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METEOROLOGICAL OBSERVATION AND ANALYSIS USING 55M
HEIGHT TOWER AT UJIGAWA HYDRAULIC LABORATORY

——Diurnal and Annual Patterns of Wind and Vertical
Temperature Distributions—

By Masaaki Tanaka, Chotaro Naxanva and Hideo Tacawa

Synopsis

Wind and vertical distribution of the temperature have been continuously observed from
April 1976 using 55m height tower at Ujigawa Hydrauric Laboratory located in the
southern part of the Kyoto Basin.

The diurnal and annual patterns of the 10-days average wind speed at 50m height, air
temperature at 2m, 50m height and temperature differences between 50m and 25m height,
between 25m and 2m height were revealed. The amplitude of the diurnal temperature
variation decreased with height throughout the year. The peak of the diurnal temperature
variation at 50m height lags about 1 hour behind at 2m height in winter, and about

30min. in summer.
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Table 1. Monthly mean temperature and wind speed at Ujigawa Hydraulic Laboratory
and Kyoto Meteorological Observatory.

Ca ] s | 6| 7 ] g | o 10 ) 11 | 2711 2] 3 |ave

2m (14) 1 17.2{21.5 | 24.7 | 25.5|20.3 | 16.2| 89| 49| 1.8 | 11| 7.5|13.6
25m (14) 117.3 | 21.4 { 24.6 | 25.6 | 20.4 | 16.6 | 9.3| 54| 1.9 13| 7.5 13,7
50m (14) | 17.1 | 21.3 | 24.4 | 25.5[20.4 | 16.6 | 9.4| 54| 1.9| 13| 7.5]13.7
Kyoto |13.5(18.2122.11256(26.4(21.2{16.6]|10.3}| 6.0} 2.5| 2.9| 87145

30years | 13.1118.0|21.8|261|27.3|25.2|16.7|11.1| 6.0| 3.5| 40| 7.2 | 14.8

Wind speed | 5 7)) 2.8 3.1] 30| 30| 3.0] 29| 33| 3.2] 3.2] 31| 35/ 3.1

Temperature

Kyoto 1.5 1.4] L6} L7} 157 1.3 1.3} 1.4 1.3} 1.3} L4} L7, L5
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Fig. 1. Diurnal and annual pattrens of the 10—days average temperature.
Upper: at 50m height.
Lower: at 2m height.
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Fig. 2. Diurnal and annual patterns of the 10 days average temperature difference.
The half-lines indicate daily peak to peak temperature difference.
Upper: between 50m and 25m height.
Lower: between 25m and 2m height.
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Table 2 Seasonal occurrence of wind for different wind speed at various times.

(%)
time)]

season W 1,2,3| 4,56 7,89 [10,11,12)13, 14, 15{16, 17, 18119, 20, 21|22, 23, 24
Spring 0-1.2m/s 322 | 30.9 | 31.1 | 18.5 | 11.4 3.7 | 11.8 | 23.9
March 1.3-2.5 35.1 | 34.5 | 34.8 | 352 | 225 | 18.8 | 29.2 | 34.4
| 2.6-5.0 25.0 | 25.8 | 25.2 | 30.0 | 39.5 | 45.6 | 38.0 | 31.9
May 5.1-7.5 6.5 6.9 7.8 9.6 | 16.2 | 23.9 | 17.3 8.0
7.6~ 1.1 1.8 1.1 6.7 | 10.3 8.1 3.7 1.8
hours of data lack 0 1 6 6 5 4 5 0
Summer 0-1.2 15.6 | 18.5 | 19.2 6.5 5.1 1.1 4.3 | 10.9
June 1.3-2.5 459 | 53.9 | 51.4 | 44.6 | 23.3 | 182 | 26.8 | 41.3
2.6-5.0 34.8 | 24.7 | 25.0 | 38.4 | 48.4 | 50.4 | 52.5 | 43.5
August 5.1-7.5 3.7 1.8 4.0 8.0 | 17.8 | 22.6 | 14.1 4.3
7.6- 0.0 1.1 0.4 2.5 5.5 7.7 2.2 0.0
hours of data lack 6 5 0 0 1 2 0 0
Autumn 0-1.2 23.8 | 26.9 | 31.9 | 14.5 6.6 5.5 7.0 | 18.3
September 1.3-2.5 35.2 | 34.3 | 37.4 | 30.9 | 20.6 | 16.5 | 32.8 | 38.8
| 2.6-5.0 32.6 | 321 | 23.3 | 357 | 423 | 49.3 | 50.6 | 35.2
November | 5 475 70| 37| 56| 123 | 19.1 | 228 | 63| 5.1
7.6- 1.5 3.0 1.9 6.7 | 11.4 5.9 3.3 2.6
hours of data lack 0 2 3 4 1 1 2 0
Winter 0-1.2 28.0 | 36,0 | 389 | 215 3.7 4.4 9.6 | 25.2
December 1.3-2.5 34.8 | 31.1 | 35.2 | 28.9 | 20.4 | 14.1 | 33.0 | 359
2.6-5.0 26.1 | 25.1 | 18.9 | 251 | 32.6 | 41.5 | 40.0 | 22.2
February 5.1-7.5 8.3 6.4 4.8 | 156 | 28.9 | 28.5 | 11.9 | 12.2
7.6- 2.7 1.5 2.2 8.9 | 14.4 | 11.5 5.6 4.4
hours of data lack 6 3 0 0 0 0 0 0

