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Agro-meteorological studies on the down slope wind 1
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Fig. 5. Hakatajima. (in the Inland Sea of Seto, Lat. 34° 14’ N, Long. 133" 05 E).

Fig. 6. Ogiyama in Beppu city.
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Fig. 7. Ogiyama slope.
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Fig, 8. Distribution of observation points.
(See Fig, 5. A-line)
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on the N-S section of the small hill,

(B, Vh, Ds-Obs.), at B-line.

Noie ; A ; Wind speed {by hot-wire

anemometer)

B ; Frequency of wind direction counted at 5 sec, interval for a
minute (by smoke of an incense stick)
C : Wind direction {by lift balloon)
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Fig, 23. Smokes flow test on the northern slope,
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Tab, 1. Stales of air temperature and wind
velocity along the valley,
{a) (P-Obs), at A-Line, Nov, 6, 1961.

Pt l Alr temp Velocity
M-S L) | 3om | tm I Aa Sm o Max.
) . o °C| mfs m/s
Ts (130m3 | el ozl — —
Ty (125 44| 135, 09( 0.3 —
Va IOCI 145 1L.0 ‘ 3.5 o0 0.3
14.7| 10.0| 47| 1.2 1.4
3 145 10.5| 40| L6 L9
50 15.0 1 10,7 4.3 2.6 2.6
25 g 1400 10.51 5] L.} 1.4
5 8 | 141 10.4i 37| 22 2.2
(h) Oct. 13, 1961,
An' temp Veloc:ty
CM S L) ‘ 30m l lm I de Sm Ma.x.
| ‘C C|_‘C m/s m/s
Ve 16.7 15,37 4.4 L1 1.4
Vs 199 157 ; 42| 26 29
\ 19.0] 160 30l 11 1.4
vs | 1225 156 3.9 26 2.6
E2m) 182 162 | 30| 24 2.4
S; "'190! 1720] 20! 1.4 Lo
19.2; 172.5 1.7 1.4 1.9
S. ‘ 19.2] 121, 01} 0O —

(Based on Fig. 13 and Fig. 10)
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Tab, 2. States of air temperature and wind

velocity observed acrossing the valley,
(P-Obs,). at A-line, Oct, 15, 1961,

Hm2E $48

P. T Air temp, Velocity

(m. s. 1) 30m ’ 1m ! A9 Sm Max,

e i Tl m/s  m/s
M; E Bm% 2L0| 1.0 20, 0.0 0.8
Vs (8 26| 17.5] 41| 24 24
M: (8 2.0 1790l 31l 22 22
M 510 3 20.8| 1.9 29! 1.6 L6
Mg (20 ) | 20.8) 200 08| 0.0 03
M,gm )| 20,51 158 0.7 00 0.3
Ms (40 ) | 20.7 j 12.8] o9| 00 00

(Based on Fig. 16)

IV. SIMLBIRICT SR

. @GLaz

AL RN i i A Bl TR 2T
G. S, P, Heiwood, E. C. Cornford, F. Defant #H
#Wync kb, ZoOJURB ML ENT, WhW3E
katabatic wind & LC#sr&hTib, hizbxR#H]
BRI E D E S LTHETIHIC DN TOER
D BN C DT SR L & B D TH B,

INHFC R BB DO TOPRETIE,
o TR o R P Bl T m R e g T o
DTERSRIZEEHLRENG Y, ThockD
TEFB L EZ SR A IR DY kT
L, EOHREENT 3 ICITEETH S, Ll
DS MEIC By ZEMRBOMNE Lo THED
TFERMOFEEBRB R S T SO TS T L birE
@ B LAy, HiEFlie 3 5 il (Fig 6,
Fig. 7 80 BWLHELACE {HLY #niEd B,
Wi O BRI R T TN UL O TR
SR X LTI TH A WSNN ik 380
MREEMRTIC LD, MERNOEHINE L
BRI ES T A M ORGEE DTN
DARSC LEilinE S LIk lbhi-oT, &b
b ThMNT s Lk

2, RPHEH

Lk 2 5T 20 DA (Te—Teo) 2384, i
DRSO R £ 0% Fig. 34, Fig. 38 g1 LT
WA,

AT Eic B THEARI LD, HiE 65 m 3 Toxki
Jd - Wodi « ) (P-Obs.) 24080 L 7.

