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Abstract A modified automatic cloud-screening method is developed using 1-min measurement of surface down-
welling shortwave global and diffuse irradiance. Clear skies are detected firstly by peak frequency density of ratio
(PFDR) method. Then the detected clear-sky irradiance measurements are used to fit the expected clear-sky irradi-
ance as the function of the cosine of the solar zenith angle by the least squares fitting method. Afterwards, the
PFDR method is applied to the ratio of observed total shortwave irradiance to the predicted values for the cloud-free
sky condition with the fitting expression. The clear sky detection method is verified using Total Sky Imager data and

observer reports. The result shows that the average accuracy is 90. 9% for the solar zenith angle less than 75°. For
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the modified cloud-screening method, the uncertainties due to both diurnal changes in such variables as column water

vapor, aerosol loading, systematic pyranometer offsets, and solar zenith variables are diminished. Cloud occurring

frequency and cloud radiative forcing (CRF) on downward shortwave irradiance at ground are calculated based on the

clear sky detection results for Xianghe and Taihu. The cloud occurring frequency and the CRF show a distinct sea-

2

sonal variation with maximum in summer and minimum in winter. The annual average of CRF is —39.5 W+ m ? in

Xianghe and —66.2 W « m ? in Taihu. The seasonal average of CRF in Xianghe is —25.9 W « m ? in spring,

—70.9 W+ m % in summer, —51.1 W« m ? in autumn, and —10.8 W » m™? in winter. And the seasonal average

of CRF in Tathu is —84.6 W « m 2,
from spring to winter.

Key words

Z SR G Y BE S U SORT R SR i A A
SRR . AMEIE AT BRI, BRI
MRS ST (Ramanathan et al. , 1989), =
Xof HER A A - 24 0k R A 3Rl R AR . 247X
RRGH LN, mEakAZ N, FE R
SR, X AR RGP U BHE T (Potter et
al., 1981, "WML S = m & /KEE,
I B A s 5RO R A R
(Hartmann et al. , 1992; lLiang and Wang, 1997;
BIRMI AR, 2009) . IRz XS HBR AE RIS
ek (Platt, 1989). BEAN, 2S5 i 5 #k
BRI 5 oA, JE M R . (IR BE
Sy | DN N U DO R N RS TR AT
(Peters and Bretherton, 2005)., HE], =-551%
Z ] S5 5% 22 1 fE 2R TR I A AR R A 7€ 1
—J5 s i s S B R A A R Gy A ) 7S AR
AR K, Kaiser (2000) 4387 7T 1951 ~1994 4F[H]
HERER A X = A2 Ak, R E X =
BT, PEARFMARIE S 8T FEEE,
B 10 4EFFA% 1% ~3%. 1960~2000 4F, Rij #5 Bk
Hh DXt BRI AR = 98 26 [ =
K= B BUCRE N (Sun et al. , 2001), HB—J5
T e i 25 o B3 2 L WL AT =5 e .
BBTBL, 2= W TR 1) 32 2 Hy b T U5 0t 1 R DLW
W, XL AL 45 = 2R, m @ Mg s, (|
ST FOULPEAR R, BRI EE /N B 1 0T L
WER K. =Pk e ml DLl 4 R gAY
(Total Sky Imager, TSD . Hbf#EOGEH &M A %
WOCT AP X AR AT DL H S A =, A

—89.1Wem?, —50.2We+m 2,

and —44.1 W « m %, respectively,

irradiance., cloud detection, peak frequency density, cloud radiative forcing

AR st ) 3 B, (HRUATR 5, dE4P QoA X L
B AT LA p LI 14 b 298 I FH G ST s 3
A L S T VR A AR R R B 2S Ay BER ] e g gy
BRORZS RO, 38 T S S 000 Y b T 3t . 1 B
(1) 2 ARSI 3 Dl % L vy BF 223 b R = 8 Bt
THRER.

