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Table 1 Thermal offsets of pyranometers at night

e I ¢ 3y Jo Rt s
e SR/ (W e m™2) iR SERIE /(W e m™2)
S 3 CM21(#051465) —2.46+1, 275 CM21(#051467) —3.0741.039
HEELIES CM21( £051466) —2.1240. 769 CM21( #051468) —2.30%1.155
RN R CHI1 (£050386) —0.19%0. 218 CHI1 (#050387) —0.0420. 409




%1

R PE S W 22 15 e KL R S i o i B 2 5 R LU AR 67

IR AR ) AR B 1) G 1 4 R (RE A B o 10%)
M T AT, CM21 3% A e B8 A A T — 5 ~
—2Wem *ZEL,FHEAAE -3 Weem *AEL, T
/NF PSP SH BFFRAE . B e KUl ) CM21 3£
T % 4 0 (8 B 5 T I 22 3l o 31X AT fig 5 O e O R B
RN 5 KRB RN 2ZEF R RAE R, K
SOR SR 3R UL Y O B e SR R R AT B B2 1T O
A 3 P TR T VEAL
2.2 HEXMEAES

TR AR AR B S IR AR S RN AR 5 A
77 A ) D 1R 22 5 B SR e R Y H S SR AT W
AN, [ B b3 F Y 7 2508 A T8 5 K P T E YA
S N B R B R SR T BA O ORG Y K PR R
B X —JrEC )z M T BSRN Hr, SR B
LA e

E.. = E;+ Scos(0y) » @)

KO Ec MR AR E  Eo o4 HOH 58 5 W E .
S Ay B4R S VLR L G A K FH K THU A » Scos () 3
AR KAF T bR B R A
2.3 EHVNBENRETNTIE

AR TCR ) BSRN 38 14 3 187 48 56 0L D £ 48 5
PEM IR O A E =R R s B A
AR IR A 6 A0 i 2 AL IR A 4 A R A DG R L
B B A A

Py BEAT A IR ) A6 46 5 A i 2 DL R ) A 5 Y FRE
(NESEZSuNER: N E- S AN ER N S S IP N B i <]
Ky 5 HABAR i TC G . B RN TR I A% B A Y
O A 2 75 78 LA 3 B A KA A S A W {1 7
o GG AR TS R PN R R S AR B T SR Y
im0 A0 B 00 A2 22 I 16 8 bR ic 2 ESD (errone-
ous and suspected data, £ % 8 fF LE 5P ) . B4k
R g Sk Lk 2,

F2 YEWERNKESHHELRFGIESHIZE (&6 W/m?)3]

Table 2 Parameters in the tests of physically possible and extremely rare limits(unit: W/m? )31

1y H AT i BR ) A6 56

A% 3 =7 DL BR ) 462 360

i TR [ TR [

R —4 SaX 15X b 24100 —2 S, X 1. 2X ul? +50
I A 4T —1 SaX0.95X b2 450 -2 SaX0. 75X b2 430
AR —4 S, —2 SaX0.95X 2 +10

) T K 40 700 60 500

TE:Sa N Zead BB B IT IE 5 A R B H B0 o S K B R 00 B9 AR 5K 1L

5 B 2R L5 PR G 38 2 R 08 A B L 10
SRS B0 A W 5 i o e R — s KB R T AR R B9 E
Bz I RO G ORI S R AR R A 2 R
P AR PEAT BRI DT 1 A 1] 22 ) ) B s 7 4
Ak AR LAY S5 A ARSI WL SCHRE 13 L B
WL 3) o X — JZ o A B Xk A% A S o 0 A dh o
B B S AE B A AR i Y RAEE . 7 FERAE R E 19 b
T BRYE R P UG L 8 e A R A T B A S D )
FE 7 PO AR BT BRI R A1 o DU I G 2k o sl ) W
S AR WA — A~ CRICSRE i S ol 42 8 ) LA i
Pt B IR AL, O U AR IR O B 3 T2 S A P A —
A G BR8N TR S E T RO R A R
i 2 $ W ) A TR0 BT 0 EOR RE AL A Eu/E, (E,
Dy CM21 g H AR 00 4 19 O B A A 0 {ED M (AR A
ARENS KT LR BIAE o R BH R A A 1 B0 F) o K
S HAR I HBCA b R R I S I 5
i R 9 KA AT AR AL - PR SR AT B T A 2 1Y
Jo e DA it X E o A B A 5 0 R i Ak 2 0 AT
E,/Ecki%. Big B AR 1 EH T4 A

