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ZEN5, PE30kmE N TH IS H I OKRD
EWIZ X D EINSWEHI L2720 TH 5.
HEET =7 IIB A E R OSEE LT, #
21BTR T, i e WA BB A 5 WY @) #9 110km?
(Jb#E34.713~34.8071%, HHE133.208~133.352/%) D
HPAICERE L7z, A% 2 HioKRBIIEEIC X 28
WA W72, 2L T, #iBoRIcH 27 A 5 A
KA VN GRAR) 1R L 7 SR B2 i o B il
R T O E L7z, e o B3 224 55 T,
BIE20044F 6 H ~20054E10H 1247 - 72,

H10K #T AT AKRA ¥ - ORIE - L, B, BXUEESERRAD 5 O

T AL ARA R i ()

e () EFFEfE (m) PR (m)

Rl 36. 093
BUR I 36. 223
BE 2 IR 35. 888
T 36. 167
Herhr 35. 875

140. 212 8, 300 26
140. 102 19, 000 868
140. 217 20, 200 4

140. 950 20, 500 20
140. 035 21, 800 20

800

200m

+  SESAMA P
O : FAZRMA v+ (A lkm

211X A R RTS8 0 2 5B S £ 50m A v ¥ 2 B
(1 @ 2E23 < ITHE, 12 £523K1LTH)
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o RN A 2R T 5 2 BEREETMET S
(&, REiRRg, & IR HIOEE & o Bk % %
M3 2LENIHLH. 22C, FESEmEMEED
W7 & L CERSI NS, WS H vk iR A
(RCS : Radiative Cooling Scale) &\ L Wa s
REZRBELL. ZLT, ZOEIPKEVITEEM
WG DS EDSHE T, BAHEEI O E A E - & f)
Mr3ansd., RCSIE, WH21RIZ, EHEBEARE
TELNE, L= Yy FEIMEICBT S,
1000hPaifi & #h BT & OfLAED S, X (4) TH
fEfL L7z

RCS= (0 — G rreevrrrrrrremnemneeenenenieinnan, (4)

22T, 0 i (K), ¢l (K) TH
5. 72721, 1000hPat W) REHEIZL— A >
VBN BIT S b o LW IREEOBMMETH L S
ENHBINENH, ZoREITRGHGHIOMmE %
EHENZBEE LTETIOTRRY. k5,
Mo 1T O &EAT1000hpa bl FCTH % i mHiic B
WL, AT HIOE % BAEMIC R TR & 3k
DAL THA.

fEI R ARG TR SR C STHIE, Bt
WHOWMEZ ERNITRT D OTIELR W, T,
B HI O REE & /R E ORIZIZ, [FAERD BIFRD
DD EVIHIREICEKDEERI N, BEHFEIO
MIEICEET A RAOREZNAERE, $§4bb
“Scale” THh 5.

b TescEFIL

FHEERRBET AT A LORIE,HRD
72, HEOHNOTescfifix, FLETH-TDH, &
FIRE L, WS HOMEICL Y EELA. Th
&, BARSEHIOMmEGIC XY, Wi o%E, LT
WROHEERL T L 5 KR~ D DS, LI X
WELRZ-0EEZOND., /2, LT AF AR
AV THoThH, 4, AZLYTF—ronsvx
b, Ihix, BHEBIRELET AT AR, Y
MIBFLREOEIZIVAELLZEEZORS, &
DEHNZ, EBICEIREDOEICEDEEDNS T —
T DOINTG Y FNRRDENSD, RC S & Tescfii &
IAHBIBRRICH V), TescDHEEE T IV 2RSS B8
A, TRETVRELTH S L Bb/z. Bl LT,
R R B ARG O OWEEAE L <, MBS
Whd, FIkLhE FIEIIBIFATescE RCS EDHA
T 22N R T

WHETFT— 795, TescOEEETFTNVELT, R
CSHHIZE A 1 RAMPHESNT=A, TORYMEE
EHICHGEET 5720, LB S EIT O BL 7 —
Z &, Tescfi& R C S & ORFRZ @M L 72,

TR E DR EE & Trsc & O BIR % BAT§ 51213,
HREERT— 5 DRV BWT, RCSHzH
We 208 H L., 22T, RC SHETEZDOHE
TROL720, EHEEALEGOT—% (1991~
20004F) 206, X (5) [FEAMHBRE : 0877, i
= D 0.05K] ZERL L7z, mEUGRTH W&
MR, BAHsHIOmE L BER?H 2 LEbNS
T AT ADRRBEFRDOMAEDLRIIBNT, ol

5522 Tesck RC STHE OBIfR (A @ 5l, B @ F3)
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DHEEREDOE 572D TH 5.
RCS=120L +023Td—239+4.69 -++--+--++- (5)

2T, L AEHHEESE, Td: AFHRRHBR%E
(C), W:i19~21R0JA#ED AF-¥fE (m/s) TH
5.

X (5) BEEFEEARECBT2HEMETDH 2
A, BT HIORE & KA L ORI T D [
BThretmET A LT, X (5) ofibig~o
T 1k & RIBE L 7.

20044E 6 ~12H12BIT B, T A5 ADLSEIfE
2o, X (5) ZHWTHEELZRC S, B%
FE O SIRBIMELS X 5 Tescfiilzix, B S 772 AHRE BY
BABRD LNz, T2, ZoMEIE, IFHPHE
DI, EHORIRETAKE W E Bz T
TRAOEE, INTHEMERFHE Lo X 9 Ik
KT 2N SwEBbh s Tld, EoMEE %

RL7z. FLTC, AT TFHTRIZIIESIZIED &
AHMEMER L. Bl LT, &BNBE0 ) b,
INTEEE (5521 - a) &, A FHECHE 7L
[THUK (35210 - b) OBIIAIC BT 2K % 5423
HIZRT.

BBAET— 2 L RBEBIN T — % &5, TesclH
X, X (6) D1 kXTEFIMETE L LHBTEN
7. ZLTC, EBEOTescliDHeE TlE, H# (a,
B) ZVAEREOBMMELSRET S LITLD,
HeE D Tescili DHEE R 2V T 5.

Tesc= a *RCS+

¢ TsscETI

Tssck RC SfliL DRIFRZ AL L, 24X D L H
2, MRS H5NSE T EHh 5, TsscldTesclh
B, B HOMREOREEZITLEEZOND.
F24lZ, fEFEEASE LA SR QAT A

2.5
a g wa
0.5 F -
20
@10 <
é @ éLS-
'1-5-"""""----1..-- 1.0--..
30 40 50 60 70 30

RCS
23K MW EENTICBIT S R C ST & Tescfii & DBFR (a

-0.10 At

24K R C SAHE Tsscfii & DR (A © S EBEARE, B T AFARSL ¥ MlK)
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FARA VF) WZBIFSH, Tssck RCS EDEARKRT
H5b.

ZOZEMNL, Tsscflib RCS EDMHEKIZL 5
WEDPRBEEZONL., LML, BEASRT—%
A OH N VIR T, AR 2T O K S B Hh 2
WCHEMT A%, HEEMETHLRCSELEHETS
LR, MEOIRIPBEEINS, DT Ep
5, KPS D T — & DR L e i E s 2 3R
V), MOKRET —F HAEET B HEHITIZB T
(&, TsscfiDdfEesNE LT, X (5) & FBOF
ZRicE s, X (7)) oEbEXCHEBEHEET 5 F
WEYKTHDLEHWM L. & L TEBEDTsscOHEE
EFIVOMEKTIE, X (7) KB 2EHE (a,
B, v, o) ZBUMEL Y IET 5.

Tssc=a-L+B'Td+y'W+5 ............ (7)

d HEERE DR

ARFPEF T, 20044 6 ~12H 128 5, 21
X > 224 55, & FeHh 5 & DI FED S, TescdB L O
Tssc® HFEEEDHEZ T TV Z1ERR L 7=,
TescDIHEEE TN (5511%) ZHWTIHEE L 72,
20054F 1 ~10 D TescDHEEfifl & F2HE & D BIFRIZ
25T, HEERA (RMSE : Root Mean Square
Error) 1Z020KCTdh o7z, F72, TsscHHEEE T IV
W CHERE L7z, 20054F 1 ~10H D Tssc D 7 fif

3
2 F
~ 25
2 ¢
w ! F 2,
ol
% - by
2 - Y
R &
c /0t RMSE=0.20
_2'....l....l....|....|....
-2 -1 0 1 2 3
Tesc HETENE (K)

#2514 TescOHEEM & BIAE & DORILR

ERERWMEE OMBRITE26KT, FoHERE
(RMSE) 13007KTHh o7z, Z LT, HbiHiEMA
(A6) OHeEfE & BEL H27TMTH 5.

