(ERRZFM#E 5525, p.1-8, 2002)

MEHMDRS BOHE

AR - & B - s
(HEREIRIE T R
FRI34E8 H10H =3

Estimation of Radiation Flux on Lake Ikeda

Kazuro Mowmi, Katsushi CHo and Yuji Ito

(Laboratory of Land and Water Comservation Engineering)

**

WA DEEIIBITLIEELRKOB/BIFEL -
TWAHENE L, KEEE LTOMDRET%E
BEETHL. EEBEEELEEHICMET i
Hi#fid, KEEEH65m, RAKEHN240mTH D,
FKitigREE A LA BELZKERE LTOMTH 5.
ZOFMIZ, BERAD»S, &EiE, BXdB L UKE
KDL IZhIzoTW5E, &£ ZAD, 1997412,
KEOEESRERKEEACES2nE FTHY, 2
FHARE LTBUKTE R WERIRIRRSE L2, 4
%O FHTRE L AR 2479 7201213, Zo#Eo
BERRKERTH BB OKNELEZHSHIZL,
EHMN L KERYBETILENDH S,

MOKNEZOBIEIZIE, HRETHHOMEHESR
ERPHTABKA - HHEBERZEDOKLELBEL T
fiT s EDNLETHE Z0HLH, HEAXKEED
WEIWIIBNGERPEH NS, 0BG, W4
HICBI 2 HHEORSED T Y 2L ELT 5.
L72h > T, BEDOLTEREKEIIBIT 2 thEHM
DAKPEERET 51243, YBROBURED T — A%
VEERL)D, RFRFOLORBRSATV 2N
DHHRIKRTH 5.

AEFFE T, MHEHBOKNZ LR T 57201240
HeERERE LT, RFEOHELER AL, T4
bbb, WHEIZBT5EERNE (HEE) BX U
REDP S ORERSE GRIVRETE) *thE#EL
DHRZBRERC I VEET HEHES OFE D
WTIRE L, ZOHEICLIZECHEEL, EELH25HM
HH# T20004F | CEB L - BEME L AL, 2T
DHEFDOZXRHEIIONWTEET 5.

o

B A&

1. EERNSHNES'

WE EoOEERSTEIZ, KEERICBITSHEY
HitE%, #ME2> 5 KA EH T TCOAERE, K&
DEY)DOEEVBIUVERICIVHIEL THET 5.
9, RRLEWMICBT2HFYHHE S Wmd 13,
KR TRD 5.

2
SOL .—.19-[%) (H singsin & +cosgcos & sin H) )
r

T2, Lo KIHEH (=1365Wm?)Y, 4 K - #
KB OERE, do: KM - HERB OB OFHE, H:
HOMD» OB T TORSA (rad), ¢ Bl OKRE
(rad), ¢: KBEHKE (rad) TH 5. NP oEHI,

H=cos™(-tan ¢ tan & )
&=sin"'(0.398 sin a)
a=4.871+ n+0.033sin
BLUo/dy i, A M, EHOHDAYIZLY
i=30.36(M— 1)+DAY
n=Q 7/365)i
2RO, KRICLVEET 3.

2
(—dij =1.00011+0.034221cos 7 +0.00128sin7
d ©)

+0.000791cos 27 +0.000077sin 27
KOO KT EWRIZ B 2K H T8O B F391E
Sk, MERHIZBTAHMELLOHFHHEE
S;HE, KROBYOEEVBLUKEREL LR



2 A - & BE - FERA

LT, kRIckveEteE+ 5.

s* Ve . )

ﬁ:(c, +0.7x107™ 1= 1+ /) 3)
0

:— :_ L:y

F, =0.056+0.16,/ By

Jiy = (0.066 +0.34,[ By Nref —0.15)
i, =0.014(m, +7+2log,, w)log,, w
my = kMo

Myoon =(p/ o )sec(p - 5)

k, =1.402-0.061og,, (Bps; +0.02)
—0.1fsec(¢ - 5)-0.91]"

ERIZBNT, ref . TIVARF (20.06), muoow - KB
MRROKER, po FEKE (1013.2hPa), p:
KUE (hPa), Bovsr . RADEBERETHS. RE
BB RRDEB ) DEEVERL, —KRIZ, Bovsr
<0.0313BEH 2> 5 H\VEFE ETRITEA TV S5,
Bousr=0.LZZEN L LB - 2BETHY, KHFET
& Bous=0.06% VT WA, 7, RFOTHEAE
wkgm?) (TEAMEREY ) OHFETENCE TR
AEKETETHY, BREICIBBRRBENICED
WTEEENSY, MESDZD, #EOBENRE
Toew(T) IZEDTWIEBRARIZL VHEEET 5.

log,, w=0.0312T,,,,, —0.0963 4

BRI Tomld KO KESE ¢ (hPa) & OBIRRIC
LoEET .

