23 A
2012 4 8 A

VAN IR S O 4
JOURNAL OF APPLIED METEOROLOGICAL SCIENCE

Vol. 23, No. 4
August 2012

EME B . BRI AR R B RE BT IR AT R A A S A4 4. 2012, 23(4) 1 505-512.

B A IREE S 43t KPR &E

EH A
2O [ OGRS MRE K FH BB B IR A 0, b st 100081)

VP EAEB2E B, AL AT 100081)

-

i

RBEITEZIONEREE

B E W

C:o
=

S R B[ BT AT T AR PR AR S IR AT BT TE T A A AT B R P i R AR R
) DRl 3 L T Al B 4R 2% 1 W B R AT ) B, A LT P O B R Tk — ) R R e A5 B R 2
TR o O F R T it e 5 12 AR 0 ) AL SR i S S0 3 Y R S S A ol T I A R R R e B X
TR R E T RS A AR R IR R R A R A ST . % SCRI ] SMARTS BECR 3 £ R 0l 10 F- 3%
T 44 % Y B2 B AL 8 S5 A0 A1 B8 £ 7T 240 M P 5 2% 11 A B O S K L A A ik il i S I L 2 T TS ) At

SRS AR AT B KA A H B
KRR R BURIT O SMARTS B2 i K Am 4

55

i, — 645 B M X 7E 5 336 24 1 A B 46
S R, 3 5 SR A 7 k2 i 9 Angstrom
sk, By

H:FAM+6§L 1

DS Iy KA i By 52 BRI 580, S0 O is i Be
(Y9 ] eI B, PG B R AR G I BERY OB ) R
Ho o K& izt Be it K BH 4 I8 B CFf BK K SCHR
M) H O AOR H B2 I B2 94 3t 1T K FH 6 IR B s
b R IEHRE . T IEAE 20 tH20H0) & B L AR
W 2 3 Xt JARL A AR ok 22 T i f) F 9 TR A N A
Z: WL SCHRL L] s 3 [ i — 262 5 7 20 42 60—80 4F
ARt e Ja T LR AT 5 X b AT iF s ke it . 554
MRy T R A A3 ) R A DG T H AT T R SR AT
A3 0 R 4 L BT 25 B R AT T B A S
HA 25 s i 2255 VBt . DA PR AIE 2% 300 3% 5 A
iy J3 R AT RE R 2 B T WM B S P LA
TEAIF ] 8 S A T 3 28 st R AT RE Al 2 HA 5
P S ORGSR 2 1 NG A
R L T 2 A0 A A4 Y 15 B

2011-09-20 Y5, 2012-05-29 Y 2 P BcFi o

A AR TAEE — B S A
TR L E K B 58 56 55 M T 0 7 P o T 0EY
EIRAFTEMP L [R] R 7 A TCHE— A R AR R T 7 AKX
SRR AT — 2 R A R IR A ST H N

1 Angstrom J7 3 16 EL 44 i JFH Hh 1 vl 2t

B A B06 32 P2 1 8 6 A 0 0 1 1o
&AL ¥ 1500 m DL gl X, SR AR
AR O 2 B T A 45 B R AR 1L X
T4y o R 2 R A R T RR A 1 DR YRR
B A LE Angstrom 22 b Bk A, HE
BP9k Il SR P 2K AL 1 9 b U A 4 AR AR
T 3 22 ) S 0 D L % T4 [ 4 A A AR 2 T
(B BE 750N o 0 44 70 B 1 S 00 6 LA AE . Y IR S
S A B 46 S £ 5 ) DA 6 77 90 728 D5 b X T 35 B
),

2 AR
2.1 f&g7E ERME#

TE TR A 27 2 48 8 S B K 2 A
A AR R SCHR B A X S RE BRI S PR

BB H < 2> f MEAT Al OGO BHIF & 300 K B R B R 9787 (GYHY201006036)

* E-mail: wangbz(@ cams. cma. gov. cn



506 M OH A

% 4R

%23 &

i s R A8 T TR RO B A R A S I e R ake AT
QbR I 2z L H B A ARAE B AR R 2R . X R RO A
YRR HA B LR 2% R e X 3 [ i 4105
F1% DXl 8L W] o S ol AR A R T B3R T
TR A A T A oo B R 6 B AN T SR, 52 B b 3% 7 i T
EQIAEIS

FE R IR R0 A 223 T kR = AU B i
PIEZEFFAR R R R . 5. =B H WK
RO H o 4 YRR 1 IO T H SR AR
LR & 336 3 EROBE 2% 0l A O 2 B i B0 TR e
R T AR AT AR TR . S5 Ah 3 A Ik 2 A L L 35
A SR BT B 0 RO % TR BT DLl
RERTZINAT