TescDHEEEFAI/NE L, KFHEICX A Tescd A
TR EIIRLYTHLEEZONL. —TF,
TsscHMBREIZFE S v (r =067) 25, Zid,
TssclEDEBAH02KE /M S Wiz b Ez b b,
Z LT, Tssci, #MEMREIZRITTREDOEE (R
CSHH) I2XhiEaMETHY, RCSELDOMED
o2 Ehn, RCSICELZEFHIRKEITNIZ,

0.2

Tssc &8ENE (K)
o
o

RMSE=0.07

-0.2  -0.1 0.0 0.1 0.2
T 18 (K)
261X Tssc i fifi & B & OB

RMSE=0.21

S

A 6 #EE (K)
27 A 6 OHEESE & BEIE & OBIFR

Illlllllllll'lllllllllll
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H11% BBHNH S B S TescE® 7V
Sites Models

1 Tue= —0.334 + RCS+1. 064
2 Ty = +0.008+RSC+0. 234
3 Ty = —0.067-RSC+0. 444
4 Ty = +0.002-RSC-0. 212
5 Ty = —0.009-RCS+0. 375
6 T = +0.040-RSC-0. 005
7 Tue = +0.248-RSC-0. 408
8 Ty = —0.188-RSC+0. 811
9 T, = —0.228-RSC+0. 320
10 Ty = =0. 046+RSC+0. 168
11 Ty = -0.152-RSC-0. 233
12 Ty = +0.399-RSC-0. 486
13 Ty = +0.052-RSC-0. 348
14 Ty = =0.080+RSC+0. 453
15 Ty = +0.133-RSC-0. 490
16 Ty = +0.064+RSC-0. 207
17 Ty = +0.014-RCS+0. 128
18 Ty = +0.779+RCS-2. 465
19 Ty = 0. 230-RCS+0. 476
20 Ty = —0.353-RCS+1. 408
21 Ty = —0.358-RSC+1. 271
22 Ty = —0.277-RSC+0. 582

BRI B3 A e b s, EE, TsscDHEE
MK HEIE 2. B85, AJOHERED
FEHIZHEO LR WETH L Eh 6, RFHEICK
5P RBOHEEIZ LU TH L LEEZOLNS.

3) 7XARZERANEICHEL /250m X v ¥ 1 TARRID
ERL & Z DF A
ARFEFITLY, PERZEOBMBIN %2 KT 5 2
ET, TAFAKRA ¥ ESImBIHNHL T & o5
HMZEEETFTMMET 2HSTE L. FLT, il
o Bl S 2 BT AR T, T A ABIIMEIC
# L7z, 50mRA v ¥ 2 SR OIERD TR L 72 5.
Z 2 CTARETIE, BRI d L #IgIc B\ T,
T AT AZHL7250m A v ¥ 2 R BER Z R L 7.
ZLTEHIE, hlERcBWTHEHTH L &%
25T ENG, HIH B EEICBIT A50m A v ¥

e
1km

5528 50m A v ¥ 2 P3S4 DR R I 0 50 m
Ay v a i & S Blil s (+)

2 PR AR O F RO — R 2R T

(1) *v 2 XfERHIE

50m A v ¥ a SR OERIE, AR O =X
i T & R BN 72255, 45281 o Hbisk
(Jb#E34.845~34.9550%, HHE132.785~132.9455%) T
FEhiti L 7=

(2) HARBAEHRTEETIVOER

50m A v ¥ 2 BER D720 DL FH T IC B 54K
MBI, 28X D64 I ETE L7z, ARFE 2 Hio
BB CHEM L7z, T72, HSRA O ILEEM
ME LT, RO .02 5K 10kmiEIL 7 7
AFTARA b (ZR) B BRI,
20044F 5 ~11H B L 020054 4 ~ 8 HTH - 7.
20044E O BLE B X U20054F 4 H O BIME A 5 H
A (A0) OWEEZETH S TescBL O
Tssc® HIEHMEOHEREE TNV E/ERK L7, £ LT,
2005%E 5 ~ 8 H O 7 — & T & K B O Wil % 17 -
7z, ok &, HTRERALE O SRR E R OHEE T
TIVOVERZ, FEROELR H2005F 4 HOT—5 %
Mz 728, 2X0EBY) THAH. M RRA
AT B K EFMEIE, WS E ORI ET
MEEN D728, HEET T IVOERIZIZBE G EIO
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i (K)

RMSE=0. 24K
ol 0 1 2

A 0 HEEM (K)

20 MR EOXBERBEOHEEETNVICL D
20054E 5 ~ 8 H ¥t s 4t

B O T = BLETH L. LaL, 20044
R OE#EE <, BlNKEOZ RS BIEL,
20044E D 7 — & 720 TIZAHE H AN R R A 12 B
NBBEKNDOT = BAR LTS LI L7720
ThHb.

28 D64 E T A F AR ¥ MBI AR
B L 205, HEMMNEROHEET IV &, HhiE
WREZOWEET NV EIER L. FERKOHEE
FIVEHNT, 20055E5 ~8 HOT A ¥ AKRA » b
Lo R IR AEZHE L2E 2 A, H2KD X5
12, 024KD#7A (RMSE) Th o7z,

(3) FHRESTRHETEE

SBRT T e 5 304F ] 0 SR AR Pl & AR
ELTWABA, 7 A AL DRIEBNAEIZ19794
PHThHb. £2T, [ARITO XA Y ¥ 2 K EHE
200020 L KD BT, T AT AIIBIF 51979~
20004F O -3 i % 1971~ 20004F O FAEME I 1E L
7z, A v ¥ R MEME20002D T, HEAREEICE
W HBNZ, 304F 34l & 1979~20004F O -3l &
DRMMAEX KD, ZORMEEZT AT AD1979~
20004E DAEMEICINZ A 2 &2 X Y, 304EFIfEIC
WIELTWwa., AHTlE, #iEMERD ZEHEOR
SEZHLLT, e B2 CPhEILBOKSE
BOWT, HEBICHAET S, B LU LR

RSB O BEAE %2 T 7.

B L7227 AT AKRAL ¥ b EDRMEET V%,
MEOT A ABIEICEN T A2 EI12ED, £E
JELH A B U 51979~ 20004E 0 % A SR %
KD, ZOMFHIMICBI B PEMZ RO, F L
T, FEILOBEMED SV L 72 fiE %2 VT, %
FHYBI304E D H FH AT & SR 7.

(4) 50m 4 v ¥ 1 AEHSBFFERIERE
AW THIE L - FEr Hehug, EEOFEICE
F5125 H5D50m A v ¥ 2 MBMER T TH 5
A, REZEOHEE T2 RT I EBHBWTH S0
T, 50mA Y Yalo—pFlL LT, FERHIBIZHE W
TEICEETZTHE TN TS 4~11H D HFEHR
X %2 VR L 72,

50m A v ¥ 2 KWERKD 72012 E T, ZROT AF
AT =890, 1979~20004E12B1F% 4 ~11HDA
SEYIIRAT % 6418 Fr O S BLH L LI DWW TR D, &
SICHINARBIC L AHiEMAEA T2 LT, H
SR AR 2 SR ed 72, Z L CE BN T AT
*HWERE LT, RE2H & FEMDOF BT, 50m
Ay valElEk L7z, &5, X v ¥ 2 XDlhr
23X (8) ICX D ARIICERH L, #30KD50m 2 v
oo PRI TR E I 2 AR L 7.

22T, 0 imfr (K), Ta:%dm (C), Pz: ¥
EHL R BT BHAE (hPa), R AMAKEH
(8.3143] *mol'- K1), m @ ¥BERDOS T &
(0.02897kg-mol!), CP: EHHE# (1005] kg! K1)
Th5b.

