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VBT AR A AR R 2B A SRR TR S L AR R A
(PEERE 11148 5 H 10 ElUighis  hERE 1147 3 4 HEh)
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DRZEFD RS B R TR E RSB SH Y — SRR Z ER N RSB ORI SREE
g o B 2002 FHE - FRARENEEERRUERAE R Eppley A FHZERT Precision Spectral
Pyranometer (PSP)IEFTEIH] » BN EA SRS A (class A)ZBEIGT » 281 » RIEHCAR—HIRS
TEAR 7 K &R E T AZ(Quality Control, QC) » LAFGERHE FAEEEERE - Kt - AW EE —EH
EERGEEER BRI QC AR » At 2002 % 2020 I 19 4 » 30 (/58 RSk B BR S8
HIZER(ASOS) 7 4 R ZEF MR okl » It nISE e H UBDIIE ) - W46 T &R 1 2 1 (Flag 0-
7) > DR R REEST &R A A

REAERHE AR 57 R iPs B pn 12 » 55— PR B DU RIEFE R TR SRR R (H 1%
LT A] BEARFR (Physically Possible Limits)Efixiiaz /| MR (Extremely Rare Minimum Limits)f &
FIDMERIED R b S R SR 72 (8 B R BB R R 72 - IEPRES 30 (ElfS /@it 2 Bkt in O ol F A e il i
90% > & HETTHE H SRR A {E (Daily Climate Maximum)igiE -t ERHR 4R 6 (8 H I > S22
BfFEESREL - RIEGERE - SSB0E8EEEY - fkvE LR 2 Bk - 2 Ekhm
PRATFR TR 53-95% 2 [ » Hi i EGERESZEE BN EEFER - (8 IR EE
R BN o B T PR RS — PR AR B A S i AR - 2P AR ARk R (i AT RE R 14 e
IRpFPELE - T — e B ia Has(data loggen) FTECHER AV H (E » AT LUEER © RIS (EFEEL
BFHHANANTHIE - 5FE0 A SEEVEDHE RHER - &f% > AL 2020 R0  Lh¥ QC & &M
G AR Himawari-8 # 2 SO H ST &2 R » SRBURW IR GESE 0.96 » & HAvHE
BRGE T 0.94 2 0.97 - P ARER i B ROEIEIGZE FRyRI SRR TEfCE N 2 ROE L,
B4 27.9% - JCEBEAIELY 4.6%H(EAS - Ay b (ReEtEE I 3 HEY 6.5%R AR - B8
AER - B SORM L EEDIRS R 2R S B - AR SR —E RS IVES B QC iR » i

BERE 19 FHMRAIGIEN ER AIFEE - AR ERET3ERE -

BRSESE ¢ 2 RZFDGERS - ERAEER - HEEHHNE - BRtbE
* EREE - EEEE carlo@g.ncu.edu.tw
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Kt IR EEERE B 2 AR - AR
BRSNS F 52 T KRB R ) R B1ER
TSR T OB ERAY R i Rt
TR P e S P B e SR (i AR SR A S
[3/ EE % (Ohmura et al., 1998) - # EFIEEF A
KRR S & k5T H 8 5 58 78 (Radiative
forcing) (Bush and Valero, 2002, 2003; Garcia
et al., 2008) ~ JHrEKAY AE & UK 2 (Wild, 2005;
Augustine and Dutton, 2013) DL % 5@ {5 it 24
(Wild, 2009)% > AERERVREGTEDHZ RHILERR
RESFEER AV SRR - DARCKFGRE R ERAYRL
55 a5 5 a1l BBl B % (Patsalides et al,
2007, 2012) = Ry T 1S EABHERY RSRERS &

Bl R 52 4H 4% (World Meteorological

S

¢
k|

Organization, WMO) 1 ¥ 1 25 17 tH 5L & o
JL»(World Radiation Center, WRC) » {E 2 Ek
SRR FE SRR BB o - W1
HH4EsEBEAE T » IEAD - TSR S 4H 45
(WMO) -~ % Fil 22 3 =5 & (International
Council for Science, ICS) AL FER &
wr (Intergovernmental Oceanographic
Commission, I0C)Hi & % 2 BRI FEET
= (World Climate Research Programme,
WCRP) % 1988 FEHETL | 7y Sl IR