20 fited 70 AEARK, EAH AT 5 A A 3
REOR T A i O R S R A D o 5 ey 2
il S A A U L R B T R 3050 m, T i
W 7 S Gl HE R AN #1500 m AR U . BNl L
MR EEA 22 T3 1/3. R R AR Z M. X
i JCTE 19 5 0 16 T 52 2% X SR JC A AN AE S AT 22
F14 B (LA T 2 fFL 3SR 8 % S 5 i A e B ke
R . BRARR UM A S O R AT L 4
T L RGBT B R R L 8 BE A ) e R
. HEE A — R — T R0 PRI
“TUAE L DA A S R K BH R R T S
BB O RFTE . F3 A0l I R A [ R B A o Y
RO WO BL B 2 P 2 40 R (W)

BIEIB A BRIk R, A5 4000
b:O.55+1.11<V%/)0 2)

T FF I T8 8 2 KR &K 5 AR S5 B
U B — R B A B AR R T
BT NER s = 3 C a0 B S S he g W = N DD SN { Y VS E Y
ONECERTT SR AN 0 1) i R I A I e L 2 A
OB 2 B AR AR IO I B AR KA 1 e (AR
A LBRIERME T AR BT IRA MR, 55k,
B TR AR RS A [ 4k = B By 22 AR TR
ST B R, B A 25 R O R B 3L X
R0 B R AR BT E s
2.2 HEITIEEI M

b TV 5 W6 T 16D B 987 % AT 43 SRy JL AT 3 0 b 3
5 HE ARG (DIS) B il

JUAT 2 R AE 20 tH 22 50 ARk A Al I3 I R AR
FERMAT LB RGO, T 0 A B &

v S A A AT RO R
W AN T 19 35 17 % G 5R 1w) >4 4 TLART IR 3 P L ART 45 5L
2405 R AL B e e 3 M L S PR RN U R R 258 T oK
DA b A S A HL AT 2% 1) v L L e A S i 3

T ) PR o, 5 v R 5 T T LA T e A Ak
A T B Ak B 7 1% -

ORI E S I NN W VS o R Ol FRs S
PETR BT LA M T 35l 0 0 ) s ] AL (H
204 1y 6 R B — B0 R AN S B AR HE 2R AT AR A
TR ) T3 R A M TR % R A A
LA VRTINS S 8 NI @R B3 A LN =3 NN
25 IR TR i 1 O T A R AR . g B
F14) s B2 (] 25 7 ) R 43 9 T R T B R e S
BT EZRHIE A% A E 2 RiRE, OF
S8R FH I 2 55 [ 1l 5 R A5 v o0 R AR I GTOPO30 42
22030 m, 45 FE L MO 1 AR A A X R 5
WK 20% .,

@ FIl AR 1B T R SR 9 43 A 2 R A
PL T km X1 km 43 25 10 500 5 B A5 7 (DEMD %04
YE R HIE 25 6 B e 15 Bl st BRAE 8 R 48 ARCGIS 8. 1
ARATAS IS S BE B ) AR R R R R T
HH A5 I s A5, 32 T 52 1) I 17 T SR 5008 ORE I 1 H B
H AT AR % R SCH 38 IR Ho 1T 3 45 2 b
TE 0T 8 B R SC R Ho,,' IR T RN
P 25 bR AR T T ) 45 ol i S B 1 e B

Hopy _ Hiog
H. H, ° (3
A H, g KT 48 IR H, o8 AR 3B

T R,

KOBEMAH, L SO ER, £ -
B Ih A T A E HE R R s R B O AR T KRR
M) (4 1 43 TRCEE 2K (3D 1 43 F Fi 43 BF E 3 AT B SlHKH
HEATIR R H, F1 H,, p BAER — K& T,
M4 Bouguer-Lambert 5& . 7548 % JEOG 1 i
PO RTHE T o AR A S S 19 o 0 v] 55 4

S, = Sye @ owratio €))

KO H LS, AR PHF E, S, S F 3k H 1w 55 IR EE 0
PR R, AR & Ler AR F.0, WR
Foa HRER . w KK M B NO, CO, F,m N
KRATFiE, JFEMEAN

m = m, (L), (5
p()