COHIRIZBIT D 4 ~11H O TP4EI, 13.0
~174CT, FRAMIRNICI1Z4.4C OFAEfE S A A
AL TV, 22T, ZOMIBAET 555D
25, HARD OISO E R TH 2 5% didkd
L7280, BHGTEREIIBT S 4 ~11H OFHRR
DO E B L 72, ZORE, o, %
1280 X 512, JLHAMIES, Z2MED L 51T
DEC LG & FFEOSBETH L Z ERHL L
Lotz
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#3010 50m A v ¥ 2 H PRI EK

H12F HFRBEBIIBITS 4 ~118 0 N5

AR
AefEE FE RN 42 13.0
AbiEE FHB 33 13.2
AbfEiE N} 25 13.5
AbiEE i 35 13.8
B o 3 14.1
HAR I 27 14.7
HF B 43 14.9
AF o [] 155 15.2
[LiE B 105 15.6
£ AEh 760 15.9
(=274 k& 43 16.0
(== =kE) 355 16.0
H BH 6 16.3
1554 L7 153 16.6
£y A 610 16.6
B = 39 16.7
Folé EAlE 678 16. 8
E E¥ 418 17.0

(5) chIUEHISEZEICH T 550m X v > 2 BFY
[BFEEXOFBE

PERC L 7250m 2 v & 2 [, EENCERIND T

AF 2N LA maHiifETH 2 2 L2 s, £&EO

FEMICBIT BRMEE, A v ¥ o MER ISR AN o5

LRI T A ENMEETH L. T2, MEORE;

FRES L TH, 50mA v ¥ 2 {lH 5 UkifEr b

DOLEEOME L BRI EA L ZMGET A Z LSRR L
hh, TOZENS, EEL7Z50m A v 2 Y
AIFEBROFHEE LTETFEZON L HIE,
e R B 0B AT A ETERE LT
FIHTH 2. F72, {E8 (1993)%® O X512, KBIT
HBASE L 72BN %2 €, A &GRSR 2
H BV RIRTFAEEICEIR T E 5720, KES (2005)50
DI, MEROIER A B EIZ LT, dFRiikic
B L VEW O - Ehii O W F T oW E
PHBHEMTERTE L. 512, APFEIIFKED
AV aGmEETEDLI NS, BELTLHE
& DFIMD LT 2 T 5 2 & T, FFEEWIC
LT, ZARKEOFHABERNERDOY I 2L —
TarpuRge ey, HHEBOENHEIIBIT S
HHBRERN D EERD.

4) fEER

AREITRLZ:, FHrLvdiniEekEz w52 X
0, 7AFABHMEICHE T, 50m A v ¥ 2 ¥
S PAEE ORI REE 22 B, LA L, FEBED
FIHICBWTIE, PFEMETIEELSEFEIIBITS, &
V) 55 R D Sl E 2 AH D 7 SR AT i 1 s v & b
N5o. RFEEE, WPHHEIZBT 2 @A S
NTW59 A%, HIEOSIRNEE TIERE?S S &
Z2bNb, RS, KRTHAN LT, &
RREKERBHRCSE%E, MatWFETHEL T
Wb70Thb.

COXIBRIENs, BELARGRERRTD
%, HPHRIRSL H R KROHEEICIE, RCSHE
EMETFEE N0 ETHET 2 LEVDH 5.
Mt TPEDANCHE 201, BUEEFVIZEDRC
Sz b b hELEbhs., ARy Izl —v
VLY, TAFARL vV bEOREZRD S
Z&T, EBEOSKmBIMNZZE LIZ, T XY ABIHEIZ
b Lo, BfMERA v ¥ A SRHMEEARE L 7 B
bLhwv, TRH5IZOWTIE, SHROBETHY,
DB S N 5.
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I Xv¥aRkRERICK3HILERO RS S5

1 HREH

LR R EIC B A, HEREDO X v ¥ 285
M OFHRAEIE, HIEmSMAOFEELHS 2T
HI2FTHRL, HEEO Ay Y2aICEHLT, T
DOMER LT TH 5.

B, ERTAAY YalDA Y ¥ aH 4 X
My 2METHA. [k BAaY HEHE, LK
Bl & OFMFAERTREIND L b, H
L s o> H 4B B 2 5P 3 5121, & D MR
HWHIIE T = 2 WA HEPEREEZ NS, Bl
1, EEMIE, ELHmBEPEOS0m 2 v ¥ 2 Ol
WIAERAFIH T RETH 575, il I m i3
HHBEOREIZE v, A= MLV X Y ¥ 2ITH
By AEE T EATLIRLH L. LHrL, Ay
Vad A XHNEL Bl WO EHEEEA, H
S OFHRR T — 5 HHEICET 2 BRI 1K
&L B, ZoZERs, Pl HIEO H 5
IZBWT, HEEHEME 2 v ¥ a4 XL OBR
BT A MAPLETH 5.

B, Ay v HEROFHEICLE R, KB
EHEOEE, Bl EORS FB:oMETH 5.
BED L 2 A, HiE, BELH SR OB T4 7%
<, MBI BT 2 HE, #iELHHEOIIFIZIE,
EEOBINC X B0, 7 A5 A EOBAFAD RSB
flIC X BHEENIEZ SRS, L LBFEIZIE, B,
it BHE, M4 RERBHY, TXTADRR
BIEZ A5 2 LD RETH A .

AFTIE, FILEHISEEICBIT S A v ¥ 2 HY
B OFHMMEZ HIZ, T oR217 572,
O IS B 5 H GHE 54 T A
@5mA v ¥ aOMIBERIC L S HE L DHEKIC

X%, 50m* v ¥ 2 HFEOHRMEOMEE
QT AF ADXKSRBWEIC L 5, HEE, HELH =

KR H, A, PHEE S o Bl

2 FhEEOBESHES R
1) RAEHE

ARWFZETIE,  TH R LV AEEE AR s T (B AR
TR IET) 2BV, ERHHEEHEL N R
Bz 1T, ZoBlHE2 S, %6 MofHIZB
%, 50m A v ¥ a2 AREHEESA X 2 ER L 72,
ZFLTC, L7z Ay v adE, 24EMO4LKHYS
B L OBELH R OWEME & A5, Hli ko
H 4§} 5o o F2 e % i A L 7-.

Ay v HEHEOHEE, [RGUTAMER Lz X v
¥ 2 B ME200020 O X HIZ, Ay Y 2o HEE
rHWTHET L2 FE? &, RS (19993 o X
I, BAEHIEER A 5 K 72 H 43 0 ki = H
WTHEET B, H3MD LD Rl 0d 5.

EIIMDOTHEL, 9, &2y a0, )
fiifly, RzzsRe, ACPIHEE, #ELHHEOED S,
RHAEE H 42 B X O #GEL H 4t 2 5T 5.
Z LT, Kbhfne K> SMIEIC X0 EEL
AR SN D 2 WL, EEEANER SN L HA
(&, BV H SR = B EGEL H 81, ERr S v
A%, A H G = S E H 9 &+ Rl H 5
BELT, Ay vaHERZHEET .

BUEHIAERIC LB, AV 1 ATER(1 ~)DEE
1. fE&E 2. Hhrfs 3. RZeR
4. EREOHAHIFSUGE (¢)

[
EEBSE(Sh)DEE

Sb=Sb-sin(h’)
sin(h’ )=sin(h) cos (@ )+cos(h) *sin(8 ) *cos(A-a)

W R EISE S D KB, hi KB e, ACKBIALf, 6 A
ORI, o BHEOSALA, Sb: WA E H 4 &

l
HELASTEGSIDEHE

Sd=Sdt-U
Sdt A HREL A i, U Rz

l
2XAHFE(SHDOHE

h>¢ DIFE; St=Sb+Sd
Ko DIFJE; St=S8d

kARHTIE, 5 EZA, T2 HALICOWTEEI L

I A v ¥ a HEtEoH#EE FIH
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AFZEIC BT A50m A v ¥ 2 HEEOHEEIX, B
WS (1999)% OFFEEHCTIER L, 2y ¥a
HifEfEE7a 7 I 4L, ELPEE o 550
mAv¥a (BE) ZHWTro 7.

EEASEEHELOSEOMZSEL 720, 2K
G L WELH SR o Bl 217 - 720 B, gl
My DR HNALE S 5, JEAPHIZ K GZ ER$ 2 b 0
v, BEHBTIT -7z, S OREBIZER2X O X
IR HEE (MS-801, #oLFER) 2 G %ikE
L, Z09H0—RIZHEHH 2 K § 5 720 0l
x2S > FO(MB-11, 3EAREHS) 2I00 fHg7z. e
108 T & I2AT, 20305 PR 7 — & u i —
(Greenkit-80, ESD) TracskL 7z, BIllX, 19984F
9 ~11H, 19994 5 ~11H 1247~ 7=.