I 4 (Baseline Surface Radiation Network,
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BSRN)E{ T H B 5K REES 2 B > HEY
REPR LA « R - S A M B = B R AT
FERVR SRRRSSEURIE ] - W05 NSl 2 it
PREGETCZ BUAIFR (b R Be » [FIRFE
Ry BRI B335 (Ohmura et al., 1998) ©

BSRN }* 1992 ££H 9 Ik 2 _F 4R
A HESHERGE A 74 (8 EAnE 7
AR IR ~ &8 R ARAPREL I ~ =1L~ BV RY
PR~ V0B R B B R - M E 4R
FEHEIE 80°N F 90°S (FE Zafdi&Ekin] b
BSRN 4811575 5): hitps:/bsrn.awi.de/) ° Z&H
T f R LR ST RIS 2019 42 8 H R 12 A
AR IEA G - LR EALETH » |
AEEEELARE TSR L TE
S REEGE BRI 2R E R
SEEE R 0 74 BSRN JHInERESRE > B0k »
EEFE B MEEY R - HAEARAE
—EEIAVE M - e/ N RSP 4G
NEREYSCRBER T8 - W s
BT SEETAT - (AR RSB & 2
B EHHHE 0 FES% Long and Dutton

(2002)1L K Long and Shi (2006){9S2&k » #E7T

Y a] gEfi[RE (Physically Possible Limits) ~ fix
Ui e/ MR PR (Extremely Rare Minimum Limits)
ELERHIAZ 77 EL ¥ (Comparison Tests) & 7747 -

LIf5& BSRN RV E R B R - Mifaii
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HgphhmE -

H 1960 A 2 Bl HEL DR - AL
JIHA B S RO O 1 H TR H B B A AT
Huang et al. (2019)/% 48 P SR 27 By =1
FEES - 1960-1970 4E(Hh R H 51 &2 HINE S
FEADPEES - RISER A PR S # AR
HIEREVEEET L S (Rasool, 1964) - [E{ZHY 1980-
1990 FAR Ry bk ss e - BRIDITSHTHYT NASA
THE M2 - DUAE IR AR 2%
SEELE (40 Gautier et al., 1980; Cess and
Vulis, 1989; Pinker and Laszlo, 1992; Rossow
and Zhang, 1995) » B {E R FA: Hp R S
S A T SRR - 2000 27 1% > R
il B 2% H 59 R B SR R0 IR
FRPEEL TR R R AR A LB -
S AR RV R EDS - B T SRR
B+ &gy F2 (Huang et al., 2016; Huang et al.,
2011; Kim and Liang, 2010; Tang et al., 2016;
Zhang et al., 2018) fE 2 &1 & > 75 A (2011)
FIF MTSAT @R Gk i =E
EBAIER » A E R B T KSR
i (ERS 2SR S R AR R (3
2 0.93 DL F o 7(2015)Fl] ] MTSAT-2 &>
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7 Z =~F Iy Z D) IE ST B HTE A B
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STEEM MR H ST & - (EFG S0 S U]
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B - REE R R IE D 3 2 R 22
iR E 2 BUITEE - sk H E RS
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System, ASOS) - {ii F15[EH Eppley /3 &)t fnffy
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A RGfe B RTA R 40 AU 2 K2
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2002 FEAY A K22 R R R S T T 2 IR B e
FOMEEEEREREA - 2004) » GEREURER
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- REREIN & B RS 2 T 5T PSP 4
geaxff T PSP BN BA ST & A
&e(class A)Z HEGTET » B RE R E R —
ERIERRT » fRAEDAGEAN — IR IE
(RE 280 > (20215 IR IEREF BN
R R B G R P RE A AT L TR 72
SRS G R 2SR TR B MR E B
EAHGRNES » LEETAEHNRIEGERS



——FtH
SRR - SRR o SRR R
T MR R R S
72 (Quality Control, QC) » LUELEHHERT -
REAEETE -
AREOERENE  BE -EHAE
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ECE R ARG RN E R
SCPRIHE R/ NIF R - W DABRS NG R &
(MJ m? hour):2 % » [FRAART/THEERIECZE /N
BBLR 2 {ir o RFEE R T B A R - A
Ryt ERE T B B W m? > 0.01 MJ m min”
HE R 166.66 W m™ > [RILTEr &R EE
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FRARFKRIGEEST BB 2 850 - RRES ]

REAE 8oy #8932 E Al P 5 A REE
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0-7 » Bl RN E R ] MY > Flag H
HIEZ SRR 2 LUK R Flag
BEELZ JT7E -

