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N 42°40°, E141°36°i2 5 1), EHE# 2,700 ha, B2 5 ~9 m T, @2 SERER~H1/100 4
OB » LEF 2 %2 L T 5, Fig 1 ISERBWROMIER %275 L 72, S/MURE K 2 & a1
BEGHESBZBANMRE L0, BEROBCBHIERERNICERICEZ2LDTIR Y
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Fig.1. Topographic map of the observation area at Tomakomai
Experiment Forest of Hokkaido University, Hokkaido Island
and locations of the observation sites.

1000 “
Narrow valley B

Fig.2. Three dimensional view of narrow valley B and the valley
station(V-1, V-2) at Tomakomai Experiment Forest.
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20m, BEHEEYBMOKBEOFORMEATHE, TNLDBRZRTS T 74 v 7 R
(Nakamura, 1985) CTHE b T £RHVNE (, HMOSERMEHOFEZ 10~16'T, §4
OB VER L 5T (Fig.2). 8512, EVWS (V—1) 26T 2 A HOMNEIC
B|EE (S—1, S—2, S—3) &7 (Fig.3). SEOFHERHNIMN 16THS, P—1

)
o
o

EL V-1e - _
Euwp St s2 S-3(15) i
it S-3(01

: F Sﬂﬂal/l&ﬂw) ( —
W 9. sJ(0y  S-2(0M)

130 V-1(01) s om 50

Fig.3. Transverse topography of the observation valley and the forest
observation tower in the valley. Observation points are shown
by small circles and the height(m) above the ground is shown in
parentheses.

31EM 1 km, B2 2 km U EDEE 235D, (T FEHLEH EOBRAUST, P— 2 28RS
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B &# (P—3) ; &#EA
SR BEANIEHIEE (& 1.5m)
A - B (EBESA) LT a~x—r Bt 3 FRERERT
(23 m, 14m)

(F) HBERA
KR BRI E T & P MEET
(& 1.5m)
JRGE B EER (& 1.5m)

@) B|AIHORZ
Table 1z, #HBNE/MGEREMKIZEH T 5 %M (FTH 18 h~%H 6 h) D RA, HARE
BLUEREMERL 2. BAIL, BEF2IREDBICITE 572,

Table 1. Nocturnal weather conditions on observation days.

day May 18, 1980 Nov. 7, 1980 Nov. 19, 1980 Jan. 28, 1981
weather O . 0] O O
maximum wind speed 3.4m/s 3.5m/s 3.4m/s 3.5m/s
prevailing wind NW NW NNW NwW
day Jan. 15, 1982 Feb. 4, 1982 Feb. 5, 1982 Feb. 9, 1982
weather O @) O O
maximum wind speed 3.7m/s 3.6m/s 3.6m/s 3.5m/s
prevailing wind NW NW NW NwW
day Dec. 8, 1982 Feb. 4, 1983 Feb. 6, 1984 Feb. 17, 1984
weather 0] @] 0] @)
maximum wind speed 4.5m/s 2.6m/s 3.5m/s 3.3m/s
prevailing wind w NwW w NwW

4) HRIWHB DR
EAEERTHE LN ARBRNIHE» 5, 1980 F& 1981 Fom&# (1 A, 2A),
MBS (5H, 6A) BLURREMY (9A, 10A) nEM¥HAR L, YEOFHOREAREL,
Table 2 {Z/RL 72 BEMHIBOZMAE L LT, HEZEL THZZIIRETH Y, BRHE TRER
DTGB ZE, BREH3.5m/sUTTHE I L, BOPORIBNEESH b b RFIE L
RULERTHDEZ L e L, 4H (1948) %, FHOREREHM»OCLUTICZ2B2/TELL T
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Table 2. Nocturnal cooling dates of selected months in 1980 and 1981. Values in parentheses:
Minimum air temperatures.

1981 1980
Jan. day (min. temp.) Feb. day (min. temp.) Jan. day (min. temp.) Feb. day (min. temp.)
1(—12.5) 5(—17.2) 8(—20.8) 3(—20.6)
7(—16.6) 22(-20.0) 9(-22.5) 4(—20.7)
8(-20.7) 23(~16.5) 11(—-22.0) 5(—20.5)
15(—17.6) 28(~21.1) 12(—22.3) —21.0)
20(—15.4) 15( 18.3) 10(—18.8)
26(—214) —22.3) 11(—-174)
27(—19.6) 26( 18.8) 13(—16.0)
28(—22.6) 27(—18.0) 14(—24.1)
30(—20.1) 15(—22.7)
31(-1838) 17(—23.9)
23(—20.1)
26(—194)
28(~16.2)
29(—15.8)
1981 1980
May day (min. tem.) Jun.day (min.temp.) May day (min.temp.) Jun. day (min. temp.)
6(—2.8) 1(—1.6) 6(—0.4) 1(+4.4)
7(— 14) 3(+4.7) 15(+0.5) 4(+2.5)
14(—1.2) 25(+4.1) 17(+1.9) 5(+3.9)
15(+0.7) 18(-3.1) 20(+1.5)
16( 0.0) 19(—2.9) 21(+5.8)
17(— 28) 20(—0.6)
21(-2.1) 29(+1.4)
22(—0.5) 30(+4.6)
31(-2.2)
1981 1980
Sep. day (min. temp.) Oct.day (min. temp.) Sep. day (min. temp.) Oct. day (min. temp.)
6(+6.2) (+25) 9(+6.3) 1(—04)
7(+4.4) 7(—0.7) 10(+7.8) (—0.3)
8(+5.9) 8(+1.1) 18(+3.6) 3(+1.0)
11(+4.5) 11(+0.8) 19(+3.6) 4(+2.6)
12(+4 8) (—-0.6) 20(+5.2) 5(+1.6)
0.3) 13(~0.2) 21(+5.3) 9(-1.0)
15(-1.6) 24(~0.3) 10(—1.1)
—1.4) 25(40.8) 13(—1.4)
17(—2.0) 26(—0.8) 15(-1.1)
18(—2.5) 27(—-0.1) —0.5)
20(—0.2) 28(+1.2) 24(—4.7)
-3.8) 29(+1.0) 29(—3.2)
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25(~3.3) 30(—3.6)
26(—5.9)
27(—4.8)
30(-3.7)
31(—4.6)

5, RMGHBO LD T, MRKICEENDEDRIBENELIUCERBORB L 228 TH 2,
FHRICBWTL, BRBEHS LURRPOEER L HBROBEFIC OV TRE 21T\, HEE
Lo LBEReH B OREEE R Lz, 72, BB, BREMIicHOWT, EBoOKKOFTER
MEEEE L TEIIRERADORERA B2 M5 HEERL 2, REBEHAHII AT
R BNS, 1971) T, HEZR3REORICRET L2 LI ICENTVE, 22T, &
MaHBOSEELIKE, RELBREEOREEE K XHMOAREGELBAIL, BIFE
T - T, KBRS L KB REBREIC SV CEMICH I L7,

2 EMEREROMRENE KKOERSE

MARNESDEFIZBIL T, #HH (1966) i kU, HEIHEPYH»RERET, »2BRRE
B2l THHENLRICEBIZETHE L LTS, 72, BEH (1966) 13, I IcH
TORBERRDEICHET LI L2 RBL T2, T4bb, KANDEZNEICIIHE, X
BEL S UHRENF D), WEIHERLIIC, BKI LRRCEZ 2HELEOKICEZ 2R
FicbiTon, BEBMIC L - TR, FBEAFICLLTLNG, 72, AT L HRBII,
REBIURELRIBI2BEIRYS, LLTVw2, FRXICBVW TR, HWADKEKESL
BERIIICHEL LUBEL LRSIy, BAMUEREKRICE VT, BENS L URRY
DENER L AR ICREINLHAROENER/EL Lz, 2, AERL 2BAEER, &
MCEBHRADLBRICRAVEELHREDA 2R -T2, —RICEKRICIZES & L ToHfEKk
205, BRENLTLTLIFR—DREETRTLIZBRL LW T, 198l £FNBEENSS
i3, BNGEEROBARDIT LA TR TOBBICHEIZHONLPZR/EL L, £172,
1984 FNWENREIL, LBWITEEN S22 820, BEOFL L TRLR, 1985 F£0
BEOBEIFA—OBEICR-> T, BEICL 2BRELREBAL BLEBFCBTHES
BEtL 2o AEICB VTR, ZH6DBIAEE LT L BARDBFRIC OV TERLITE - 72,