4

= () BLOBELHHE () o

MRS > FIZEGEL H 9 b i 9 5 72, BEELH 5
wik, NV NIE, WEtsnomE, 2L CHlEHD
A U7 EAR % T, HERHEIME %2 Mk L7:
fili& L7z, FREOEALITIE U72Ef N~ Fodiig,
3HIZ—FEfr- 72

B H =L, ERKHEROBME2? S, §ELH
WEOBIMELZ ZLlwizfis L.

2) B ENTDERE

R - HELHHEOBMMEAD S, 50m A v ¥ 2 [
ME N2 ER L7z, 2 LT, HRE N4
"MK HRD, HEHFRORK, &/MH,
Z L TIRARMEISH§ 2 /MEDOEI A%, HF13ED L
BY)Tho/. BHREINIARHEHN RO RS
R BT o HEFEEAIE, 5, 6, 7HIE
K TERETH 7225, ToOHRNSLRY, 1171
¥ 2 BIRREE & T o 7.

[ UH ZAERB Tl L7234, 19994104 12k
~, 19984E10H @ H 4 & e KAEIZ K3 2 i/ MEDHE]
FIEREL, BNICBIT 5 HEEO#T AN S
Modz. O HEHE O R T O XA O KA
W& BEEZOLNDL., FL14ED X HIT, 199841
19994F 12 LR HBRSRIZ/N S {, RIEDE - 72 L H
Wrahad., HEUROHET—51&, NI 5K
BEWT AT ARA ¥ b (RINEARE) o HIEEH
T—=NHRDIZDBDTH 5.

RAEDENHHIF O H G w550 A0 1 ] T3 B %

#5324 K H 5
RS
13K HBEFEHSEORKME, kMEE ZoHE s
1999 4F 5 H 6 A 7 H 8 A 9 A 10 A 11 A
K H SR 652 462 509 826 408 475 395
/B 5 433 344 369 462 241 132 67

e/ IME e KAE 0. 66 0.74 0.72

0. 56 0.59 0.28 0.17

1998 4 9H 10 A 11 A
K HHE 323 390 407
B/ H 206 159 93

ISUN VSN 0.64  0.41 0.23

34T, MJ/m? JJ

H14 BN O & H o |

H =R 5 H 6 H 7H

8 A 9 H 10 H 11 A

1999 4F 0. 53 0. 30 0.32

1998

0.37 0.29 0. 47 0. 42
0.31 0.35 0. 43
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153 5 H17TH L 18HICHBIT A, HEHH = & HAELH
P DR O f K AH & e Ml

5A17H 5H 18 H
e KAE o/ Ml e KA e/ M
BEEA SR 22.8 9.5 0.3 0.1
HoEL B R 6.2 5.0 7.4 5.9

B34 T, MJ/m? H

5720, KEERENIZIZFA LT, RENKE S RE
57z, 19994E 5 H17H £ 18H ®D50m A v ¥ = HAEH
EE - WELH SR A I 2 L7z, 5 H17HIZH
IRO78TRAD B 72 L S BHT, 51
18HIZHMEZR0.00TRANEr - L HWr S b H
Thbh. FtEINZNZENOHOEEH 4 & #El
H¥ O KAl & /Ml & 551531273, 1HaE H &
&, REOFBIZL)KE AL A, #ELH 5
Wi, REOFEZIILAEZ T o7,
HEINETIZ B0 % ARG KA S, Ao H
RS, UWTOEB) Thol.
OFMIC L 2 KEREMMETICE bRV, HEEH
SO AR E BT 5.
QBLEL H S & & oK & Wi, #ELHSHEE o/
Sl LD b, REOZEIIC X 5 HE&E ORI
&,

3 5mAyvIaXEsomX Y KD
1) AiE

H & oIS - Bl IS L, P
B BAEHKS0m A » ¥ 2 (BE) &, JEERD,
F L 3 A8 T S AT BE LS IR 5 B 7z 0 kA L 72
tinT—%%, smAv I ar—FIZLWL-b0%
MWz, tin7—% &%, BEROY 7)) v 7 hEsE
] S el E S/ R AV VN i S A B & 1y AL &2
B LT LE)IEEL, TOV TV EE
JHEETL2AMEE LIET—5TH 5.

S5mAvyabs0mAy v 2OMIBERICESH
ok, REREOTEE L, L
FHLB L OB Tl o 720 H33MIE, ZoHIgIz BT
5, 5mA vy atlEMThS.

RIfge i, HERHEEMEDEE % TR 5 25,
U, 50m A v ¥ HE=IIWHT S, 5mA vy
2B L U50m A v ¥ 2O H G e i o 72 o M fiE
HETHD.

490m

340m
—

500m

33 R BRSBTS A v ¥ o HE R HEE H
D5mAy v EEHH
(1 :SFHEES, 2 @ IfEREH, 3 @ L)

Ay Yo HEROFHRICLE R, HE, #ELHS
i, 20014ED T A ¥ A MBI F— % 905, O
EOHETHEL, T, KEITHRX v ¥ 2585
BOVER TR LT AEH - EAR (1978) O F
Ex T, AFHHEE2S A HEE2SKH
WaEHEET S, KIZ, Igbal (197917 O FE:% H

T, BELH S =2 L, HE, HELHHEO
WHBEAMERD 2. 2 LT, HH - HIE (1985)5
BRNZL, RATERET 5, L‘,ﬁﬂa%
O \AEALHHRE T, 1058 01E, Bl H 5=
e L7z,

AWZETIE, fEKL7250m X v ¥ = H§t &g 7
Or55%%RBL, 5mAy a2 FHHBEEH
Fraz e L7z,

2) #ER
(1) FEEICH T B L8

H e 2 I O Ll % 47 - 72 P, L
IZHRI800M DL AN ZF¢H, M Z I E N1
WTH b, HEUMIZ, TOPHEOMEEETH .
HEHEo L, Mt Lz FHEE o RO HE &,
HH, mER, PEAN, AbBl o < D50 X 50m O
A~EWE, B EORX Y ¥ 21ZBWTERKL7-.
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FHNIZBIT 2 HE RO EMRE R % H16RITR
. H16F1E, HNICBITS, 5 HE11HD50m A
vyaHEE S SmA Y Y HEOEHE, 5m
Ay v HFEORKME, f/ME, 2L CREHERE
ZRLbDOTH A, E5I12, HHICBITS, 50m
Ay Y2 HEHEFHMEICH TS 5m A v ¥ 2 HYfHE
EHEOIEREZRL TS, T2, 5 HE11HOHE
B L7200%, BN EBESOREINS L, K
FEOBBEENKEIVWEHIB L2720 TH 5.

16D X912, ELIRNEADH 7L LTH,
ZHOFEHHERO I, KEEEOE WS H T
%, € LTI TRANI4%E, 1 HEELTT

100m
(&

34 P OMZEEHE B L OV H § 2 i
FeA~DB L UER)

177

Hotz. UL, MARhmIZIEYyy, Bl (34X -
C) MIZBWTIE, 11H®50m X v ¥ = Hit=
(6.68M]/m? - H) &3 LC, 5mA v ¥z HEE
Dfe/ME (3.84M]/m? - H) &, #943% /M {HEE
ANz, ToXHIC, WK - T, 50m A v ¥
2 ORI TEE SN HEF R,
DOHGE LI, KE BT
KB EOFE 5 Hid, WM, v, s am
ZHOMNIZBWT, HIEFONZ Y FIIRED o 7.
LA L1, Ecsimod 80058, HEFoN
TV FIINEpos, T, 11THOHH®REOK
B ifias, 5 HED ML THDH720, HEHIK
ZT RN OREDNE o lclzb b EZONS.
5mA vy ¥ afEZ i L2z, S T,
A0%IRBE DDA U B M 23 » 7228, PO
DR CGE34IEMAN) 02X, 5 ATH1%,
1NATHIT% L, FHiE oI L) /NS o7z,

SmAv o

o 118

200 300 400 500 600 700 800
it 5k (m)

;\‘
x 6 o 118 x
) 0 100 200 300 400 500 600 700 800
7 $58(n)

%35 K340 EICBIFS, 5 mA Y T2 E50mA Yy
a2 HER H o

#1638 BEHA~EWN (X35) I2BF5, 50mA v a2t smAyyaOHRHEEM, BL5mAY

o BT R OB R

50m A vl bmAvafli mAvial mAvial BNICBTLS (1) (7)

SEOEYE (7)) BRI (1) SERERME  HEERME RS

5 A 11 A 5 A 114 5A4 114 5A 114 5AH 11 A 5 A 11 A
A 16.69 6. 68 16. 76 6.89 16.89 7.85 16.67 6.59 0.07 0.35 1.004 1.031
B 16.58 6. 68 15.22 6. 20 16.22 6.77 12.12 5.30 0.85 0.30 0.918 0.928
C 16.56 6. 68 15. 81 5.73 16.63 6.58 12.64 3.84 1. 16 0.99 0.955 0.858
D 16.25 6. 49 15. 46 6. 29 16.49 6.85 12.39 5.20 1.03 0.33 0.951 0.969
E 17.01 7.54 16. 45 7.45 16.74 7.98 15.34 6.56 0.25 0. 30 0.967 0.988
Hi&EE, &@TH PFYHEERHE MJ/m? H)



178 JEa Y ] R SERT SR v 7 —WFgERE A5 7 5 (2008)

Z 2T, Fhd S oW s Hf s oMfkz,
3K DOMEEIZHB T B H e T L7z, %
A ORI, AR 2K 60m o FUHIARE A 6 B i 2
F60m O VMBI, Z LT, BEEAEKH100m Db
R 2 S E AR 70m ORI RHE OB TH 5.