HET =/ B S s s £ 3 . —2
A DA GORHY 20038 PR sl e i 22 5
Kz . Ackerman et al. (1998) #i ] MODIS
ZHIE G B X RFIE R IR 4K % i
BAL BRI L 2 ekl = s =2 L 1 K b
VLI P4 I P SR AR RO R S B I (B A 2=
Conant et al. (1997) & H X} F 5 — 45 KA
ORI 3 238 1) L 23 28 R 7 I O A £ R oy T 4 ) e
B, fEx RIS AIEE. XF kD T8
JREFIZK VR H A2 A X B 52, (H R 28 R BH R
T4 . FERTHA KT 45°mF, BN R TR A 3
TR ARG AR K, XA 5 =5
Hb R BH B S ) AR AR T, (AR R E 2o R
AR B2 73 A1 PR T B I WA {7 A RE ARG T R
A S i B 0 LIV L, A0/ DK BH R T A
520, Long and Ackerman (2000) JFk T 3T
b2 A TG SR RIS R S DR A I ARG DN B
W5 0 Ly 2 K B o 59 e DA — A~ 58 R
B, P MR BH B R S Ak A — B
SR 5 1 F A 1 b 2 DR BH SR S A | SRR A
Wr Rz KO0 . 3% P45 53 07 ¥4 80/ 1 R BH R THUA 1Y
SR, B AR HIOR A 0 s v A I T 4 2 1
BORHA - 25 . ASRE S WS K VA Y H A8
RIEZ I, Cess et al. (1991) BYECHE 70 Hr 2 W1,
S35 b T P I A /N B - 5 b, 26 O Y Sk R K B
KIUARZARIFHLNE R R . Khatri and Taka-



54 Vo VA5 BT RE S0 R S UL BB 2 A D0 B vk A
No. 5 TANG Jinping, et al. Modification of Cloud-Screening Method Using Ground-Based Broadband . . . 611

mura (2009) 4 20 IH L rHF 5 5. X
Fh 75 2 LR 2 WU AUA T b2 DR PR ERE 2 5 K
FH R T AR 41 5% B B 96 2R o AR 48 S B R0 g . 5
5200035 0 505 S b AR AR M 2 75 I K I A
SRR 2 o X A7 e e 1R BH K T A Y 5
Wi A TR AU 22 T K I ] 1 33t i K 8 )
MGEiHas R, RS R RAARZERRE R
XoF 2 BTG G FK VRS A B AR 1 XM L 3
Fi. Duchon and O'Malley (1999) L F X080 () %5
S S AT AL 1Y I R A 0l = i 2R L e A
FOREALL 1Y) Wi K e S ¢ Rk 3 DA 4 5 3R B0l L 4% T
1400 W o m™*, SRJ5 4455 — I 20 1 e 55 3 ok LA
LI F SRR ST ARAE 21 min Y45 FS Y B S Y
Pt 22 A B J B S 5 B L S A B =2 L Y
ST E Z R AL, B KR AR IR ST
FREER . X 4 FhOTEEA SO0 TR R TH
PR, EAR R 2 A A KR H A8k 1 52
M, YA IR BRI R . R SPiRE
Wih Ko o PR3 g S 3 s U R R A
TR FHVE B b 2T 25 L A e RK PR A e
L.

AR SCNE FH 1 22 LN 114 DA B 4 Sk R R S o A
Bl TP T HOAE R A5 B W (B, AT ] Ik (]
KFRTA 80° AN B Bh R as IR OL . J7 i b
FRR SIS BB DD T R BRI . SR B FI7K A
ALHIREA X R RTOUM A R K K =
B IE O PR B Ao 3 i B[] 3 B 8 1 = TR
=R R SR 6 s o N 1115 NS D G R E2 9 3
SRR B 2 A M T %) B S o e PR AL T AT 4R
M.

2 HESRIE

AR ST B4 I B ok b ERL 2 B KRR
PRI I B0 A T KL A DR 56 3% A = — IR IR
— ARSI 5 AL S . ARG (39°47'N,
116°57'E), i Fidb s & &, R mEIEL 95
m, PEAEETTTPOEA K 50 ke, WL 57 P9 3 1T 3
JE A i KSR . A IR SO & 2 3%
S Ae RS- 5, 555 E T B RS
1, 28T 25 S bn R I AL 28, A4 K P
GG SR B AT TSI, 3 S Y 38 10 42 2 25 JiF

L 6 my, LI 28 ) AR BT . A E
o 356 4 b T 45 5 ) 2% (Baseline Surface Radiation
Network, BSRN) 9 J5t A5 HE I A T 1% 4 2%,
LIBE BRI, RS2l (31°25'N,
120°12'E) g FRMBIAAES RGN, L FXR
WIARRE . BRI, =2 20 m., & S 0L
ST . B B B
2.1 KMHEEWEISTER