Fig. 34¢. Observation points on Ogivama slope,

Pt ‘S(m)il{(m)‘ 4H | 48 !AH/AS‘ o
. degree
T.20 ol sw| 10 ] 8] 013 7
19[ gof 790! 40 | 80| oso | g0
18 160] 750} 20 | 40| os0 | 30
17 206| 730 | 30 60 | 0.50 30
16 260| 700| 30 | 6| o.50 [ 30
15 320| 670| 20 | 60| 0.33 | 20
14 380 | 50| 20 | eo| 0.33 | 20
13 440 830 30 | 20 0.4 | 26
12, 510! 600] 30 | 80| 038 | 22
11| 590f 570 | 30 | 80| 0.8 | 22
10 670 540 20 | 70| 20 | 17
9 740 520| 20 80 0.25 15
820! 50| 20 | 130 015 9
7 9507 430 20 | 100| 020 | 12
6 100! 460| 30 | 130| 0.28 | 13
5 1180| 43| 30 | 10| 0.27 | 16
41290 | 400 30 | 110] 027 | 186
3 1400| 370| 30 | 130| 0.23 | 13
21530 | 30| 40 | 130| 0.31 18
1' 1660 | 300

Uirection Down Slope
Ee—W

T10
TS5

HBe 300M M,5.1,
Fig, 35. Profile of Ogiyama slope.

196241 ST 7 IH D220 4 & BITO2B580 4 % T
&, LHBLII9N535 DM 211520 5% Tod 2[@1):
Wi LA, BTHOBMUNET MXREHEHTBIEPhTH
2ol DDA TR L. htholsn
W TED LS, —RME ST ~<E1~2m/s Ol
WB D, BB N (Tr—Tw) ORET,
ik b oMt abhThike,
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States of air temperature and wind direction at Qgiyama slope,

Fig. 35,

* x
12 7M. 81N,

(Tr, D-Obs.), Jan. 7-8, 1962,

Eikidz & AMOHAEED 3 LHBANTH S
EZnA RV, TREROERERTER ST
VWEMDRBBETR, St Dhh 30T
D ThREMZ B L& L.

3. PRABFBUICER
(1) HhEAT T AP O R
HE1m g B35 18O T LrEd T i

Tab. 3. States of air temperature and wind
velocity at Ogiyama slope,

Points Air temp, ! Wind velocity

210 61 40 | 5Sm__Max. h
‘c C C s m/s m
T. 20 1.2 1.2 0oy 0.0 0.8 3
19 .4 1.6 —0.2 0.8 08 5
18 2.0 1.7 03| o0 0.8 10
17 2.0 1.7 0.3 0.0 0.8 10
16 22 1.6 0.& 1.4 1.4 5
15| 2.4 21 0.3 1.4 1.4 531
14 28 23 0.5 1.4 1.4 5
13 30 24 0.6 0.0 0.8 10,3
12 3.2 2.9 0.3 0.0 Q.0 —
11 3,5 2.9 06| 0.8 1.4 3
10 3.7 A4 0.3| 00 0.8 10,31
9| 36 3.4 02| 08 0.8 5
8 3.9 2.8 I.1 1.4 1.9 31
? 4.1 3.6 0.5 1.4 1.9 10
6| 43 34 09| 1.9 2.4 3
5| 4.6 3.6 1.0 1.9 1.9 10,5,3
4 4,7 3.5 0.8 29 2.9 10,5
3 4.3 35 0.8 34 3.4 53
2) 51 36 LS| 29 29 10,5
1 4.8 4.2 0.6 29 249 10,5,3