WP, LA Imof EicBir s, AP HEEH
WEOHEHEZRE L2 A, HE3B5MD L 912,
FHE A H150m AL LN S &, HEROZEDHM
SHEIE, 05M]/m? - HUUF & 7 o 72,

(2) LURSIEBIC 1 B Eea
BT S, 5mA Y Y2E50mA Y ad
HEEHE 2oL, $150m UG DIERY DB

L E, ALl SEHEICMO S, K& O EE
F160m ORI P N7z, IERS0m DA TEH - 72,
6L, TNZhoOMIOMEEE T, HYfEE
EHIE, Kol oess, A~CBLUOT~Y
D5mAY Y allOWTHKEL., FHhoRfEo—
B1Z150m, HOEFO—BII50mTH 5.
BITEO X912, FHICBT BT < O C Hip
DOHHREROEE, 5 HTHRAK11%, 11H THRAKH
38%H o7z, FLT, #oOFNEEE (536K - 7) 12
BIFsHEEDZEEZ, 5 HTHIT%, 11H TH30%
Hotz. LaL, WMHEBOPR.OHTEOZE (536X —
A, 7)), FHTH 1 %, HTRS%DE /NS o7,
T/, FBEDLHIZ, FHERICEBIT S, HitE

—
100m
361X INHFERIC BT HF RO 21T o 72 oMt Z2 55 (LK P, GIK 4

1778 36 O BAENIC BT 5 Ko I HARSE H S EHEEM (M]/m2- H), K U%50
mA vy ¥a B PHHBREHFRICHT 2 5m2 v ¥ 2 AP HEFEH RO

5H 11 A
50m A vz bmAyIaf 50m A vz bmAvi=a
SEH 7 7
HH & () (1) 1)/ () HH & (7) H& & (1) 1)/ (7)
A 16. 58 16. 49 0. 996 6. 64 6.57 0.989
B 15. 69 15. 63 0. 996 6. 69 7.75 1. 152
C 16. 56 14. 59 0. 881 6. 58 4. 11 0.624
5H 11 A
s 50m A v=  bmAvyi =aH 50m Ay bmAvyia
T 7
& A& (7) Fre (A1) )/ 7) Hi & (7) H & (1) )/ 7)
7 16. 19 16. 09 0.994 6. 08 6. 25 1. 028
A 16. 97 15.93 0.939 7.10 6. 57 0. 925
7 16. 19 13.50 0.834 6. 08 4.23 0. 696
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#5185 M36DFNAIRIZBIT 5, A v ¥ 2 HEHaEE

FEND 50m A > =2 NG bm A >~ > =2 H

Sm Ay AR BN bn Ay a

TR ARSI RO E 50m A v = B E HAREOEMERE
5 A 11 A 5 A 11 A 5 H 11 A 5 A 11 A
SEM 16.33 6.63 16. 23 6. 46 0.994 0.974 0.84 0.90
N 16. 45 6.68 15.52 6.13 0.943 0.918 0. 87 0.57

AatEid, £THPYRBERSE (M]/m* H)

O merce d§dp§¢gxm>1oo
o A 190
P &
L o HEEIS 180
30| e
%25 AA &0 2/
2 A ] 0
) A W
%20 g ﬁ'ﬂ". 150 1
&
-f-—Lé1 5.,..-.? 140 ﬁ
A
i A 130 M
fIE10 FiN
® A 120
# 5 ﬂﬂ o
I %%ﬁwwwwt###mw 110
Of T 1 L 1 L 1 L 1 L $ 0
7 8 9 10 11 12 13 14 15 16 17

% (B

#3700 S5mAvYaASICHITA, BREEMEICED AR
HNEOBARGFROHE, KRU'5mA v ok
50m X v ¥ 2 OMIBERIC X 2 EELO MK A

HEREHPA RO FIMED L, 10%LF TH - 7-.

S5mAvyaeb0mAy vl TiE, BMEEIZI0
fBOENDY, KEHOERIRIIIKE LSRR L L
HbN s, 50mMUEREDIL S I2BF 5 HE
BELB L2204, 5mA vy Y2 0BEHE
Td, 50m A v ¥ 20MBEHREHCEEINS
HYlE & oz, KEEEOKWIIH TL10%F
LINEHoT. ZFIT, TRAERD A Y ¥ 2 I
WEHWEAICBY 5, EEEoERIR & A
H4 80 HELOHER 2 R 7RR, 37T S
nz-.

37N, ArodubHiE (36K - T7) I2BIT 5,
5mAvYa2i50mAy Y OMBER,SKD
7z, EENOERAE, IHO5mA v ¥ 20 4
wmHEEMEICB TS, HREEHFEEICED L KED
BAHNEOEHE, BLXUOKGRETHS.

BT D X 912, #RHOKGME?SEHE S

%, KEEOMBEINE, 5mAy v 208s, 8k
4055~ 15K30%5, 50m A v ¥ 2 Da, 7 K105~
16H550%C, 3HFBEDSEIAEL S, LAL, 5
mA vy ¥ aOMIET, EELAER S T 7zREH
OHEEOEAEZ, 1 HOBHFNEDIONIT &%
oz, ZOZERS, 1 HOKHEREE LTy
A&, 5mAv¥aoHFEHEMZ, 50mx v ¥
2O HPEHEMHIEWEIC 728 E 2 6N 5.

3) &

IR BRI o h I I B VT, 5mA Y ¥
2. E50m A v ¥ 2 QTSGR & H V72 H G =4 il
UL, FOME, 5mAy Y2 THEEZHE
L7 E0E, BT %DEPELB5E0H - 7205,
S50mPU G OHFPHIZ BT 2 FHfE & LTHEE L7286
12k, 50mXA Yy 2 THo-Td, bmA vy 2D
R E Huzia s, [ZIZREOFERE RIS S
nr-.

Ay v aHEEHEIIBWT, 5mA Y Y20H
A AE R & 72 5D, BmlUJio HEEHEE %
HIE$A2HBEICRONE EEZ 5N, L L
Mo, 5mA v TalWw)RBETHEZT) D%
HIE, WO BL EET HLUENH LD, WD
WBREEICEET A LML L, BRI,
EHIZEEZEL., 02D, BEOHMIIHBITS
HEHE DT &, ERICHE 2 %85 5 H)BLE
MThbLEbLNL.

