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Among four sets of Standard Year Weather Data (CSWD, CTYW,
IWEC, SWERA) in China, only CSWD measures solar radiation.
We show that the cloud ratios of CSWD in May, June, and July, are
significantly smaller than the other three sets and measured solar
radiation in Shanghai. In addition, the cloud ratios of CSWD in May,
June and July are outside the bounds of the sky condition classification,
thus not physically realistic. In order to obtain a higher accuracy of the
solar radiation for air conditioning load calculations, we refine the cloud
ratio of CSWD that yields realistic values of cloud ratio.

1. [ZC®IZ
HIECRIICHV SN2 BYEARHE OO OREEEL[ ST
— X121 CSWD + CTYW « IWEC « SWERA 35, ZDH 5B, CSWD 1T H -

EBFIHFEOBRNVHOTHY . HEND ANEN KRB T
LTWAHHREERT D, 2O OEMETSRT —F OIS 2%
£ LITTRT,

CSWD TlX, 5,6,7 H&#H5 L, CSWD O HH K254y b (Ce) 13Ath 3
OOFEWFERRET —H DZENL YV /NS N EdbhroTo, £72,CSWD
DORNARERIIEEED3IA12H. THI0AL 10 HIHAD3H
I 0 LRk SN BIRIZH Y 2 R2WMED B A TND,Z Z TCSWD
EWEOEWRGET — 4 LT 57, 2010 05 FEO L0 FFE
KZPELHROR FICHEHZ2RE L, ERAHREERZEAFES
BRIL T, CSWD @ 5,6, 7 A DRZER S L OMEIEZAT > 72O THET
e

2. CSWD - LB MIES
2.1 LEBICBTS4DDEEERET—IDRERDLL

PIE AN, 4 SDORHEFERET — % OFMA BIRZZRST T
(Ce; ffHERBIR) %R THME LR A2 K 11287,

LY, ABIRZERSEOER - LB RENE XIT0.3 T
D, F72. SWERA DRZERST TR H K& <, 0.58~0.72 TH 5,
CSWD DRZEs it b/h &<, 0.40~0.61 TH D, $FIZ 5,6,7
A, CSWD It L W /&<, 0.4 T, #E1X0.1~0.32 L7 D, F7o,
ERMOEERDE, 5,6, 7T AD3 » ABBERE > TREW,

2.2 BAOEFEMEADRERS T

RZEF AT O — RV 2B 2 R 5121k, EfeSRT —4 0
VELRD, 22T, RFEISIV, BEEORRET XD 12T
HDOPIRT A L ARRT —4 Dalio CARD EFER MM DR
T A RO TR 5, RZERDHERD L OER 2 (TR T,

AHNIHURIZ L DI DD Z I RE VWA EHNL 0.5~0. 7 BR¥TH
R PEASOEEERLET — & B F ORI B
RET—H HEEICE T 5K/ R A | BN bR 4 5T
Collores—Perein & Rabl EF /L 12 & 0 BIEM T E1T - 7214, 7145 P O Markov B
CSHD ] T TREGRDL A ) - ) )
(Chinese Standard Weather Data) HRESL 4 & FUE | HRGE & OREES H AR & OB K il T 3 BB T o HiE L PRI BASR 2 4 1
: STHEII RIS IV LT 28
P Liu and Jordan 3%, Ed Y I - 35K Y, SR EE AR L
VERRGERLBIRMR L%, B0 7 OER, KR, MExRE, FEZ LK
CTYW SR T daxhm | 3 eepy | & L7EEURGR BT TOL TR
(Chinese Typical Year Weather) Ay S AT = iR %'Jﬁ)\?b CAERBLI R T — 2 IS & BN TR TCTHN EAHEE
OB Y, 3R Y O Gompertz BI%:
fx\«{)\(ﬂ(CIOar sky * Cloud sky)Z &V 4k
IWEC Sky cover FEARMIZ Clear sky TO METSTAT & 7 /L CH@fH T
(International Weather for Energy = % 3 WEM] | METSTAT 1% ARMA F#32%50 % 7= &5 VL Tk
Calculations) St IR Cloud sky JRHEIZ METSTAT @ H % Kasten'”EF /L CTIEILE
O BT Perer) E T LICE B
SWERA Sky cover
(Solar Wind Energy Resource Byl =% 3 R METSTAT (21l 9
Assessment) 2 R EE

TORBRH SRR B E TR AR B R A
(T 558-8585  KBififl: ¥ X2 4% 3-3-138)

P ORBR ST R R B E TR AR B - T

O RPN RSB RIS RE S - W (T)

Doctor Course, Graduate School of Human Life Science, Osaka City Univ.