B Flag 7 2 ERHFAUES - iR
25 UhHE S BRI - 23 B R e B 85 (data
logger)FTat s~ BBt 1F 166.7-333.3-500-
- 1000 J% 1166.7 W m™ B » #54+
E AR B E TRl - DLSOHInESD
P e as iR S MR ) 2 BRI R AR AT K-

666.7 ~ 833.3

s

9997 (N HAJR N EE =M AR} - = o4
PLETEING - &R Ry Flag 7 - #EE£ 2%

Long and Shi (2006 )74 i i 5 BT 5
QC #2772 » VX A RERIR (Physically

o



131 KSR

® 2 ERLEEHE L Flag 39 -
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Flag H7E > 2R ik
Flag =0 FORLE B EERL AT
Flag = | SRS TTRE A R IE B e BASURLR - R E
Flag = 2 EREROR B LU F R ATETTHIETEEEE -
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Flag =S5 /NP ] BE R Rl I E Lk -
Flag = 6 K FAIEE o GE R
Flag =7 ZIE RIS

Possible Limits) ~ fi 15 i /7 i [ (Extremely
Rare Minimum Limits) B2 # | =2 5. £E ¥
(Comparison Tests) %7347 » {F Ry &k} Flag 3-6
227 - HINRASREE RHVES ERHE M
ERZE A TR & o oK B SE R
TR A EORE R [7)_ERREST & 2K
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FEE)  WIIEE R E R A T8
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& 3~ Py e R B A MR PR 2 REE -
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A ERTZ E (o) BET R SREEH BUNIHY B K
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TN B AR AR ST (B4 6 (8 H DL B 23R
MHEHMEAE - AR ERIEGEBRSESET -
TRILEIRE 2 B E R S (R > Flag L1 5%
5 AN E R R R AT A 2 &
1t > Flag L0 &R © Flag 7€ £ 0 £ 7 » B
HMARFLRER BB - 5 A Flag L 1
2 Z &R R ASEE 2 Bkl > FTREH B
et~ RIEAEREE - EasBailEEA
WA - 58 A3 AT BT M2 & 6 A L HA
L&} o

F PR RS PR
— B0

i 128 LY Y =

'EE R (Flag 0) » FT IR i i 7

L ———tptf

TTAHRRE RS PP Ebss - FAPIRE S MR R
DS A0k R SR E > DL 2017 2
F s Ry ] » ST RIE (22 P i) B (B 2 BRI
HEYHEAL > H H IR 2 B E A 22 2R
800-1000 W m? BE[# % 200 Wm™2 LA R » E&
UESTEE RS 0 MRHE—E A 6 (8
AVSARI(E 3)  RLHAR AN THIE R E » TR
TEER - AR IR EEAIA Flag 7 > Rt > &
AR (Flag 7Y M2 DU =85
ZEHRE > S1H Ry data logger FTRCEk L 2 H
{8~ RIEAC 3% FE BRI K N A E Fy SR Y
BUHIEDRHIR - 52% QC 2 aE 4 o -

I Bt

ZETORHFHLGH S Flag =7

Rad <-4
Flag=5

Rad <-2
Flag=3

YR AR

i VR

Rad > S,*1.5"p,2 + 100

Flag=6

Rad > S,*1.2*p,'2+ 50

Flag=4

Flag=2

Flag=2

No Ly SESARMIN IR S ey o
H Flag < 3tyEd KA 184

l Yes

—No  WHEPRMEH H AR
HYEIBOATA 205
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i H S A i AR E