DR B 98 7 G SR R0 RO A A 43 ) e
CM21. H#EESFE (NIP) FOHC 46 5 %6 (Black
& White ) X280, NIP 1 Black&- White #5%
BEAE R BB e b 0 S0l I DK PH B 42 AU
OF. XEARGTRIEZR AT C oS AR . T Hik
FE LI R E AT bR g o 8 S 2 A U 4R
T 25 R 3 8 B 2 ) Y FALT A S e i Ok B B, T ol
LI R R GG, BRI L “FEER” . X &R
TR A p 1 TR) R0 AR A, 1 T Y RS — ik
Pl 3 W e m 2 o ARSCrp il F A Bt 280 5™ 4 1Y
Fra i AR . R T BSRN AR A5 ) 2
(Atmospheric Radiation Measurement, ARM) #
R BT AR 7k DR R RR ER RE R 2 T
AL = AL B 25 . PR & SRR ST E I 6 DA e
TR S RS e SR 22 Y 56 R AT R A
AR MENG)E (Ohmura et al. , 1998), B R LL
g AR A A AR, AR REE, H
B TARA Yt KT R Bl b, BATTRY
A—FHERT 10 W em 7,
2.2 EXRTHEER

SRl Ry TSI 437380 A glid 5 R 2R 00
AR . TSI Y IR 25 WL I P15 Sy 56 ik Hi Az T 1)
ik, KOy m KRR T 2% hriE. TSI
MEBLL JPEG #% X474, Wk h g M=
Ko BNE R A TR B AL B, X84
RAs WP BT A RO X 53 = KNSR . T 3
R R, TSI A AL A 160°,
RIFERTOUMA KT 8O I Eidls AN REAT, PRI AR SCHR H
I RANTE R T /N T 8O HYYE R N #EAT T 3501k

3 =HRNE%E

TN R BB AR A BT VR . — M
o TRPR BRI A B VE T 25 AR X

il



S R

612 Climatic and Environmental Research

B R 16 %

Vol. 16

KBRS A 3 5 AN 2 AR 2 % K B 42 i Jp 3
PIRE I % R R = R WO E T B
A E 2/ b 1) A ot T (9% O B 6 gl B 5T X
RN . (AT B A% 2 X 1) 35 b 3R 79 K B 6
WARRAOR . W10 = ABA BT R I,
s K P L A S B AT T b T B O A
FHEN 3G 0 3 35 3 22 0 HCS R O, PRI 5 4 S 2
g, XPRN B RN, SR XA DL D
FEF UL, B 3 K PSR 5 09 BT B AT LA
DX A2 R K o SR . b T 22 080 1 6 S AN A
ZHN o AR CAE 52, 4 FE
RBARTGA . H IR 2 U . 5 SEAR A b 3% K P
SRS R (B, BaEIERTEND
nRK, UMERXERREN, HAXHERE
A REN B A 25 A7 GY AR K BH R To A W80 i) 1
Blo ARSCRHATT HOAEME AR 25 B2 D s i ok 1 X A
HERL o

Conant et al. (1997) 4§ H i KB} KA i %
P ARE 58 28 B A o S I — MU, W (B B Ol 1Y
KA 1L B A 0 2 s R B . BRI K
BRSO B RZK IR ABX T =0k, KRB
AR BE L BINIT HL BRI R AR (b 248 . KA

PR AR B 2 U A I TE R, /DM
SRR A B L BRI AR, IR A& %
AL A 9% 8 A = e Si AR 2. Conant et al.
(1997) SEIEARZZ JER AR TA 1520, 78 KT A
KT A5 BFANRRRLI 2= o PRI O BH % 5 308 1 %% B2 1Y)
KRB KBRS B R TR A G, A
Tz AR T I EA AR (. L E
PURIILEREI® 9 NERSY E i RoE Ewa s N iG] PN
PHEES AL, iZ L5 Conant et al. (1997) %
PR R AT o A A, TR R I 25 2 B &
LA, AN R LU D T K BH R T A 1Y) 52
Wi, W3R B P WA (R B A, WAL I 1Y L (B B 4
1. B T afmil s AR 55S
% Long and Ackerman (2000) MJ£& 5/~ 031E
R 2 R FH SUAR 5. 0 20 T Y I SR I 2 1 R
HTEE AR KIS 4R, N AE
JERKIR H 284k, B, AP PEr—K
BT G R B 20, I e/ — 3R 304515 311% H b
FI) TR M 1 I K OK FH B AR T, SRS E R A
PIEEE R W T 24 H AR IR S AL 520
PEwm TR RN M MER S, (H XA AR I 25

WA RAL LN G R B ELS R . &)a.

