIRESSHMEBEDE
HTEEIRET 2 FERIIE, BEBED T, 20K
BHRAHETIR T A & BEESEYD U THRENGEILMEE
ENZHEINTVE, ZOBERTIBETMORER
L BRAZMEHEZFEOARBOEMIZ B 2 EEFRER
KB WCHETE 35, /NEHORM, BH2VIEEREW
bh 2Bz RET EREHETER L, ZORYD,
PER DR TR KIF IS 2 BIEE O TR EYIIC
T2T, BEBA+2TH2, ZOBREEE»S, BE
EEREC L TR E ERICREL, FHREM
PREIRRDBRIENER L 25,

AFEOBHIZ, M TERLIEEED FHEK
MO OER L 2 5, BEEOREBE L/
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7z,
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UToEFE#THY, ZOERAEMMEIE 1000 m Bk 113#
THEIIhTW3, ZoHROMPRRE LT, #iETR
it AROEBEBEL, FEHEN TS 2 RKRs
g (JEOS, 1982, 1983)1%%, ZDFEOREK
ERIZ B B ERATLF MK IZ, BEERE & VRO R
HOMIZH B/NAHROMIZ T, MIFEEZIRTVH
LtLTHIshTWw?S, BEHMX L D EBESDZHLEL
b HEORBTERMRICHE T 2 FHTEATE LI
B30 BT, FHENOEMRD 10 H 7 HICH~RT7HEW (&
MG K[RT, 1978)%, ZOERRILF#X iz BRI
WER (8 B HERERRIE 25.7°CT, FEHHD
E#ELD 0.33CEWV)TH B Z L b ERT, AHEE,%
WHIRTH %, iz, BOMBFIIHEND LWL, F
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BHEETBZLIATH S,
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FELRTOERY, BR - BT CHEN LB
BRI, KFEIPOMATEIEIREZ L FHELRR
HTH5. :

BBz 2BRSOMEIL, K 2-1 T RLTH 5.
¥ 7z, BABEORAEORR L AERORBRRE, B’
H2-1 (B%) tBHE2-2 (FR) R, ZOMED
FRAAAAORLM, RUCRTEK 300m i, EEY
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ER 22 TROBARS
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DEFERTH- Iz,
183 FEDHHPTIER - FRO2HEDATH o2

EE-3 HOBHRS

B, ZOEHEER»S, JVEFEOFEWHAICEIT2E
HEEUCREBBLEL >0 T, 1984 £ 8BHI» & BB
EREOIRCERARE b 5 1 mifid 7z, 20BHED
BEE*EBEH?2-3ICRYT., ZOBASE, BERETROY
LoDBAA»S bEEHICHVEFZL035m TH
3. ZoMiAR, BBEEOILOECZH S0, Lk
TEIEMESR, £/, HEBMIIL NIRRT H 370,
BRlanRHER EZEO—-BEERET 2 LEZ N
3.

BT, 1983 F02 5 1987 £ % T 5 VY EMDF LB,
zhzh#yl»AffTbnl., HEWHMS L UCHIEER
2 2-11TRT. £, £2-1LSNCE 23 |, /NRIKER
PRAVWTEEIOmM FTORBOHESMEIEL 72,

#2-1 HEHM L HERE

Observation items
Observation Periods Dry bulb Wet Bulb Solar Net Downward Wind Wind
Teap. Tenp. Radiation Radiation Radiation Speed Direction
25 May.,1983—14 Jun.,1983 + : + + - + + +
4 Oct.,1983—26 Oct.,1983 + o+ + + + + -
20 Apr.,1984—-13 Jul., 1984 + + - - + + +
5 Oct.,1984—14 Nov.,1984 + + - + + + +
29 Sep.,1985— 7 Nov.,1985 + + + - + + +
14 May ,1986-23 Jun.,1986 + + + - + + +
27 Sep.,1986—20 Nov.,1986 + + + - + + +
19 May ,1987-23 Jun.,1987 + + + - + + +
28 Sep.,1987— 6 Nov.,1987 + + + - + + +
+ERELEZE, —RAIELE»o 72 Zk Y.
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TERER=FHRFMEE B35

DT HERCOWT S BERIZET.

a) LEREBEER L BREE

LY 3EEICBWT, & BREERHEL
2, TNFNLOEBCHAERENETRZ YD, TO
ErE2-2EFRT. £, ZZTRVEXYY—ZBE
W, BB 7 itk oT, BEK 3m/sec THEZ N
7. Lo L, 1984 4 B 20 B 5 5 B 30 HOBHTIZ,
#1E 1.5 m DEREBED» 2 BAXASEEER (T
BFRIVERRSL) AV THIEL 2.

IWTED GBI, #1105 m THEAEL 7 VESHEER %
BAWTHZEL 72, B TROBALOESIZ 335m T,
WTEDHER A3 103.5m TH 3 72, B3R, TROBM &

LEOHEIZT0m 5 >THBY, €Y H—ORMEBOH

BRI T9m ThH5,

b) 1EERE

YERAIRIE 1986 £ 10 H 4 B2 5 5 HZ» P THTE
228 ER-1057 BURGHREA CHIE L, BERMIER 1 &
L7z, : ‘

c) HEE

1983 FED &, H#iE1.0m OfEI, A BEET (A
BHREH »EY DU T, BReFRERICE» THRE
L.

% 2-2 BER:TROBER L BREFORERE

Year Thermometer Anemometer
1983 4.0m 1.5m 0.5n 4.0m 1.5m
1984 6.0 1.5 0.5 6.0 1.5
1985 6.0 2.0 0.5 6.0 1.0
1986 6.0 2.0 0.5 6.0 1.0
1987 6.0 2.0 0.5 6.0 1.0

EH -4 SIRIC L BSEOHERT

d) MiEE

1983 £ L 1984 FEDFKHAD &, #1E 1.0 m DUEW, K
VT F v UHE O R REMBESET (FEABRED AV
T, BREFRTHERTo.

e) THEKHE ‘

1984 EOREOH A 2 x 2AEHM T, BX, T
mB L CIWIED 3#E T, BIERTo2, AIERZALD
OB 2R, 28512, 20Uy —THIHE%
BERGEWREIZLichy 7RBO7 S 7Y —%2]D D
J, ZhoDEh»oHEL TR, THS BEER
Mt OH 1% R.(W/m?), 75 75 —NEDRE %
T (°C) £ LIBE, UToRTRDEN B,

Ra=Rn,+oX (T +273.15)*

Cf) JEGE - A

R FROBEIS, EEERC L > CTHEAEXELE
He 270, 19834F & 1984 R BREELRUES
(6m & 1.5m) T, 3IMFANAEXEFET2HTHEL
7z, 1985 LI, BEBMXROBEHE FEE2ERE LR
o, BHEFOBREEES10m L 1lm Lz, 2R FhOD
BHHRPORESE £ 2-2 1R, WWIED B O H]
ERER105mTHD, i, MEFFOHIIZ, BEEH
THEEE 2 ROFYREEZEE L 2. AR 1983 £k
2 2flEHE CRIE L 7.

g) KIIZ & 3 EZEDORBOEH

INBIRERIC, F—3I Ay — (FETER) 20O,
+Z2100m Z CORBOSHRESMEHEL 2. FEIIK
BEETEET, 10m kT 7228, fEROMA % H
FELTHE» SHERT> CERLAIESERE L.
HIERIL % BHE 2-4 1R T,

28 BEIPRRORERR - AEERERR

(1) BABEPROTEIRR.
BRI O B3R & TRAI O KK L Mt =T

#2-3 BHEPRIPOBREM L RBEOFREL
wE

Observation Total Clear night with large
period night night Temp. diff.

25 May - 14 Jun.,1883 21 9 2
4 Oct.- 26 Qct.,1983 23 8 5
20 Apr.- 13 Jul.,1984 55 17 3
© 5 0ct.- 14 Nov.,1984 41 19 15
29 Sep.- 7'Nov.,1985 40 15 10
14 May - 23 Jun.,19886 41 10 2
27 Sep.- 20 Nov.,1986 55 20 . []
19 ¥ay - 23 Jun.,1987 36 8 3
28 Sep.- 6 Nov.,1987 10 15
Spring 153 44 10
Autumn 199 71 44

Hean
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A REERERC K T 2 RE/OBRBE L M/ $F 2 — 5 BT 8%

[IBENRE L EEEER2-3ICRT. I THREK
& i3 TRZEANERTIC B 5444 6 B 5B HOFHI
6B TOFHEENSLUTORME LT, £/, [
ENRELLKRHE LI, FEROF» SEHDOFFI6 R
TOMI—FN THHHEDOKEED FCLALEERZ -
R EEZELT.

1983 FEDEDBHAPH (5 B8 25 H» 5 6 H 14 BH) i,
—fRERICEEh, BREMSIKETH -7, E/h
WIDEDORRENIE, 5 BREIKRBEICEENH, 68
KRB e R—Y 7 BRIECBINEL EROAIE
<Y, [RELIRHIFHIVEIZBL, OB
HARD (10 B4 B> 10 A 26 H) 1, BERER 8 %M
Thol:., [EEHIE, 10 B BREZBEOK[ERE
LR DEREHTEEL D 1:EM»S 20 HREL Ek
DRIRD »R D FELVE» T,

1984 FOFEDBHKIM (4 H20H2 5 6 A 13 H) &,
BEREMENE 17 %Ed - 7z KEBEIE 5 ARIIBRICE
Ih, 6 ARENSEL L VDDORBRFEELIVELE
HTRBS[EOBEIEF SN, KOBHMAME (10
A5H»5 108 14 H) 11, BEHERKRESERNICHE
BLI-DHERBICEEN, BRERIZ 6 ®REH -
© T, REBE, 10 ARFELEATH o728, 11 BdA)
Do BORMOREEE IR ) KB VEDIIZ -
7z. R

1985 EDFKDOEBHFEARI (9 B 29 H2 5 11 A 7 H) i3,
REREMIX 15 BET, FiRcEREBERL 10 Bda
T N1 RETH - 7z, [REEHIE, 10 A2 5 ER
DE T LHEEREREDBEE TRBRIIEL, EROHED
otz

1986 ENEQBERIMIM (5 8 14 H2» 5 6 23 A) i,
KENELBREMIZ 10EETH - 2. [KEBHIE, 5
BHa ik E B ERSWA L DERE ko7,
FROBHEIRARI (9 B 27 H» 5 11 B 20 H) 3, BXREM
F20RETH -7, [IIRBIGIE, 9> S 10 APAF
TRBHIMEKRECHETENIANEL KB »ED
BOTHoth, 10 B TA»SHBOESBETL, [E
BEL ko7,

1987 EDEDEHHIFAM (5 H19 B85 5 6 A 23 H) i,
—RICKBEOBELBREEIE 8 RE D ot, TR
Bz, 5 A LA TARERDE FB8A LN, KBS
BFLHSS > KOBREMM(9 B 28EH»5 11 B
6 H)ix, BREMIZ 15 ®Hb -7, [, 3I1F
FEMATH o2, 10 B LARIEBROENEML» >
7z,

BREMOREE S KT S L, SEMOFEYTE
X 28 %, BKIE 39 % LB DKDIHBFEELDT o1,

D& D REREEICERETROJBESFEE L 12K
M OWTHR2-3 R, FRMR T, FMXD
AREBENRETLORKICEVLEVDIR TV 523,
SEOBRAIT » SBELNFELE T 2 KO 2B+ O
REEGIIE, KT TN T%, 2% EEBEERENAS
hiz, &/, 2RREMINT 2REHEBEIXE, K2t
ZN23%EB5TREEBHALNT.