S — SERRAE Lo 0 F S B0 A 520 N A 5 R P R
THUAf T Ul R B A P e e 58 2 46 2 e A P 36
GRCIECEE A

£3 MABZURBHLRSHRE™
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Table 4 Statistics of radiation data meeting
the first two steps of the quality test
at Lin’an from 2005 to 2011
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Fig. 1 Distributions of the radiation data meeting the third step of the quality test at Lin’an

(solid and dotted lines denote testing maximum and minimum limits, respectively)

(a)diffuse ratio examination, (b)E,/E, examination
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Fig. 2 Monthly rate of radiation data meeting

the 3-step quality test at Lin’an
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Table S Distribution of the radiation data meeting
the first two steps of the quality test at
Longfengshan from 2005 to 2011

- e 2 TR %22
= =N o E=N
WALRORAER T mak/v mak/%
BERS 1661769 1.37 99. 99 99. 93
B ST 1661769 13.39 99.97 99. 54
HES 1661769 21.50 99. 89 99. 68
KA MW F _
o 3068228 0.36 99. 8¢ 99.78
Kyt ’

B3 435 25 T O KUl s WO L 5 E,/E o Bifi
R BH R T8 A 14 43 A A7 0, AN EL 3 7T RLAS 31 5 11 42 0
FEARLAA 45 98 o {H 4 2K BH R Ty K F 5571, Rl 2 K
B A IS 2 E 5 3 2 WU R I Y B
SrHh 99. 48 %l it E,/Ec K50 1 EE B 4t
95.88% , B 2005 4F 7 H—2011 4 12 H %% 5 Wi
RGN AR AT T iR OB AT L AR 8 3 2%

B4 25 T e R s = 2 S5 s ol ARG 56 5 9
I FA B ARG B L 4 R 3% 2R 0 AR A i
JE A0 22 ki A S 5 RIS 5 o A I R e as AT
1) J5 R 0 AN B 5 B JRU Ly 3l U8 T % e Ik dfe )
Py i B B S N BE A B2 2007 4F 12 FJ—2008 4E 1
2010 4 12 A —2011 4 3 H B¥s nl 5 P e A% 45, 1
b Bof BE 1 808 P SR PR — AT Ik 9300 LA I

20 30 40 50 60 70 80 90
B

B3 e RIL S 3 JR A I 2E R (LR T E R, B R TR
) BT AT (D) E,/Ec i 5

Fig. 3 Distributions of the radiation data meeting the third step of the quality test at Longfengshan

(solid and dotted lines denote testing maximum and minimum limits, respectively)

(a)diffuse ratio examination, (b)E,/E, examination
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Table 6 The rate of data meeting requirements of quality evaluation with or without thermal offset correction
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Table 7 The annual mean with standard deviations of E, and DLR at Lin’an and Longfengshan
I % 1 T AL
A DLR/(W « m~2) E.,/(MJ*m %) W2 E,/(MJ+m 2) DLR/(W+m 2) E,/(MJ*m %) W25 E,/(MJ +m %)
EFY bRz ETY PR 2E T fRMERZE BT R ETY bRl FETH bR
2005 368. 4 62.97 11.6 6.32 14.2 2.57 281.4 78.22 11.5 6.17 14.9 5.19
2006 370.0 55.13 12.5 7.29 17.2 5.12 267.5 79. 45 13.7 7.32 14.5 8.09
2007 369.9 55.85 12.8 7.21 16.5 4. 97 263.0 66.99 14.1 7.67 14.4 6.11
2008 365. 1 59.75 12.4 7.34 16.6 5.23 279.9 76.72 13.9 7.19 14.9 7.42
2009 361.0 58.77 11.6 7.08 17.0 5.23 277.5 82.49 12.6 6.82 14.2 4.47
2010 358. 4 59.76 12.3 7.36 17.0 5.37 281. 4 78. 81 13. 4 7.41 16.5 4.66
2011 355.9 63.19 12.5 7.01 16.0 5.10 277.0 78.43 13.9 7.12 17.2 7.17

T ox 22 WA 2005 48 8 7 5 HIF4R s Je KU WL M 2005 4F 7 J 24 HITA6 .

5 ZHie

D) 22 5 e XL D3l R A4S I il 4% B 5 A 40
3 o 0y 3R R R A G 6 AN v 2 D IR A G 4 1 AR
e Bl 99. 7205 99. 5% H I AR 3 2R
BEEHAE T R8N 97.89% 5 95.88% ., 2AP
BB O B 00 A 22 R 0 A 8 K PR R TR 1) 2 5 3K
TR T R E R

2) MREER WA BRI 58 5 7 iz 1 i 2 4
SF i 22 PR A 6 5 A R AR 1% B O BE A, T b O 1 X
R o PR AL A 45 R A 22 AR /. X CM21 B
Sk LS 2R UL P S R S AR RIS R S R AT B B 1T OE
AR IR T L e e = )2 o A i R s A A L T
KIHRTUARF 75 MO0, @ ] $ 5 300 LU
t.