18 #iboEmia

(1) BE/HERA & hEt

EASEERA (V- 1) OAFHEE L A FHRRLENNBIRFOZ NS L B L T
RL7: (Fig.4). E/MERBEWHRA (V—1) & ENRERT 21345 km DERICH 2, Bk
BERICBWTREMEZEL T3 m/sBIRTH- T, BMMBATL) 1 m/s L ENE v,
2, FHFTENEIIS A, 68, 7TAIIIIEWY, INsERITIZEMEEL TS/ MURE
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Fig.4. Monthly variations of air temperature and wind speed at two

stations and the temperature difference between the two
stations :

O--v- 0 Tomakomai Meteor. Station,
@ ® Tomakomai Experiment Forest.

MIZEDMEHAED 3~ 4 CERTH S, [BEIT L CICHEMITKE W,

1981 DA (1A, 2R) B8LUsBEY (5A, 6A) »BRIERIE® S/ NEEH
& ENRMRRT IC DT L TR 72 (Fig.5). 6 AOBHBE 2B X, BN HBEAT L
NEERTH S, [EIECBIZE CICBRERTE DEIKRE W,

BNEERN O BRERIER L, S/NMOAMRRT & DIREZ OB % Fig. 6 IR L 72, MA
KD & CIRRBARCRICERAT E DIREEIRKE W, 2, BEHICBWTY, BWKIER
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Fig.5. Comparisons of daily minimum temperatures between Toma-
komai Meteor. Station and Tomakomai Experiment Forest in
winter(above) and spring(bottom), 1981.

ICIRIBEEIL 6~ TCIERAT. Thbb, BEAHE L UCBRBHOEERAN B RERIE & #
BT DEEEINIITEENZERICZ-TEY, HREKEIEWII P HBSNBREE K
X\, L7z, BERRRBETEHRICHNZH b THRVWERESBBALST W %
RLTw5,
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Fig.6. Relations of temperature differences between Tomakomai
Meteor. Station and Tomakomai Experiment Forest with the
daily minimum temperature of the latter in winter and spring,
1981.

(2) EAHEHRNAE & AT BB

BB C-BENOREEZ ENMIEERANRE (V—1) & E/NmHEIcBEET 2 hign
Ent (P—3) iioWwTHEBLLERZ FigTiIcRLz, fFELEDLETIIEKRT~8TC
(2R)DEEZEHHY, 5SAL1ILAICLA~5CHENRDbN, ZOBRENIEEZEIIFHER
REMEPBLTRAZINS, T4hbh, KERNICBWTLAEN L) ENERRE L ->Tw
b, £XiT, 1980 £ 5 AR TIRRBE CRIEAEBI — 4 CiH FTTHF->THRBHORHE L &
ofe. FEICHMBHIRIZ L E, FMEBLTUILALDHAE, 3.5m/sUTOHATR
BRI NG, —F, BUEROEH (P—3) 2KRET533.5m/s U FTOTRANTH
ELBHLND, RANZ VT NOZEEICE W TLRMGHRZIZE, tEs LCEFR» S,
272,

21 BRI IHAOBREORE

(1) BBEICLIHRKDOHEE

198145 A31BBL U6 A1 BDRERIC L » T, HAROHEISKRELIBDH LN, THD
BoOREREIZ-2.2CBLU—1.6CT, ZOENTOKETHY), BEHOZAKIZ11EH
T, —2CLTH6M, 2055 3Mid— 3CUTICTRRL 2, HENEIL, £ OBEIHER
ENTW3, %2 ~3FENHEMREKZELNRLL, THrV =Y, V=Y, F3
T3y, P FeVEonTiE, KNICSET2ERROBAKZ ZHL, BET I
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Fig.7. Comparisons of nocturnal variations of air temperature
between the hill station(P-3) and the valley station(V-1) on a
clear night.

W.V.; wind speed at a height of 33 m above the ground.
W.D.; wind direction at a height of 33 m above the ground.

150~250 &Kz DOV TH LV, BEOEEL, &FE (W), Kn, —BEns & UEREF
KXo 4 I, BEAKICHT 2 HEAROES L BREETRDLL . AERMIOME
i1, EANRERAOEWST LOBE, METH,» L LBS L UETH ., REMNELS
Hichizol, 2N THBARHIED - 2BEICI, WBANIT LA LTI RE
OIHR & % B A%, Table 3ic & LT, HEHEH 50 BLUT CHBREID kb - 1 HHIZ, 742,
gy PE, FaerTIY, XFTIVEINTHAIYS eV THoT, F2, 50%
Ll ECHRERD K L b o R HHIE, X 7Ry, bRy, )X¥FY, ThHeY, XAtV
— T2y, T/ YBEIE ATV Thol, WEIL, —REUCIIHELMEOTHICS
BED EBAFTFLIPE>THL L D, LrL, THIY Vi, #HERIE 30 BLUTT/HE W
55, HiE 60 m (409 BRHE) (2B W CIIFE T b L#RE TeERICEENRL N, BE30m
(108 #KHE) 1o BV TIISHE THBIC K E LTV 2475, 409 ML ) BV D Ao T2, /=
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Table 3. Relations between the ratio of frost damage and topography of frost areas in July, 1981.

Species g:ggg%f ?rlx\ltg;tt)fr of Topography g?t[i‘tlggcrat ment
gations (m a.s.l.)
Abies sachalinensis (+ F=°7) 79% 78 108(30m)
Picea glehnii (7 4 x/=7) 22 37 108
Pinus kovaiensis (F3 7> 33%7) 43 102 108
Pinus banksiana (/<> 7 2-=2'7) 74 50 108
Abies homolepis (77 a % 3) 37 209 134(40)
Abies veitchii (3 5-) 47 169 lower part of the 134
Abies balsamea (/XN LE I) 42 89 slope 134
Pinus banksiana (/32 7 Z<2*7) 53 167 137(50)
Pinus contorta (2> N7 =) 73 88 137
Pinus rigida () ¥ 5=7) 71 154 137
Pinus densiflora (7 #-7) 99 156 137
Pinus strobus (2 }F a—7-2'7) 100 325 137
Tsuga diversifolia (2 A7 ) 74 108 136(50)
Thuja occidentalis (=4 £ & /%) 98 244 129(15)
Chamaecyparis obtusa (& / %) 78 146 > valley bottom 139(25)
Chamaecyparis pisifera (7 7) 95 103 upper part of the 139
Taxus cuspidata (4 54) 84 B2 ove 141(15)
Picea jezoensis (x.>/7) 76 244 212(70)
Picea glauca (7794 F7t) 78 188 212(60)
Picea shirasawae (& 2=>7~%) 20 169 lower part of the  212(70)
Picea rubens (N—~=>Z }7k) 7 146 slope 212
Picea mariana (=) —F 7 k) 76 172 212
Picea pungens (7> A F7k) 20 188 212
Picea glehnii (7% x>/ <) 28 165 409(70)
Picea abies (Z—v /b7 k) 22 191 409
Pinus pumila (~4 =>7) 91 126 valley side slope 401(60)
Pinus pentaphylla (% % 23 v7) 41 192 401
Pinus koraiensis (¥ 37> 337) 28 181 401
Pinus parviflora (& £ a-=) 94 143 401

iz, EEOmMm OME THICB W THERIISOBLETKREL -2, FaT7rTIATV,
% 60 m LI E (401 BKEE) iIc BT, RETHICKRECRSN, MELEBICIZLALRLNT,
30 BLL T T %ed - 72, R 30 m (108 #KHE) 12 B\ CiLEMRBIFE THICH D, #EE3I0
%LLET 401 FREEL D K Eh o7z, 4 F 413158 15 m OFE FEOERBIC B W TSR ES
Biroize 7423, EE30m OME FTMICBW T WEIN L - 72,

ZnkHii, BULBETH-> TLEB LML L > THECBIAGI R - T, $72,
BLMETH-> T, WHEIZL > THEORLNADRELY), LTLY, FELME TR
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REEFEWEIIRLT, SEEHICLEEsB b, 2, SFECHETHTH-TH,
BEr2(RENLVIDLH -7,
2) BRFICLINAIKE
1984 FOE D LEITHIT T, SEHOHMAICENFREI S AREENT, ZNFR, £
BHICHERIC E DBEEN D - ETH D, Table 42 1984 4 6 ARNEERBENERTH

Table 4. Ratio of frost damage in June, 1984.

