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Abstract The collocated total ozone columns derived from three groups of instruments were analyzed at multiple
surface stations in this study. The three groups of instruments are: 1) Ground-based WOUDC (World Ozone and
Ultraviolet Radiation Data Centre) network instruments (including Brewer, Dobson, and Filter), space-borne TOMS
(Total Ozone Mapping Spectrophotometer) and GOME (The Global Ozone Monitoring Experiment) between 1996 and
2003; 2) WOUDC instrument, space-borne OMI (ozone monitoring instrument) and SCIAMACHY (scanning imaging
absorption spectrometer for atmospheric chartography) from 2004 to 2013; 3) ground-based SAOZ (Systéme D’Analyse
par Observations Zénithales), space-borne OMI and SCIAMACHY during 2004—2013. The triple control method was
adopted to calculate standard deviations of errors of different kinds of datasets and a comparison of their precisions was
conducted. Results show that the precisions of TOMS V8 and GOME, which were 7.6+2.8 DU/46 (7.6+2.8 DU
denoted the mean precision and its standard deviation of the ground sites analyzed; 46 represented the number of the sites)
and 7.6+ 1.5 DU/46, respectively, agreed well during 1996—2003. The precision of TOMS V8 was better than that of
TOMS V7 (8.5£3.0 DU/46) and the improvement was confirmed in this study. The precisions of OMI and
SCIAMACHY, which were 6.61+1.4 DU/21 and 6.0+ 1.6 DU/21, respectively over WOUDC sites during 2004—2013,
were close to each other. The precision of SAOZ was 8.4+3.6 DU/8. In terms of the WOUDC ground-based instruments,
the average precision of Brewer was the best (7.943.3 DU/12), followed by that of Dobson (8.742.3 DU/19), and the
worst was that of Filter (14.714.0 DU/15). The mean precision of the above three kinds of ground-based measurements
(10.5£4.3 DU/46) was worse than that from the space-born instruments due to the application of the Filter-type
instrument. With regard to only the ground-based instruments in China, their precisions were excellent at Waliguan
(Brewer), Xianghe (Dobson), and Kunming (Dobson) sites, which were 7.8 DU, 6.7 DU, and 6.6 DU, respectively.
Although there existed certain differences at Waliguan, Xianghe, and Kunming sites, the total ozone column obtained by

the ground-based and space-borne instruments generally agreed well over these three sites.

Keywords Total ozone column, Surface, Satellite, Precision, Triple control method
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Table 1 The station number, name, geographical position,

height above the sea level and the instrument type of the 46
WOUDC ground-based stations