(2) BRICBITDKEORBERERR

BXF « BTN T 1983 E4 5 1987 £ TOEEIA
fidiz, AFBOBENHREL 20X, BEESED 1983
FELI1BETH-:. TOMEDS B, BRIBWLTK
FROSAHIZ 5 2 BRI EE D 0 °CUATIET L2 DI,
1983 4, 1986 FE# N FN 15 L TRITH -7z, 1983 4
BREORENEL{, BREHICE>THEULRES
EBLT, NEZEHNELLADERY ZfTbhkhol-7:
DEE LIS VEV2, 1986 Fi1k 6 B A5 7B A
W TOERD -0, KRBOEEH 155 2 BMEN

el IUERTICMEES A SN, REAREO [H8] %

[2—%F ] TRREAR L BFERLETI0HIAST
LOOTALHY, KAWIERNIC 10 B 11 HOWAHET
BREELELLZZEBBEEINRTVS (JLEBLSREST,
1987) ),

B 2-2 [ BRATLEF I8 W TEHEIL 72 1986 &£ 10 B 4
H» 6 5 HOBREORE L EMEBROBFRERT. 20
FEOFROINEIL 10 B 10 HETRWTbH, 10 B4 B» 5
S5HIIRIFEALNEBIRITOhA TR, FWEER
OHIE I REHEER, [BOHIEIZASEIIRES

4 -
o
et
>
5
=t :
k3] y
F
_4 1 * 1 J
22 0 2 4 6
10/4 10/5
Hour (JST)

X 2-2 BREEOWMOEMRE L KB OEL
198510 B 4 B 5 5 HOKMIcERT
BHH 2 i, b o F i3 fgtko s imaEl
2RT,
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TEAFEEZHMEMRE

E435

EH2-5 TEOBERRE

+1.5mOEX) 2HAW, RA—DORRNICH S 3MEDOK
HT 1S 2 cBEER 2T 7., BEEERERL
7o TRR] SRS R CIRNEH S, £/, 0848
o5 HiCiEEXfTbAT, 2LEEIREIZIZO5
m/sec AT T, MK LZBERMBEDBENSEORE L P
TWERBETH -7z, ' ‘

B 2-2 R T & 5, R0 2 RROEMERIE —1.6°CR&
BT, ZOHBOREDOABIIFEHBLI-bDOLEELS
h3 (BE2-5), LarLSEOBAITIE, KABEEDK
BB L TR TE Lo,

BRI R{To 7z 3R & b AR RBRR MEMERZEL
2RL, [RLIEVMABROZEIZ E OB, HSAZR-> T
HIZIZ 2°CRRE (F 2.1°C) ThHote, LehoT, K
FROEEESME L 2 5DRKES2°CE2THLHE L
EZXDBIEDNTES,

FIE BRrFmOBRBICBITZTRER
) d 3%

E1Em BLoIC

FPamic L7z 2L <, R, KRB MR %
L7: B TIRSKLBHR - EB T2k THEK
SENEI L, RHERTREHIMEEERS tvubh
T &7-. (Makiand HARIMAYA, 1988)*®, L L, 83K
HXIIBEER & > TEFR LD B /NETHR
RERBHBRE LTS, ROBERTIR, Z0E
REMMBIC BT 2 BREREDORE 2 +431CHET 5
TERTERW, AETR, BRMX L, 2255 12km
BN TROBMIRER LR T 52 Li2& o T, /b
HEMcRRIND & 5 2 EHE COBRBEDERA

REALMIZT B2 L ERAT.

SE28 BRAE

fEATIE, BRETRO 4 BREHTEHRIE & BE O i
S{To7z, 4 BERISEEOEIZ, 1 &M% 16 BE~20 B, 20 B
~24 B, 0B~ 405, 4B~ 8O 4 HEHCRAL,
FNFhORRERZRLDWTHELY, k- T,
BHM P ORBEOREEN L REHFEFARS 120
Thb, ROT, HEHEHOELLWEREIZOWT, S
EOFELELLEEERE L s> RBEICS T, WS
DEEZE, BREROLB2To%., £/, EZOK
BOSRE A DB 21T - 7z, -

&5z, BREMOAN - B FEHFNORRSG 280
Mz 37012, BRETROERELN I, FEEFIR,
BEER, BIUEBOT A5 ABHAADORR, BAM,
RET— 2 2FEH LR, 2hs0BEMSDOME 2K 2-
1EZRT., ZhoOBHAMARWTL Y FEHRCHHE
BEORERIDW, ZhoDF—2 Dfhic, FLREX
KEET3, 9, 15, AW I VAV Y FTRESNS
900 mb £FEH (B 1000m) OEEREY LZEORE L
L, ZORAM, EHE: JBEREOBGRE AN,

P BERETFHROBETEL SUEE TMH
ERHED 4 BRFHENLLE

1984 KD EF & TR D 4 R EROHE K 3
-1 2IRT, BREFRO 4 BEEFOIKRIIZIZ 1IN 1
DERECH-oTHhE DV RERERIZ VY, BRIZE
ZIILERPLDRENAE S k2, HOBABE G E
BREERZR L, UL, EOBRA LKOBATZD
RECHMNETRLZYD, HEIHBENREN/NSL, BX
BTFELVS5CULDERBIRZDOBZENTH S, FKiZ
RENKEL,5°CREZ5Z B LITLITRAIZ .

Fiz, BRETFROBRIERBOFYEREHE LB
Lizr 23, POBASECBLTEROSNTEL
DED» o, L L, Z2DEZ 0.355 0.6°CTHETEIL
HET 5 LMEDECEREE I 2o,

WA TRURESE U SRR L L TREDBLHBE 2
5N 57, BRI EE I Dw CRED 4 BHETE
ZHBLU 72, 1984 EDOKDOFI 2K 3-1 biZRT, ZhiZ
X3, BROBAEBTEEL V/NSOEABDD, 20
A 1983 5 5 1987 £0 ¥ OFRHIIc DWW T H R
shiz. LyL, BTEHERT 2RCERDRELSFRED
BE & D 4 BEEEE T3 m/sec E N E W T LD
D, ZOREHCHMAOKBELRES L>TWVS,
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AR RBERERICB T 2 LERBOBBE L, ST X — 5 (BT 2HR

¥7, TASHHNERERRENAONEP T2, Z0D
e REE L RBEREELBEREFOTVWE LE
Zehd, ZLT, BROBEEDNES W EiF, BFE
TRISIEHEIE> RLkmBLrEL T ELI 05,
BERNPTFRICHEATHABZUCEZN TWS Z EHBFER
rEZLND,

AL HEAHIZELVEROREL FEROS
B

AT 5 CULORBESFELE L /2 B, 1983 5k
2 3 HfE, 1984 &2 2 BHIE, Bk 9 BEDE 14 BT
Hot:, FOREHZE (1984411 H10H» 5 11 H)
#X3-2RT. [BENIREE L LEEORMEHRANS
r, B&®E»S 0 BtE E TIIANTE <, BRTHER%GEH
DR, HEBBHERINTWS LEBbh 3 RETERE
T5., L»L, OFE»STRTIIEEHEHE D, FAEF
KRB ERT 2, BERTREAESFOVZIRBLR
BOERZBW, FROBRELGEL & D EDIRLDOR

25.0

a Air Temperature -¢C)
20.0

Hayakita

s.0 10.0 15.0 20.0 25.0

Chitose

b Wind Speed (m/sec)

8.0

4.0

Hayakita

o
2.0 "{,

0.0 2.0 4.0 6.0 8.0 10.0

Chitose
B13-1 1984 KD BHAKMFORRK L FRICB T
%R (a) L EE(b)D 4 BEETFHE
&

Bix, BROZETHIHE08H, BTk -85S
BBtz Fh, RBZOREMEHELHANS L,
0EAX RN THED, EDbiF20:00~24: 00,0 :
00~4 : 00 DREHENE L, HTLHRIEKBHFELE
LT WHOHERT LIRS, £/, BZRIFEA
CRI5T, I HRT 2 EASDH 3.
M3-2aicRk 72198411 510 HH» 5 11 HOKRE
BB OOWTHEMICHANTA S &, 2218 TIRERT
BENGENC & 2 [RETH5F Lo o 7283, 23 BELARRIZ &
DY TR DI HESENIEIE LT, 2L T, OBHE
oA L bFRBS LR LIED 20, BIXTRTEL
{, BRLFRBROBATEZEZIZ 6°CITRAT, 2BFHIC
BRTFROKBILEED7: D ICILETHEL 72w KB
(2.9°C) LIZIZELL->TEY, FRTIIHEISEIC
Eo TR IV REBBEHEENT, P3L (FERE
DEREAEICEM LTz & &, B2 Fh3#E s BE L

151 9
S
<
(]
—
3
2
e
@
Q
1=
U8
A
Hayakita
-10 :
16 20 0 4 8
6
b .
s Hi11top /
O /
@ A /
\ !
1N AN
s 3N A {Chltr)/se -
@ R PN
b4 g L. V'
1
E 1 ,Hayakita
= 1 7

Downword Radiation (W/m2)

200
16 20 0 4 8

10.Nov,,1984 11.Nov,,1984
Hour (JST)

Bk %, IWEICBIT 2 1984411 H 10 H
25 11 HOEEOKRE (a), BHE(b), TH
SRR (c)DZE1fk

3-2
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TEREZEE=FHEMRSE

F435

Bk D REBIRE) A WIREBIc ko e BSb e b,
COEBOREIBRERETFETEAETI—4.5C, —
3.8°CT, #OHBEBZIIEMSE L b 22RETH - 72,

Bk FRoUEOEEDEBER 3-2b TRL .,
Bk o 21 BFFE 2 TIRIUTED BEIZF 0 - 7228, 22
REtED S £ FINEORESE 20, 0FE» S TR T
bRFESEL Botz, LhL, ERTRAOHBATH
% 6BFEE TRHEIZ 1 m/sec LT T, Bilo 7 ERIZA
sbhiziroTz,

1984 £ 11 B 10 H&EM» 5 11 BR# & COBRAMD A
VU b EE3-3IRT. CORMEIZERTIX 22 FE
F THHIBSEATY S, ZOBLCITFRTCR’RLEET
BAOEREBH SN, TROME & EE 80m DEA
ERLFEME T8 Ch-o120, HEZRBENREL
72 ORREIZIE 4°CL/hB (o Tz, BRTH 0BFLL
B, BAIDLENHSNBE KR E LT EEEZ TEE
BHELEL Tz,