3) WS HLAH R R B R T50AA 45 00 T o Il 42 3 1Y) s
TR R A K T e RULL 3t E R R S D AR
SR 2 b XA e IR Ll DX R R B R BUIR, R
VEMRE . IR 2w ) DLR 2% 5 T e KU o s
20062011 4F , lff 42 1 DX 1) KA ) B A P O 2 R

RERa% R E T 0. 01 By 53 P KO 5 e XU H X
AT AR R KBS RR T 0.1 R E
PEIK -

52 AH SGHE R LU R ) 1 A 3 2R A i R L A
SCOR FH Y 5o A ] 5 58 TG VA R B N F 50 W .
m TG L A R BH R R SO AT AR 3 )R BTN
S % 25 PR B T R TC AR RS O 5
SR SHE/NT 50 W oo m ™ B 2 22 45 0 E
WARZ/NT 50 W oo m 2L B AR SCR IO ER 3 J2 it
S AR, AR TG v e AR R 1 A
AT UERS 0 ST VAo ROt ey R o S AR
BT 14 A BE A S 5 200 A7 0 1 B R AR AT T TR A
WEFE I AE R B R A BRI IGO0 F 8 S5 5 4 3=
AR AR BRSOV AT O o ST S R DR ) T K i R A A 3
2AP g, 1A 2 RRE A R E HARE N
WERR I o L HICS % S5 R T 6 S UL () O ) 25
R 2AP BRER K BH 0 o 0 M 25 DIAE G R EPRAR 3
JE R B S B A G LS SR AN AR S 4 R B
HRE W BT EOIR B0 . PRI G o] AR 49 3k A5 22 4R 00
{18 A BF 4 Gt 540 o ST T 2 AP I B R BH 2 5 o
f0 3 DT S 3 6T 0 B G R e A O 1



%1

RAETEAF < 2015 e KL R 5 i o i S 2 45 0 LU AR 73

i AL iy B — 2D BT . T SO B 28 26 1F T
Wi 22 5 e R L 3 2K B 5 S5 I A B K T £ 149 4 A
fIE A5 1l 22 3t DX R0 P 2R S8R X R g 3 5 )
i 2 HE— 2 B KRR R A SR BRI IR A
WroE.

(1]

(2]

(3]

(4]

(5]

(6]

(7]

[8]

[9]

[10]

[11]

& % X #t

EW G O PH R SRR B M A S AR e b at BR AR AR,
1988.

Shi G Y, Hayasaka T, Ohmura A, et al. Data quality assess-
ment and the long-term trend of ground solar radiation in Chi-
na. Journal of Applied Meterology and Climatology .
2008, 47.1006-1016.

Moradi I. Quality control of global solar radiation using sun-
shine duration hours. Energy. 2009, 34:1-6.

BRI, FEss, FFE. hEIE 30 4F 2k K FH SR 00T
g8 W AR G AR, 1998, 9(2): 24-31.

Li X W, Zhou X J, Li W L, et al. The cooling of Sichuan
Province in recent 40 years and its Probable Mechnisms. Acta
Meteorologica Sinica, 1995, 9(1): 57-68.

RHEFE, TAKX. EHA, 5. REE 20 4F K H5R G2 55
AR PEAG . B TR A4, 2010, 21(3) ¢ 343-351.
AR, B, BRAR. 5. KW TCE X K BH R S
AR BCRRAE AT TR R, 2003, 14(3): 339-
347.

Che HZ, Shi G Y, Zhang X Y, et al. Analysis of 40 years of
solar radiation data from China, 1961-—2000. Geophys Res
Lett, 32, 2005, 1.06803, doi:10.1029/2004G1.022322.

HA K, KR, TR, & RIE R P AR X TR
PRGBS AR AL L. R RE4Rk. 2011, 22(3): 312-320.
Wk, WA, HHTE, 4. 19602000 4F 2 {7 i 3K B A
R AL, MR ¥R, 2005, 16(2): 243-
248.

ARG, TR A AR, AF. SR SR R 3 A 5 R
H#. K4, 2010, 36(9): 116-119.

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

o G R W T 2% D L TR A R v R T b
WG ARAL, 2004,

Long C N, Shi Y. An automated quality assessment and con-
trol algorithm for surface radiation measurements. The Open
Atmospheric Science Journal , 2008, 2:23-37.

Wild M, Gilgen H, Roesch A, et al. From dimming to brighte-
ning: Decadal changes in solar radiation at earth’s surface. Sci-
ence, 2005, 308(5723): 847-850.