|*ETE Long and Ackerman (2000), 5% HNB|ER I B4RH F| |

T =FJ/F, (FoAMMELEERS), KT R824 A
FIbRUHERS, AW —IZIR T RS & BETEE X

l

Yes

[tz |

No
| egumaE =

[ Hea e RIEETA, B R RN AF, 5 A B R T 22 3L H
—RERR, HEMAFAR BB F,, R =Rys (FF)

y KT, =F,/F,, P T, R SR i E A |

l No
No L RIZHAA %

é\
=
Il
.:‘7, Yes
o Geik SR
7t Y
ﬁ €s

I T e

|

[ EABRIEZIZ, R =Rys(FuF), FIBR<RETHL |

Yes

E1 sl A gl

No

AL PP s

Fig. 1 The flow chart of the algorithm of cloud detection
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Fig. 4 Cloud detection on 20 Jan 2005 at Xianghe station: (a) The surface downwelling shortwave total irradiance; (b) the pots show

the clear skies detected by peak frequency density of ratio (PFDR) method from Long and Ackerman (2000) and the line is the surface

downwelling shortwave total irradiance derived from least squares fitting; (c¢) the distribution of ratio probability, of which the ratio is the

observed total solar irradiance to the prediction value by linear regression formulum; (d) the clear skies by the PFDR method



o5 B OB O %K 16 &
616 Climatic and Environmental Research Vol. 16
o ) o 1) y=1190.1 cos6—152.8
= E
S 2
R AN g s y
E k=
0 s - - s . 0 s . - . .
0600 0800 1000 1200 1400 1600 1800 0600 0800 1000 1200 1400 1600 1800
Time (LST) Time (LST)
0.50 '(C) ; ; - 1000 (d)
. | | £
é 025} 3 3 %3 500 RRN
g | 1 g
: ‘ ‘ E
| | :
0 - . ‘ 0 . . . . .
0.6 0.8 1.0 12 0600 0800 1000 1200 1400 1600 1800
Ratio Time (LST)
B 5 (R 4, {HgK#IEs 2005 4F 11 A 1 H
Fig. 5 Same as Fig. 4, but for Taihu station on 1 Nov 2005
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Table 1 The accuracy assessments of the cloud detection at Xianghe station
O<75°Far M HERf % G<Z60° Kl HETH A A H T AR H
10H41H 100% 100% 0 0 0 0
1072H 100% 100% 0 0 0 0
10H3H 76% 84% 6.5% 0 4.7% 13.1%
10H4H 76% 87% 6.4% 0 8.5% 9.0%
10H5H 88% 93% 4.5% 2.1% 0.6% 4.4%
10H6H 100% 100% 0 0 0 0
10H7H 88% 94% 1.0% 3.4% 5.4% 2.7%
10 8H 93% 100% 4.8% 1.0% 0 0
10H9H 91% 96 % 4.8% 0 0 4.7%
104 10 H 75% 84% 6.0% 2.7% 0 15. 8%
107 11H 100% 100% 0 0 0 0
10 H 12 H 100% 100% 0 0 0 0
104 13 H 97% 100% 0 0 0 3.2%
107 14 H 86% 89% 2.4% 2.8% 7.4% 1.8%
10415 H 89% 93% 3.6% 2.0% 0 5.6%
10416 H 80% 87% 6.3% 0 0 0
1007 17H 96 % 100% 2.2% 2.3% 0 0
10 H 18 H 86% 91% 4.3% 2.4% 0 7.4%
100H19H 85% 91% 2.9% 0 0
10 4 20 H 100% 100% 0 0 0 0
100721 H 92% 100% 5.2% 3.0% 0 0
10 H 22 H 83% 98% 0 0 0 10.9%
10423 H 74% 7% 7.8% 0 0 18.6%
10 24 H 91% 93% 2.3% 0 0 7.0%
10 H 25 H 100% 100% 0 0 0 0
10 A 26 H 100% 100% 0 0 0 0
104 27 H 96 % 100% 0 0 0 4.0%
10 7 28 H 91% 97% 5.2% 4.0% 0 0
10 429 H 93% 100% 3.5% 3.5% 0 0
104 30H 99% 100% 4.0% 9% 0 0
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Fig. 6 The monthly averaged cloud occurrence frequency at (a) Xianghe and (b) Taihu. The solid lines present cloud occurrence fre-

quency, and the dash lines present the negative effect on the surface global solar radiation
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standard deviations (bars) at Xianghe and Taihu
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