LR ERCFBIIKBERFO 50m SEOREREDHT 255, Fig. 4 G, WHE, BE
HEHNOBER %R L k2, BRENOBRAIZIOH ST bh, BroREEZORAADROBAEFER L
BiL, B EBOBFRHHRZORMED S bC, BER 1.2m/s LT CH - eBHEERL Cn b, FHi
Bilic, BAHEL—BRRDRACE S IFREOEHAN A2 &, EFAHE £FRIE & & b CEH
bEn, BERELPHEMET, FREALOLBLEOHAEOAIHE, KFRLE LT T, BE 2 6~
5.0m/s D & X JLHDBAE RS DR, BRICHEL 2R TH B, Fig.4 €, B203KE» LR+
G COFA (0~1.2m/s) OEMBBEFRLELLFEVL L THSB, Chit Fig. 2 OBREZE»L
Wi kXS CEM,LFHOREEDENIC X 5, RIC, ROBFRE»LRHORAE 45, A#IEKC,
Fidt, B2l EiS, HERBLEREOIEL SEFTLLEEL 2RO BT LORETER
I, —EEFIKEROSE, HRHIORGILE BEROBE, HRIFEH, »2YOTS
BN THARDL, LALEDIAL Y, X0 Or08MEADT h, BHilllaoRkkC, AMER
DIERBAEEREDLSCBELIL T EHSEOMBEL LTDL B,
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Fig. 3. Diurnal and annual patterns of the 10-days average wind speed.
The helf-lines incticate daily peak to peak wind speed.
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B 7Y

BEO—ARGRAEETOARFT LT EEELOPEIOEET L L ], FHKBEEOARELKR LI
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Ex D70, WMHTEEOHMCONVT, AL HERHLZER, Z20oRERI APok." Thid
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Table 3. Laps rate at various times of day (°C/100m)

Height (m)
Time Spring (Mar.-May) |Summer (Jun.-Aug.) | Autumn (Sep.-Nov.)| Winter (Dec.-Feb.)
2-25 25-50 2-25 I 25-50 2-25 25-50 2-25 25-50
0 —3.2 —0.8 —2.2 -0.1 —5.3 -0.7 —4.8 —1.3
3 —-2.1 —0.5 —1.7 -0.1 —4.5 —0.9 —5.1 ~1.0
6 —-1.9 —0.6 —0.2 ~0.1 —4.2 —0.8 —4.5 —-1.0
9 3.3 0.8 3.3 0.9 2.9 0.6 2.3 0.5
12 4.4 1.1 3.9 1.2 4.5 1.0 4.5 0.9
15 3.7 1.2 3.3 0.9 3.0 0.9 3.3 0.9
18 0.6 0.4 0.3 0.4 -3.1 —-0.6 —-2.1 —0.5
21 -2.6 -0.7 -1.6 0.2 —5.1 —0.7 —5.0 -0.2
HIEI-KYOTO I
-3.0 °c<
AT
53?.,2.:; (no data)

Wind Direcion
SE - § - SW {no data)
Wind Speed

(m/sec.) (no data)

s 10 15 20 25 30 5 10 15 20 25 31
'76  APR. MAY

Fig. 5. Relations among minimum temperature difference between Mt. Hiei (860m) and Kyoto
Meteorological Observatory, temperature difference between 50m height and 2m height,
wind direction and speed in an early morning at 50m height in Uiigawa Hydraulic
Laboratory from 11 Appil to 31 May 1976.

BhlEz I EEREDORIBEN —3°C UECA-RREEDKEVH, FHIO 0m & 2m FEOR
B 5 BOSEENR0.7°C YLk, THRINORHS, 7, 8i0RMS, BEik b o TEEIOH, B
BEORS % -7 H, BTRICIRRABZAORED 2m/s UTFTTH-%ZH2ZORHE (HNE) L &dICRL
Yo KEE LBFNBFENLBbN RN, BREEOBEEZCALLRAAL DFLAVE, HAVIUOKIE
EILVERREEAVT v 7 ALFRNOEAUH»LBONAREER, CORPCONTR, &) LIX
BLTwdetnikd, Ll, COFERRMIOFEHFCERT IHE, KJBEDI/FAT VAV ELTHD
Wiz 3°C, 0.7°C DRERZDEEBERCE 3 08Mchh, SHEORECH D,
DEFCHEMENLZRO BEMOBET» o TRAKOREBELEAY UTHRMAKET3) 2EET
%, Fig. 6 ic, FEHIC 2m, 25m, 50m FEOIAMFHTRO BEE BIUVHAERRY MlHEE 3
BEBICTR L2, SESRS HEO LR 2BFREZcH 2, Fig. 6 »b FTEAKDPHE IO
T, DFDC b B, BELSDOME, 24=Thu— Tain. (4 Thax, Toin. X BEELDOERE, BER, &
EXIE) %3 EHEIGI- 2m SEOLDORRSAEX L, 25m, 50m L& L e dtphElh-oTn
%5, BEMLER, HEICHT, KEAZRRRV, [EBDC— 7 BEXERRAR, ZEOHH L Y EHES 1
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DHE(L, BEHC X 3BBNEO P AVEFE TR, BERE  s° PR
KETIBRRE, KR, BPRHRTORBESRRRCL > T "
RED, MEFOBNELKEAY =1 V2 b OAHBR A
6 Qi K, 12 B b oFHELE LT 525, Bl “F“{ W
IR IBEORR, BEAS ORBRUEOTLAMRT ol L1
B, CRRBRICE 3 HBREHEBHETEANT L ETR
LTnbD%, B3 RHERRRCH» DD LKRIRE
163 5 7207 Rokd BIETH B, Fg Pl ) i -