L IR HE &5 i %2, 2 v ¥ 2 Bk
FWTCEHMi§ 2 %541, 50m A v ¥ 2 OFHli ¢+ 45
Thh, HENTHS. LrL, KEEEIKW,
WA ZIRE L7z Ht R e 2B e 613, 37X
DEHIZ, KD H BRI EPSELD 2 LD,
5mA vy aOMEHERICE ZHEIERTH 5.
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4 TAERELDZEE - HEAHEOHT

1) BETFHAZE

JRT—2 Ik HEEHEERE LT, HEER
LAERKHH RO HPFYHBEMEHEET 5 2 &A%
AOLNTE70, F7, AV HEEH &% EE,
MELHS =0 AP HBEEMICH#EST 2 2 & 25,
Igbal (1979)1 7 LA OMIEHIZ L D RAA SN
TWwab., LALARAS, HILHEHISO X 5 % 8
o H 2 55 5 121%, BilS (1999)33) @
E918, BAEMIBAERD, S, KEAEmOEE, #%
SLHSEZHEET A ENRYTH 5.
KhriEmgonEE, SELHHEZHET 2720,
THE - IR (1985)59 1%, B S, Wifi AR
&35, AVHEE, WL H SR HZE L% 58
Wiz, F/2, ERHOFRORMED SEE, HElH
W ORHIEOHEE D RA SN TV 51511185474
Mok o> HBFBREEIC & 2 VR R B o Bl . &
&, EBRoREBYCcOMMEE XA, AET
E L, A CPRESLEE A, S 51T, HARIIZ
BWUEEOMIBOEE, BELHSRZHEET 512
X, 7AFZAORRBREEZ VW5 Z &A%, B
Ll OEZIGEMENTHS . LErLEDDS,
T AFAOBIEH % v HEHEREZ e T
BWAHIZED S 1%, HPBHEOHEELS O TH D,
HED b FEWH CoHfE %2 lkazifzeix, &KH
WORNOREMELEL T FPL™ 2 725
ZATBH SN TV WAREETH S, KEXEY
RPREFOF SRR ZLELTLFETH .

2) #EAE

(1) HEPR
AREFFECRSE L7 e, 7TAFARL Y FT
B s s, HERMNB X OCHKREORHEZ 25
LT, HiE, WELHSEoORNEO S,
SEYfE, PAESEE, FOFETHET 5.

a EEZHHNE
RESNHED ) B, EERTIIRA, £, £LT
I7aYVICEDEEL, TITHE SNz D)
HEL & 2B, 2 LT, HE, HELHSTEOHE
DREADORBEIZ L Y RE SN HN S, HHEHNIZ
A (9) TREAE#F (P) 2ERT DL, KV

EEHSE (Rb) 1338 (10) TROLN L.

_ [ Rbn\ g
P= ( Ro ) (o)
Rb= Ro-sinh- Pcossech .............................. (10)

Z 2T, Rbn: BCHERIEEHS &, Ro: K5ESH
Wi, b KMEES, Rb: KPEHEEHNET
H5.

REEBE PIX, E&E, HELo@E#T 5 KD
X, ZLTKRERDOEEYZFTHI LG, KX
(11) oEMFXTRKELEREL. ZhiF, &
BORT, KREBEDI%LAHMTE S &R
NTWpZ L™, FhRAEBRFEIL, KAIHE %
WHEILELRADES R 7O V), Z L TKER
B OFEBEZTHOTHA.

HWEHDH B, HEEIL, ZE, KELAE, T
TaVWVIZERT B EEL, BokEE, EE, K
RERICHRT 2 EIRE L7, 2L T, KRABEIK
S H G R, EEROEET A5 KRADE S & %
THEMEL, BAZEKE L7

P=a-L+ﬁ'R+y'Q+5 ..................... (11)

ZZTC, L HEE R:EKE (m), Q@ KAl
KFEmHEE MJ/m?), a -y  EBTHA.

b BELHHE

HS w2812, KB vl IR O {2 b
W& BAEFRMMES N E T NS DT, Bugler (1977)Y
LK, ARHEEEFNTYH, UTIORT&HE =D
HERTCIRE R VER T 5.

B Ra Kd= Rb K= Rd
" Ro*sinh’ " Ro*sinh’ ST Ro®* sinh

Kt

ZZT, Ra:KVHE&KHY =, Rb: KVHEE
Hit i, Rd: /KFHHEGLHA &, Ro: KAMBAYH
Wi, h: KEESEMATHL.

ZLT, #AS (1983)™ ASFi7-lCE®K Lz, K
ROMRITCIBEKds% Wb 2 212X Y, KPR
ALHSEIEA (12) TKE 5.
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REE O KR AL, RS0 E L.
Kds= b _ Kd . 1-Kd KA (R) kA TR
5T Ro%sinh—-Rd 1-Ks 57 Kds A VA ) SR A
Rd_R * g h* l_I(d) .................. (12) R —I .(r)2
= Ro*sin Kds o=lo"|\ "
EHIT, EAS (1983)™ 1F, Kdsha (13) T 22T, To: KBEE (1367W/m?), r/r* . Kbk

)R TEAELTBY, RFzETHN (13) 2 Hw
TKds=H#EE L7z,

Kds=Kd+a-Kd"+(1- Kd°

22T, a, b, cREHHTH 5.
(2) #HEXDIERK

X (10), (12) &by, KE&E#E (P) &HRIT
I (Kds) HBEAE ZeduE, KFimisE, #ELH
WrEkES., 22T, WIIHKSRED1991~20004F
DR, HEHFEORHEL? S, P, KdsOkjl
MOHERZIER L. ok X, BALHHEI,
ERAFERIPSEEAFELZIWEE Lz, 72,
WA REBEZRALZOIX, [ FIFHAROPLEEICDH
D, MBEIZL D OEENLRNEHESNS T
OTH5b.

KEE®FE (P) LEERICIEE (Kds) OHfEER
2B TDMAH L7 BMEIL, sinh>0.1010H% v
7z. ZhuE, Flints (1987)10 284EH L7z & 9512,
Kb H ISR, SHliFRESRE LD, ek
OIERICIZEE R WEEZ 0 TH D, T2, &

WERO M O PR MEE L 5 H TOMBED LT, r/r*

FERNTRESND.

r 1
=

r* - [LOO0LL0+0034221 cos (4 +0001280-sin 4)+00007219-cos (24)+ 00000TT-sin £)]®

ZZT, OB 5oL Hdnlc&E-o {fET,

RATEKES.

g—2 (dn—l)
4T\ 365

a AREBE (P)
HE AT TE N,

PIEOA, H), PHH

BEBIMEIC BT 5, SHEEXORED L OEBH, €

L CHIBIFRE & S5 19RITR T

H, A, PAESEERMEo#H 2o MRS
<, PR E N2 X AHEEIT R Y L HIBTE 5.
Coops® (200007 1%, HE¥HAFEBROHMEN

WAz HwTwas, £LT, KA

EWHIZ, ZER

HORELRRDHET D L) WG 2d 5 25,
T AT ADREBINEHE D9 HTIE, SUmAKER

BHICRLEBREHLEEZ NS,
ZEHFE (P) o NoEK T,

DD, KA
At 28 B0 A,

#19%& X (D OmMHERE (a, B, ») &8 (6), BLXTHEMMERE (R)

« B Y 0 R

A A il 0. 5288 -0. 01473 -0. 1206 0. 4903 0. 809
PRI 0. 5596 -0. 01403 -0. 1244 0. 4873 0. 808
A E 0. 5879 -0. 02104 -0. 1360 0. 5099 0. 820

20 X (13) OERIH (a,

b, ¢) BIUHBEHRE (R)