1984 & 11 B 10 H2 5 11 HO T & B EDRRFE
1t % 3-2 ¢ 1257 F. MAKI and HARIMAYA (1988) 46> D
FRENEHD 10 B 5 11 A2 EE L - BEFEITIC L 2
L, AHIMNEAPSESOBHER L P TEINSE T
& ST EIR, EHIO AN 3055 40W/m> B kb k

8ra Héyakita S~
7—\ 4 —
60 “ 1 2

40/\&\
/\

20 '////’-ﬁ\\\\\ ;;1 ’
:_‘/—$_3 \3\

Height (m)

4

//
(

Height (m)

7]

1%

2

10 Nov.1984 11 Nov,1984

Hour (JST)

3-3 1984 11A10H»5 11 Ho®HEO Rk

(a), THR(b)DBRLIDAY vy b

LTw3, BRTLLOZEMBHNEEL T0WE LT
2r, TERTCREHLELZLSTH ZOBREOERSE

h3rEZoh3D, ZORMEIKENLERELIzOTT

BOTHERFEEIERID AOW/m* LLERE k3
tEzonb, L, SEIOHEHHFCRELTHE
BAREOERIBRTI23W/M2 T, 20 L5 R KE
RERZAONEPoT, BErs, BRETRCBY
LEMOSTREBBOERIZ, BHOECLZbDTIR%

, FELTREDERERL TR LEZBZIENT
&5,

—7, HESHEINE L o7 b EZNBHET, KRk
FRICIZEALERAONZWEED, 1984 £ 1189
H&E/» S 10 HESHOM L 1.5m ORIBEE %X 3-4
WRY., ORI, BE»S 22 TRENR s>
BOBETHEL L kb o038, 22 BELIEIRES & %2 ) KB
BRABIET L, R e 880 AR KRESEIIR
bhi:, WEOKBDETIXLEMEL» THITAZ 3
T CEE, BERAHNC X > TR S WL LEE, R
HETEBEIFETHEBEEIh o Z b b,
DERMEDFER L TRED 4 FFEFHIKJBEDORKIE, OFF

[6,]

Temperature (°C)

\~Z Chitose

—_——

/
-l

16 20 0 4 8

Wind Speed (m/sec)

9 Nov, 1984

10 Nov, 1984
Hour (JST)

K 3-4 Bk, Tk, WEICBITA 1984F11HA9H
»6 10 HOKEORE (a), BE(b)DE
1t
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LN i

HEERERFICBI I LEBOPIE L T 2 — 5 T 205

Do ARCEREIN 1.2°CT, BIEREZEIR 1.8CTH
27z,

COEREBOENMDAY vy b 2R 3-5 2R3, BH
Bt & 1 BRE & TIXMEHS & b L2 THElIZEA
TWwW5H, 1RUBRSHIEIELTR TR 3E» S 4K
3 TEENSBADLEENAONS, IHIZHEHS
Hick > TR ENLREBS LZEORR L DREI &
STRBLIIDTHIEEZLND, L LZOE
BRFBOFBRE WD, Wim L bR E TIIRAT
Wi,

bR~z & 512, BF & TR CBREMOSERE
PHELUIES, [RBEORETIHELREL VS
EeMb b, BRO, WHEICEEDOEKAL & HIZKBED
EERASNBZELIT, HES (1983)™ &k »> Ty FKE
EhTws, HFS(1983)™ 12k % &, JLEEKENRE
ENB T EEMRA DS L BRI EERRIL, &
I 35\ Tl 24 BRI BGOSR L, 1 BREICRRD
EEBEELELTVS, BERETFETASONIRRE
b, COBRRLERICEZ: OEMBEEDERIZL ST
EUCleEzZ6N5,

E58 [BENRELI-EEORT - BILTFH
DB EH

BB %2772 572 1983 4F & 1984 DRI DWW TREK &
FROBAM AN, FERD 3HMEDT X 7 A
i (TR » BEBI « BB) KOV THREBEEAN
7. che o5z OWT, OFKKEM, OBKEM
TLHEE (FERTEHLSFHI6RE T) OFYEHE
#5 1 m/sec KD, @QFR L TR TS5 CULORIRE
DIFE LT, OREREE L, 220, BRERII
FRMZHBRATC B 2 F& TR0 S BHFA 6K T
LB HEL - ZEOFN 2 KB THARE L E
ELT:, £3-1ICHETEDSFH 0 COFEYIRE

80
a Hoyoklto 55“_"‘\\\,//
60
E
-2 T —
= AO z
G e
[} -4
x —m—
20
)
21 6

80
[b chitose ////
60 3 )
3
1 Se———
* \_¥
. \\\\\\\\_-\‘\
-1

o
21 0 3 6

10 Nov,1984

Helght (m)

9 Nov.l1984
Hour (JST)

B35 1984 E11H9H»>10HDEBD Rk
a), FR(b)DBEEDAY Ly b

X, 4ET 1B S FET 6 FOFEISREE KD, ZORE
= (L, [RBBETEELER) 2R,

L& R THAOBRRHOKBR TROFY
fEix 3 X H 12 3.0°0CH 5 3.2°CORIIN > Tw 3, L
feso T, BREMTHEDES, ZOFHFRRIEDOT
A ABHMEDOEHRBETEIX ICREL Ebh
3,

B3R TROMTRBESEH & 17z 12 KL, EEF
IR EEEWN » BIED 3HHD T 2 5 A BRI =Dy
KBETEOFEYIE, —0.805—-1.5CLADMETH
3. L:0oT, ZORMIZFH IELSFRI6BE T

#3-1 BAPRHPORERETE

Tenperature difference (°C)
Condition Nuabers of time layakita Chitose ﬁ;::::n_‘o Sh[';::;::l‘,su Naganuma
Clear nights 10 2.1 0.8 0.9 0. 8 1. 3
Clear and calm nights * 3.0 3.1 3.0 3.1 3. 2
Nights for over 5°C temperature :
difference between Hayakita 12 -0. 3 -2.1 -1. 85 -1. 4 -0. 8
and Chitose
9 Oct., 1984 - 2.3 -1. 5 2.5 1.1 0.1

[ER TR 19R~2URFOTIHTR L 1B~ 6 BOFITREL LTEHELL, * [HXTH

RO, B3k, Fik, TR, EEBR, RBT, #hFh7, 4, 5, 3,

5Thoi:,
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FRAFREEFEREMHRE

E43F

DEHFRBNER LIz Z L 2R LTWS, LoL, 128
D5 3MAL BT NTAEZE > D8 KA, 1
HMAZ R 2HANEICE S bDR 2 KRBT, 3#A
EHEDHDIZIB4FEI0HIHD 1 KBDATH -
2. 2D 10 BIHIZDOWT, 7 X 5 ABHIMEDE %
A5L, BHRTEHAIEN 2.5COREBEETENEX
T, BEEBM -BEZh£11.1°C, 0.1°CT, BXEH
THEADEEL b L THLN2KEBRTED 3.0CH» 5
3.2°CI R D INEWEE R o1, UUEDOERDS,
BXREFROKBICENAOND L %, FHNLMET
T THELOFRIORE CORBRICHL TFRET1LE» S
FHI6 R E COFITRBLLERET 20, BTLTHET
BUWNRWIBETHE ZLbh 3,

7z, COLIBBENE SNBSS, REBTEL
FERRICEE IOV CRERTELZFANS &, FEHEDWM
YRR NIz, BRE TR CRIBEBFEE L 727K 12 41
D36, AEETENE LR >7d0Di3 1984 £ 11 A 13
Ho16lb20AT, 20 16, BEETERIZ0.2m/
sec THotz., L7edoT, BREHET TR, BED LS
KE-oTRBEAMNSISHIINB LELTELX LY
CwEEbha, FRTROBAMSATA S REOR
BOLERIZ, TREEDOLDOTERL, HHIR -EESN.
RERY, FEHRT—RECAONZERTHZ, L1
3o T, BHMSEAAS—REEELIBFRTH 2 BEIRRK
FICKRIBO LA I DR T W LA iz 57z,

F6H LZOMELMRENEF

R EEORA, B AROBEEOE
275 GOEE, 1982b) 3, L1za3->7T, EZemEHE

BERED SR EL R o1BE, 73 FEORSELL

FEHENOHMBRESKEL BB L3 AMICK > 75
B, MRAESRKES B VRENERTZEEZ N3,
22T, LEOR L MEBROBEMRICOVTHAN, L2
DEE LT, FLIREXSRE D 900 mb OE &R % FH
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X80 RTRELVLIFRREB TS, LirL, HIETAN
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722100 m F CORBOMEMFEEE L 72, & 51,
AR UEEBERICH 5 LOTRI BV TRIE, BEHE,
THREHBHERRIEL. ZhsDRIEHERE 2B IR
LicH&ETH2, ZOREBREFAL T, K4-11TR
TEOLEE80m, EEEIm ORXZOREEZEEL T

FOEBOBINE SR HE LTz, BREBOHRIEL LS

BEME T, BROEOBAERED2HHEICRIZT
AL, D BN I LB L TN R W ERETE % (K
KBER, 1984)%,
(AQ) B 4-1 cRT T, REBEBOKENZ X 3
- BAewmH(Qr), HIF X DERBZHIC X B INEAHEH (Qs),
B d 5\ id E225 & D BRI X B N# - mH (Qx)
REoTOAETBERETES, —RICZDOEIZRY
JRAETNTRE, EELSEXINIFEREII VLD
ERELT, Qx 3AFEAM»SOBMEL L Tkbh
5, Ldl, FIETER LS CELEBIS LZEH o HE
ENBLEZREER, EEICHEINIRAELER
TEANRYLEZONE, LIzho> T, BNERIZK
R LTHEbENSB,
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AQ X, TIRIZ X 3 KRB OMESORHZEL,» 5K
REAVTRDENSB,
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ZZT, 0 BEKDEE, Cp ITBRDEELE, 0 12iR
I, ¢tI3FERE, 2 3@, RIMRELEEEDES (2 Z
TR 80m)ThH3, Qe i, RiELSHHICE > Thbh
PHETHEN S, WALRD,
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LBETHERDT, XENES r DFTRKD—HH 5
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2T, J(8) IEHRBEE, ¢ 13 c 2RO THBERTH
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Uizt T, ASTHRET L SR RO E AL I3, KA TR
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X 4-1 SEOBINZ OB SN
AQ BEREDHEE, Qu ZHEIC X 270
SR, Qs IIHIE L DEEEATHUC X BN
B RHE, Qx BBHRD 2 WIZ EZEL5D
BRRA I X NS - BHIEERT,

FoemTEL,
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ZOR»S, BREEICII TS BSOS E ER&ER

HOFBHEIZELWETZIENTES S, (4-3)R,
Qe={L 1 (0)—L 1| (h)}x2 (4-7)