%43

FIAE A B IRFRIE A X K TR RE BT I Y 4 B % 507

KOG, p Rl fAE S po AARUE  me bR fE
RETFMRAFE. B rrmm, X ) &S 4045
F 143 B A A AN A AR % A5 AN BB BT 5 )
HER Hip 1 H), JEEMFE R4 TMAR, 5
Ab s To R TE R AN BER AR TC R AR B R R
THRIHEO . X 222 UE I 2 (3) AN GE fif P 4 F
G T 1R Y 0]

i X EGE A H O S 2 BT
28 H W 5100 m>< 100 m'*, 90 m X 90 m"**! ]
M BT B A AT AR AR 0 A A8 20 B0 P B
AT LA . o A BRI LS O ) B A
A0 A T A /0 1) i 5 B P R 25 8 K
T B0 T 5 @7 WL RUBE 1 68 SF 0 A1 ) L o A B 5K
T = A D AN B AE Al A i — 2P Ak TAE O
o AN AT I 1 o L G R] )y BRI 6 2500 A
N2 KA S /N IR E . R E AN B 24
LI RIS LB U M o ) AN 2= S 1 N S
100 m>X 100 m JRUBE A0 R] 8, [ A 0] 0 55 35 S
TEZNARIMEZH H TR T .

3 R il M H A R Wie)

3.1 X TERYfE 2 E )

e R B TR 5% K BH o 5k iy S gk 2 — 1L Atk
Bk 0 Ho J2& W K48 3 o T i o 0 K S 204l
AN At B 2 I R e O A R (. IR N RE
S Ho X3 BEAR S OC &R o

B iR 7E i D 7 JE0 0 R S A R L R R R
W H, WAVER T B2, 8 T ff oo 35 B 0 52 Tl
) FH 5 R e it B HE T L 3E 6 Al % e O R
BN TREME S KIAEENSER X R

H, = Asinh + B(sinh)” + ¢, 6)

SR ANCHE K P = BE AR A R A T A T e
I R S T A N A 11 L A A DG R BRIk 0. 98
~0.99, P A ACEE K BH w5 BE A A TR AN 1A () b s F

T AR A [ B 51 R A 22 . o

PSS ERY i 8

2 Iy FEALE H ST R i B )
B b 2 2 (D iy H s 9 A BOR SCRE Gt
(Hopo) N5 1 el B SUR  (H o) N5 2 3
oL 5 KR (Ho.o) 45 3 LBl 7RG K& H Y
TR A PRS2 AT IR EE ME Bepasin (9 2118
Tk B B h T R R

E,sinh
Eor =T pn
KOF KM EEMR.m BRI TERE, [N
Bepasin AR5 ST BSR4

(D B SM IR E 5 iZ PRI 5 Bouguer-Lam-
bert EHAH LUk W AF 2 F R . BR T m Al LA BLR
HEA 5% A1 A AP A3 1 2B AR AL RE f Ok I
BLRMELLRR LB . T2 IR R 20 gt 50 AR
FRRIE S B+ 5 R AR 2 G & 8 BIHR afi LA DT I L [
W 12 7 2 S 5 VTG AR M DA AT Ay 22
3.2 B

H RTBF 7S T4 9 3% 5 45 4% & Angstrom 2 3,
NN E I R A Dk ) A AN 2 2 it %k 4 S A0 5% i, 9 L
NI LR B Ho 258 ST 3 i i = S 50 42
oo 3% TS 04 SR I 2 4 o 4 T B Y e K FH
B EA M I A5 AR R Ho Tk

AHIEFE BT AR 38 19 & Gueymard A il 19 SMAR-
TS 2 =0 7E — KBRS AT 5 () 4%
MODTRONS) X [7] — Hif B 52 0 2 £ 49 %F Lb i 3 v s
HA ARG R RO 2 R 3 4 1 MODT-
RAN #22 (B D, iz nT ULAE W B s B
B R T P S 45 R 56 S
MR DA S A O A3 B 3l b, a5 R T SCEk[27 1, \T
HZH.,

A 2L i P S A A 3% T ] 3 B — 28
HEKIS AT X B A T LR R R SM-
ARTS #X,, T M 5t Bouguer-Lambert % 3 (4)
A AR R R BGE TN A TR R NS
JERENEOSR B SG0 OR U5 534 ) 5 3% B X 45 3
BRSO 052 I - T 44

O HAE  HIEEE NASA A6 B2k HE N ZE
H R AAUEE (20052009 4E)M, 28 45 11 Al b P 3%
2 28 3 S TR PN B B L 48 s RS A 6 M ks o A
P, 2M5R i 54 R R K PH R S 1 58 03 4y X
T 5 H B SEBRFE A P A AT R E X T 4R
SRS M 6 R ] A i A S 8z — & 2 LR ]
H .