Prof., Graduate School of Human Life Science, Osaka City Univ., Dr. Eng.
Lecturer, Graduate School of Human Life Science, Osaka City Univ., Dr. Eng.

693



08

=g
=

cloud ratio [-]
=
.

<
o

0.0 . . . .
Jan  Feb Mar Apr May Jun Jul Aug Sep Oct MNov Dec

1 ARBIRZER Sy e o bk (E#E> CSWD « CTYW » IWEC « SWERA)

®2 AEEBHESOME

s 7 — 4 t&
H 451 —
ELENS AN 557
7 —4% aH—(H§5HH) 10 7

3 Riff - MERFETO A HRBL

3. EBICHEIT BB
3.1 EREXRZEHE
FEOBIEDORZERS L E N D -0, 2010 FE0 D LifE - FFRHE
DEFHHE RFIC ARG EE 2) 2%E L, RO RAHE L
RZEASEOBPEAT o7, REDOFETEX 31277,
[ElsER S K&V, 2K A S & K28 A S 551 T 5 4
M CRINT — & %3 L TW5, 2011 4F 5 A O EREFI %X 41277,
RO 1 A5 9 A E TORANT K D ARNKRZER ., CSWDIZ XD

10
—<$— Sapporo — &~ Aomori &= Akita —G - Tokyo Japan
— ¥ Nagoya —— Ozaka —+— Fukuwoka —— Kagoshima

08

o

= 06

e

-

3

204

G

[ e e e e e e

00 . . . . , ,

Jan Feb Mar Apr May Jun  Jul  Aug Sep Oct Nov Dec

2 AAROFEHRDHBIRZERS O el Gk T A 2 2)

3 CSWD, . Perez &7 /ML VR HBIKZER S

RZELR 1H 2H 3A 48 5A 6H 7H 8H 94
Ce (CSWD) 0.57 0.53 0.61 0.49 0.40 0.40 0.40 0.50 0.49
Ce () 0.55 0.60 0.63 0.52 0.54 0.60 0.51 0.50 0.52
Cep(Perez) [0.55 0.59 0.62 0.52 0.53 0.57 0.52 0.50 0.51

1.0

—6—CSWD --X--Measured (20115F) Shanghai

0.8
Eo‘s
s
-
_30.4
=)

0.2

0.0

Jan Feb Mar Apr May Jun Jul Aug Sep

5 FYETOEMNE CSWD D A BIK Z2RE 45 b oD il

TNEFIIRT, £72CSWD & DLl & X 51289, 1 5 02.5,6,7
HCCSWD IZFEH L TEAEL TV D Z L bhDd,
3.2 REREDERE
6 1L, IS D28 Kasten &5 )L & FIVTHEER L7 K22 i
EonHERTITH D, BRIEME Ko &EEMS E R TIIEHER
Cle (FHRZH) IC LV  RZEDIREBEZFHTE L LBHBIL TN D,
Z OGNS D O FENT — & & b T TH D, 21X,
BRI VRIE R & LTI TICRT 5 H 1I8BAZ LD HIF

1200
—— Global irradiance
— — — — — Diffuseirradiance
1000
= 800
£
=
b=1
2 |
S 600 "
5 i
£ i i
= f. ! it
X
ao00 W . : ' e
" A0 ) H
i A ARE i A 1
| Il e " N i
] \ B X i R 2 ' | d " ! e |
| | i !
200 [ [ (Kl A 1 (e
| ] S ANl . |
| |l A
|
Ak
o
2011/5/1 2011/5/6 2011/5/11 2011/5/16 2011/5/21 2011/5/26

2011/5/31

4 b - FHERFEICEIT SRR - K22 H SR GEH)

694



cloudless index

Irradiance [W/m?]