YUTHET LI LB TES,

Qs i3, {EEED—HETH % ZILITINKEVICH and CHARI-
KOV (1968)% D H iz X o TEHE & 1 3 iR OB X
BhroRD, i, 22 THORLEEBERT 4-8) R
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C $a(0)=114(1+4.10) (4-8)
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Qr, Qs, Qx DEFFREFE AL D FAIZEL LT,
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BROBWIC L 2BEI D KRERBEEN LZELSH B
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EZEhoDBEXERT. RIECASAIE %
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Hayakita (¥/n?) Chitose (W/n?)
Qr Qs Qx Q< Qs Qx
8 Nov.,1984*; -11.0 -2.2 21.0} -12.3 -15.1 29.3
9 Nov.,1984 -9.6 -8.5 6.8 -9.0 -1.8 8.3
-6.5 25.2

-

©w w o e o | amme

Date

—mo

10 Nov.,1984° -4.9 -1.6 14.5 -9.5
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Bk, (4-5) RTHOIARESERD 2 ORI %
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) 31
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ZLINEEELVELORETHDZ LIRET 3. #IH%
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YhvA YAV (BERES W L 3 EABEOKEDRGA
A) KWE-oTETIHEREZS. BRI 0BT,

o=po—yXZ (4-9)
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£ET5, ZZToREROEE, 0 13EA, ZIEERT,
WED 0 IHRETOMEERT. £z, v IEEOIR,
BREEBNOBRMOAETH S, v & B BRI, K
ﬁ?ﬁén%
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ZDOEENY, LEORORET, %éDmﬁEb%
BRI T 5.y 2—EBET DL, ZOMORT >~
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(RF vy » VI ANVE—EE)
=X 7XgxD* (4-12)

RIF VY VIAINVF—DRALEE LT DX, HREE

%uiofibtﬁﬁﬁAt%xané ¢t BFRG I
HEH % L AEE, "
(LB8) =(h) X (EE) X (H§f) (4-13)
LTHEbES, WENELUTEEBGET n, EELLT
BEx U 35k, (4-13) Rid,
(£3BH) =X UXt (4-14)

LEEXEYL, TV MUA VAV MRERBIZEWTII,
REBOLICHDBEEBRBVTIR, KKBPILELEZ
shaps, BEEREY Us L L, SPSALEMBOD
b TR ETHIE, BE Z 0FRE U i3,
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M 4-4 LEBBEOBMEX
(a)i2hsEERt, (b)IEERERT,

U= U*xan

7 (4-15)

Z 2T, xi¥ Karman E#, Z ki*ﬁlgfibé 77,

n=pX Ux® (4-16)
DEFH 2 » 5, (4-14) Rig,
(EHBE)=pXUSXUX?t

=oXx*X U,,len%Xz‘ (4-17)

(4-17) K RENEZRT vy ¥y VI XA LF—DELIZ,
BOZUIMAEBTECKET R E, (4-12) RE 4-17)
A5

XngXD3 pXEX Uy xln——xt (4-18)

12
ﬁﬁﬁ%%%zf,Lf@mL%tTwﬁb,gﬁfa
L,

2
DB o X UL L (4-19)

Thbb, INPEREBOWERE LS, LizdoT,
REBOWEEE X, KEBOES, HE, LZEDOEMR
W&o THREZND LEZOND, Lz, Bl
LEBORES ORI & 2 BREEIC L > TET2
EEZEE, LT o BEBNICEHR S Wz BEE(Qx)
i (4-19) A TCRENIZBEBOWERE ICLA T2 &
tEZoNB05, UTORTERDLT ZENTE 3,
Qx=AXax U? (4-20) -
ZIZT, ARHKBIES, o 3REBDBEANEONKT
H5.
S[IRICLBBHRIToLEEIZOWVT Qxk axX U?
OBRERFRAN, ZOKRER 4-51ZRT, 72L, ZZ
TUDEELTWETHEL 24 E10.5m DEE %
i, WAL D ax U oS80T 2 &, EZhoRE
BRICEESNIFEEE Qx bEINT 2RI AO N
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VAV ML oTEE» S BEBRCHRE I NI AR L
BEL7:T, EZRZEABZTNIEEBICIZIBROR
W HEBEBECTWIDTHELEDEIRRS, Lz
BoT, ZO2XROEHHITHE B 24H5808
W HERCL20HELEz T, BEBCIAMTSH
LERDITBTHDOFEL D b OBRKRDOBH « #HRIC &
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EVNBENL ol LB REHTH FLIE_EZE 900 mb %
FEE D E#E 53 10 m/sec LAT)BEREM T, £4-1 55

bbb Lo, MHELLBK[OBH - HBOHS X
10% AT oz, LiedioT, BRI/ NEIDEH
HETRIEROBEERLD b, LA EZBORELS
REBNEXE SN BEBOHSKERELRL, EE
RERTH S, '

5 NEMICHITZEREOREER

HIRDBRIZ, Qx WIIHRROBH-HEIE I T3
EEzZoNE7:0, TRNOEBKOES BES EZE» 5%
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FBEESHIZT S,

FEB5F LLEORIZLIREBNBREE L
HFZ/ 85 A — & DREF

F1H FCHIC

BABTHRN LD, BREFRCBIZ2EERBD
BEDE VI, EEOERMAD S WIZERE & FECERL
THEY, ZhRAMABIOMEOEETH S Z L
zZont., FEOROEE X > TREBOBESEL

IhiEZEORE,LSEES NI

CPRELLDEBERAL .

rrrEzondE, REORRELCRUKEDA VS
vy bRABE, BEBOWENPHRIIE TRALL &
i, MREGESEINL, X512, #IRMIEOKBDO LR
BEElaNG, Thbb, KEBOBEI LZORD L
YRVA YAV P E R B REBNOBRROEECL T
RETHEEZONS, Lich> TNEORM L FEFI
DERBEREOBERHES MICT 20X, FEOR
e RBEDOBEFREILET 5 LSEETDH 5.
+FZEp A & HEEOBHRIC DV T ORI S
<, EDOEFEENRIILLbDOE LTI, bHPETIE
UTRE + IR (1983)*0 7% (1985)™ DWiFEHHB. Zh
5% TIE, EEORIHERELKEL T, BERE
HH 2 AELOH ERE» SHEET>TWS, L
L, RELHBOIFERNRE LGS, BEEAR
M EREDT -5 P i, EEOR L HFREDRE
BRI T 27 DICZENCIT2THE LRBb 3,
Lizts> T, AETIREZOEE L TEEK, TRmtis
D OIEITEIERICH 5 LETEAL 2 AEERAWT, Z
DOfE x iR EE DO BFR % R,

B2 BRAHE

ABEDIRITIZ BRI 1984 £ 10 A5 Hb 5
11 A 16 H, 198549 5 26 H» 5 11 A 6 H, 1986 45
Hl4B»56BE2HRVIB2IHEH»S11A208D
AT, BEITIREDT -5 2R,

ﬁ@%ﬁiwﬁtﬂﬁ,iﬁ,$ﬁ,bivﬁﬂﬁ@
SEPEMICH B INTED 3HATH o 72,

EZEOREIUETHZELBEORBEFREHEAN, X5l
ETHE LR L IRBOBEBR R L2, B 3ETR
N7 k3, REBOBBR EZEORICEHESNS, L
L, SELEZEORORL Y CIUIETHZEL 72 A% HEH
L7:DT, BEEA L ILETHEL:BOBERIZDOWTE
gL, Thbb, GERE, SKEECHRY VT
oT1HA4ME, 36, 9B, 15K, 21RRCHIEEINT
W3, FHERENRELLEBE, 07— 0B
TRENCATDTHS, LidroT, BEERECDH
Z2EHFH1035mOIUTETHZEL I B E2EITcERL -
2, ZOEE:BRBEESBEEESD B E S »EFAN
7. HeECAER U - S BRI, 900 mb EEE O BEHE T
H5.
BRRSAIIERETDH LD, BITLET—RE
BEnLTRO, BET—5 Lo MBEBEYT
¥, BERZEOEER
BRET 272012, RO IEXMFLHIT T —2 DHEHE
WER L7z GERBE - IR, 1983)*Y,
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TR REERERC ST 2 REBOBBE L /T X — 5 1T 5%

i) # EEE (Ur) : Ur>2m/sec
ii) 900 mb & 800 mb HE D EZE ( Vaoo,
m/sec B & U Vao=2 m/sec

iii) EEDSAE S 7 — | Vaoo— Vaoo|=6 m/sec
AUTHE- IR (1983)*V 1% i) DHERKR U L2280 ED RAEE
PEEIEZFNZFN 5m/sec, 13m/sec £ LT3, L
L, RIEM@% 2m/sec £ LTH, SEHOBH TIREER
EWTETHE L AOBEROBEHECE TV EE Z
shi:, BRI, TRMZEAMEFRTEERERL TV
7= E2FERALL. .
PICHERIZE D ILTH & 5% EE DAF 2L O AH ZLAHR
Bf=EE L, WWETHE L EES L VZERDRNM
HE & DOBF R R/,

1/800) . 1/9002 2

E3E WETAELAS L URENDHEER
(£3

BEEAZEKEBCARY > FI2L>T1H4EHE
ENTWBEDAT, ZOHEMRTIZHEEE L ORIF
EPRARDLIOEATHITH S, M LIZLTETHE S LT
BEIZ FZEOEEERET L L vbLE GOk, 1982a)
VT, WETHEL AL EEREORESE 2 AN
7o, HEBUCER U e BB A X, 900 mb FEE O EE T
H5.K5-1 cEBERE UTETHEL :AOBFRERT.
mRERE (5-1) XTRanxk.

Ur=0.18X Vew+2.16 (5-1)

FERAMREIL 0.66 & LR THETHS. 2D LIRT
o, BERE UIETHREL 2 /I IZIRERO BRI
HHZebhrdb, £72, RMS (Root Mean Square)

23099 m/sec TH2DT, ZOEERD» SEEREOH»

10.0

a) Hayakita (Cloud amount > 9)
Y=0.84 X -0,73

©
-8
2
g 8.0
° r=20.8"*"
=
g 6.0
2
=1
o 4.0
&
&
p= 2.0
=

0.0

0.0 2.0 4.0 6.0 8.0 10.0

Wind Speed ot Hilltop (m/sec)

Wind Speed at Chitose (m/sec)

10,0 1
_ | Uy = 0.18 x Vggq * 2.16
g g0 F =066, RNS = 0,99
= [
o 6071
g
T 4.0 1
o
D S
Eé 201t 3 qéﬂb e
2
=
0.0 .,

0.0 5,0 10.0 15.0 20.0 25.0

Upper Wind Speed (900mb) : Vo4, (M/sec)

X 5-1 LB EEEE (900 mb) & IUTETHIEL 72
JEE D R
ZZTHEFEEDO* X 1 % TEEETRT,

niF, WETHZELZEAZ2 ZOBREOHEET, #HET3
ZENTEETH I LEZONS, LaL, WWEENEE
BOoARBzE&EnBEEDT - b, (5-1) Rc&Fh
Twaicd, PFUIEK[EDOES, ZORDERFELI,
0.18 kW R&uzfEE%D, HEARKIR LR ELS
N5, KBTI, WIE L ROE D 80 m DRBORE
KOWTERLTVWADT, IWENEERBO LICH 2
BRDOWTHETE Lz,
BERERRXTIEEZONZINTETHELEER

10.0

b) Chitose (Cloud amount > §)
Y =0.97 X - 0,37

8.0

6.0

2.0 4.0 6.0 8.0 10.0
Wind Speed at Hilltop (m/sec)

B5-2 UIETHIE L - JEE & B3k (a) B & UFE(b) D EFEDEF
FERMEABEFROREOFHEEN I LOEETH S,
FIRRMRE D * %X 1 B TCEBER R T
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FERLEELILMEE B3 2

¥ ETFRTHAEL -RROBFRIZ OV THENT, K5
2 W TR HRAT D 4 R EES 9 L EO®EI
DWW, WIETHIE L 72 EE & B3Rk U m D12 EE
D 4 BREEYEO &K R L 2.