@ “KEJEJE R e 224 M7 44 55 ) B A R
A 224t P3O A

Q® AWk mTEAAGEETEMIERS
B2 6] A A ZE 166 R 1T AT Angstrom i i 2 8
B (1000 nm 4k DL 7 98 X 5 3R 7R 19 S O 2 I8 B2
AOD) . Schiieppif it 2 % B(500 nm Ak L% FH X 02

7




508 LA

b
e

Eird 23 %

g
61
4l
il B
0
N J
4l
6| =

£

PEALUE 5 LI 250 /(W - m ™)

MODTRAN
SBMOD

=

MARTS
RAPRAD
SBDART

S

78 —
O] A A 25 AR O EATE T

I st R

T AR R S 0 4 SR 2 i S

Fig. 1 Differences between simulation results from six

models and measurement results

[26]

DU
411~439
]

391~410
L]
371~390
L]
351~ 360
L]
351~ 360
L]
341 ~ 350
L]
321~340
301~320
L]
281~300
=
261~280
L]
251~260
L]
246~250
@

241~245

236~ 240
g Y O
/1 230~235
. ﬁ L]

B2 2005—2009 4 1 H & [ 54 Fi
Fig. 2 Distribution of O; over China in January during 2005—2009

/N AOD) \ TAU550(550 nm 4b A AOD) .V (L1 Ko-
schmieder 75 7 2 Bl 1 AR LD A1 VIST (BB UL D)
Z T e, AR IR E HAACN O I
B DL RE PR A . R & SR R 06 R 3 L S
BRL27].

@ KREE R RR A F K P 5
T LR E TR R R ARG = IR JohE
Xof A S (R R OAS BE 220 . 20 20 80 AR AR AN IG
SRR 5 3 3 — R S5 A AR 22 A A R DA 3 TR
WFFE-0 o [ A0 B AR B SCHR AT 2 58 [33-34], XFF I
WEM GRS X EAEER., TER N,
AR [ P SRR 22 5 IR 4 ] A SRR A
JRIBRPE L A 3 TT DL 2 25 HL A SR B AR A A DX N PR

ol R 3 AT PUE 2 B A O B Y1 R IR R 2 R
/AT

B 25 0 2 B0 D0 0 B AR el A3
20 M P B R A CRL v R0 3 1) LA K- T A LA
BUR AL HR 25 o THIR 228 H BEAT » 6 45 20 25 7
FEC N T A BB Y A B AR I 2D K
WA KT 6 ming 24 1 BRE AT B 45 R e B A ARy
i [A]2 K EA /N T 15 min,

4 RS
i i M A SO A 48 09 07 vk LA A

F1 8 S A R AN B SE BG  R O BL AR R PO VU
JEE R 25 IURAR S B AR5 I 42 A3 A1) AR — b i iE



%43

FIAE A B IRFRIE A X K TR RE BT I Y 4 B %

509

P TP A RS ER 4 A AR B sl — Ty
ZEWERI TR, Tl 2512 i UL, Rl I S 1L <
Gl 5 ARG 0 R T 28 07 T 1 B AR —
X

F 1R T 15 A o A 1 R O A5 I A A
AR R K PRI AT S 19712000 4F ) 2 4F
PR R, AR S BR AR WL A 1981—2000
ERPEIESN A SRR SR AR . 2T
U i Lyl 2 KR B T B RS L 2
24l S 45 I 700 hPa, B R HR o 10 B R BE B 4
120 km, 2% & EH2R B8R 35 750 hPa DL E 1) /K ¥Rk

R, FNAE 700 hPa L F A E 25, K IR A K S 5 1)
BACAR S FRIZL . 22 2 R g4 T 5k I K 4 5 Y
THEZE R R B 5 T R SMARTS 2 53158 8
RICHET

B2 1 iS50 A 8 SMARTS 2 5 o, 3 5L
3 min NEEITE L IR, b HEBEZH%., Mg
HE AR 3 R MR B K BH R T (2) (B AR K
PHEZC(CoH (T2 H MR 85 37 1) FLE H 5 8 IR
(E)). I cosZX Cr 153 K1 _E 5K SC4R 55 9
SRR cosZ X Cr #lE, #47T Bt e g - 0
& 180 s/1000000 , 44 FA 055 A M/ m” .