Irradiance [W/m?]

~ | Near Overcast Sky
04

05| Intermediate Sky

0.5 0.6 0.7 0.8 0.9 1.0
Overcast Sky 00
0.1
0.2
0.3

0.8

0.6

0.4

0.2

0.8

0.6

0.4

0.2

0

0.6
0.7
0.8 Near Clear Sky
09
Clear Sky
1.0
0.1 02 03 04 05
clear sky index
B6 KIDREESIMEKe & Cle™
1200
ke=0.92  May.18 Average cloud ratio: 0.33
cle=0.78
1000
107 //\\X
800 v
A P06
\ Globgfl irradiance [W/m? !
600 805 /
N\ ,'
\‘0.4 \ '; =
400 / \\ = "’ lLgﬁloud ratio [-]
N .a03
w2, ,»‘\
600n2 0% 0.2
200 il i
Diffuse irradiance [W/m?]
0
5/18-06:00:00 5/18-12:00:00 5/18-18:00:00
B 7 WREOB L RERSHEG A 18 )
1200
kc=0.62 Jun.29 ——Globalirradiance
cle=1.06 - - - Diffuseirradiance
1000
Ce=0.11 —&—cloud ratio
800 /f\\
600
400
200
0
6/29-00:00:00 6/29-06:00:00 6/29-12:00:00 6/29-18:00:00 6/29-23:00:00

X8 CSWD o H & & RZEpyH (6 A 29

=4 ER L RB ORZEIREFRIE Ke & Cle

A)

cloud ratio [-]

cloud ratio [-]

f5HE | 1/14 2/24 3/18 4/13 5/18 6/25 7/16 8/21 9/27
Ke [0.79 0.76 0.81 0.90 0.92 0.93 0.91 0.83 0.93
Cle |0.68 0.68 0.54 0.73 0.78 0.85 0.79 0.58 0.86
*&5 5,6,7 ADEIEMSREE RZER 7
HH 5 H 6 1M
EIERE K 1.33 1.37 1.33
EE#DORZER D Ce| 0.53  0.55 0.53

% & Ke=0.92, Cle=0. 78 [X[X] 6 D KIZDRFEITILE > TV B, Lo
RKABREERT, R4ITRTEOIT, TX_XTHRR 6D~ R v 7 A
IXE->TWN3B,

LZAN, RBIZ/RTCSW ORIEH 6 H29 HE LW HIFDH &,
Ke=0.62,Cle=1.06 720 | X 6 ORZEFENGIND, £, 5 H
27 H (Ke=0.60, Cle=1.08) & 7 A 25 H (Kc=0.7, Cle=1.1) H [FIEEIC
REEGFMNDIND Z DD,

4. CSWD DXRZERH LEDIEE

FRNC LD BFORZEGFFNTT X THI S ORZESFKIINE 5
DT, CSWD @ AHHEZ DT E &7, F 2 RAEKITHIL 5, 6,7
HINhEWZ LM Lz, Z o Mix, BEHESBESETICIT DI
TV W EHERITX 5,

4.1 Perez ETIDEMA

BB BEDE 7L Tld Perez' VI X B S BER S EREE D 9 Th 5,
T CURZEMST N FER & F72 2 5,6,7 A D CSWD 7 — & 7> & [
A& k& H L, Perez E7 /L CHRAME L2/ R A 9 10RT, 72,
MR T OIAREGNC & ED B, Perez TF /LT L AHEE KL CSWD
DORZERAFREDK) 2.9~4 5L 720 CSWD & ILH LR D E &
LChmitsing, ZOMEEIGICRZER DI ERD D &L 0.562~0. 57
Ly, FEHoERE L —ET5H, CSW & 1 H~9 A3 TT
Perez €7 /MZ L DEMBESBEZITV, ZIVCTHE S RZER &
B2l TSRO 7= ABIRZERR ST Cep 23 3 FEEITRT, 2L
Ke & Cle &, X6 DRIDRESFOBNIZINE D Z ER3bhrolz,