Mgk A6(H H

FH04ED12-DoYmax > -10
(D12-DoYmax: ffH 1285~

Flag=1

G BB ] 125 2 st
0 LSRRI .2 ZE{)
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4~ FREERBEREE 2002-2020 FEH BRI AR -
Ao A S| JEFE | BIEE | Flag7 | Flag | Bflmbr | Flag | fIRASEEH]
BHER | BE#E | (%) 3-6 Bl Es 12 | HZ&ERSER
(%) (%) (%) AR (%)
466880 | Ri& | 2002.01-2020.12 | 166560 | 166308 | 5.3 0.2 94.5 5.9 88.6
466900 | %7K | 2002.01-2020.12 | 166560 | 166189 | 5.0 0.1 94.9 33.6 61.2
466910 | $4H 2002.01-2020.12 | 166560 | 166556 | 1.5 0.0 98.5 3.9 94.6
466920 | ZJL | 2002.01-2020.12 | 166560 | 166490 | 3.1 0.1 96.9 11.9 84.9
466930 | 7178 | 2002.01-2020.12 | 166560 | 166200 | 2.5 0.2 97.4 42.0 55.4
466940 | AFE | 2002.01-2020.12 | 166560 | 165108 | 4.2 0.1 95.7 18.8 76.9
466950 | S | 2002.01-2020.12 | 166560 | 155985 3.2 0.2 96.7 18.9 77.7
466990 | fE3E | 2002.01-2020.12 | 166560 | 165822 | 8.9 0.1 91.0 11.8 79.2
467050 | GHTE | 2014.01-2020.12 | 61368 | 60916 3.8 0.3 96.0 0.5 95.5
467060 | &R | 2002.01-2020.12 | 166560 | 166536 | 5.8 0.0 94.2 7.3 87.0
467080 | EE | 2002.01-2020.12 | 166560 | 166114 | 4.0 0.0 95.9 7.7 88.2
467110 | M7 | 2004.01-2020.12 | 149040 | 148626 | 4.7 0.0 95.3 8.2 87.0
467300 | WEE | 2002.01-2020.12 | 166560 | 166329 | 3.7 0.2 96.1 27.4 68.7
467350 | 3 | 2002.01-2020.12 | 166560 | 166286 | 4.3 0.1 95.6 25.5 70.2
467410 | = 2002.01-2020.12 | 166560 | 166511 3.6 0.2 96.2 36.2 60.0
467420 | JKEE | 2002.01-2020.12 | 166560 | 162691 | 3.7 0.2 96.1 21.0 75.1
467440 | =l | 2002.01-2020.12 | 166560 | 166261 5.0 0.1 94.9 8.9 86.1
467480 | FEFE | 2002.01-2020.12 | 166560 | 166433 | 3.7 0.1 96.2 322 64.0
467490 | ZH | 2002.01-2020.12 | 166560 | 163724 | 3.3 0.1 96.6 8.2 88.4
467530 | FTERLLI | 2002.01-2020.12 | 166560 | 166549 | 2.1 0.3 97.7 6.9 90.8
467540 | R | 2002.01-2020.12 | 166560 | 166556 | 4.3 0.0 95.7 25.5 70.2
467550 | ELI | 2002.01-2020.12 | 166560 | 160671 | 7.2 1.9 91.0 21.6 69.3
467571 | FTTT | 2002.01-2020.12 | 166560 | 166508 | 4.3 0.0 95.6 5.5 90.1
467590 | A& | 2002.01-2020.12 | 166560 | 165631 3.3 0.4 96.4 28.6 67.7
467610 | BT | 2002.01-2020.12 | 166560 | 166048 | 4.3 0.0 95.7 22.7 73.0
467620 | [ | 2002.01-2020.12 | 166560 | 164012 1.6 0.4 98.0 22.9 75.1
467650 | HHE | 2002.01-2020.12 | 166560 | 165271 | 4.1 0.2 95.8 6.3 89.4
467660 | ZH | 2002.01-2020.12 | 166560 | 166050 | 4.6 0.0 95.3 14.4 80.9
467770 | HEHEE | 2002.01-2020.12 | 166560 | 166560 | 4.7 0.1 95.2 41.8 53.4
467990 | EtH | 2004.01-2020.12 | 149040 | 148890 | 5.0 0.0 94.9 6.0 88.9
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7% 4 23R 2002-2020 FREE 30 {E5
JESRRIL 2 BRATEN - 48 P SE Ry E R
B R AR Rt AT R - Hr - &Eifbin
PRETFR BflPR RSt B R s 35 - A
PR ] A R B A B/ MR > B[ Flag <3
ZER A HE S milkRA s E R E A
Flag 0 Z&RaiRATHR - Bftanir A R
ZEtETT AT

SYN QC BRI
s 1 = S22(0 - - 0

BEBILEOE ZSEREUR - ZNBEHVE R
S ] R SRS 90% » AT ERHERE R
(Flag T)RIELBIAE 1.5-8.9% - PJEE ATREMRIR
AR it fi /MR (Flag 3-6) B ELBIAITEAE O-
1.9% - W fE A S Mae E VRN ~ i
/IMEERR DS AERIED - B A BRI
2 &R > SFIRATAALZ SRR E T
F M 2 ERb bR I R N2 53-96% 2
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FhepE > H P N8 R R R N R Ry
HHEE - fOERASE R 2 ERhi R o] - R(E
Y 60% ©