Ratio of Planted

Species Compartment  Topography

damage number
Chamaecyparis obtusa (& /7 %) 62.7% 720 139 valley bottom
Chamaecyparis pisifera (47 5) 65.3 950 139 -
Pinus rigida () ¥5=7) 100 900 137 lower part of
Pinus densiflora (T %) 100 700 137 the slope
Pinus contorta (2> F LZ=2) 53.4 350 137
Pinus parviflora (& # 2<2°7) 4.6 720 401 valley side
Pinus parviflora (337 3%) 13.6 700 401 slope
Picea glehnii (7 H x>/ =) 35.3 1,482 138 upper part of
Picea jezoensis (x/7) 13.1 931 138 the slope
Picea glehnii (7 x> /=) 10.8 472 138 valley side
Picea jezoensis (x./=) 13.8 325 138 slope
Picea glehnii (7% x./~=7) 32.7 294 139 upper part of
Picea jezoensis (= /='7) 7.2 278 139 the slope
Picea glehnii (7% 1/ =) 51.5 241 139 lower part of
Larix kaempferi (%5 =7) 5.4 1,158 139 the slope

5, ZNHb, THZV=Y, 2V/=eYBlUy I vitEE 148, fuk, 5~6FBT
bd, iz, FRF=eY, VoYL NBEEIIHBWEEINTWET Y =Vl EIKE

1o Min. temp.

) S B B S S B B M

Air temp. (°C)

Fig.8. Variations of the daily minimum temperature in May, 1981 and
1984.
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oz, 1984 EFNBFBMNTRIE L WIS 272012, Fig. 8121984 5 A HR|{ESIRE &, 1981
£5 AN HBERBZHBL TRLZ,1981E5 ANFRBIR0EHY, £EN9) -3 CLUTH
BiEA3ETH -7, 19845 Aici, MEWR THTH- 720 THLE-2CUTICTRLL
otz LIzdt> T, 1984 45 AiCid 1981 £ 5 AR THARICKE L HERZE L S ENE
BEHFRALNTVIVW, 22T, HFERBOKELRITL 2,

10,

Min. temp. R
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1 5 ‘10 15202530
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Fig.9. Variations of the daily minimum temperature in October, 1980
and 1983.

Fig. 9 IR N 1983 £ 10 AN HRERIBEETR L2, 1980 F 10 AT L BT S &,
1980 £ 10 HNFJHIZI5EITH D, — 3CTUTORERRIITHIC 5 BEbNL T 575, 1983
F£10HICIER/EII22ERLN, FNI -3 CUTDE CIZHEWRE DHL L 11 ARbI
THN, 1983£ 10 BOF»E DBENMER L K> T b, BIARIMERICL > THELZH T TR,
EFNHNBHICHOL B LI I BIIE, 2L VOBREZETIHE LA v (BH, 1966).
L7250 T, BICHEVE(REINTY, U NHOKENRELEL->TW2EE»HD L
xz2 b b, Ko L& CHITTIR, BAROTEELIEE S L INT 5 (BFH, 1972) 4%, Table
4R 2 HEIL, 1984 £HE L ATED 1983 FROABEERT 2 &, KNEREIFFEETH- 72
DTIRL WP EEZ LN, ZHZ ki, HEOPIZTTIC, 1984 £2 A, 3 AED LEIHK
ErBREIN-EE» L LHERE N,

Fig.10 iz, 19814 6 BOE, 1984 £ 6 BOBENBWIC L 2, AN IRBLEL
B IOV THIFEINCTRL 72, 1981 £OWEDNB AL, LENHEIBEN—BOKERICE-T
FELTWEY, 1984 ENHERR, KT TIRT A=Y, £/ %, Y77, UV ¥Fevil
CEOKREHFRLN, BICRIBMEERIFEL Tz, 2, RELLE»LRFEMICL-T
LEFs LV, T, 1981 £NBEAIIRENTEFRRTH D, 1984 £NPAIL, BEBHIC
BWRESFHbNTWEWZ L L, BIFEN 19834 10 AICEWER»RbNTW 20T, RIFEK
DEEHFBERE L ->TWEHeEZ LN, BREELEREDINTNOBROLONTORRE A
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o
L

P.glehnii P.densitlora C.
(0.4m) (0.8m) (

Fig. 10. Examples of frost damaged trees with heights(m) in parentheses
at different topographies:

- A. sachalinensis(As), C. obtusa(Co) and P. densiflora(Pd) at the
valley bottom, P. jezoensis(Pj) in the lower part of the slope, P.
glehnii(Pg) on the upper part of the slope and A.
sachalinesis(As) on the flat plateau.

Ld, T, ZHZEhs, ROBRBICL- TRELEEIRALNIFESDHBILE, B
FRELERBCRHENRONFICKELBADHEZ bz,

HED D - 123 NEHERAN OB L EWAT L TH- T, #IE, FigllicRLA
£z, BEICEEIZVWELINIBELFMATROMIC, ZNETERTHEHIIEE
HUWEnbNTWARIEERLELN T3, THZY = VOHEERI, BE I0m OFET
HIcHBENT50 %LU LETRIAE VY, HEOmOMNEERICE W T HLHEERIZ 0 %LU LT
HoTKkEV, —F, BREFILHFHLENTWEY VL, BEH4AOmb> L 60m OMEAT
Wy o LEE T EM LT, 16 BT CHEN D Lo, /2, BRIOm by 7=y, &
HOmAb 2= B Ly a7 33 vnBBERHIFERIC 15 BLUTTHEr o172,

(3 #WErzvV=VOROKERE
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Fig. 11. Distribution of the damage caused by hoarfrost in the valley in
June, 1984.
Pd : Pinus densiflora, Pr: Pinus rigida, Pc: Pinus contorla,
Pg : Picea glehnii, Co : Chamaecyparis obtusa, Cp : Chamaecy-
paris pisifera.

Fig12i2 19855 A17THB L U5 A2l HOREBARICBEE N, EHELl ~ 250
LYY DRERENERTH 5. MBNPTORERRIIZENEN, —4.9CE LU -3.1CTH
o572 72, 5A 1T HICB B REBOFEREEMIZ— 3 CLITA 685/, 209 5L — 4 CLTH
ARMITH 72, hB, THOENFTOKHIZS AL BT, HORERRII-2.0CTHY), &
B 4 ETH- 72, BICHEOHEZOMTRL 2, ONL, BEINI LA CECVF, @H
13, SRICHENRLNLFT, PROOHIIEENIPRENHTH S, HEOKRIIL, @
FWOTH L WF MR, OMIFFEN BN RETH S, ONDMBIRIZHEREL
FERRN OB W BFNIC BRBICHEZ AR YT b TH ), @HIDOWRIZA T/ % |
KETHRTHEBMT, # 7=V OMBEEIL 6004 /ha Thb, 372, FRHNOMNDMIRITE
RENBMR ORI TH 5, iz, ONDMIBRH S 80m O FHLEMTH Y, @HINM
s, BE 15 m NDAFES L USME T, SME LB TH 2, 72, FROOHIDHIBRITIEE 55
miCHLABPMT LB BN ETH B, Table 4 DB LRI, MEEBI LR ENETH-T
LEEHIBHLN, RLAEERTH->TH, ONNRRIIOMNMRE ) #EFEHIEL, RAL
BMTHBETH-> CTLOMLOHE TR, HEOBINHIcKELENRDbN, E5IC, B
FOMABEAIZKERE LN HVEENTWS (4H, 1954 a) 4, OFDEMICEBWTLL
BEIFRBDSLNL o2, /Y3t FeV e RICBBECHVEEL I, L08R
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Fig. 12. Location of the damage caused by hoarfrost in Picea jezoensis in
different topographies and degree of damage:
O very light damage, © moderate damage, @ heavy
damage.