1000 —
—&— Globalirradiance CSWD_May. 27

LT T e -
— 800 [|=Xx—-Diffuseirradiance - _ Cloudratio (CSWD): 0.11
= Cloud ratio (Perez): 0.32
E 01 T e A cloud ratio (Authors): 0.35 -
G 600 |rommmemmmemenoenn e e N
&
2 500 |—e—Author DifuseirratifAce. - - ----conoonson oo
s
E 400 oo N

300

b1 B e e A T

100 frmmmmmmmm e M - e s NG N

X x
x
0 ~X.
5/27-06:00:00 5/27-12:00:00 5/27-18:00:00
1000
—& Globalirradiance
900 CSWD_Jun. 29
goo | ¢ Diffuseirradiance P = Cloud ratio (CSWD): 0.11 _|

Cloud ratio (Perez): 0.38

—o—Perez_Diffuseirradiance cloud ratio (Authors): 0.40

—=—Author_Diffuse irrad}azle \
/ T e \

6/29-06:00:00

Irradiance [W/m?]
a
(=]
o

6/29-12:00:00 6/29-18:00:00

1000
900

I-=Globalirradiance CSWD_Jul. 25

[->¢-Diffuseirradiance

800 Cloud ratio (CSWD): 0.08
Cloud ratio (Perez): 0.32
— 700 [~o—Perez Diffi e Cloud ratio (Authors): 0.33 |
£ X
E 600 —e—/—\umor):im.neiuwia-wx .\
g s00
& / X
o
T 400
: # \
= 300 /
for
100
o]

7/25-06:00:00 7/25-12:00:00 7/25-18:00:00

9 Perez TNV EHBEIERTEIE LT K2R

695



4.2 BEBEDRE

Perez EF ML, BT HLD/NNF A NP —2 3 2 L BERURAT
M S, ZhBABRIICAR STV RW=D, BEICFEITTE
WREDR B D, b LRERDHIZTOBIETCHEETZ ENAEET
BIVULE S L2 DD T, REMIIEDH DO GEEEKR D,

A E TTH LR L DT, REMS L TEUCHSEEE AL D
BAE 72 5,6,7 H D4 A %402, Perez 5 /L TR /HE L T5
7o K272 A4 & CSWD DA K H S i % FV K225 b Cep 23R 9D %,

Cep = I,/ 1,5, I, =21, , I, =21, , £ :AMKE Q@

Ty, o CSWD % Perez &7 /b CH /A L TR EERRZE A T &

I, © CSWD Dfgifa K H 4T i

DI, RZEKH Cep 2 LEVME L LT, CSWD DEFRFRZE A 5t
B, ZUTO2202058T 5,

Toeyt Cep<0.5 &722 CSWD D 1,

Tgr: Cep=0.5 & 725 CSWD O T,

F3 L5 ThNDd & oI, CSWD O AT —F ITKZERLS A 0.5
ERELS TS Z EREETH NS, 1, 2 EFEHLE kK THIET
LT, TARfHLN D,

(Zl4r + kKX Z14 )/ 1% = Cep (2)
ERNGRDTZ5,6,7 HZ L DIEIERE k & EERD K2R %
# 5 1TmT,

ZOETERE k ZH L @ CSWD ORZE A ERICEH L, Perez
ETNCTHE LI RZEAFNRERE U LI b ORK 10 THh D, i 7
EIETIEH DM, Perez T ML DHEMEITIFIEE LW E03b
Nh, ZOELESNT 1 KRR ZE H & E2 6 - 72 A B0 K227 H
EHOTORTER L L b SWEREVBEETH D,

300 o
[ T T T T 1] s
May, June and July I al
r
Z 200 y
5 P
= e
2 =t
8
& 100 -
® ”’
= K3
[
o I d
0 100 200 300
Irradiance (Perez) [W/m?]
10 Perez £7 /v & i HIELERD LR
10
—®-0SWD  —FF CTYWV AT MEC  —©-SWERA X CSWDrefired Shanghai
)
E
=
o
E
S
2
0.2
00