Nate ;
810, Height 10m air temp.
#1, Height 1 m air temp,
48, Difference of air temp. (#10-81)
Wind velocity of the Sm height and the
maximum wind velocity below 65 m height,
(P-Obs.), Jan. 7-8, 1962,

BIBEME, T~ T 2TAE Tw T3 /R0
Zitob & 5% Fig. 36 wnmLThnad, T R
T KBY2INOEG,rohRE LS, 1RO
D& 4 17 15504 5 ) 8 Wil oo, fm LA ¥
THao VERABELTOREZ b s,
A4k SRR LD CEhS, 15702
5 802K 30 2 TOMiciT it b, KRick?
EROMBIRRRE & AL FRT, REOSREEL
RAbhithe Lhthmd.

(2) EMikits Mg rE  Fig 37 R Fig
38 Ik 1 m—65m ¥ T O RB/EORM AR,
OEPFARR I T3, ChoOBEEERHLT
HWP+Lz LT 5.

A, R ERTOINUEDORIGMmE, KBELT
10 m BEERL K T 3 EBER LTIV A,
1I0m @ERs1m S2ORNE (4 % Tab. 3, 4
EZRLTVI. CARLELNHBTTRRTIC R

Tab, 4. States of air temperature and wind
velocity at Ogiyama slope.

Points Air temp. Wind velocity
L 51_46 _ _5m __Max._____ _h____
*C°C °C| mfs m/fs m
T. 10| 41 28 L3| L9 L.9 531
¢ 42 3.5 0.7 L4 .4 10,531
8| 46 3.5 1.1| .9 19 531
7| 48 3.9 09| 24 3.4 10
6| 51 41 1L.0| L9 29 10
5| 5.3 48 05| L9 1.9 10,551
4] 5.4 4.6 08| 29 3.4 0
3| 56 4.8 0.8| L9 1.9 531
2| 5.8 47 1.1]| 29 2.9 10,5, 3
1| 62 4.6 16| 229 2.9 5
Note ; (Based on Fig. 38)

{(P-Obs,), Jan, 8,

—

952.
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Fig. 37. Vertical distributions of air temperature and wind at Qgiyama slope. (P-QObs.).
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Fig. 38. Vertical distributions of air temperature and wind at Ogiyama slope. {p-Obs.).

HLTHah, EhRETROLIC CE0TEHEL b
o2 HFH~MLEN 0.0C—L.OC ¢EHInE TH
LT AELLENE b,

B. MOBE a7 ¢+ AN TNT, #hif F
BROEEDRECHETH D, MM DNT
BT 10 m EEL FToBE oK (Unae) BES
mEE O (us) 2 Tab, 3, 4 ERENTHELS
TR E LT, hETFOMETEIm oo
SECERAHEbN T LS5 THS.

C. 2¥EMINS P LI3EhiREOSILEM4
OIEEETED. VE (A) OFBHFIRDNTIL 5 m
DEEETHEMNEADTNTL T b Ty ¥TL,
(B) @ T e T1 FTORMOEALITHD L
Tab. 5 O L5y, 10m BRLETREDEII(A)
DG 8.5°C, (B) O AR 2.2C T -ELAHi
Lft5, Ll Sm LN CieDENBE L TN S,
T & Ty OEBEIEL00m T, T & T BT
240 m TH 50 o BMESEMEE & &3 0.9°C/100
m EiL5.

D, cHOFCHM LTS R E LA, &L
Prandtl O R FEHTOSKERRLT SIS
¥, CORNFRTRIZSZDGIRGY, o efdd

Tab. 5, Diflevence of air temperature,
(Based on Fig, 37 and Fig, 38)

| (A) Jan. 7-8, 1962 | (B) Jan. 8 1962
| - .