B b, TYCVICHEND 2L, BEHICHRVEEBRE 25 2 EAHES N, KEZ
WS EL VEEECIIEERICE L 2MAXH 5 2 Ehbhr iz,
3 MAKOEE KB
(1) MKW FHE
2ilcRL 2 & 5, BWRRICE 2B EROEEIX, ThETicamsnTwi b Foy
oAz, B OBEICRLZ Ehbh o T2,
ez AR (1961) i3, WEOWMREEICOWT, BROMEME, KOLHICHREL TS, A
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L, .74y, ThHxV=y, RAbta—7=Y, I FL VIV, ATV, 1V
2, P ey, THE, FERL-EHEORELFE LKICHT, EE, BB L UHER
FHHETHITE L Table 5Nk Hich -7, BEHRS %BLLELH, 30 %LAEEP, 15 %L EE
B, 5%LUTEmELTERLLL,

Table 5. Relations between frost damage and topography.

. Topographies Planting
Species Year Month>70 A;tgtou‘ie (23%5' 1.1)5 Upper part  Lower part X:tltlezl Plateau  under
of the slope  of the slope o planting
1981 May Light Light Light
P. glehnii Light Light
(TAHx=y) 1983 Oct. Moderate Moderate
1983 Oct. Heavy Heavy
1981 May Heavy Heavy
1983 Oct. Minute Minute
P. jezoensis Minute Minute Minute
(/=) 1985 May Heavy Heavy Heavy Heavy Heavy
1985 May Light Light
1985 May Nothing Nothing  Nothing
A. sachalinensis
(F k=) 1981 May Heavy Heavy
P. korasensis 1981 May Light Light Light
($#3%%>23%) 1981 May Moderate Moderate
P. abies . ' , .
(F—gyrthWE) 1981 May Light Light Light
L. kaempferi . .
(33%) 1983 Oct. Minute Minute
L. gmelini 1981 May Nothin Nothing
(74=7) ¢
P. banksiana 1981 May Heavy Heavy
(78 72 2=7) Heavy Heavy
P st
(;I_mguj 79 1981 May Heavy Heavy
C. obtusa 1981 May Heavy Heavy
(B/%) 1983 Oct. Heavy Heavy
C. pisifera 1981 May Heavy Heavy
(¥77) 1983 Oct. Heavy Heavy
P. rigida 1981 May Heavy Heavy
(N ¥7=v) 1983 Oct. Heavy Heavy
P, densiflora 1981 May Heavy Heavy
(PhH=) 1983 Oct. Heavy Heavy
P. contorta 1981 May Heavy Heavy
(avbng=ey) 1983 Oct. Heavy Heavy
P parviflors 1083 et, Minute Minte  Minute

(e xa=y)
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TAh X2k, BEORRICHNL T ERD 30 BLLT (Table 3) T/IEL, W LE
HEMOTRBEIRED > 227, KOBBICHL TREEHISOmUETH-> THLHRENIRS
N7z, FE (1974) 12, THZV 2V IIEBENRBEEMET T FeovRz =y )R,
BREECILNIC(WEEINTWSE, LrL, Table 4ick 3 &, PHIY = V= Viidt
RBEELHT, Lard, THZV2VORENZV =V LV KED T, 2L, 2EICTRL
2oz, BEIZ 1984 FEDKIBICE BN TR %L, HEKDBNMEBICE>TL 23N
HEEZLND, T, ZOZEDL, THZVVOREEIIBRELICHE BRHICIITH
ZEHRIE NS, —F, Table 5 iIc &, MBEEICHW L EINb V= ViE, FOEERICH
WL THRERI S0 B ETKRED 57205 BEH T0m L ETHILTHEEDI L\, 372, BE
250m U EThiud, BEESICEYTREE» L v, KOKRICHL T2, E55°30m
BEThiux, $EEH» 5 THE TREVI DLV, F Fovid, E0EEBIINLT, 25
0~40m OMETRWICBW THEEIKEV, I—wy e RESETOmULETHNL, &
EnLi\n,

4H (1958 a) i, BBHD L FoVEROEFRDOBREEL TN FN 154, 244,
SHEEFICA, WTFNL -3 CTIREELZIFIC(L, 4 TTIRMERLAHT 3 X 2%
DEDREL2ZITEZE2HMEL TWD, 72, BHOBELKRM - HBFEICOWT, —4CT2
BRI HI L B R, — 3 CTARMRHIL AR LRABETHL LTS, 198145 31 H
~6 A1 HNBBENSEAIL, [NBRIB—ITCTUTIRTRET, BWEEBTIRTVWY, B2 -7
RIS ARD 5 6 AWOH T, 1JIZTRTCOBEOFEI M T L E - 2B Th - 722 &b
EERE(LLVDELEZ LD, —F, 1985 FOBRBENH LI, — 3 CUTDEWEEHIE
Bl 72 Z L REE - T b &2 LN, 4 (1958 a) @& L —&K L 72, ZHZ L
12, [RBROTHROMBICEEIC B 2 REDFSRIFHD, HELBEEIHLZLERLTWS,
7z, BBEEOEHSR, TN IESEIELUNCE(RI > TS,

(2) BWBWHB L CERMOEER |

WERR, BWAOWFRES L UHERFE2ERL €, BEH L ERHOE/UEREKRAD
ERBO S 2 M EICRET L 72,

4 (1962) i3, MAIREL I T2HE LUTRALERTS) BFICBWTRLEL,
BABEBRT, REREHRCBEY Tl m, BBV T2 mTHa EHEL T2, Figloic
RL7ZE F=2i3 1981 5 6 ANFETIE, AM(P—1)icBV»T1l mUTF, EWgs(V—1)
BN TLR2~13m DB ICHENREV RSNz, LA L, 1984 £33 L 1r 1985 FnikERE
Tid, FERRELBROBREICBWTY, 4, GHPSELERCEWTL I mUTTho 72,
ZNEHE, BRREALARETH- T, ERI-TELLRLLZ b1z, BEIH
bNARDEROES WL, BFIIIZABRETH Y, FCI2BENOKELR-I, BEYH
DBBEDEMTHBAREENEBENL 2N LEZ LN, T4 bb, 1981 £iCix, —BL®
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SABNBEEPBFEICBVYWTR~1I3mMICRATW A Z EXHAIENS,
HELHE L NBERER2 L, FEIHMETROMIC, ZnFT, BRTHEHICESE

TH5 (5H, 1954 a) L EINSAERICBNTL, BEIBHLNLBEZ Edbhoz, &L

12, 7HZV =V P52 Figl3 iomt L Hic, fELEHICBWTLHENRLNn, THT

Fig. 13. frost damage of planted trees(Picea glehnii; 0.8m height, 13
years old) on the side slope of the valley.