_237.3log,,(e/6.11)

P75 log,(e/6.11) (5)
RH

e= TZ)Besﬂ (6)

g, = 6.1078x 1075733731 @

Z 22, RH I BE(%), esur . BFIKESIE (hPa),
T:Rim(C)TH5H. KAFRETIE, EEn<03TIX
RQOPEERHDME S, ¥ FHERESE S LT 5.
RIZ, EXDHAHEICIZHBEERANGD 2L DM
EEZFTH. AMETIE, EEn>030HBEHRETE
SAERNICELDVEET .

4
N N
2 —g—+b (0<—<1)
So NO NO (8)
1
s N
T =c (-=0)
5, N, ©)]

Z 22, a=0.511, b=0.244, ¢=0.118, B X UN,i3,
ERRRICEABEN LV DE LTEHES NS
ReZ i K HBBERRM (WTHEEER]) THhORRXIZLVE
ET 5.

2H"
No = 02618 (10)

> = )
Z 2z,

y 12
sin(H/2) = (cos¢ cos 5)

A= sin(% + @0—1) sin(—;£ - u#]
Thh, H: W FEHALZERL-BoH»H/EH
FCOMA (rad) TH5.

HERFEREOEEELZENT AL, 7, RO
WKLY RALWOBFEYHFARS 2EETSH. K
12, ZEEn<03D0BRHIZIIRROEBY) DEEWV
EAEAEEZERL TROIC L) EERSEZ R
Hh. —F, BEEnD>030%4121k, R©®), 92
XD HEEBNNWESWTARRLBBEYHSE
RWMELTROZ. HEEICHVAIRRT 71X, K
BT, {BERH, [JEp, E8En, HEEBENTH .

2. RiEWSRL

WHEIET 5 KED 0 OMEEICIE, KREFDOK
R, “BILEEB LUHOLBOREIH TR
B H 5. BREBRSEOEEICIIMEL?S E2=F
TORBEKBERDHENMB L VEOERPLE
b, CITREERNEZKEXEBLUVER
BV EBRAR L VHEET 5.

REEH O H PG RIERESTE L/ 133 E D HPHR
B TKEEHKEZEDEZE w* ke m®) ZHVR
RTHEET 5.

L' =(0.74+0.19x +0.07x* JoT* (11)

Z 21z,




M O gt = 3

x=log,,w’
log,, w* = 0.0315T,,,,, —0.1836

ThHb.
RIS, ENSHLHOREMSE L IRFITLD
HETS.

' L'
L =0'T{1—[1—0_%4 ]C} (12)

22, CREOHEERTRETH), Z0H b
HeRBHOEREBE &0 B=S /S £ VB>
0.03230 k. %, KRRV kDA,

C=0.038°-0.30B% +1.258-0.04

¥ 72, B<L0.03230 kL 213C=0&F 5.
RERFEL OHELENTHE, EEn <03
DEERADI VEBHO L), —7F, EEn>03
DEERIDEIVEDHLHDL KNV S,

3. [REHA

Bl OREBERICE SV THEERFE S, BIV
RERSEL 2#ETSI01E, SFENGREAR L
MRWIPOMEE (WHEHILE14), BLURE
T, BERH, %Ep, E'n, HEKHNO®SD
DERTF— I RLELT S, WHMORET— 51

Fig. 1. Meteorological station at Lake Ikeda.