Fo T PRET H] BE 15 B RS (E A BERE HY IR
» AN BRI Py S kY AR RS
HEZELLE (£ 2021) - #2553 HLEER
H3 4 2 ERFHIEEE) o DApkhib R -
5 B 2002 £ ~ 2005 FZ 2007 FHKFHE

2 ———tptf

SiE s HEIERE SH 12 B2 KGR
WEEEH 12 BORRRG R E R R K E
A=A AT ABHERFSE 2002 4 2 H %2 2003
2 LR 2005 4E 4 HE 2007 4 8 ARYA
[GuEsT i H I ERE RE - LERE
BB T G A% TR I R P L T 1 s A5 e Y A
[ > CEEOHIEEE S B B8 S EIAC 8% » 2002-2020
FIA 6 REVEHLTE: » HpEEsTht 2003 4
3 H 17 H % 2007 457 A 20 HAYRTR R EERS
FeERigoE > BLRE (RE A SRR RN &
BN IE AR s Bt E R E Y
TEFA (LREE R ERE S EE 2 B -
PRI > M2 Rk B AR s R EhAL 8% -
PRI 2 S A R R R A Rradam - BIA0AT
AT B 58 R A R 2 B OR T SRR
60% 2 V73t R RE G - B RAE 35 AR R
G - Al AL SO fRas a2
48k BEERHE RS R AR - 55
—J71H > S UhZ SEAEUAMELE 2003 A DAAT B
HARE R > B R A SRR A - (E4E ]
REBUEDHI 248 2 SEEAERE By — R RMEZ AR
72 o AR BRI - (ERehErRERHT AT i -
WEESETH BRI AT I R E IR
Ry E AR IERE S - TECREREE R B 28
Eﬁ °
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467610-Chenggong
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Abstract

Solar shortwave irradiance is one of the main conventional meteorological observation
parameters which is widely used in the fields of climate change and solar energy. Since 2002, the
Central Weather Bureau (CWB) in Taiwan has upgraded its weather stations' pyranometer with the
Precision Spectral Pyranometer (PSP) manufactured by Eppley Company. The PSP is a class A
pyranometer with high accuracy. However, the lack of complete procedures for calibration and data
quality control (QC) has led to doubts about the data usage. Therefore, this study aims to establish a
research-based QC procedure for the solar radiation data obtained from 30 weather stations of CWB
in 2002 to 2020 (a total of 19 years). Suspicious or abnormal data are given corresponding flags (Flag
0-7) which can serve as a guidance to users who using the data set.

The long-term data quality control procedure we developed can be divided into a two-stage
inspection process. The first stage is to process long-term data station-by-station. For any station, the
procedure starts with filtering out abnormal values, then the Physically Possible Limits and Extremely
Rare Minimum Limits are applied, these two limits testing are used to detect abnormally large error
values and large random errors in the data. At this stage, the data quality assurance availability rate
of the 30 weather stations is all greater than 90%. Finally, the Daily Climate Maximum test (i.e.,

verifying within 6 consecutive months, whether there exists a circumstance of instrument aging,
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calibration coefficient drafting, instrument damage, etc.) is applied. After removing the data with the
above test, the data quality assurance availability rate of each weather station drops to 53-95%. It is
worth to mention that the calibration coefficient drafting is the main reason that affects the quality of
the data. It highlights the necessary of a periodic calibration for solar radiation instruments in the
network. For the second stage, we used the high-quality data screened in the first stage, and further
diagnose the correlation and liner regression between two adjacent stations. We accidentally found
the outliers recorded by the data logger. The bad data has been filtered out from the data set. In this
stage, we also considered a manual judgment and marked the questionable data.

In this study, we further compared the high-quality surface solar radiation data (applied
abovementioned QC procedure) with the data retrieved from Himawari-8 satellite in 2020. The results
show that the overall correlation coefficient between the two data sets is extremely high, up to 0.96.
The correlation coefficient among each month ranges from 0.94 to 0.97. Overall, the satellite retrieved
data shows overestimation. A largest overestimation was found for Hualien region (27.9%), while for
the northern region tends to underestimation (4.6%) as compared with observation. For monthly
comparison, the month of March revealed a larger overestimation of 6.5%. This study has developed
a strict QC process for surface solar radiation data and has reviewed the data reliability for the past
19 years. The high-quality data produced from this study is beneficial to the development of
subsequent scientific research.

Keywords: solar radiation, data quality control, satellite retrieval solar irradiance, data

comparison. doi:10.53106/025400022022075002002