Fig. 14. Frost damage of planted trees(Pinus koraiensis : 0.8m height, 10
vears old) at the lower part of the slope.
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Ve DEER, KOBCKEEC, B0 icrrbsTEI T3, /72, EE 30
mOEVHEICBWT L IREEIKREL -2, THZYV VOB ELIFEL L CRIER L #
EFTHE, BRHICIESENECHENDTENEMAHBOM S B HRME LRI TRAT
WBRZ EHHEEND, FavrTIVvNHEEIR, Figld iR¥ L) B TEHICE LB
AT TAR L % b, 72, BRH60m DS TRAE TR TLEEID LV, 213,
BEHCHECSBVWTRENRIRECEAIILILERL TS, &b, =V =VNH
NEHIS, A—NHETHETS L, REIEEIES LB eEM» RN, T
bbb, BH80m NG HAIIEWTUMEERB L > Tk, /2, 8 55m LLToEW
BECBOTIRBUSHEIES > TWwWb I L #EI N, /=Y 3EH0m NEH
BV, EEMERARNANDBRYLHEZ AANINT VDY, EEIFLh-20ld BRIz
SHARBHRTIR LA, ZOMBPRBRE L > Tkt Ez o, 72, HEH5m
DToO#EICBNT, #7°V( ERETIHTHEETH2ICL»2bLTHREN S >72D
X, ZOMBOENEKES LRDRBIHIR LB ToeheEILND,

HECBITAETHEBEOHMEICOWT, XS (1966) 13 EARNOBHEREE 0.3 LITTid
BEHIFKEL, 0.6 U ETHILUTEERBRINIIAERVEEEIND, LLTW5, 272, #
e (1979) i3, LRBET T FeVoREHIBEESEN, EAKRBAZICHREINTZLE
REL T3, —F, 40 (1949) BEHE 0m AWIL L 2A b e—T=YDTFicEwT, B
SEIEBENL2~4CHVIEEREL TS, F72, ®(1953) i3, B 13 moHxY <
VIEARD T AR 1 CRIEDB BRI HEZLE2BEL T3, T4bb, HikEsE
WMoBPE FChiud, 1 CLULEOREMEID D, EAVHEROSES, BHEREEIKE
(B BBNDD D, LI2doT, ERICE > THERMHENKIEZ BT 2HREKELCTS
&, BREDREETRICL ) TRORRIZED LW LIk 2, E/MUERERICEWTL, &
Bk LR & RN L ORERIBOEL, BFERIC 0.5CHIETH ), FEHREBOEIL
1981 42 0.3CTh-» - (B/IEEHRARAGR) . T4 bbb, ERELEMIKIC L 2 AEBHR
205CUTTH2, LtoT, 2V THBICBITSE, 7728 L UERELES
DERICEDBEBHRIZ, Z{TLICLUTTHo2EEZLNS,

BENS S UBREBMCREEREIROLNL Y, BROKENELNFIZIELKTIIRY
N, ¥, BEICL-TYH, ENFNREDILDbh oz, FED2EICRLEER, 2
NETRCHLIRENTVWHERICL > THBAMRR LW Z b o7, BETH> THLHREN
BB LIZRL TV, REIRIIZDEAMESHATH S, HELH C2HICE, ThETo
&9 I L T BT TR K, BB LERRDBE LN L ORFR L HEMICERT 4
ENbdI bbb oz, KEUTRBWUL, INLNEELEROBEVRARDEXKICD
W, LI EATEY, S/AMUEEHE I S UIBAILESHERORMSHNBRES
Bz L7,
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I ERNABRORNAHN

186 BBHRUCLIBLMONALH
BOFTEEICIZ, HMRMTIZE CBHT 25, SHBRS L AR GIE, 1982)
BWEICL - TELS AL S, FEICBWTUL, EZO—KED L OEKREIC L 2MEED
MELZITRTv, BUBEROBAICEWT, MECEHORERZBMIC, THNCHSL LI
T2 E2EMEL TERICH: 2BHBRE £1T% - 72 (Figls), & 5ic, IO BML T

ey
N Y 3
Shikotsukohan Jtt % © %
Meteor. Station (4 3
Lake Shikotsu .}

o, W V-2
g  Tomakomai
Mehor‘./sulion

HAMAAZUMA K
TOMAKOMAI

Fig. 15. Topographic map of the observation area and location of the
observation sites.

DEMOMUC, BBICHEREL 2HELBEORBOICEWT, RENBHBRMNLRAA,
7z, MEEEREZE/EICENK, X5HRE, WERS S BN Z N FNOSIR L HEEL,
BEDLEBICHOL 5 HERET L7z, FiglsicBi7aV—1 2 V—2 3 B/ NERBHNOEW
grRVE, P—1R3EIRERNDIZIZFELEHT, ZAFAERBRREZITY - 28
Thd, $2, EERNLXHGHMOARBET— 2 L SRORITICERL 72, KFEEROKRE
BT L4 18km BN, LEERKER LY 5 —DRIERT, LHERHANREFR
DERICHERLTNAHT, E1.5m, 37m, 76m, 116m B3 L 158 m DRiE L L 10m
BLU18m DA BRENEEFNDBIERTU > T3, XL HRBFTIIBONWICH Y,
B D H#) 300 m, BE L D KR 32 m, M 280 m O WBLA AR L OB b b A
DRV,

Fig.15 DRMAZEFERNOE? LEABRCEM L 2B 2 10km, HE 68~240m NE



HARDBEEE IS T 2 HHEHOTR (BF) 1n

T, FROMIIIAERH25m, BEH15mOBEnwFiIch-TE), BKRAITERICEW
TINHETFHIIREL TS,
BRCIIE/NEHEHL L XSMICELEHE 276 BRBVOEEI¥H 15km Th - T, R
(40~240 m) IZRARA L I1ZITH L v, HRADHE SR ICHMLBRAEROERTHBHDIC
HNTHRCHOMIIMERTFEIZRL > TWd, 2, BRCIEBWTIZMROE M, I
IFTRRICHR-> TRE 0~60m DEHH Y, BRIBLBEL2HMSIIRVEORLE L > T3,
BEHBEICIIHREE, RMICGERDIBZ LA ZVEEXHAL 2, BMIZN 1 kmBIcET
BELLroTh-71%, WEIEAr SN TEROEEBEN L WIBE TITE -2, 72, @1
FEITI, STEBHROMED 5% 2L 50 m UL EBENZ23BPT 280, Rl—3FRr% 2 MU EERL

200

H
23h45m ~ 24h59m Dec. 8, 1982

9h Feb. 4, 1983

Fig. 16. (a) Air temperatures and wind directions at the height of 1.5m
on the gently sloped plateau(A line) on Dec. 8, 1982 and surface
weather chart.

(b) Same as in Fig. 16(A), except for Feb. 4, 1983.
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TBHTORMELL KD FERROFEITIL, B EICHIES T WRARE2R8A T,
T8, BAHERE, LOBBOBRESHFLRTI LICL2, #&E20mb» 5 280m £ T
R ICHE T 2R ILEMMNAEELRAL T, BBICLEENRNEZHMIEL 2,
28 BNBMONBRHH
Figlo @it VWEMOEMENBRAICB W THALN2 1982412 A 8 B 2384545
~24 B 59 IR & AIA (—H) 2 RERER & RITRL 2. BERICITE/DMUREKRICE W
T, TOBEREBENIAERBENRICERE L2825\, RABICIE, —REOREIZFESR

Wind direction A

L ® 500 — _ O e °
0000 o O Q

0—0 33.0m(v-1) e Tomakomai

[\ ismy ____Heleor Saton
I \ B

o T gt
18h 20 22 24 2 4 6
Feb. 3-4, 1983

CmpmWblWEZMW®
] / 4

wind speed(m)

~~10r

U 3

[

a |

£

o I &4 325m(V-1)