a b c R
AP fE 0. 7696 1. 2455 0. 9281 0. 953
Al 0. 8597 1. 3160 1. 0695 0.953
H Sl 1. 4326 1.5733 1. 6208 0.945
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EMZ 7AW THRE L7z, #2238 104ER OB 3, BREL B4 R E i o
S % N A 72 R AT % A 7R, 2 0P RMSE L, MBI x5 2 RMSE#] &
- N N - N LN S
P BT B HHER G ATCERBIE DT LA DUIER BB 5 TPl
BALL e ro 72 (r2=06549—06589). DI &7 R
R pp - WL F 4 AL A
5, RABEE (P) OftEts LTI, KB e
AP AR, FRRER, MokRo 3 2RIk 2R s oo e oom L
ST s — . = 6 0.039 0.886 0.124 1.088
VEYKTHLEHWEINS, ks, EREIGHT . 0. 089 0.712 0. 168 0,836
DOYE, BEOVZWENL ) b I -tz 8 0.127 0.500 0. 192 0. 651
CHDHEEEBNDIOTHD. 9 0.152 0.307 0.221 0.459
10 0.167 0.231 0.229 0.350
11 0.193 0.221 0.226 0.284
o AT 12 0.212 0.229 0.223 0.251
b ) R TIER (}‘(ds> i ‘ 13 0. 204 0.230 0. 220 0.239
WIS E OB S, ) =7 /NEFEE TR 14 0.177 0.234 0.221 0. 250
e, X (1) OEHOEHRE, REXOHME 5 e om ome o
s L 16 0.113 0.299 0.213 0.325
Ba H20RI1TR7. 17 0.085 0.383 0.207 0.392
18 0. 050 0.526 0.195 0.519
3) TR ORET 19 0.035 0.814 0.197 0.732
8= f
(1) SRAICH T BHTRE LAk
21313, HARTAR HGHE & HE H 5 o Bl , WLER EL Pt
o ‘ . W% RMSE (MJ/m?) A RMSE (MJ/m?) A
ZIToTWVWARRETH A, AfEwNIT X 2 HE, 5 0.010 0.909 0. 050 0.847
L LSRR OIS & BT 2 720, ¢ o am o om o
L, 1IORBEIIBWT, HE, Wl H &k 8 0.112 0. 441 0.175 0.593
8.0 BN 2 05 2 3 A 0D )7 1 e T oo am e
(RMSE ; Root Mean Square Error) #3R®7:. " o151 0173 0. 185 0,939
e L7258, BEl H SRR EORMSE S & O 12 0.167 0.180 0.178 0. 200
. . 13 0.161 0.182 0.182 0.198
Bl IS 3 2RMSEOHE GO, 1IARBICET 2 14 0.137 0.181 0.193 0.218
10451 (1991~20004F) DMl %2 4522F 12787 . 15 0.113 0.200 0.202 0.259
- G A “Fhb. RMSEIX 16 0. 096 0.255 0. 205 0.314
ERRCNRGE SRR SUR SoLo) ’ ’ 17 0.074 0.336 0. 206 0.392
% H S TH0.IM]/m?2, #EL H 5 TR0.2M]/m2& 18 0. 045 0.473 0. 202 0. 540
19 0.036 0.735 0. 206 0.755
1% K- HEHHREOBNZ > TV AR5 A A¥5
f= A L Y EE (HE Gy 1 (RE 5 T H A HGEL H 4
K5 ﬁm% L () FEFE (BE) 285 (m) BE RSEGUMD) | BA RUSEG /) BB
LI 141. 324 43. 060 17 5 0.008 0. 889 0.026 0.473
R=E 145. 581 43.333 25 6 0.023 0. 590 0.075 0.721
'JETE- 141. 961 39. 650 43 7 0. 064 0. 552 0.129 0. 683
K 140. 096 39. 720 6 s 0-102 0. 402 0163 0993
9 0.109 0.221 0.183 0. 380
faA 137.970 36. 236 610 10 0.098 0.136 0.174 0.266
(=l 136. 892 37.395 5 11 0.119 0.136 0. 154 0.193
. 135. 757 33, 453 73 12 0.137 0.148 0.139 0.156
. 13 0.130 0.147 0.145 0.158
A 133. 335 35. 438 6 14 0.103 0.136 0.164 0.186
@ i 130. 373 33.585 3 15 0. 084 0. 149 0.183 0. 235
EI)EL”% 130. 545 31. 556 4 16 0.079 0.213 0.196 0.303
- 17 0.063 0. 299 0. 208 0. 405
G 124. 161 24.336 18 0.038 0.413 0.220 0. 599

AR 127. 686 26. 207 28 19 0. 037 0.725 0.216 0.803
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INE otz F, BEOEISE, WYICKEL,
Hid/h&h oz, 2hig, @4, HEEoHMxT
fEAVNE <, HFEOMBT 2 RKADESIHRENW &
WX, BMHEPOWERENRKELS Gholzlzd
Zzbhb, T2, HEHH LD L EELHFOHEE
MANKREVOIZ, KHEEETIVD, FHL»HDOR
WHEEZEERG E LTuwinzdtBbhs,
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15%128 7% 5. LML, SRRBITBIT B LA
i, SNED IR DINIVWETH -7z, 2R,
BLAREV LB 22 EICHE SN TBY, K
A OREINEholzlzbbEZONS.
R, S OO B ERT 5L, HMrllk
5T, AP OB SARE L, HEiRsEE
2R LD LREL LHTREND L. L2oL, B
¥ TR 256, KiEEETVORBEX, T

#23% 11ARBICBIT 545 HORMSE (M]/m?) B X

URMSED &4
R
Ay Ty
EPNEN TETis [ER==E Ty L 4
A RMSE REEIG RMSE REEIG HEEA RMSE
1 0. 283 0. 040 0. 290 0. 096 0.233 0. 058
2 0. 345 0.036 0. 382 0. 090 0. 336 0. 064
3 0. 603 0.048 0. 558 0. 100 0. 444 0. 064
4 0. 759 0. 047 0.819 0. 107 0. 683 0. 081
5 0. 849 0. 048 0. 906 0. 108 0. 743 0.079
6 0. 984 0. 058 0.857 0.120 0. 752 0.077
7 0. 937 0.053 0. 807 0. 099 0. 662 0.070
8 0.728 0. 042 0. 608 0. 068 0.711 0. 084
9 0. 586 0. 042 0.513 0.076 0. 584 0. 081
10 0. 481 0. 042 0. 490 0. 085 0. 363 0. 063
11 0. 423 0. 050 0. 411 0. 101 0. 285 0. 064
12 0. 414 0. 059 0.385 0.121 0. 231 0. 061
(RS
AR A G TELFE F 4 L A
A RMSE REEIE RMSE MERIS RMSE EEE
1 0. 326 0. 046 0. 280 0. 091 0. 231 0. 057
2 0.373 0.039 0. 353 0. 082 0. 333 0. 062
3 0. 476 0.038 0. 472 0. 083 0. 436 0. 062
4 0.535 0.033 0. 696 0. 091 0.579 0. 068
5 0. 587 0.033 0.710 0. 085 0.645 0. 068
6 0.673 0. 040 0. 673 0. 094 0. 530 0. 054
7 0. 693 0. 039 0. 681 0. 083 0. 490 0. 052
8 0. 558 0. 032 0. 500 0. 056 0.543 0. 064
9 0. 363 0. 026 0. 326 0. 048 0. 397 0. 055
10 0. 446 0.039 0. 437 0.076 0. 269 0. 046
11 0. 431 0. 051 0.378 0. 093 0. 189 0. 043
12 0. 474 0. 068 0. 356 0.111 0. 236 0. 062
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EPNER (5 TELEE A4 [oiNER )
A RMSE MERIE RMSE MERIE RMSE ERS
1 0. 409 0. 057 0.217 0. 070 0. 358 0. 087
2 0. 452 0. 047 0. 297 0. 069 0. 463 0. 086
3 0. 408 0. 032 0. 383 0. 067 0.507 0.07
4 0. 446 0. 027 0. 594 0. 077 0.439 0. 051
5 0. 403 0. 022 0.543 0. 065 0. 475 0. 050
6 0. 446 0. 026 0.523 0.073 0. 387 0. 039
7 0. 605 0. 034 0. 477 0. 058 0. 439 0. 046
8 0. 458 0. 026 0. 367 0. 041 0. 359 0. 042
9 0.319 0. 023 0. 290 0. 043 0. 258 0. 035
10 0. 380 0. 033 0.332 0. 058 0. 149 0. 025
11 0.415 0. 049 0. 334 0. 082 0.177 0. 039
12 0. 464 0. 066 0.263 0. 081 0.310 0. 081
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A, b AR, o AR
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4 EEAS  EGELA S
5 0. 007 0. 035
6 0.079 0.115
7 0.110 0.103
8 0.185 0. 261
9 0.251 0.171
10 0.234 0. 377
11 0.242 0. 247
12 0.275 0.428
13 0.248 0. 220
14 0. 222 0. 382
15 0.151 0.171
16 0.109 0.221
17 0.071 0. 099
18 0.038 0. 109
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54 ELEE H 4 L A 3
5 0. 009 0. 036
6 0.073 0.070
7 0.097 0.092
8 0.164 0.118
9 0.211 0.122

10 0.182 0. 149

11 0.220 0. 186

12 0. 240 0.123

13 0.231 0.112

14 0.179 0.133

15 0.117 0.110

16 0.076 0.100

17 0.053 0. 062

18 0.037 0.039

A
5% LR ) L A 3
5 0.010 0.038
6 0. 063 0. 106
7 0. 089 0.092
8 0. 137 0.134
9 0. 161 0.129
10 0.135 0.137
11 0.172 0. 096
12 0.226 0. 094
13 0. 177 0.076
14 0. 180 0.113
15 0. 083 0. 056
16 0. 050 0.077
17 0. 034 0.032
18 0. 036 0.021
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(2) E®&AE
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DR F—F Th b, ZZ T, PET A ¥ ZIHH
ENTHEETNVERE T B7280, KR THIEL
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P = a B % 19
123K 0. 7001 -0. 00293 -0. 0766 0. 2244
Kds &= a b c
3 1.2364 1. 0808 1. 4870