®1 SMARTS BEF T4 FEWANITESE
Table 1 The necessary input parameters for SMARTS model

LA U JE Ll
Ay R UL REUKIR MmARIR MW RE R REULE  REEUKIR WbEARE MR

/DU /km /cm /C /hPa /DU /km /em /C /hPa
1 270 6. 45 1. 33 5.6 964. 0 277 32.83 0.01 —5.7 699. 4
2 272 8. 46 1.49 7.5 961. 5 278 26.49 0.01 —5.0 698. 6
3 284 10. 08 1.91 11.5 958. 3 289 26.19 0.01 —1.3 699. 6
4 293 12.12 2.58 16.7 954. 9 298 22.34 0.01 2.9 701. 4
5 288 12.72 3.38 21.0 952.3 290 21.92 0.02 6.3 702.8
6 285 12.72 4.41 23.7 948. 6 287 20.78 0. 04 9.3 702.5
7 279 12.13 5. 18 25.2 946. 5 280 18. 87 0. 04 11.6 702.7
8 278 12. 39 4.95 25.0 949.0 279 18. 56 0. 04 11.2 704.5
9 273 11. 46 4.13 21.2 955.5 274 19.08 0.03 7.7 706.0
10 263 10. 07 3.05 17.0 961.0 261 18.91 0.02 3.5 706. 2
11 265 8.03 2.09 12.1 963. 9 261 31.69 0.01 —3.0 704. 6
12 267 6.11 1. 50 7.2 965. 5 261 39.08 0.01 —3.5 702. 1

*x2

REREE (B L bR REBST I R LIRS E AR
(BAGL:MJ/m?)

Table 2 The calculated clear solar radiation and

extraterrestrial solar radiation at Chengdu Station

and Emei Mount Station(unit: MJ/m?)

BB SRR Ui Lty
RO WS OROURST g

1H 653. 1 325.3 652. 6 526.4
2 A 721.5 399.1 721.1 590. 8
3A 981.6 575.9 981.2 824.0
4 A 1106. 1 673.0 1105. 8 934. 6
5H 1242.8 753.4 1242.5 1046. 6
6 H 1237.7 740.5 1237.3 1019. 8
7H 1256. 9 765. 6 1256. 6 1043.0
8 A 1175. 8 711.1 1175.5 970.0
9A 1004. 3 597.4 1004. 0 829.5
10 A 860. 0 491.7 859.6 706. 3
11 A 670. 8 349.9 670. 4 554.3
12 H 608. 4 292.2 607.9 494. 6
A4 11519.0 6675. 1 11514. 5 5939. 9

5 PO 2 # O SR S 0t T A A ) K L A

MEF H W M Y R SCHRR S A 25 91 A £ (10 MJ/m® L)
P o PR Ry R S S LS s L 5 B 1) bR B 4 22 S R
K EERARMA S K, AFE P 7 115 0 Hb i
& K B A 22 T % (150~ 300 MI/m?®) . X b8k 2>
HiEgmEE it AR, KO latox S/
So) B SCRRRE R B a A by X TR SCHR ST (He o)
FG RAR S (Ho.o) R VLR AR ANF . X FRT# . K
AHR T S G 3 S ) R T R R4 2 L (AT L)
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Reconsideration About Effects of Natural Environmental Conditions

on the Calculation of Solar Energy Resources in China
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Abstract

In the calculation of solar energy resources, /o\ngstro'm method, by means of the sunshine percentage
is most commonly used. But it should be noted that this method is suitable for regions where the natural
environment is relatively homogeneous. Such conditions are easy to get to meet for small countries or re-
gions. However, for the large countries, e. g. » China, it is inappropriate to make an assumption that the
natural environment is homogeneous. On one hand, the impact of the terrain on radiation can’t be ig-
nored; on the other hand, other atmospheric factors that affect the radiation incident, such as the layer of
atmospheric water content, content of aerosol particles and so on, also can’t be ignored. Former Soviet U-
nion is also a vast country, and its scholars exclude regions where the altitude is higher than 1500 m when
they are dealing with the terrain effect. This approach doesn’t resolve the radiation distribution in the
mountain area, but from a scientific perspective, it is prudent and rigorous.

In the previous researches, the selection of the basic radiation, such as extraterrestrial radiation, clear
radiation has been paid more attentions to. This is very important for the Angstr(‘jm method; however, it
doesn’t consider the former facts influencing solar radiation enough.

The clear radiation close to the actual conditions is calculated based on SMARTS model from Guey-
mard. In SMARTS model, each factor influencing solar radiation is considered, such as the whole layer
water content deduced by surface water content, the aerosol effect considered by horizontal visibility, and
the ozone effect derived by ozone content distribution. The clear radiation calculated in this way can be
used as basic radiation, which helps overcome the lack of previous work ignoring the atmospheric impact
factor. Owing to lack of observation data, the clear radiation in the whole country is not calculated. Only
the clear radiation at Chengdu Station and Emei Mount Station are calculated. With the previous method,
the results are much the same for two stations, but with the new method, the differences are quite obvi-

ous.

Key words: solar resource calculation; SMARTS model; clear radiation