A=-15F #—19m(V-1) -3

< | —12m(v-1) N
I o—o 1.5m(V-1) \
I o oPlateau A 2\‘°
0: . Tomakomai 1-0

-2 Meteor. Station 521

18h 20 22 24 2 4 6
Feb. 3-4, 1983
Fig.17. Variations and distributions of air temperatures, wind di-

rections and wind speeds in the valley in the plateau(A line) and
at the Tomakomai Meteor. Station.
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ThN, BAMEIC L - TRER—EL 2V, BAESFRO—REALEL AR RY %
oz, BEERS, BiEl: No.1 ~No.9 £T0.2m/s, BN No.10 DA 0.5~1.5m/s T
H-72,850mb N&iRIZ 12 A8 H 21 BiC—~16°C, 2 A 3 H 21 BC—19C TIREZRI /IS -
fzo LpL, HBICBVTZ, BERHICE > THHDBEEZIZ I0CICRATW 2, RRIE
Wo—EEKRE, EEIm (No.2) »5BE 240m (No10) T EmA % 20 m B
FTrICHLICHLEREZRLY, BH6BmMICHEEHENE (No. 1) icBwTiz, 1 km K
NEEBIOmMmIchiEH (No.2) DRBICHNTH I CEVEEZTL, HNBRMMEBILIIR
o2 BEITH -7z, Fig16(b)iz Fig.16 (2) & [Fk, HMAH 19834F 2 A4 B 4§~ 5k
0 FNORIBLEAMERLZLNTH S, B2 Figl6 (@) & FE—E L e, B, Ll dbds
S otz, 72, BoEiE No.1~No.6128\T0.2~0.3m/s, No.10 28T 0.5~0.9m/s
T - 12, Fig.16 D &iEIL Fig.16 @) 12 BoBlic kX TwFhoisic B »TH# 10CIK
W, ZFBRERAMOSRIEEIR Figl6@Ic B T3 £BAMAMOREBELIZIZERTSH - 72,
BB P ICRIBIIELT 50, BEMUEEROLEWE (V1) D2A4B4K»55
B 303 T 1 B 30 SO REBAEIIZ 1 CLUATH > 2T, —BL A% L7 (Figl?),
BBANREL ENUEERN LN (V—1) ORBORMELE BT S &, HBANK
WO N 1NREBRV—1D1I5mBOREBLNH2 ~3THEY, 72, BRAICENTI,
EBEERDEVWE (V—1) LEABRORELREREBIFBRINTWE I tobh o2

23h06m ~ 23h56m  120-%
Feb. 4, 1982

Fig. 18. Differences of air temperatures between each point and V-1
point.
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(Fig.l7 #R), BE/PMERBKRDLEVE (V—1) ? 1.5m 2813 B DHBTORIESIR I3 BERE
L7z E/NRRAT L ) 7T~ 8 ClED o 72, V—1DBRENHMEMEICEVTIE, MRA R
120.2~0.4m/s DHFV-MREI L BROEMEEL TRV T2 (Fig17.B),

Fig. 18 CEAHKNOHBRCH A BT LNIEE & ERMAFH O E /B RAEWHF (V—
1) #1.5mBENERE (—21.4~—-22.2C) L DEERL?, No. 1 2%ws (JEn), No.2,
No.l1l, No.14, No.15 »*#m (OFl), No.5, No.8, No.9, No.10, No.12, No.13 »*Fi
(AED), No.3, No.4, No.6, No. 75BN (XH) THb, RABZHBCHHAEEL
WitBEBRYED £, B#Eiz No.1 ~No.14 25T 0.2~1.0m/s, No.15 25T 1.0~1.5
m/s TH-T, BRA LR SBOICPEUETH-7, Figl8 iRl & Hiz, #MMCic
BoBARDEBRE L EHPMEEKRDLNE (V1) tnBEZERWThOMSICBNTY
3~9CTHY, EB (V—1) THXRT, BOBHIBI > TwhnwZ i EblL T3,
32, BERLEEEOMAES S TV, LorL, EOKBIRAFCEDLN TS, Tib
t, B (No.1) 3L UFH# (No.5, No.9, Nol10, No.l2, Nolld) icBWwT, EWweE (V
—1) rnigEZEIZ/NE L, #EH (No.2, Noll, Nol4, Nols) L rEN# (No.3, No.
4, No.6, No.7)icBW TN KEWEZTRLZ, ZHid, AEIFFENRTECEN
TnA, —RBERGH»ETTHLEZLNE, T2, BOBIHNNICHKBIEYL -2
B, HPS (1982) »RL - LHic, ARPIE LRI, KMZ2EL THE L HXTERTS
ZIELABOBREEZ LMD, ZHIZOWTASH (1954 a) H»RERENBRA % T2\ F
BOBEE2B T35, 2, BORBIUME LB W UIRHI N ZS0ERLECE
CHLY, BLERLNDBA»RBI VT, BEHRHBIERI NI Wi L#EES
N3, ZoFnL 5z, BHELEHEERE» 20~60m BENRE & £ H~3 LAHE LTI,
BNOBVHEEICH-TIZ2~4 CEBRTHLZ Ehbh ol

IG EEMoMRSH

Fig.19 @) &/ EAHEFT DR F 18 km DRKFHRICH B TR N 1983 F 23 H~4 B
NHFIEB L URE - BEOSESBORMENLTHS, 72, Figlob)id, % 280mich 3
HXHGEHHBIFTOME 1.5m ORM-BREL & CRBORMELLTH 2, IKERD L2 37m Ll
rebB TR EMEZEL TRENEI/NE VW, 72, KERO LENREB LEE 280m DX
R ERIRIZ, IIZEBRENMETH Y, WTRLIBEHIZEL TwEWwWZ e 2EbLT
Wd, REIIXHERICENTIE, 3m/sUTT, hELETH-72, BRERICEW TR
12 20 B¥Ll113 3.5 m/s IT T, XSO BRE L FRETH - 2. RERORMAIL, EZics
WTIbR LB E 2REAMTH -2, ZHIIRERE» S5, —RBENRAME & I131F—-T 5,
XHWBIC BT, BRREMZEL T—EL Twiwn,

Fig20 icBRANBBBRBOER, EIMUEERNLWEF(V—1), REX, 2/ HEY
Hhods (P—1) BEUZXSHHAOETNFNICBITL28EL B TRL, WS X
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: Wind direction
NF = o - owg e 2.’* :
oo tom - 158m (b)
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2, (a) S o Wind direction
£
6 Ni O o 99 ° 0 o o O
o5 w 5
£ sl .
"3 gl.(mls)
22 @3
= — 158m Q.
2 o0 10m 312 oo 8m
620 27 26 3 4 6 soLld e N
| 8h 20 22 2 2 4 6
-sf P -5
[ a
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- 3]
e o—o 1.5m
<_1c PR CH SR S
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F~— 158m Feb. 34,1883

Air temp. (*C)
1
3

F a—a 116m
F — 76m
F X% 37m
=15} o— 1.5m
18h 20 2 2 4
Feb. 3-4,1983

Fig.19. (a) Nocturnal variations of wind speed and wind direction at
two different heights and the change of air temperatures at five
different heights above the ground(Hamaazuma).

(b) Nocturnal variations of wind speed, wind direction and air
temperature at Shikotsukohan(280m a.s. 1.).

UKRFEBDORER EENIERER, BRADS LRLBEOE FEH (No.10) DRIVl
2FRLTWS,

Al LikoR#H

Fig20 » 6, KFEERNDEFEKE D 12 37m Ll L &3 280 m DX BHHOHEMENR
BIXZIZELEE2RL, BEEEXOMBMANDTBLIGENY, 2, 20L& LEHEL—K
FEHAEMZEL TZOBRAMBEEND L2 BB Tzt EZz LD, BIRA (M)
NFBIIEEHIHTICONTERNICERL Tz, T EBEUORERIZSHARS (1982) 0k
NHEINTVE, KL (1982) 132 ~ 9" DRBRVWEHMOMEICB W TERENR 2 KL, &
BERERERICNL TERNICERTIZ L 28EL T3, BIRADBVERNEHICE
T, HEIFES L HRE->TER L 2 EE0RBR L —BRICES L), E2HL0EKES
RENEEETIHTFON LD EZ LNE, A s (1983) 12, BB IMBANRI,
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300' ShO 4hO
4h~5h30m Feb.4, 1983\ Shikotsukohan
200t . 10
100¢ /A
4h,5h P-1
7550
> L sh Feblo
L | 1983
g i ~V-1
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3 10}
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(] L
€ sf
o Tt Ioh Feb. 4,1983
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11— —
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-20 -15
Air temp. (°C)

Fig. 20. Comparison of vertical profiles of air temperatures at five
different places.