ERNET R N e U i P & S8 > N W7 N o R = P
SR ML 2003

Kipp & Zonen Instruction Manual. CM21 Precision Pyranon-
meter. 2004 6-8.

Wiz, TH#. B£&. BRI RENE S50 <
%, 2010, 36(11): 100-103.

MG M KW, S B G 3R BB o B AL 3T
E kR R, R4 RH, 2013, 41(1); 1-7.

N, HR/ANEY, KRm AR, 4§, PSP GH 4T R IR B R AE K
JLON i B AR R 25 4. KPR R . 2009, 30(1): 19-26.
Bush B C, Valero F P, Sabrina S A, et al. Characterization
of thermal effects in pyranometers: A data correction algo-
rithm for improved measurement of surface insolation. J At-
mos and Ocean Tech , 2000, 17.:165-175.

(& 2 R = I O 1 e N W o R
NI B R M. RS, 2009, 28(1); 136-142.
Haeffelin M P, Domingues B C, Rutledge K, et al. Improved
Measurements of the Diffuse and Global Solar Irradiances at
the Surface of the Earth. Eleventh ARM Science Team Meet-
ing Proceedings, 2001 19-23.

Ohmura A, Dutton E G, Forgan B, et al. Baseline surface
radiation network (BSRN/WCRP): New Precision Radiome-
try for Climate Research. Bull Am Meteor Soc, 1998, 79
(10): 2115-2136.

Long C N, Gaustad K L. The Shortwave (SW) Clear-Sky
Detection and Fitting Algorithm: Algorithm Operational De-
tails and Explanations. Atmospheric Radiation Measurement

Program Technical Report, 2004.



74 AN A S LA

Quality Evaluations and Comparisons of Radiation
Data at Lin’an and Longfengshan Stations

Song Jianyang” Zheng Xiangdong” Cheng Xinghong” Ma Qianli®
Yu Xiangming” Dai Xin” Yu Dajiang”
Y (Chinese Academy of Meteorological Sciences, Beijing 100081)
2 (CMA Public Meteorological Service Center, Beijing 100081)
P (Lin’an Regional Air Background Station, Lin’an 311300)
Y (Long fengshan Regional Air Background Station , Wuchang 150200)

Abstract

Solar radiation is widely used in the studies of climate change,evaluation of model simulations and as-
sessment of solar radiation energy resources. Therefore, accurate observations of solar radiation data are
absolutely needed. An international BSRN method of solar data quality assessment and quality control
(QA-QO) is applied to investigate data quality of solar radiation and downward long-wave radiation (DLR)
measured from 2005 to 2011 at Lin”an and Longfengshan, two regional background stations in the main-
land of China. The method includes 3 steps of testing. They are the sequential limits of physically possi-
ble, extremely rare and relevant factor comparison. The results show that percentages of radiation data
meeting requirements of the first two test steps of the quality test at both sites are more than 99. 5%, but
in the third step, the percentage dropped to 97. 9% at Lin’an and 95. 9% at Longfengshan. The error of
the 2AP (2 axis position) in tracking sun-disk is the main cause for those direct and diffuse radiation data
failing to meet the conditions of quality test, and the scenario is more frequent at the high SZA (solar zen-
ith angle). Compared to the rate evaluated by the prevalent limit of global radiation error, the BSRN third
step makes the rate of validated solar radiation data be reduced by 0. 9% and 1. 6% at Lin’an and Long-
fengshan, respectively. The thermal offset of CM21 pyrometer is from —5 W+ m *to —2 W « m *. With
the compensation of thermal offset, the rate of radiation data meeting requirements of the BSRN quality
test is obviously improved.

It is well known that the most important factor affecting the surface solar radiation includes cloud, water va-
por and aerosol. Therefore, variations of solar radiation with changes of SZA are analyzed with removal of cloud
effect. It is identified that the global and direct radiation irradiances at Lin”an are obviously lower than those at
Longfengshan with the same SZA, while the diffuse radiation is opposite. The cause for these phenomena is due to
the lower atmospheric transparency and higher atmospheric turbidity at Lin’an.

The annual averages of solar radiation and DLR at the sites are calculated. The annual averaged daily
integrated global solar radiation and global solar radiation under clear condition at Lin’an are 12.4£7. 2,
16.5+5.0 MJ « m ?, while the coincident average radiations at Longfengshan are 13.5+7, 2, 15.5%+
6.2 MJ * m *. Annual average DLR at Lin’an is 363. 74+59.3 W « m *, obviously higher than that at
Longfengshan (274.9+£77.6 W « m ?). There is an obvious decreasing trend of DLR at Lin’an, and glob-

al solar radiation takes on an increasing trend at Longfengshan under clear sky.

Key words: solar radiation; atmospheric downward long-wave radiation; quality test and evaluation