i Tee Ts Diff, | Tww Ty Dif,

m °C °C €| °C C ¢

63 0.9 4.5 3.6 ¢ 58 36 22
55 | 0.9 4.5 36 ., 59 36 23
45 .0 4.5 3.5 i 60 3.7 23
35 Lo 46 36 &0 A7 23
30 L1 46 3.5 61 3.9 22
25 ‘ 1.1 4.6 3.5 6.2 4.0 22
20 1,2 46 3.4 62 41 21
15 | L2 4.6 3.4 i 6.2 4.1 2.1
10 .2 4.7 35 ' 62 31 21
5 L4 46 32 . 58 40 L8

3 .2 43 31 53 38 1.5

1 \ .2 3% 27 | 46 28 1.B

—

LA FHOBEHH il pshik EEALL T MNE
WTHLZ, TabE (A) OEAMSm K, 400m
Mrnific e Rt 1.4%44.0°5.4° Lg b Jipias
4.6C TH AN, 0.8C 22y eofilicrahic
Xaid, W Im B lm BTREY 0.9°C R
FLECAN SR CERBAOE, LN
1°C &g L35S, MolEiE» S c &N TS
IR NIRd S &, #9340 L DG RN { R
MUEDER LT6CH oMETRlshizc L Ly
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3. Ll (B) oS ®ins i85l
0.7C ¥224% 5.8C/h 2B, (B) oB&EMA
7, BRTHDRE (A) OLEZORPOFLNLE
REHLIE b, TOHEIIGXKTEHLGSE WD
o, EBKIILTEE < ORI FRR LT, 1M
P i il L S A T IRy pam el N a5 A
OO T, & R B 2 B LAY & D RT3 T
V2. BROTRMENE LT S RERRIKO SHIC
HATHY, Hp2FHAAREERE NSO LS,
b DR N ST T, RIS
BTRLDMBRICLATHO L5 7THE. L —
Prandtl X TRUEZHELTAS L

(S i exe(-5) <

B=0.1x10-1 ¢=1.0°C & L, Umax iZ
/L =nfd

TN 3

sin

DLERTEOT
Umaxr=03<0. 710, 45=1. 3 10¥cm/sec)

EROTRAMELE VIO —BF BT Edb 5. £
ELMAOCH/ETI VAT o MHMRLT, il
bERRES EFNENLN O 2T
LVEERLTYWS. ¥ B Ol mHR—TbH5
CELRIEL B, #OT SHE ME O LNET)
T, B4 OHERNEROLGERT~ETHI.

V. TEREORRR

1. JLas

R B TR EOHMETR { Bmi L =&
WFLT, #ERERIRTOIERK ST,
ho O RS LT TR BB ETEIC L
HT&Ef BALACE Aok byT, |
BOPNER O E T FRBROWE Ficd$ 2 &
LT, ¥ Lo RSN ek 5080 m © B _ R A
L, EEZREUFEERIERSA T ATESENL
T3, /NRCBE B o R REE o N
BEREET 2 E2D L LT, MREEY ZEERO
PRIED TEFARETH 5.

Fig. 8 LRIN T MR ARELAT L FB
B {REL, MBNFEE LR T, RREFZOMEIT
FETHD L Hasha 1961411 H L 19624210
AOZRlichicYy, EROIERICEOTRELAHR
RiCRTAMANREE I O THET S L LT 5.

2. MRRCOVTONBER
1962 4 10 A ganto/ ATl L 250 m % T

BRE WG

ORI AT 1l A M LAs, AKEAD SRR (iTiE
1.5m) EMDLEDT, $OITFIREZ2m, 120
em O |TE2W, A ERSIERTRU LGNS,
FHAE DTN % LW Lizdt, 2416 OB AT D
TEFIMFE L EF L.