EHEEN I ULEDBE R, BiR2LEBSFEEL T,
HFAHEDOREZIFIRFIL LARETE 2729, H#i L 80m
ECHBAMBE LD E L SN 5 (LR, 1982a),
ZOEFOIUTETHIE L 72 JBHE & R EEDORBERIZ (5-2)
ARNTERENT,

Un=0.84x Ur—0.73 »=0.86 (5-2 a)

Uc=097XUr—0.37 »=0.89 (5-2b)
ZZC, Un, Ue, Urix, zhzh, £k, T, WIH
THRELLEETHS, WAL HHEBREKZE 1% TEE
ThHotz, (6-2) AOEREROEE (BERFEH 24
5r, BRIDFROABKEL, TROBEDIZE S H
WIETHE L BEIEEE RS,

WHIEEH 9.0 MOBREICDOWT, BEROBEE L TR
DREEDLDFME(R) 25THT 5 L, R=82% &% 5,
B &2 EBR L IRESRE D S 2 5k
HIZDOWTYH, NHEEHBNEEFTHRYIIDEEZON
3 GO IR, 1983)*Y, wi, BRE:FRIOVTIL
HOBE ETHESOm DEFIZIZIZFELVLET SRS
X, BEDOREIHEDR U=Us/x X In(Z[2) = BED
PIEEETH S Z=6m 2RAL TR &, MR DHE
EHEE (Zow, Zoc)id, (5-3)RTEIN 3,

7 = (Fxln6—1n80)
on =exp| ——=———

> > )
g.g.b;, ’

F n80—Zoc

T (R/100) X (In6— Zoc)

10.0
: a) Hayokita (Cloud amount < 2)
Y=20.61X-0.37

8.01 r=o0.59-

Cloud amount > 9 ay

6.0 L7

Wind Speed ot Hayakita (m/sec)

0.0 2.0 4.0 6.0 8.0 10.0
Wind Speed at Hilltop (m/sec)

—7%, drEE-ILR (1983) O AFEIZ L - T, FLigEZE
900mb BERERAWCEELER, TROEE Zox,
Zoc i3, FNFN043m, 0.09m TH-7:. ZOFED
FHEE Zoc DE 0.09 m % (5-3) RRAL T, BROHEE
Zon REE LU -5E, 0.42 m 238 5 4, JTEE, LR (1983)
DDELIFIZHELL ko, BEROMEE 043 m i, i
B 1R (1983)“Y 1R & e — Ay 72 SEEM O {E 0.01 m
KHRTHEDREWETHS, BROBHEMSADEH
2, HEEZKELTIHFMEEOEEYN RV LE2E
BT2E, CORERHEERZERFABEOEBEL L ORI
EROEEBCL2bDLEZONE, Lizdo>T, #E
DEE & #E 80 m DEEDBERL B/ SN HE R,
REBWED - HD, #F/FGA—FD—DThH5b LW
25, LdL, ZITREELVLoTWBEDIE, WIAT
HIE U7 BT 2 REE D (EFERDOIEE)
DORDIBDTHB., Lo T, SHIZNEZIDRE
HOLLEEBZOHAEDOMFEERDLT T A= TH S
EbWnZ b,
CZOREDHIINT I REBEDHER A DD, BXR
RELEZONBTFHEEN2UTORBIZOWT, 4
RO LTETHE L 7 B3 & B3k, TR EE
DOFfFE®K 5-3 IZRT.

5-3 DR BRIZ, K5-2 KR LI EE
2oh2PHERINULOBEOERBERTH 2. 7K,
FREHIS, BEAYOABIOEBFOTESHLT
w3, I3, BEBHEES WIBEIIMROEED
INER B ZERRTH, BREFERTIEZOHMOR
ENRZ->TWVWS, M5-31c&k3k, BRTIIUETH
"L A 3m/sec AT TRILUIETHIE U 7z B H3

10.0

S b) Chitose (Cloud amount < 2)
a Y=0.76 X - 0.07
2801 r-oe6 )
@ Cloud amount > 9 4.7
S 6.0 .
g
Pt
© 4.0
©
(Y
8
o 2.0
(=
=
0.0

0.0 2.0 4.0 6.0 .8.0 10.0
Wind Speed at Hilltop (m/sec)

X 5-3 WIETHELEE L FER(a)B L UTE(b) D REDBER
FERMZABEFOREDOFHIEEN 2 UTOBETH 5,
MPOWRIIK5-2 DEIRER TH 5, HERED %135

‘%Tﬁ%%%To
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kg L RFEEFRERICE T 2 RERBOBIR LI/ ST X — 512§ 5 W58

5 /H““ZOD /
A /

\, /\\/
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e

~ / ,
: <~/ ,Chitose ,__ -
\. /_/ ~/ { //\ B -~
] ; I, i N7

\ /
1 ,Hayokita
I/

Wind Speed (m/sec)
w

0
16 20 0 4 8
Nov,, . “
10 Nov,1984 Hour (JST) Il Nov.1984
1.0
b 10-11 Nov.,1984
S 0.5}t . Hayakita
"; A
o Al
E '. /
s 0.0 : —
S \ \
73 ' r~ '
w
8 . A 1
o .
Chitose

-1.0

0123 465¢6 7
Time lag (hr)
BI5-4 1984411 H 10 H» 5 11 H O &K D JAE

Zft(a) L /R LA () BLUFRE
WIE (k%) DFHEFEEEIRE%(b)

BN TH 7 DEENE LA CHEREZZRELOATY
S, TR TIILIETHIE L s BEOEIM LEAI L ¢,
HREESHEIML T35, EBCKE, TRTLERLE
FRICILTE CHIZE U 72 B OB DR E % 5213 5 LS
2D LBbhdy, ZOEASEREZLCEZCED
hiholzbDrELIONS,
EREHEOWWETHEL - AE Ur £ B3R, FEOR
# Uny, Uc OEBRIZG-RTRDbEINT,
Un=061xXUr—037 »=059  (5-4a)
Uc=0.76X Ur—0.07 »=0.66 (5-4 b)
i & b HHEREIE 5 B THEE TH . X, T
EH MBS IR (5-2) R ERRENC HE L T/
ELBoTWw32, BRIVFEOABRSVLELSIE
iz G-2)REFKRTHS, ZOMESE, T RbLLEED
£5-1 BERrUEBIUTEEILE
THIE L 7z JBoE D A1 EEE

Time lag(hr)
Hayakita 2.2
Chitose 0.9

Observation point

i3, BREBORELZ I LEZONLY, BREF
BOREDLEES £, 0,73 4D, PIREOHED
BRETFEOBEDLL R=082 IZtE~/NEWHE 2 5
7z, ZOER, XEREIZE - L 20EEDHE S
BEROABRKENI L ERT,

FA4E BRE - THROBEEMOREODEN &R
EBNWIR

B IBETHRNIARIE, BEFGEHNZEL WEET, IUE
THEE DM A & i Fs, 7k, TR BEDEM
R ZR&n4ELC (K5-4 a),

Z DM SO RFEEINORMN B2 ERLT 27
DI, EIREZNC Z B E U 4 BRI D W CILIETHIE
U7 B OREBE(L & B, TROBECOMEEHE
B R K 7z (DAvis, 1973)%, Z O 2 KEiE, B0
T=0%RALTE1:0, TROT —F DAHERV,
1984 £ 11 B 10 H~11 BO RO BHHI K 5-4 b i
NY. i, K511, BR, TROBREEMNOILIEN
5DEND 12 BRMOFYERRT, ZOfEIR, IWIETH
ELLHIPoMRE TREBPEEINIDOIKET S
M EE L 5N B,

BREMOZEBOWEIZ, EZORCL2 Y L
AVRAVIMZE->TRIZERELLEE, =¥ b4
YAV Mo THRERBAEREINIEH#EHIZ (5-
5) RNTEREND (GIEE, 1982 b)*,

_3comB ( Ow >3 _
H 2rgD XpX(155 (5-5)

BL, c: ZROEELE, 0. BROFEE, m KRV L.
LeBIES, 7 BAAE, g EHMEE, D: x> byv
AVAVINDRIBEE, ow: SREHFRIOEFEDENT
b3, BE, TRIZ12km LrEERLTWRW®, o,
0, & mIZFAICETHEFICEISEVWEREEZ BT s
T&5%, ¥z, B, DIZBEC L >TRRLEKT, 7,
owld, ZOBRDRREMG I > THREIERLEZON
5, EZEORMNEEREET 2L, HBBFICBITLHE
BEH I, HOERAERZBNT, G-6)RDBICKS,

3
H=Ax{g (5-6)

HL, ARBFRCL->THREBET,
_ 0.768 X Bcpp*m
A= 2D

ZIT,y LG ELINTEDOREE 4t 2RV, ow i3,
EZEORFICHAT 5 LARE L GIRE, 1986 b)*, UTE
THELJEAE Ur V5 &, BERE (H) 13 (5-7)

ATREN 3,
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TFRAFEEFHLIRE

E43 5

6  a: Hoyakita
v =1,13 X+ 0,88 (r=0,81)

Time- lag (hr)

0 1 1 1 J
0 1 2 3 4
at/U;
!
6 [ b: Chitose
- [ Y=09X-02 (r0.78)
= _
4t
o))
E - .
(5] 2 -
E
: - @ : .’
s o
0 1 1 1 1
0 1 2 3 4
st/0d (107K sec’/m®)

B5-5 fitHz= (L) & At/Ur OBk

. UR
H=AxAt (5-7)
FEERMO BRI DBIE, IWIEY» SR E TRERH
BESNDIET2RMETH S5, H OMBIHE
T2 rEZO>N, BEMMOBEOEN (L)X, HFIE
BBEAWVWT, (5-8) RoKERbLENS,

L=Bx4k (5-8)

8L, Bu%ﬁk;ofﬁtaﬁ%%&fbétﬁﬁf
&, VN EAREHROMBIZERES RS 2 LT
MEha, UETREDEIMNN & 5 NI BREH 14 B
O EEEINOREMOEN (L) &, 4t/Ut OBR%E, K5
S REYT. FREROERERIE (6-9) ATHRI N,