BT EFALEHOBBMEC B TRBENREF B S Z L BEL T3, MKAD
BOWEMNEHD S b, EENEVHE (No.2) DiREIR, Thi) 25 ICERNECE/IML
HEMRDLWE (V—1) o LIBE L IZIZFRABETH -2, AIRANEER (No.1) tBENE
# (No.2) icsWT bR, ABREDGHIEZ VHES LHEENS, B/MURERNE
A (V—1) & (P—1) DEEA 22 HNEEIITIZELWETH 2, BHL~58C
e (V—1) tnEFEL TS (Fig20), ZNZ 5, ABRANE (No.1) L& (No.
2) KBWTY, BRESZ, LEEME CREBEZI I Eroint#EING, BTLLE
BHICEWT, BEH4~5RBICRLNMHICoEERE, HPL (1983) »RL2 LIS,
BTLIZBOTENBHL 2O TIZ T, ARICBWTHEUBICELKRESIC L » TRAEET
T shiz7:HEZ L5,

Ishikawa (1977) 2 8&E L 22 & 5 12, E/MEEEERICE W TUIHEARO, ROFH-BEIC,
WEDBEIFBWIFEEHH 2, TEOBE LR, FEREZEROENLICBITZENEFNNEE
NETHL, ZhiF, FECENZLIHIC, BRICIIEINLES BB MEE I —BRICEH
WHEIND2HT, FEHIBAMERIRE X583, FELAMZITITE(MELRELUED



KADEERE WSS 2 KHEHOHR (H) 1

EieBW T IIIZFERENRERI BN S,

BHMANKEN (No. 1) 3B L TFURATEL T3, ZOBDEREIE/NMUEEKDL
WH (V—1) D&t N#H2TCHEY, ZiZ, RABRARBVTIZIV—1L)FEEHIBRVD
T, L2 L0EREBAP V=140 osletzHiciBEEFELLLNDEEZ LNS,

, FBRANS (No. 1) THRLNZIEEIR, ZOBRIMRBREBICHEITLRANBCBEROBRKN
HE R, 1982) ISEWEL L ->TWw R LN EHREINTL,

AW BFICE 2 BEADEBENEE

BROFERICIIHBEIIBRIC L > T—RISEA S 15 (WAERRR, 1980), EBEOMK
HMOMERMEICBWTL, #EICL > THOHEMORBERBIEL( R 3AMLNT
W3, EMUEBHRICE VTR, BEZ20~30m DERWET LOEIRWEERE X 5, HP
5 (1982) i3, WHRSHERCIZANEZIBmicBWT, REIZ3.5m/sUTTEHL, ZOR
NEHIZ LEEORBOEILICHEL 5220, BEVGHBBRICIZIIEACEE L 2722
EEBPICL I,

KEwHROR L RBOBRICOWT, FES (1966) 138 & FibnEREHENRIE
EREDOBAF T, BRICEVWHHIES 3 DIZREIFRICHKNTEIIB2HTH S
Zk, £, BEIBEICHZVEENGHEEIIEML FRLRABETHZZ L2BELT
Wb,

AEIBWUL, EEOROBELZIIRTWIZIZEELEHM (P—1, P—2) & (V
—1, V=2) nEBIUBALEECBVT, ROBOUBEONHBR L GHEREZRIL, &
WHENGHBRRDERICOWTRE L2, £/, BT L&EknmHAicsWT, LEMGHFT
KOBHIZEFEL T2 E I 2HBLHIE, RUBTLOLEL S THE THORE LR
M- BENOBEBBRAME B Z T, BT LR HRELZH» L,

Ehi, ATHREOKRBVT, BEERBHRICIIBIIFTTL2RELHTVIEHZ
HMEL, FELBRLITEMRALOAE, BEIENL I IELT L4+ BBBBIc L N WEL
2o B, BEoOPRIIME2 m, 4 m OKBAA L S— KRy 7 Z2HBREIN TS,

BEBRMSI, HERANORVWATLRVORMBRBTH S (Fig.1, Fig.2 & U Fig.
15), B2z LHA L THETHS km, WHNORE L OEEEIZERTH 15m, THRICBWTH
20m Tdh 5, MPOFHEFEOFHESHIM 11°, FEOHMDIEITH 1/100 TR TH 5,
A L¥RIZ 300~400 m, FEEM 20m TLERATICHE - TR & 245, BABRSEOHERIZ
bTHrTHIBLEREITNT LB L RLTI LV TES, E5IXZNARNELRENN
R

BEBMICEYT, BE1SmOKRELBREE L) DT - MERFICLY, BE
2 BGEGEFHC & - THEIEL 72, BB 200~800 mH MR T, HTHBEL LH»5T% -7,
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Fig.2l. Nocturnal variations of net radiation, wind speed & wind
direction at 33m height and air temperatures at four different
heights above the ground.
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Fig. 22. Nocturnal cooling brocess at three different heights above the
ground on the flat plateau.

AL moBEIZ1~3 m/s, ARIIEMEZEL TRBSLHATS - 72, ERBHEE
I H®&H 1A 158 40 IR L %), HE 2% 18 8 30 A&IC—2.11y/30 min
El otz FNDH, —2.1~—2.41y/30 min DRI TE{LL, BENBOHHE D 8 ke 50 FHEICIE &
ZH5ETRMEPELUIZ—BTH -2, FERICBEREIBRLONIZHLHNIZI6RE05TH -

®h 20 22 2% 2 4 6
Feb. 3-4, 1983

Fig. 23. Nocturnal cooling process at three different heights above the
ground in the narrow valley.
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Fig. 25. Nocturnal variations of wind direction and wind speed at two
different heights above the plateau(P-2), and comparison of the
cooling rates at 1.5m height at four different topographies.
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Fig. 26. Comparison of nocturnal cooling process at 1.5m height at four
different topographies.
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Fig. 27. Air temperatures at the height of 1.5m along the narrow valley
B and on the hill, and surface weather Chart.
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Fig. 28. Distribution of air temperatures on the hill and in the valley.
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the culvert box in the valley.
Small circles: observation points.
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Fig. 31. Variations and distribution of air temperature in the valley(V
-2), at the exit and entrance, and on the inside and outside of the
culvert box, respectively.
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Fig. 32. Nocturnal variations of wind speed and wind direction at the
top of the observation tower(A), and of air temperature at five
different heights above the ground and on the valley side
slope(B).
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Fig. 35. Nocturnal variations of air temperature at P-1,slope and V
-1(A).
Variations of temperature differences between two different
heights, 0.1 and 1.5m above the ground(B).
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Fig.36. Comparison of variations of air temperature between two
different heights, 0.1m(dotted line) and 1.1m(solid line) above
the ground on the upper part of the valley side slope.
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Fig. 37. Comparison between the air temperature and wind speed at the
height of 1.1m above the ground at the upper part of the valley
side slope.
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Fig. 38. Comparison of wind speeds at the valley bottom and on the
valley side slopes.
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Fig. 39. Comparison of power spectrum of wind speed obtained at the
valley bottom and at the upper part of the slope.
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Fig.40. Comparison of vertical temperature profiles between the
bottom and the slope of the valley.
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Fig. 41. Comparison of Richardson number, R; at the bottom and on the
slope of the valley.
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Fig. 42. Nocturnal variations of heat balance components at the bottom
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Fig. 46. Changing of distribution of air temperature at night in the
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Summary

Frost damage to young trees occurs frequently in the shallow valleys of Hokkaido
University’s Tomakomai Experiment Forest on Hokkaido Island in the northern part of Japan.
In order to establish the extent of the frost damage zone, the process and extent of nocturnal
cooling were observed in midwinter on a tableland composed of valleys, flat plateaus and hills,
which slopes gently from the Shikotsu Caldera to the Pacific Ocean.