T TTRIBEED S 2m GEE TOBBICELNT, BHE
Ehie 2m BECKRD HELSY DL 2 #E (25m, 50m)
~DEEND, TRBAKO PO AEBEBROSEEL T ol -
HELDRT R T2, i, BEZ BERLY) TOR
BOBELS <k 0 %,

7(Z, £) =A(2)sin 21w (t+t5(2))

o, 630 B1215 76 1120, AR,
Na | \\ T

— T,
ol
Tsn

1-20, JuL.

TEPL, JROBRETHb EA~NBEEROICX 5

TEDL2 LEET 2 &, 2BE (71<2,) KB 2 RBOKE Lo True

& frAERFEIER, Fig. 6. Examples of diurnal variation of
Alz - the 10 days average temperature
—AEZS = exp {-\/%k‘(zl—z?) } at 2m, 25m, 50m height for the

four seasons.

t5(22) —25(2y) =—zjg—}%‘ ........................ 3)

THEZbNB, TTToRBEDHC—HELT, 2t/1day, k RIKEEKTH S,
Fig. 7 © LBc, 2m, 25m, 50m HEOI0EHFHOKRAEME 24= Trexe — Tnin) 2R 7%
AZMLIEDOKA % X @EBEEL T 2m, 25m, 50m DIE<TH Y, BIOHLRX LB TBL V1 E v, B
FICHD LERRLNENES5THEH, G20 LAV, ERED, XN AFHOEEHDLEIEILSD,
Lb 2OEBHORTRIBEL XS —KLT v 3, 2) ROMFENL, 2HETOREDL A()/4
(2) @, %20t xOBADEIRKICE »TRE S, LBFRBICOWTHRIE 4(25)/4(50), A(2)/A(25)
ZHELTRLZDH Fig. 7 OFORTH 5, LROBERCRA S ALEHHRETOH, EEEY L5 &
BRMOEBRI XA D, FTTRABEMPXL, LIRE, SENAELIBELFHELLTRS, k
BATBE D ZOEREICNE L, FAEBCLBEADIEn, ) Ric A(R)/AR) D% 5%, k
kD, EDOk% 3) RICRALTES L5 72HELT Table 4 KRL%, Thibi#Egd, B
ZE 2m XY 25m DT 10%cm?/s, 25m b 50m DF-T 105~108, ZFELXNFh, 5X103, 5x10¢ &
ELHEIND, COfR, TRASOLRERE LTREZSASDOTHE, i 2m BEOKHE ALK
» 50m BECELSDICET LENDOKEIZ, Table 4 »LEFER30Y, 4FR 1 HENEE L A%, C
nEETEO Fig. 1 0%BRe, Fig. 6 CRLEENOKEBELRTH: LIS BREE L FELFE
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Fig.7. Seasonal variations of the 10 days average dialy peak to peak temperature at 2m, 25m,
50m height and the ratios of those

Table 4. Estimated vertical diffusivities and time lags from the ratios of amplitude
of the diurnal temperature march.

A(2)/A(25) 1.1 1.2 1.3 1.4 | A(25)/A(50) 1.0 1.05 1.1 1.2

k (cm?/s) 2. 1% 1046.0x 1042. 8x 10%1. 8 X 103 #(cm?/s) oo [9.5%1082.5X1047.0x103

time lag (min.) 22 53 60 74 | time lag (min.) 0 1.1 21 41
5. BENE
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1) RE: BPHSREREARIKICIYREY, 3EE (2m, 25m, 50m) OEDERKE LA LR,
BEDRBRZ EFEENEL, ThHrbEANMED-TRE Lt hbhd, EABRBEOAE SRIFMHCK
»>TKERN,

2) RBE (LH=A4FATH) : BFHKRER 6 ACADY—7, RAKEOY—7 %% LEMPIC
LT3, BHELRASE, BHATI2HRCY -7, REEC SBEoY—7sRBR, 8A LA (v
A7), 14B~158 (B4 4 270) tEThTn3,

3) B :10AMFE0 B EEREREREZRAL T304 2E L & 3. 120.5m/s DBEICAD, EEHR
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