MﬂBX#+%8wﬂm% (5-9 a)
Lc=096% gﬁ, —026 (r=078)  (5-9b)
(5-9 a, b) 2RDOIEEFEEKIZS B TERTHo 2. (5-

PRICE B &, BROERFEIZ, TROBRREELD
Kx&x<, (5-8) ROBRBHICLVELLZERE LK
FRRYUTHBLELOND, Lizsio T, HRILK
ZoBRERREREL, BREREZHETLE, KE
BoOBEAERVEZEZORED > HEBOBEEE, ¥
Kbb EZEh o REBIBMEINIAESHETE, %
DRERFEL L 2 ¥ OB T Y ORERBEY
ST 2B TREAER S, DF D, ZOERBRE(B)
i, 3 EI R L AR R EBRR R

W T A—F bz b, i, G-8)ROHEEB L (¢

-20) RO A RKREFIT2EETHZEEZONZD
T, BB b RE A LRSI EERL B L —
BERENGT2ETHEZ by b

%5% EEOE LIRS HE S hI MRS
A—=%

FETCREEP OREBIEHRSNIABCHET S
YEZONLHMIE NS A—F %, LEORE L MFREDE
BOSEHT I L 2RAT:. PURBADERETER
DEEDL (R) »» o ABEOM 2 ER LI HEE Ik
(L3R, 1983)*Y REHE L 7z, TR — M2 FEMOMHE
2RL, BRBTRIDKEWEELD, ZOHEBICX
> T EZEh o REBNICHLE S L5 BRIINT 5 IR
B REND Z EHHEAL 7,

¥, PROBRSHEEEDOL SXRETIRCL ST,
BRETROREEBSIHHEEIN S (RS, 1987)%, Z
Dr&, NE:HROREDENFM L, WWHETHEL
T EEB & CRZERBORENR D SFHEINZEDOERE
FEY, BEBAANESE SN AE IR T 2 BB
ERTNIA—FTHBIENHESHIIR 2T, ZOW
HORBRIZIZIZERNZB/RELZZDT, OB T
A —FPRE S L, HEER» SHE L2 EEOR
REREBORENE > SREBOWBERE LHHTE
3 rBbh3,

LHL, FEOHEARINLERD 2DOD/8T7 X - %
HETZ LRFEBRCIIE#ETH S, 6-3) RZREME
BEOBREN—BHLRERTHE LRI I LTHEI L5,
WIECHELZAD 3 i FZEOE 2 EHE Y LTEHEL
72R, TbBILETHELRAD 3V EZEDOR
BrE) T sHEEEDL S 2 7- Zh BRI R ERD
FTNROGA=FRRENIBLEZLIENTES, 2D
BROEAR, 7AFRAGHMEDOT -5 2FIHEL TH
BICFEEOST R, & SR ILIR (1983)*7 iz X % fHEE
EOHEBHITRS, LksoT, ZORELICERLT
RETHER L OBRELET 5.

EL6E LBEEHADT XY ABAM S DM
NS A—4 ¥ LTORZEL (WSR)
& AHENRR

F18 BLoIc

HiETIR, oY 3 tiREDORER 2R T HIE
RS A—F L LT, HFREREL FZ2ORED L (AEL)
RAVLIENTES L BRLL, REL 2 T
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AR | RBEFRAERNC BT 2 HERBOBIR LM/ YT A — 57 1B 0%

A—F L LT, LS HIc k> TElRBI SRR
BRETEOBFErEELTENE, EROFEIERT
I BELBRHE L L OBRSIEETES L ED
Nz, & ro k> L TE AR ER X LB
BOWTRMEREIVNES S BHBE LW o, KE
T L BHOBFRERT /ST A —F £ L TEELI
EELTHEL:.

FEQEED S EEEEHEET 3 72D O RELL OB
72121, AAGAARD (1969)", HSUEH and ROMEA (1983)'”
R EOWMERENRDH B, £, HEEEHEED D DE
B OPFFRHRE 121X, #(1985)%® & ¥ DML 5, 2
noOWETRELD 2 wItRAEDOHEELEM L L
T, At e ARLZEE L LA L 0BFRSwE o
T3, BEEORELOFERT - 17 (1985)% 3, A
HELos i, AR, RURKEZEEOHELRITS I
ERRLTVLS,

AR S (1987, 1988)505Y i3, EGE LI FBEH QM D&
ELZF, AMPAREORERIUTHEAIMRIZY

ZOEBNEL T, E2, KEVSBEREDEEDS

BZOEDBNESZ ERESHLIZLE UEDZ s,
KR BB B TR S W REBOEECER
L7:3BE&d, BEILEE2RDLT S A—F T3
ENTEZLEZOND, FETIIARLESEHOKR
BETCET 28/ S7 X —F 1T 50 ELEERT 57
®, FEEE KEOKBRET & & 0BfFR 2 ILiE 2 R
WA,

F2H BAE

KT TIIIEBEAD 7 2 ¥ A BHI# S 162 #5520t
RicEEL E [IBRETEOBRFE 2R, ‘IR
N ZERBOBBCEE? RIZT LEDRIX, BED
HREERSBTHE LEZSNZDT, BK5IE
ZOLEZEOREE - FEIFEBIRBEAE» SR 2 0LE
BhH5, LL, ItEBENTEBRRERH2{T-o-TV3
[AURBEFBIIHEN - tLIR - RED SHIE DA TH Y, B
DT DB RIER S, Lizds>T, BFETIE
BB LRI ERBE LT, HEOSESED» SKRD
ToHEERE B LTz, SES P 2B i EE (U)
DHERKS, tREKDITHS Ux, Ur(m/sec)ii (6
-1) ATEkbans,

1 oP
Ux= S owsn g < oY

-1 oP
Ur= 20w sin ¢ XX

(6-1a)

(6-1a)

L ZZT, o BROEE (kg/m’), o HIEROHEAREE

(rad/sec), ¢ :#E (rad) TH 3, W LOKEM (P)
X, HWEHEERZ S 3[ESOEE R L 2R R
{7z, T (6-2) R (Frk, 1985)° THRbEIN 3 2
REVFHEZHW T EOREEHEE L 2. T2b b,
L¥EEN O 22 #is & FHREBOD 4 HHDE 26 A DOKR
EZ20RFE L NEE (X, V) 5 (6-2) R0FE a
~FfRREL, ZOX»SIEBEDOIESL KD,
P=aX?+bY*+cXY+dX+eY+f  (6-2)
ZDHET, 1982E0 5 1986 £ TO T A 5 A BHIH
ErEQ#RS 1 H 46 (38, 9B 158, 218)
WZDOWTKD T, HREEIZ, HEEICNEGT 5 BRFO
T AT A DOBEHEE BTz,
BORELIZ R AR (1) & Z0 L &OMERE (U) »
5 (6-3) Rk > TKRDT:,

(RGHE H) =% X100 (6-3)

21J57,14,0ctober, 1983

B 6-1 19834 10 A 14 H » 4b.¥g 38 L 28 o #b 5 &,
(a) ¥ 850mbX&KM(b)
MadDBARRREBOMNER2RTEbD
EBREFHSE (M), BRITRBECET
‘?_0

1007 2

(WSR=27)
(WSR=54)

Sapporo
Nemuro

801
601

40

Wind Speed Ratio (%)

20

0 10 20 30 40 50
Geostrophic Wind Speed (m/sec)

LR - BT D BB & iR o R
Ko xix, fLRO7—2 ThH3,

6-2
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TERFREZFREMHRE

B35

JEIHERD 7 X 5 A BRI E 162 #I2 DWW T, iR
Al (16 /7460) WCEH U 72 B & s EzE DSR2 3
~, MEOERRZRD 2, ZOEBA» SEREMRO
ST EZE Tdh 5 10.1 m/sec DEFD BERLL %K, H
Foko A—% L L TORELE (WSR) & L7,

E 51, ZD10.1 m/sec DD EFEL (WSR) &, &
TR ABAMEAOKBERETEOBFRELE L, 72
AR S OREETER, hiEEeEsRET, »
OERBTho 12 KHED, HRIZ—FELWHIE»SHD
HIZ—BLWHIE E TORED, BARRMY Y OEHKE
BTEELTEHL, ’

E3H dLBEHAND T X ¥ AEGAIM S 0 ELEE

X 6-1iz—fle LT (6-2) RTHEL /2 19834 10 A
14 H 21 B0 JbigE HZ22 o /E &, R0 850 mb X
K[ ERT, HEWN, LR, REOHMEROHEMIZ (E
1295, 9.7, 9.6m/sec), EmREADEHE (E 10, 9,
10 m/sec) L IZIZFELWHEIKZ o7, K 6-1b DREAKI
X3 ZoRBIEE EETREESSILED SEHEIC
BUTED, HEKERHAW CHE L - RRSZY
THHIEERLTVRS, OFEFITH Ro—KiA
sl DT (6-2) RTHEE L 7ot E BV RS %
FEL .

B 6-2 iz, R EsSILE & DBED, FLROEEL
LB REOBFRE TR, K 6-2 05, HufEE & EE
HoOBRIZRIEFINBEFRTH S Z L 3bh 5, JLiEERN
DT AT AR ED 22z on T, £oMifEEO &

FIZ DWW T b HEE L KB BERA s, Lz
230 T, L L s EE (U) ORI (6-4) Kotk
KEDLTIEBTES, LBERDOT X ¥ ABHIM A
162 #(i)D 16 DHuEAMEGNT D WT, (6-4) RDOFRE
ai; PRAIN_FEERRAWTRD I,

(AL ;5= ;‘j';‘, +bs; (6-4)

K 6-2 CiREOERHE L RT. ZORCRIh3 X
S S E I EE L B REEORBRBER B DT,
1982 &£ 5 1984 FEDHEREM D 7 2 ¥ A Bl fllih = L2
O FH AR 10.1 m/sec Z AW T, (6-4)F i U=10.
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Temperature Dropping Ratio (aT: C/hr)
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Study on the relations between destruction of stable layers and
topographical parameters

Sununary

Local meteorological phenomena have not been clarified and systematized yet although they have

influence on many industries and our lives.

Regional low temperatures which cause frost damage
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is influenced by regional topographies. However, frost damage is also one of these phenomena, so
even today forecasting and protecting the damage remains a very difficult task. Therefore, the
purpose of this thesis is to show the quantitative relationship between the frost damage and
topography.

Chanpter 3 thows the meteorological observations which were made at Hayakita (located in the
south-east of the Ishikari-Yuhutsu plain in Hokkaido) in order to research regional difference of
frost damage. Hayakita has crops that are the most easily damaged by frost in the Ishikari-
Yuhutsu plain. In particular paddy rice plants are damaged by the first frost if their growth is
retarded by a cool summer. The first frost in Hayakita occurs one week earlier than other parts
of the plain. To research this problem, Chitose, (which has different topography from Hayakita)
was selected as a control area, and some meteorological factors such as air temperature, wind
speed, solar radiation, net radiation and downward radiation were compared between Hayakita and
Chitose. These two areas are at the same altitude and have similar surface features. Hayakita
is surrounded by hills while Chitose is in the center of the plain and is located 12 kilometers away
from Hayakita. v

The daily minimum air temperatures and 4-hour mean values of the meteorological factors for the
spring and fall of 1983 and 1984 were compared between Hayakita and Chitose. Also the variations
of these factors on clear nights were compared.