Frost damaged species, which were observed in May, 1981, were Abies sachalinensts, Picea
Jjezoensis, Picea abies, Pinus banksiana, Pinus strobus, Chamaecyparis obtusa and Chamaecyparis
pisifera, located at the bottom and the lower part of the valley.

Picea glehnii was damaged by frost in Oct. 1983 when a minimum temperature of below 0°C
continued for two weeks from mid October. Frost damaged zone of Picea jezoensis was observed
on the side slope of the valley at the altitude of 15 m a. s. l. in May, 1985. Frost damage of Picea
Jezoensis decreased with the increase of altitude to 80 m a.s. ..

The distribution of nocturnal cooling above the snow surface was observed in an area
composed of plateaus with shallow valleys gently sloping from the Shikotsu Caldera to the
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Ishikari-Tomakomai Lowland on Hokkaido Island, and the mechanisms of radiative cooling in
the shallow valley and in the plateau were postulated by comparing the temperature distribution
with the cooling process at four different topographies.

The cooling occurred everywhere simultaneously and to the same extent from the upper part
to the lower part in the valley bottom. This fact proved that so-called cold air inflow played only
a small role in nocturnal radiative cooling, though weak down valley winds were observed. This
result was repeated, as the cooling process continued simultaneously in the valley and in the flat
plateau on a clear and calm night.

Along gently sloped plateau A on a clear and calm night, the air temperature increased by
1C as the altitude increased to 20m. The air temperature at the lower part of plateau A was
close to the temperature recorded at the bottom of the valley, which indicated that extreme
cooling occurred in this area on the clear and calm night examined. The air temperature at the
higher points of plateau A was close to that at the top of the inversion layer in the lowland.
These temperature profiles suggest that because the depth of the inversion layer decreased with
increasing altioude of the plateau, the cooling rate of the surface layer decelerated.

The distribution of nocturnal cooling was observed and compared with meteorological data
recorded continuously at the observation tower (31m height) in the valley of the Tomakomai
Experiment Forest. Results showed that nocturnal cooling occurred over a wide area of the
plateau on clear days in all seasons when the wind speed (measured at a height of 33m from the
bottom of the valley) was less than 3.5m/s. Routine observations of minimum temperatures on
a hill of a relative height of 20m and at the bottom of the valley showed average differences of
8C in winter and 3°C in summer. Observations of the distribution of minimum temperatures in
winter confirmed that strong radiative cooling occurred in shallow valleys and on flat plateaus
but not on hills, hillsides or sloping tablelands. A comparison of the temperature profile taken
at the observation tower located in the bottom of the valley with that taken on the adjacent small
side slope from a relative height of 15m revealed that the air temperature at the same altitude in
the valley was almost the same as that on the slope.

On the side slope, the temperature at 10cm from the snow surface was sometimes 0.5°C higher
than the temperature at 150cm. On the same side slope and in the valley, periodic oscillations of
nocturnal temperatures were observed through the night. This observation suggested that weak
periodic down-slope winds occurred about every 10 minutes. In comparing the periodic oscil-
lations of wind speeds with those of temperatures, weak gusts of wind (<1 m/s) were found to be
accompanied by decreases of the air temperature near the snow surface.

A comparison of the nocturnal cooling process occurring in valleys with that occurring on flat
plateaus showed that the extent of cooling was almost the same and that the air temperature conti-
nued to fall exponentially through the night when the atmosphere was extremely calm. However,
when a weak wind of 2~ 3 m/s was generated on the flat plateau, the air temperature near the
snow surface of the plateau rose suddenly or stopped falling. This variation of air temperature
on the flat plateau resembled that of the upper part of the valley. It was assumed that amount
of compensating heat current due to turbulent diffusion increased frequently when the maximum
amount of cooling near the snow surface on a flat plateau became less than that in the bottom of
the valley. Because the scale of air turbulence in narrower valleys was smaller than that in
wider valleys, she proposed that the narrower the valley was, the more cooling occurred near the
snow surface at the bottom of the valley.

These results were explained by the heat balance system occurring at the bottom and on the
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side slope of the valley. At the bottom of the valley the amount of sensible heat transfer was so
small that it could not compensate for the heat loss due to negative net radiation. Namely, the
air temperature near the snow surface fell as a result of conductive heat transfer.

As noted above, the extent of cooling was the same in both the valley and on the flat plateau
under calm conditions. Due to its flatness, a plateau received no inflow of colder and heavier air
from its circumference. Furthermore, the amount of cooling due to net long wave radiation was
almost the same in both valleys and on flat plateaus. Therefore, the author concluded that the
extreme cooling on the snow surface at the bottom of the valley on a calm and cloudless night was
caused not by the inflow of colder air from above but by local cooling due to net long wave
radiation.

Based on the above-mentioned results, the following management plan was recommeneded
for the artificial reproduction of vegetation at the Tomakomai Experiment Forest. At an
altitude of more than 50m a.s.l. A. sachalinensis, P. jezoensis and P. glehnii should be mixed
with P. abies and L. kaempferi to create a compound storied forest. It is desirable that P.
jezoensis should be mixed with small sized broad-leaved trees of below 0.lha as underplanting.
At an altitude of 50-30m a. s. 1, A. sachalinensis, P. jezonensis and P. glehnii should be planted
with broad-leaved trees, L. kaempferi and P. abies. On the contrary, A. sachalinensis, P,
Jezoensis and P. glehnii should not be planted in the valley bottom or in the lower part of the slope.
As exteme cooling occurs both the valley bottom and in the upper part of the slope at an altitude
of below 30m a. s. 1, pioneer plants such as S. bakko and P. maximowiczii should be mixed with L.
kaempferi, P. abies and L. gmelini because these species of needle-leaved trees can grow esasily
out of the frostheight. Finally, to create a broad-leaved forest, these pioneer plants should be
planted at altitudes below 15m a.s.l..
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Table 1A. Species described in the contents

Species Planted year Space(hr) Number Age Compartment

C. obtusa 1978 0.24 720 3 139
1979

C. pisifera 1978 0.26 950 3 139
1979

T. occidentalis 1974 0.06 350 129

P. parviflora 1978 0.15 720 5 401
1979

P. parviflora 1978 0.15 700 6 - 401
1979

P. pentaphylla 1977 0.52 1000 8 401

P, koraiensis 1977 0.51 1000 6 401

P, pumila 1978 0.37 650 5 401
1979

P. strobus 1967 3.43 13438 6 137

P, densiflora 1978 0.15 700 2 137
1979

P. rigida 1978 0.15 900 5 137
1979

P, contorta 1979 0.15 610 137
1980

P, banksiana 1978 0.15 700 3 137
1979

A. homolepis 1978 0.24 1200 4 134

) 1979

A. veitchii 1978 0.15 800 4 134
1979

A. balsamea 1978 0.15 350 9 134

T. diversifolia 1979 0.15 561 136
1980

P. jezoensis 1978 0.60 1050 6 212
1979

P. glehnii 1976 1.04 1567 8 409

P. shirasawae 1979 0.12 735 212
1980

P. abies 1975 0.98 2000 4 409

P. rubens 1978 0.15 640 7 212
1979

P. mariana 1978 0.15 740 7 212
1979

P. pungens 1978 0.15 750 5 212
1979

P. glauca 1978 0.15 700 7 212
1979

P. glehnii 1981 280 139

P. jezoensis 1981 280 139

A. sachglinensis 1980 0.60 108

P. glehnii 1983 0.28 523 138
1984

P. glehnii 1983 1.11 1214 138
1984

P. glehnii 1983 0.18 392 139
1984

P, glehnii 1983 0.19 402 139

1984
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1980
1983
1984
1983
1984
1983
1984
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1980
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365

1053

298

1247

13720

108
138

138
139
108
108
139

139
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