(1) FLEZeoMinsyd;  Fig. 39 4 19624210 J]
17 H 18 i 5 20 W FNC s Lox, e G ph ks
EOTRIARESRO, HLE 250 m L Foy Wiysr i
R LTS, THEFET I 2 0% (K) Ok S il
) Ve B VRy T 25m—30m, [iRTHo b
M VRs-VR: ©10m—80m, e Te T0m &g
9, I @2 THRMUABMERLEBRE—-HRLT NS,
VR Bl Foageiic BOTH, vk FEREO BT
5 m—10m OIS ARG (C) Hildsh, Ve -
VRs-VRy 0K iRk, &5 K £ 0D 50 m—
100 m Bl B i, Hin O WG IR & A g
dikom (R) HSH, FOfIEE O m—80m i
¥, Wi A Shudidfi s L.0m/s 2L Ko
THok. THMLWTE VR ©40m LLE, Fhid
VRa- VR - Ve @ 100 m—180 m B Eo iy S it
ORI —-HE 2 bR S (G) FBLDR T3,
—fE L AL BNhB (G) MO I ARG
HBH (Fig. 40 210, (R) TrRahiBEOMH,
IR RS B A RIS O EIRNT, i
i AW E SL SR, AR IR ST =
DIEBFEIR R TN EC LA 3.

(2) gt RO g

MNP OTHTTZTRE S, TOEEMSWY
[T A X 41 B SR,  FHBUCILFAL i o A
a7, Fig 40 o s g EtoA-B-
C-V¢-E:-F @6 Mo, HIE120m ¥ TOEME,
19624710 )1 7 174 #IA L < Fig. 40 fTRELT W
A. Vit B-C - Ve E 230 m SRl Mo
TEid, REEE AR TRMEA LTS LS
i, C-Vs:E+F O LBKHbMATHG, it
SOROBLHR TN L Z A, —iE: Abh
ZlbBEA LB LTINS,

@) BEOEIITHT 3R

i RO AT DT R RS fodd, W ORI Veic
$510T, 19624210 B 8- 17 - 18 OORYE, Hi L 250
m £ TOMMEIELT Fig. 41 LR ULTH A,

10 A8 H 20035 SHic M LA b ovid, TREMODE
i m—lbo—gEi s TR R0, F
DD HEE EFO BRI —RES Bhh TR
Y, £OMXHL TEHiOERIZ 100 m fad 200 m
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Fig. 35. Vertical distributions of wind direction below the height of
250m (M. S. L) in the valley. (P-Obs)), at A-line,
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Fluctuation of wind direction till 250 m height at the coast,

(P-Obs.), at A-line.
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ED THEL MBS, 1- 14 m GRERT D2
W, ELOva—g—gifhe LU k.

C. FFrE REE I 5 W T oo g E Loz
X, 4 m BRSO TON SRR, ZOFIEE
Swinbank ©MFURMGH O PRAEE L.

IO OFHEEA Fig 42 LT 5. Bk
G Ge T I HERO va—F—DfR B ENT B
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1.
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1960 4E 10 J] 13 B 11 F] 6 1T &N (Fig. 10,
13) DFEME, BRI DN T mEEE I m
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HERBEOhB LT D Ve—Ve TR EL,
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Fig. 42. Swinbanks hot wire anemometer,
Note ;
(Wire)
Rs. Ry Platinum
¢=0. 1
C ; Constantan
#=0. 1 mm
CU ; Copper
¢=0. 1 mm
Ry ; Nicrom
#=0.1 mm
(Resistance)
Rs=R,, R1=Ry
(Gy, Go)
Recording type galvanometer
{Sensttivity)
3.8X10-5 amp.
5.9 10-% volt
Resistance (=5.4 &)
Period (=2.8sec,)
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Fig, 43. Siates of air temperature and the angle of wind to horizental plane,
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Tab. 7. The number of nighls on each month when Lhe katabatic cffcet was observed,

! Jan, Feb, Mar. Apr, May Jun.