Daily minimum air temperatures in both season were not significantly different between Hayakita
and Chitose. This means that the advection and accumulation of air mass cooled on surrounding
slopes are not significant as causes of the frost damage in Hayakita.

The 4-hour mean value of wind speed at Chitose was always greater than that at Hayakita.
However, there were no significant differences for the other factors, such as solar radiation, net
radiation and downward rediation between Hayakita and Chitose. The air temperature in Haya-
kita was often lower than that in Chitose, especially in the lower range of temperatures. This
occurred more often in fall than in spring. Sometimes the temperature difference between the two
regions reached approximately 5°C in fall, accompanied with a large difference of wind speed.

This large difference of air temperature tended to be. observed from 20 : 00 to 4 : 00 of clear
nights. It was caused by temperatures in Chitose that is often rapidly increased by raising wind
speed during that time, but both temerature and wind speed in Hayakita remained low and
unchanged. - When comparing temperature profiles to 80 meters above ground level of both regions,
it was noted that the stable layer formed by radiative cooling, was destroyed from upper portion to
near ground surface of Chitose, while, on the other hand, only the upper portion of the layer was
destroyed at Hayakita. However, both stable layers remained during the nights when no tempera-
ture difference occurred between the regions. Therefore, it can be assumed that temperature
differences are due to the difference in the destruction speed of the stable layer.

The phenomena mentioned above, often appeared in the center of the plain when upper wind
(geostrophic wind) speed and /or direction changed. The upper wind data were obtained from
radiosonde data at the 900 mb isobaric surface above Sapporo. The changes of wind were
classified by the foollwing two patterns : i) upper wind speed very small at first, and becoming
stronger later, and ii) upper wind direction changing from a direction in which WSR (Wind Speed
Ratio : the ratio of surface wind speed to upper wind speed for one direction) is small to one in
which WSR is greater. Greater WSR means greater wind speed at ground level for given upper
wind speed and so, WSR is influenced by surrounding topography. Therefore, the WSR values at
the center of the plain, lying between the high mountains of the east and West, were large for the
north-south direction and small for the east-west direction. On the other hand, WSR values were
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relatively small for all directions in Hayakita. Thus wind speed in Hayakita was always smaller
than that in the center of the plain.

It can thus be concluded that low temperatures continue for a long period of time at Hayakita
because of the surrounding hills and that frost damage occurs more easily at Hayakita than that in
the center of the plain. It can be also concluded that the difference of temperature between
Hayakita and Chitose is caused by the difference in the destruction ratio of the stable layers of
Hayakita and Chitose.

Chapter 4 deals with the cause of the difference in the destruction. To study this phenomena
from heat budget, I supposed ideal column of air mass. The time change for the air temperature
of this column is caused by the following three heat transfers : radiative heat transfer from the air
(Qgr), sensible heat transfer between column and suface (Qs), and advection and accumulation of
cold air or heat transfer from upper air (Qx). My observations show that Qx has the most.effect
on the temperature difference. Since Qx is closely related to the upper wind speed, the upper wind
plays important role in maintaining stable layers in Hayakita.

In Chapter5, I have looked into the relationship between upper wind speed and surface wind speed.
Wind speeds were measured at Hilltop as well as at Hayakita  and Chitose. The wind speed at
Hilltop was compared with the upper wind speed at the 900mb isobaric surface above Sapporo
(Vew). The analysis revealed the following.

i) Wind speed at Hilltop (Ur) is greater than 2m/sec.
ii) Wind speeds at 900mb and 800mb isobaric surface above Sapporo (Ve and Vsso respectlvely)
are greater than 2m/sec.
iii) Vertical shear (| Ve~ Vaso|) is less than 6m/sec.

The regression equation between the wind speed at Hilltop and at the 900mb isobaric surface is
given in eq. (5-1). The correlation coefficient (r) is significant to 1% level. Thus it can be assumed
that th wind speed at Hilltop represents the upper wind speed at the 900mb isobaric surface.

The relationship between the wind speed at Hilltop (Ur) and, those at Hayakita and Chitose (Ux
and Uc respectively) were investigated on cloudy nights. It was considered that this type of
situation, which was judged on the basis of 4-hour mean cloud amount being over 9.0 at the Chitose
airport, has nearly neutral conditions aerodynamically. Eq. (5-2) shows relations between Uy and
Ur, and Uc and Ur. The gradient of the regression line for Chitose is greater than that for
~ Hayakita. From the relation between Ux and U, eq. (5-3) was obtained using an hypothesis of
logarithmic law of wind speed profile. The roughness parameters at Hayakita and Chitose were
calculated to be 0.43m and 0.09m respectively, using the methods employed by Kondo and Yamzawa
(1983). If this value at Chitose is substituted for Z in eq. (5-3), the roughness parameter at
Hayakita (Zox) is calculated to be 0.42m which is nearly equal to the 0.43m value mentioned above.
Thus, roughness parameter (Z,) shown by eq. (5-3) can express topographical feature.

On the clear nights which have below 2.0 of mean cloud amount, the relationship between wind
speed at Hilltop, and wind speed at Hayakita and Chitose were shown by eq. (5-4). These nights
have stable conditions aerodynamically. The gradients of the regression equations are smaller
than those under the neutral conditions, but the tendency for the gradlent at Chitose to be greater
than that at Hayakita, remains in eq. (5-4).

The relationship between the time taken to destroy stable layers by entrainment and: the topo-
graphical feature, was investigated on nights when there were increases in wind speed at Hilltop.
The crosscorrelation between the sequence of wind speed at Hayakita (or Chitose), and. that at
Hilltop was calculated for this analysis. Under steady state conditions; the time taken: tor destroy
stable layers (L) is represented as eq. (5-8). By inputting observed values into: eq. (5-8), the
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1)

2)

3)

regression equations are given in eq. (5-9). The regression constant at Hayakita (B=1.13) is
larger than that at Chitose (B=0.96). The hypothesis that B is a unique constant for each location
is justified. Thus, if regression equations such as eq. (5-9) are determined, we can predict the
duration of low temperature periods using potential temperature gradient in the stable layer and
upper wind speed.

In Chapter 6, I have checked into the relationship between the topographical parameter and

temperature dropping rate at night. As mentioned previously, even in a small basin, low temperature
is observed on the calm nights in comparison with the temperature observed in a plain because there
are only minor effects of upper (geostrophic) wind (Matsuoka et al. 1987, 1988).
However there have been no papers to date that considered the effects of upper wind speed for the
forecast of frost. In this paper, Wind Speed Ratio (WSR : surface wind speed/geostrophic wind
speed in %) waks considered as a useful parameter that evaluates the effects of topography on frost
damage.

WSR for AMeDAS stations in Hokkaido were calculated for 16 classes classified by geostrophic
wind direction. WSR calculated for directions towards the mountains or hills around the station

have small values, and WSR calculated for directions towards the sea have large values. Also, WSR
values calculated from the stations which were near the sea, were larger than those calculated from

inland station. ,
Therefore I have concluded that the values of WSR for enclosed places such as a basin or valley is
low and the values of WSR for open plains is high. Thus, WSR is suitable as a topographical
parameter. .

I have concluded that there is a relationship between WSR and the temperature dropping rate. This
relationship for clear nights is shown in Fig.6-5 as a series of hyperbolic curves. The constant ¢ in
eq. (6-4) seems to be affected by geostrophic wind speed. The correlation between upper wind
speed (geostrophic wind speed) and constant ¢ was statistically significant and the wind speed
contributed to the constant c by 50% as dependent variable. -On clear nights, difference of tempera-
ture between small basin and open places will become larger in the case of a weak upper wind speed,
and smaller in the case of a stronger wind speed. -

Thus, I have concluded that forecasting frost damage can be accomplished more precisely by
introducing WSR. Accumulated data of upper wind speed and surface wind speed is necessary to
determine the value of WSR by my method. Since it is inconvenient to put this parameter to
practical use for places where there are no wind speed data, new methods to determine WSR from
topographical features will have to be developped next. Perhaps by using “mesh data” such as

, Numerical Terrestrial Data, more precise forecasts of frost damage could be made easily for very

small areas.

5| A3k

AaGaarD, K.(1969) : Relationship between geostro-
phic and surface winds at weather ship M : J. Geo-
phys. Res., 74, 3440-3442. »

SH B1982) ¢ AR & HREHRRR, FEE R, R, 280
pp.

ANrosst, D., P. Bacci and A. LoNGHETTO (1976) :
Forecasting of vertical temperature profiles in the
atmosphere during nocturnal radiation inversions

4)

— 277 —

from air temeprature trend at screen height. : Quart.
J. Roy. Meteor. Soc., 102, 173-180.
BruNnT, D. (1932) : Notes on radiation in the atmos-
phere. I : Quart. J. Roy. Meteor. Soc. : 58, 389-420.
BusiNGer, J.F., J.C. WynGaarD, Y. Izumi and EF.
BRADLEY (1971) : Flux-profile relationships in the at-
mospheric surface layer. . J. ‘Atros. Sci., 28, 181-189.
Davis, J.C. (1973) : Statistics and Data Analysis in-
Geology. John Wiley & Sons, New York, 550 pp.
DELAGE, Y. (1974) : Numaerical study of the noctur-
nal atmospheric boundary layer.: Quart. J. Roy.




TFERFEE

FEREMER S

F435

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21

~

22)

23)

24)

25)

26)

Meteor. Soc., 100, 351-364.

FREAGLE, R.G. (1950a) : A Theory of Air Drainage. :
J. Meteor., 7, 227-232.

FREAGLE, R.G. (1950b) : Radiation theory of local tem-
perature difference. . J. Meteor., 7, 114-120.

GARRATT, J.R. and P.A. BrosT (1981)
ling effects within and above the nocturnal boundary
layer. : J. Atmos. Sci. 38, 2730-2746.

GEIGER, R. (1965) : Climate near the ground. Harvard
Univ. Press, Cambridge, pp. 611

GROEN, P. (1947)

: Radiative coo-

. Note on the theory of nocturnal

radiational cooling of earth’s surface. : J. Meteor., 4,
63-66.

JL¥E3E (1986) - FEFI604E 6 A 14 A» 5 I5HE» T T
DBEOERE L EFYAETENRERER BREKRRR
4, 15.

LEBSHESL(1987) : B3F0 61 £ F BIEWIEN LA,
54(2), 3-19,

WOARR, A, & 2 (1982) [ IBEMER RO B
RHA~ORE-BI - AHFHFORA & [ROFHH
— I BEXR, 38, 287-293.