267 1997 ~2001 KRR BB L ik Z=RMSE
(MJ/m2-h)

[=R=2EE )
Lilig Erbs D FE)IL RE
FLIGE 0.278  0.215  0.307  0.223

Eei| 0. 250 0. 246 0.272 0. 254
FHEE 0.312 0.208 0.371 0. 230

HGEL H 4

HAH Erbs i3l F | Fl L

FLIR 0.276 0.395 0. 287 0.333
et ] 0.303 0. 450 0.303 0.403
ftE 0. 336 0. 456 0. 356 0.393
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R e HE L
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A 0. 380 0.414
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HPHRE ALIR FAA T N
4 1 4.2 -3.9 -1.6 2.5
51 -4.1 -3.3 -1.7 1.2
6 1 ~4.6 -3.3 -1.8 0.7
TH -4.8 -3.6 -1.7 1.0
8 A -3.8 -3.6 -1.6 0.3
9 A -3.3 -4.2 -1.6 2.1
10 A -2.8 -4.8 -2 3.2
11 A -3.0 -5.0 -0.8 3.5
12 A -2.7 -5.0 -0.3 3.4

HF¥kem AL FAA T BERE
41 -4.4 -1.7 -1.0 2.1
51 4.6 -1.5 -1.6 0.4
6 A -5.2 -1.7 -1.7 0.0
7H 5.5 -2.2 -1.9 0.3
8 A 4.2 -1.6 -1.3 0.1
9 A -3.6 -2.7 -1.3 2.0
10 A -3.0 -3.1 0.8 3.0
11 A -3.1 -3.2 0.6 3.4
12 A -3.1 -3.5 0. 4 3.6

HFEIRAR HLIR FAA T R
41 -3.6 -5.4 -1.5 3.3
51 -3.3 -4.7 -1.5 2.6
6 A -3.8 -4.3 -1.6 1.5
! -4.2 -4.6 -1.4 1.4
8 A -3.0 ~4.4 -1.3 0.9
9 A -2.8 -4.7 -1.4 2.4
10 A -2.6 5.5 -1.1 3.5
11 A -2.9 6. 1 -0.6 3.7
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The Utilization of Mesh Meteorological Data Maps
for Agricultural Activity in Hilly and Mountainous Area

Hideki UEyaMA

Summary

Hilly and mountainous areas occupy approximately 70% of Japan, and the area of farmland in these regions
is decreasing; these areas are defined as those from the outer plains to the mountains. The development of
strategies for the revitalization of local agriculture in hilly and mountainous areas is therefore a significant
problem in Japan.

Systematic agriculture is efficient in hilly and mountainous ares, and distribution maps are effective plan-
ning tools for evaluating the meteorological conditions for individual farms in those areas where farms are
small and interspersed.

Public agricultural research centers in each prefecture of Japan have developed mesh meteorological data
maps with some kilometers grid cell resolutions for local agriculture, and have been made many studies
using mesh meteorological data maps. However, critical variations exist between estimated mesh data and
actual meteorological condition within the area of each grid cell. To address this problem, methods of esti-
mating air temperature and solar radiation on a 50m mesh (latitude 1.5” X longitude 2.25") were developed.

While many studies with mesh meteorological data maps have been made, numbers of concrete examples
of utility for agricultural activity in hilly and mountainous areas have been few. This paper presents there-
fore some studies for utilization facilitated of mesh meteorological data maps in hilly and mountainous areas.
And furthermore, it is proposed some guides to utilize mesh meteorological data maps for the purpose of
revitalizing an agricultural activity in hilly and mountainous area with concrete examples. The summary in
this study are as given below.

It was clarified the real states of air temperature distribution in hilly and mountainous area by means of a
stepwise multiple regression analysis: a feature of maximum air temperature distribution was decided by
mean elevation in the whole year; a feature of minimum air temperature distribution was decided by mean
elevation in weaker season of radiative cooling intensity, but a feature in stronger season of radiative cooling
intensity was decided by a degree of geographical complexity; minimum air temperature was comparatively
high in valleys having large rivers even if stronger season of radiative cooling intensity; a feature of mean air
temperature distribution was similar to a feature of minimum air temperature distribution.

It was clarified appropriate mesh resolution by comparison between air temperature maps on the 50m and
1km meshes. The features of both air temperature distributions of monthly maximum and monthly mean on
the maps are similar in all seasons. Notably, the average difference between monthly air temperatures inside
of the 1km mesh may be more over 3C, since the area with a single mesh cell may contain more over 400m

variation in elevation. The features of monthly minimum air temperature distributions on the 50m and lkm

Climate Change Research Subteam (Western Region)
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meshes are dissimilar in stronger seasons of radiative cooling intensity at particular higher elevations but in
weaker seasons of radiative cooling intensity features are similar. Then the thermal belt did not appear in
the 1km mesh maps of minimum monthly air temperature at those times.

A new method is developed to estimate monthly mean air temperature using two different data sets: data
measured over a short period at estimation sites, and data measured by the permanent meteorological obser-
vatory adjacent to estimation sites. The method developed involves estimating air temperature from the air
temperature difference at an estimation site and at a permanent observation site. The air temperature is
converted to potential temperature for compiling more accurate meteorological grid data estimated by a mul-
tiple regression analysis with the explanatory variates computed from the digital terrain model. Difference of
the potential temperature is partitioned into two contributing factors: an impact degree influenced by radia-
tive cooling intensity at the estimation site (Tesc), and an impact degree influenced by radiative cooling inten-
sity at the permanent observation site (Tssc). A new meteorological scale “RCS (Radiative Cooling Scale)”
proposed in the present study represents strength of the radiative cooling intensity determined from differ-
ence in potential temperature between an upper air pressure surface and the ground surface, since values of
Tesc and Tssc are related to the strength of radiative cooling intensity. The RCS values in optional area is
estimated by the multiple regression equation using three meteorological variables: the percentage of possi-
ble sunshine, daily range in temperature, and average nocturnal wind speed from UTC 1000 to 1200. The
equation is formulated from observed data for 10 years (1990-1999) at Tateno aerological observatory in
Ibaraki prefecture, Japan. The model used to estimate Tesc is a linear expression that uses RCS as a vari-
able. Tssc is also correlated with RCS. However, the model used to estimate Tssc is a multiple regression
equation that uses similar explanatory variates as those used in the RCS model for more accuracy, since
meteorological data is measured directly. Using the new method, it was estimated the root mean square
error (RMSE) of monthly differences of the potential temperature in hilly areas to be 0.21 K.

It was clarified the real states of solar radiation distribution in hilly and mountainous areas using 50m mesh
solar radiation maps. Amount of solar radiation on slope was increasing with declination of solar altitude.
Amount of solar radiation on the 50m and 5m meshes was similar in hilly and mountainous area. However,
possible sunshine duration on 50m meshes may be shorter three hours than on 5m meshes.

It was developed a new method for estimating daily, five-day, ten-day and monthly means of hourly direct
and diffuse solar radiation to compiled mesh solar radiation maps more easily. The essence of the method is
the estimation of two important factors related to solar radiation, atmospheric transmittance and a dimension-
less parameter, using empirical and physical equations and data from general meteorological observation sta-
tions. This method estimated the RMSE (Root Mean Square Error) of hourly direct and diffuse solar radia-
tion to be approximately 0.0~0.2M]/-m?2-h'! for all mean period.

It was proposed some guides to utilize mesh meteorological data maps for agricultural activity in hilly and
mountainous area with concrete examples: estimation of variety of air temperature existing in hilly and
mountainous areas; estimation of a relationship at greenhouse for rose cultivation between productivity and
difference of minimum air temperature; estimation of properties of eight kinds of soil under equal amount of
solar radiation; Developing of cartography of leaf blast disease occurrence risk map using meteorological data
and patrol data.

It was proposed that effective utilization of meteorological variety in hilly and mountainous areas would be
efficient to enhance agricultural productivity and to practice precise agricultural activity using Geographical

Information System (GIS) with some local data detailed. The detailed assessing of meteorological condition in
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target area is absolutely essential for effective utilization of meteorological variety and utilization of mesh
meteorological data maps is an effective means for assessing areal meteorological condition. Systematic agri-
culture based on an idea which compares all farms existing in the whole area to one farm would be most
appropriate agricultural form in hilly and mountainous areas.
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