Fig. 2. Longwave radiation measurement.
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Fig. 3. Relation between temperature at Ibusuki and
at Lake Ikeda.
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Fig. 4. Relation between humidity at Makurazaki and
at Lake lkeda.
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Fig. 5. Relation between sunshine duration at Ibusuki
and at Makurazaki.
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Fig. 6. Comparison of calculated and measured radiation at Lake Ikeda from January to December, 2000.
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Table 1. Input data and output results for September, 2000.
Input Meteorological Data Results
Ibusuki  Ibusuki Makurazaki Makurazaki Makurazaki Shortwave Longwave
Sep. Temp. Sunshine Humidity Cloud Pressure Calculated Observed Calculated Observed
DAY T N RH n p T S s L'

(@) () (h) (%) (hPa) Wm®» Wm?H Wm) WmH) WmdH Wmd)
1 29.4 6.4 86 0.80 1006.9 475 414 207 171 436 445
2 28.6 5.7 86 0.90 1007.7 470 412 195 178 431 438
3 27.3 4.1 84 0.80 1006.4 462 411 168 185 424 429
4 25.2 5.4 83 0.70 1001.2 449 409 189 157 403 410
5 24.8 10.4 73 0.35 999.8 447 407 270 248 377 379
6 25.2 8.0 73 0.60 1002.3 449 405 230 227 388 386
7 26.0 10.2 75 0.30 1006.1 454 403 258 241 385 385
8 25.6 1.4 80 0.85 1007.1 452 401 121 96 420 427
9 27.3 2.4 79 1.00 1005.5 462 399 136 155 428 424

10 27.8 8.4 72 0.40 1001.8 465 397 233 215 407 415

11 26.0 0.0 75 0.80 997.2 454 395 47 114 442 432

12 26.4 0.4 78 0.95 997.6 457 393 102 112 429 443

13 27.2 0.4 81 1.00 997.8 461 391 102 68 436 452

14 27.1 1.5 83 1.00 998.0 461 389 119 115 431 447

15 27.0 3.2 81 1.00 994.5 460 387 146 100 423 446

16 25.0 7.1 65 0.75 999.8 448 385 207 209 384 403

17 23.7 9.3 65 0.35 1004.8 440 383 242 246 365 365

18 22.7 10.5 64 0.35 1009.0 434 381 260 253 352 348

19 22.3 7.9 59 0.60 1013.9 432 379 218 205 357 354

20 23.6 7.2 64 0.85 1015.2 440 377 206 220 372 384

21 26.3 6.5 75 0.85 1013.5 456 375 194 145 402 415

22 25.5 3.3 83 0.85 1010.1 451 373 143 97 412 431

23 24.5 10.1 75 0.20 1007.7 445 370 236 231 372 385

24 22.5 10.7 70 0.00 1007.3 433 368 238 221 352 354

25 22.1 8.4 70 0.45 1008.6 431 366 220 192 359 365

26 22.9 9.2 67 0.00 1010.3 436 364 235 207 353 374

27 22.7 9.4 69 0.15 1012.0 434 362 233 219 353 368

28 21.6 3.3 71 1.00 1012.5 428 359 138 115 378 375

29 21.8 0.1 76 1.00 1012.0 429 357 89 48 398 407

30 23.9 0.4 83 1.00 1012.1 441 355 93 47 412 431

Note: 3=0.05, ref =0.06, N. Lat. 31°14’
*1:Solar radiation at the top of the earth calculated from eq.(1)
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Table 2. Root mean square difference and bias between
measured and estimated radiation.

Shortwave Radiation Longwave Radiation

RMSD Bias RMSD Bias
(Wm™) (Wm™ (Wm™) (Wm™)
Month

August  38.0 -15.5 8.0 2.8
September 28.3 -14.5 11.6 7.9
October  17.2 -4.4 14.9 6.9
November 16.0 -7.5 18.3 11.4
December  18.3 -5.7 24.8 15.2
Average 23.6 -9.5 15.5 8.8
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Summary

Lake Ikeda is a valuable source of fresh water for various industries. Proper management of such freshwater resources is indis—
pensable for the successful conservation of lake environments. The objective of this study is to examine the estimation method of
radiation flux on the lake, which will be a fundamental factor for evaluating the hydrologic and thermal budget of the lake basin.
Meteorological data for temperature and sunshine duration at Ibusuki weather station, which is located about 7.5 km east of the
lake, and relative humidity, cloud cover ratio and atmospheric pressure measurements from Makurazaki local meteorological obser—
vatory, which is located about 27km west of the lake, are used as the input data for the estimation method. The estimated
shortwave and longwave radiation based on the meteorological data in the vicinity of Lake Ikeda are in good agreement with the
measured radiation flux besides the lake. The root mean square differences between estimated and measured radiation are about

25 W m™ for the shortwave radiation and about 15 W m™ for the longwave radiation.