FEORRR, AHE T, & £ (1983)  BEHHKRRO R

EMWHEAOFE—(2)mER (1980 F) KB 5 BH-A
FFEHFOIROFFH— : BERR, 38, 389-394.

Hsuen, Y. and D. RoMeEa (1983)

observed and geostrophically calculated wintertime

surface winds over the East China Sea ; J. Geophys.

Res., 88, 9588-9594. ,

S (1964) © #E TREE L —~REDOBKRIZ DV T .

BEXR, 20, 113-118.

4Pt (1966a) @ AHE TRERICET 2 BERROTR

1 | AINKFBFEEFZ=MEE, 22, 4, 331-373.

AIﬁiF‘H:(l%Gb) TRIETRERCE T 3 BEIRNSR

D UINKEREI S SHMEE, 22, 4, 375-409.

llfuﬁﬁl(1975) BEEIC B T 2 S H OB (K&

BlE, A, 33, 125-133,

IsHikawa, N, (1977) : Studies of Radiative cooling at

Land Basins in Snowy Season. : Contribution from the

Institute of Low Temperature Science, A, 27, 46 p.

BIES, AH FEQ97]) - EKHIC BT 3 s HIOB

o ERRE, A, 29, 11-123,

BINEH, NBEIE01979) | BFEICB T 2 2tEICD

W ERBIE, A, 38, 113-119.

JAEGER, J.C. (1945)

nocturnal cooling. : Quart. J. Roy. Meteor. Soc., 71,

388-390.

JEFFREYS, H. (1922) : On the Dynamics of the wind. :

Quart. J.R. Meteor. Soc., 48, 29-47.

. A comparison of

: Notes-on the effect of wind on

27)

28

=~

29
30)

~

3D

" atmospheric boundary layer. :

32

~

33)

- 34)

35)

36)

37

38)

39)

40)

41)
42)

43)

SEHIE (1984a)

KropPEL, M., G. STILKE and C. WAMSER (1978)
imental investigations into variations and compari-

. Exper-

sons with results of simple boundary-layer model. :
Bound. Layer. Meteor., 15, 135-146.

KNIGHTING, E. (1950) : A note on Nocturnal cooling. :
Quart. J. Roy. Meteor. Soc., 76, 173-181.

NHER (1897) © HAKIRY:, NHEBE, 3K, pp. 333.
Konpo, H.(1986) : A numerical experiment about the

_cooling in a basin. : J. Meteor Soc. Japan, 64, 563-574.

Konpo, J. (1971) : Effect of radiative heat transfer on
profiles of wind, temperature and water vapour in the
J. Meteor. Soc. Japan,

49, 75-94.

ITHEWEIE (1982a) @ FEHEHIFZ 12 6 17 2 WIS HEI—FZe D
EH— KK, 29, 935-949.

:&Eﬁ%IE(wszb PREERBORE, HREREHAR, B,
219 pp.

IERRNEIE (1983) MO EMRE O FHN, EMHED

BRELTOBUBNORERHORAHKE L BT
WZRES 258 | SCERERIEIRE, HARKEBIIFER
5 No. A-60-4, 458-463.

DS tRE O BINE —HFED
fagt— 1 KK, 31, 573-581.

UTREWEIE (1984D) : 2 & MRE O M E v 0 HHE A,
LA, SHARKOBENCRIZTTER(L) | KK, 31, 625
-627.

WBEMIE, /& PN (1982) @ 7 X 52 (Hus G SREHIFT)
T—F RV &Fﬁﬁfﬂg@ﬁ@*ﬁ EHRESERTHRN
(1) : K&, 29, 1211-1233,

ITREMIE, F FEN(1983) @ 7 A ¥R (MuBGREHFT)

T—F 2BV REASHED BN & ?‘{ESME ?%’z‘ﬁ
(2) 1 R&, 30, 111-118,

ITRRWIIE, & PN, RHEESF, KB B, KTSRE,
= B, UIRARE, IIP#T, ERFE (1983) @ @A
KRS W2 REOLZESRE (W&EH) | KK, 30, 327-
334,

EHEMIIE, 1£BE  BX(1984)
DOFREE, L&,

S 31, 747-749,
VTBEMELE, 1LIREASE (1983) © /@A & BME MMM AT
OFE 1 K&, 30, 553-561,

BT ERIER(1959) : MEHO KR (?ﬁ[ﬁﬂ’é‘b‘ YT EL
123#E) | BEKR, 14, 105-107,

Magono, C., C. NakaMurA and Y. YosHiDA (1982) :
Nocturnal cooling of the Moshiri basin, Hokkaido in
midwinter. : J. Meteor Soc. Japan, 60 (5) 1106-1116.

HARME, BEREE(1984) @ bl FIc 817 2 %A

DM ks IR O M E 2R
BHRZDEENRIZTHR(2) 1 R

WHIROZRST | ABERFE R E MRS, ¢

— 218 —




AR

FRERERIC BT 2 LEBOBIR LM 5 X —5 BT 2 B1%

45)

46)

1-16,

HAMZ, BERBE, HML, 20 4% \EIRA
(1984) : A B 1) 5 WHIGEHLAR | JLiERFHIRY)
HEMRHRE, 43, 17-30,

Mak1, M. and HArRiMAYA, T. (1988) : The effect of

- Advection and accumulation of downslope cold air on

47)

48)

49)

50)

51)

52)

53)

54)

55)

56)

57)

58)

59)

60)

61)

62)

nocturnal cooling in basins. . J. Meteor. Soc. Japan,
66, 581-597.

Makr, M. HarimMAaya, T. and Kikuckr, K. (1986) : Heat

“budget studies on nocturnal cooling in a basin. : J.

Meteor. Soc. Japan, 64, 627-714.

EE E(1974) | XBRMF BT 3 HRESROME

B3O E S | WFFeEER, 26, 375-382,

E® B, KARZER(1954)  MEAMA B 2HBEBTF

ROBMTHIAZE | HTFTRERR, 422-430,

WAREYS, SEORRK, & & (1982) : WEDEERBDRK

B RiRToRE (1) RR L TROEMOTIRIET

LR [ BERR, 42, 359-366.

AR, JEOANR, & & (1988) | EDEERBDOE

B RIZIHBORE(2)BRE FROKEOKRET

L BEERE, 43, 269-274,

ZHFEK(1979) { Wb 2 ETMOBESNRIZ DWW T !
B 54 FEHARESRFSASHEES, 92-98.

F IEEE(1985) A L IRBEO T DV T—FE

7« FLoH/E—KKR, 32, 523-529,

F O, AREMIE, ERFE, KK R, KHEH, &K

BAKME =@ E, ILIGAE, IIFEHF, BF &, [

BRaF £ (1983) : (LMD HIEAN & BINL - KK, 30, 259

-267.

F OO, IAEEMIE(1984)  MROHERE-HEEERL /2

L ORGSR AN ¢ KRR, 31, 45-25,

JCHHEVUER (1979) { RFBEDEE L VbW 2 BEN :

BEF0 54 FEHARERRESASHEES, 92-98.

NAKAMURA, C. and C. MaGono (1982) : The extremely

low temperature in Hokkaido, Japan during 1976-77

winter and its numerical simulation. : J. Meteor. Soc.

Japan, 60, 956-966.

it E = (1976) : WEIOBE L WLWEIE OB & [iE S

A DWT, MEEFHE, 49, 6, 380-387.

AT E=(1978) @ BFORMILDORE LIz B 1T 2 &R

OFEB & FLHE | EFEF R, 51, 11, 793-808,

R E=(1980) [ ARFEOHRA LT BT 2BKTRMOI T

FERE - B » BRI DWW T L EERERLE, 3, 69-78.

NieuwsTtapTt, F.T.M. (1980) : A rate equation for the

inversion height in a nocturnal boundary layer. : J.

Appl. Meteor., 19, 1445-1447.

HARFIRFE=(1979) ( BRIM EEEERZ Y ¥ K

YU LIBELRHMOSKTIER !

BEXRSR, 35, 103-111.

63)

64)

65)

66)

67)

68)

69)

70)

71)

72)

73)

74)

75)

76)

7

78)

79)

80)

81)

82)

83)

— 2719 —

BME, [RF(1978)
PrANDTL, L. (1942)
hre. Vieweg und Sohn, Braunschweig, 382pp.
Sasamori, T. (1968)
tion for application to general circulation experi-
ments. : J. Appl. Meteor., 7, 721-729.

HRE BR(1979) | B RTLOERE L EimiREk - ¢
FEHABEIRFESASHFEEE, 81-86.
BEH F(1982) : MEMI DTN & ESEIE— L DEE,
EREY, FoHRE >y —, B, pp. 469,

BH  —(1960) : s ER EMEER E OBFIZ DWW T BT
FeHFER, 6, 557-558.

wAH=, AE 5T(1973) BN EERL -MERET
BOFEER TV EBEE, A, 31, 87-105,
FLIREX RRE (1981). : dL¥EOR/E - BE. 165 pp.
SUTHERLAND, R.A. (1980) : A short-range objective

nocturnal temperature forecasting model. : J. Appl.
Meteor., 19, 247-255.

HH & ETF, AEHS, BREE, MAKZ(1982) © &
HWEBTUCORBREICOWLT(1)—88 L U HBE
DOWHLER | BEKR, 39, 213-217.

Hh & EF, BERE—ER, MR Z(1983) : e /3T U
OEMBHNZ DN T(2) M L 2 HHAIERBOER !
BESR, 39, 213-217.

HE S EF, AMKR(1985) : Bt &3 CoREGH
WZDOWT(3)—REOWHII T | BERR, 41, 107-113,
WYNGAARD, J.C. (1975) : Modeling the plantary bound-
ary layer. Extension to the stable case. :
Meteor., 9, 441-460.

YaMmapa, T. (1979) : Prediction of the nocturnal sur-
face inversion height. : J. Appl. Meteor., 18, 526-531.
HEEH(1954)  RFEHE (REREE-TOR) B
D2 RERESE(L) I BERR, 9, 139-143,
HEFER(1959) : BOBRE 2 BRI & > TINRRZE
BICHEET 2 —Fik | BEKRR, 15, 83-87.
HEIER(1968) : BRI B} 2 HHIPEE | BEXRR,
23, 186-188.

HEFER(979) | BRI & 72 K -
EHARERKFERSHHEER, T1-81
YosHiNo, M. (1975) : Climate in a Small Area. Univer-
sity of Tokyo Press, Tokyo, pp. 549.

ZEMAN, O. (1979) : Parameterization of the dynamics
of stable boundary layers and nocturnal jets.: ]J.
Atmos. Sci., 36, 792-804. .
ZILITINKEVICH, S.S. and D.V. CHARIKOV, (1968) : On the
computations of the vertical turbulent heat and mois-

EBERR10ER, 723pp.
: Further durch die Strémungsle-

. The radiative cooling calcula-

HEA0 54

Bound. Layer

B 54 £

ture fluxes from data of profile measnrement :
Izvesiya ANSSSR, Ser fiz. Atmosf. i. okeana, 4, 915-
929.