Jan Feb Mar Apr May Jun Jul Aug Sep Qct Mow Dec

B 11 CSWD KZe sy bb & IE#E R

696

5. &

AR CIE, HE EOREEFER LT — 2 CSWD % fit 3 TR HER:
R[REGT— 4 CTYW + TWEC « SWERA & th~/z, fESg & LT CSWD @ 5,6, 7
A DORZERR Sy leldiied T/ S W2 & AVHIIE L7z, CSWD O K224y b
WXt L. @RS D Perez IC X D EBDBEET VA BT T 2 L &EL
I EZT, REEDHOACEMBBEEEEZREL, Zhic
LV CSWD ZEETE T,

HiEE
ABFFE IR (21560616) DHEBY & 32 1T 7=, F2 L THT 2,

SE XM

1) Z. Shen et al: Research on the typical meteorological year data of
Shanghai for the building energy consumption calculation, HV&AC,
Vol. 40, No.1, pp.89-94, 2010

2) S. Lu, K. Emura and N. Igawa: Statistical characteristics of five sets
of standard year weather data in China. Architectural Science Review,
Vol. 53, Issue 4, pp.415-428, 2010

3) M. Collares—Pereira and A. Rabl: The average distribution of solar
radiation correlations between diffuse and hemispherical and between
daily and hourly insolation values, Solar Energy, Vol. 22, pp. 155-164,
1979

4) L ZERARTR IV D T v X ARGET L, THERFREEANF
RIE+Fw L, 1980

5) L. Benjamin, Y. H. Jordan, and R. Ci: The interrelationship and
characteristic distribution of direct, diffuse, and total solar
radiation, Solar Energy, Vol.4, No.3, pp.1-19, 1960

6) FJI—4h, JEAKEHEL T I RRIC L SBARGHEO O ORET —
2 OHFFE, 22N AR TR CE, No. 0, pp. 1-12,1976

7) ENRIE): ANBOHED O DRET — Z HEHLH, B ARRESE KR
S (BRBE T4, pp. 249-250, 1995

8) EMEJR :Gompertz BI%IC & 2K FHi4 R B & & O EHEEC BT 20,
A AR LA BRET R L4, No. 580, pp. 31-37,2004. 6

9) E. L. Maxwell: METSTAT-The solar radiation model used in the production
of the national solar radiation data base (NSRDB), Solar Energy,
Vol. 62, No.4, pp.263-279, 1998

10) F. Kasten and G. Czeplak: Solar and terrestrial radiation dependent
on the amount and type of cloud, Solar Energy, Vol.24, No.2,
pp. 177-189, 1980

11) R. Perez: Dynamic global-to-direct irradiance conversion models,
ASHRAE Transaction—-Research Series, pp. 354-369, 1992

12) RIS - JEIRT A X AKRT — 4, BABEERS, 2000

13) N. Igawa, Y. Koga, T. Matsuzawa and H. Nakamura: Models of sky
radiance distribution and sky luminance distribution. Solar Energy,
Vol. 77, pp. 137-157, 2004

14) F. Kasten: Parametrisierung der Globalstahlung durch Bedeckungsgrad
and Trubungsfaktor, Ann. Meteorol. Neue Folge, Vol. 20, pp.49-50, 1984

15) E. Emura and K. Emura: Comparison of Several Solar Radiation Models
from the Data Collected in Japan, Trans. A. 1. J, No. 476, pp. 19-27, 1995

16) EEFAED: RRARENDEEAHE L R AR EEHET L4
EBT O & G, B A S 2 F SR AR S0, No. 512, pp. 17-24,
1998. 10

B8R
N DR ZEREDIEEOHE R OFEMILL T O L 5,
K.=T/Ip , Cle=(1-Ce)/(1-Ce)
Ce=14/ 14
Igo = 0.84 x I./m x exp(-0.0675 x m)
m = 1/cosy + 0.50572 x (96.07995-y) 6364
Ce,=0.01229 + 0.07698 x m — 0.003857 x m*+ 0.0001054 x m’
—0.000001031 x m*

K. : FERIEHE (clear sky index) , It &K A HEW/M] ,

Lo! HUERRKFHRN/n] , Cle: BIHHEEE (cloudless index) [-] ,
Ce: 77U K-bAval-], Ce: 7Ty LAval-],
Iy RZEAHEW/], L0 RERIMEREEE R HE=1367W/n"] ,
m: RREREL-] , v KO KIESA [deg]
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