Number of | - . T T N
4 3 4 1 3 3

nights l 1 0 3 4 1 0

Jul, Aug Sept Oct. Nov. Dec,
— — — 3 2 4 1929
1 1 4 4 3 1 1930
— —_ — —_ — 1931

Note ; by G. 8. P Heiwood, Katabatic wind in a Valley, 1332 at Oxford-shire,

(Lat, 51* 50’ N, Long. 1* 35 W),
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Tab, 8 Comparison of invertion layer in
summer and in autumn,

| Points S5 S S Vo Vs Va Vs V3
Aug,| 4¢ (“Cg 0 0 021.01.0091L002
15 Height{m» 0 0 2 10 15 20 20 20

oct. | 46 (C) 0318203441 3.44242
13 [Height{m) 3 20 25 25 25 20 35 25

Note :
A6, Difference of air temperature(Max,-Min.)
below a height of 30m.
(P-Obs.). at A-line, 1961 (Besed on Fig. 10
and Fig, $4),
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Summary

The phenomenon of the slope wind caused by conl air near the ground surface of a slope at
clear mights furnishes an interesting problem in micro-meteorology, and at the same time is one of
the principal subjects in agro-meteorology, as it apt to generate local differences of low temperature
and to cause frost damage on crops especially in cold season,

Many invesiigalions on slope wind have been carried out, but it stems that most of them have
been founded on only surface observalions., Hence the author tried to make observations not only
in the surface Iayer but also in the layer up to the height of about 250m, and to deduce some
conclusions about the slope wind and allied phenomena,

The observations were carried out chiefly at a small island (Hakatajima Islend in the Inland
Sea of Seto), whose area is about 22km? and maximum height is about 304 m from the mean sea
level, and partly at a large slope of a mountain (Ogi-yama, Beppu City, Oita Pref.) in order to
obtain some comparative data, Though these observations were made from 1949 to 1964, only the
results of 1961--1963 are given as the objects of investigation in this paper,

The paper is made up of two parts, the first part deals chiefly with the phenomenon of the
slope wind and may be said to be micro-meteorological, and the second part concerns with the
temperature distribution associated with the slope wind and the frost damage on crops and hence
has a character of agro-metecrology.

The results of the obgervations are summarized as follows;

A, Concerning the slope wind itself

(1) The down slope wind on clear and calm nights arises immediately after sunset and lasts
till the sun rises next morning, so long as there is no remarkable change in weather condition,
The wind velocity, in many cases, is one meter per second and the wind goes on blowing at an
almost constant speed all night long.

(2) The depth of the down wind layer in a small valley is 25-30 meters thick, and the air
temperature there falls till about 4°C, the maximum wind velocity being generally found in the five
meters height.

(3} The down slope wind found on ridges of either side of a valley and also in the upper part
of the valley itself is weaker in strength and more irregular than that in the valley, but has the
characteristes of down slope wind blowing down along the slope, the thickness heing small and
not constant,

(1) The observed down slope wind coincides with Prandtl’s theory either in regard to the
vertical distribution or to the magnitude of its maximum wvalue, but the observed air temperature
distribution does nol agree with the theory, The reason for the discrepancy is not easy to explain-
the fact that, though the theory treats the two-dimensional phenomenon, it is three-dimensional in
the actual case, seems at present to be the only possibility of explanation.

B. Concerning the influence of the general wind upon the down slope wind

(1) When the general wind rises in the inverse direction, the inversion layer grows weak and
1he velocity of the down slope wind falls, The relation between velocities of the winds is generally
expressed by a negative linear function, and when the general wind attains to the velocity of about
1.5 m/s, the down slepe wind disappears,

(2) Similar relation holds also when the general wind rises in the same direction with the
down slope wind, i. e., the latter grows weaker as the former becomes more remarkable, The wind
velocity in the valley reaches a minimum and after then increases, showing that the gemeral wind
predominates also in the valley.

C. Concerning the circulation of the down slope wind

Synthesizing the results of the wind in and above a valley of the north-west peninsula at
Hakatajima, a return current against the down slope wind was evidenily found to exist, As the
wind velocity was very weak (less than 1,0 meters per second) and easily disappeared when the
general wind intervenes, the domain of the return current was difficult to decide exactly, however,
the height of its lower and upper limits seemed to exist befween 50-110m and 100-180 m respect-
jvely above the coastal region,