¥l % P HHR/m A3
7 H A Kagoshima (31.63°N, 130.60°E) 31 Dobson
12*  HA Sapporo (43.05°N, 141.33°E) 19 Dobson
14*  HA Tateno (36.05°N, 140.13°E) 31 Dobson
16 217 Vladivostok (43.12°N, 131.90°E) 80 Filter
19*  Z%[H Bismarck (46.77°N, 00.75°W ) 511 Dobson
35% K-t Arosa (46.77°N, 9.67°E) 1840 Brewer
36 Y2 [E Camborne (50.22°N, 5.32°W) 88 Brewer
40 vJ:[E Haute Provence (43.94°N, 5.71°E) 684 Dobson
42 %% 17 St. Petersburg (59.97°N, 30.30°E) 74 Filter
43%  §i[H Lerwick (60.13°N, 1.18°W) 80 Dobson
50 4% Potsdam (52.37°N, 13.08°E) 89 Brewer
53% LA Uccle/Brussels  (50.80°N, 4.35°E) 100 Dobson
65  fEEK Toronto (4378°N, 7947°W) 198  Brewer
67*  Z£[H Boulder (40.02°N, 05.25°W) 1390 Dobson
68 %>~ Belsk (51.84°N, 20.79°E) 180 Dobson
85 I Irkutsk (52.27°N, 04.35°E) 467  Filter
96* 7 Hradec Kralove (50.18°N, 15.83°E) 285 Dobson
99*  {fi[E] Hohenpeissenberg  (47.80°N, 11.02°E) 975  Brewer
100* %) 4] Budapest/K- (47.43°N, 19.18°E) 139 Dobson
Puszta
106* & [H Nashville (36.25°N, 86.57°W) 182 Dobson
107* & [E Wallops Island (37.93°N, 75.48°W) 13 Dobson
112 %M Bolshaya Elan  (46.92°N,142.73°E) 22 Filter
116 &% W Moscow (55.75°N, 37.57°E) 187  Filter
118 %' i Nagaevo (59.58°N, 150.78°E) 118  Filter
120 %' # Omsk (54.93°N, 73.40°E) 119 Filter
121 u464E T Riga (57.32°N, 24.42°E) 7 Filter
122 %' W Sverdlovsk (56.80°N, 60.63°E) 290 Filter
130 %'} Petropavlosk- (52.97°N, 158.75°E) 78 Filter
Kamchatsky
143 %' Krasnoyarsk (56.00°N, 92.88°E) 137 Filter
148 %' ¥ Vitim (59.45°N, 112.58°E) 186 Filter
152% 4% }% Cairo (30.08°N, 31.28°E) 37 Dobson
153 %' Voronez (51.70°N, 39.17°E) 147 Filter
174* f#i[F Lindenberg (52.22°N, 14.12°E) 112 Brewer
183 4P v HiH Gurev (47.02°N, 51.85°E) 0 Filter
208* 1 [E Xianghe (39.77°N, 117.00°E) 80 Dobson
209* 1 [E Kunming (25.02°N, 102.68°E) 1917 Dobson
226 %' JENF Bucharest (44.48°N, 26.13°E) 100 Dobson
241 Jn%-K Saskatoon (52.11°N, 06.71°W) 550 Brewer
252* i Seoul (37.57°N, 126.95°E) 84 Dobson
274 %17 Nikolaevsk- (53.15°N, 140.70°E) 46 Filter
na-Amure
279* i Norrkoping (58.61°N, 16.12°E) 43 Brewer
287 %4 Funchal (32.60°N, 16.90°W) 49 Brewer
290 %=k Saturna & (48.78°N, 23.13°W) 178 Brewer
293* 75/t Athens (37.99°N, 23.77°E) 110 Dobson
295% HpEFLEC (36.17°N, 100.53°E) 3816 Brewer
301%* = AF Ispra (45.80°N, 8.63°E) 240 Brewer

W *RORIZ U5 4 OMI R SCIAMACHY BEAT UL«
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Fig. 1 The geographical distributions of the Brewer (red dots), Dobson (blue dots), and Filter (green dots) instruments in the ground-based WOUDC

network
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Fig. 2 The diagrammatic sketch of the (a) precision, (b) accuracy, and (c) their combination of the observational data
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Table 2 The number of the three kinds of ground-based
WOUDC instruments and their best, worst, and average
precisions with the standard deviations

¥ /DU
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Brewer 12 4.1 15.7 79433
Dobson 19 5.6 14.5 8.7+23
Filter 15 9.7 23.6 14.7+4.0
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E43 5% 4.1 DU F1 10.9 DU, %7 BB (#208 3 15
F1 Petropavlosk-Kamchatskii (#130 #fi5). GOME
PORLRSEEAE 5~10 DU Zjal ek i3t 40 A

(87.0%). JITA ik g S XN ) TOMS V8 Al
GOME {3245 (1) YoH B Je HObRAE 224505 R e 3 4
gho REARCkUL, HuTACES RS LR 2E (10.5+4.3
DU/46), X T HT Filter {35 E 2518 .
PRAR TR ASCES LIRS FE AR, 23l 7.6+2.8 DU/
46 f1 7.6+1.5 DU/4A6; fHiE, AfFlu; s E4¥ GOME
PERLRS B HAREZE (1.5 DU) /T TOMS V8 (2.8
DU), 2 W17 K5 BEAEAS R X H A 5 = 1 A
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"(b) GOME

K4 (a) TOMS V8 fil (b) GOME MMF KRS CHfii: DU 445
Fig.4 The precisions (units: DU) of the measurements from (a) TOMS V8 and (b) GOME

Yo XFFE W 3 ANl i gy, PCHLC Brewer
W% (7.8DU) H5FAK TR (7.6 DU H™Y, &
(6.7 DU) FIELH] (6.6 DU) P& Dobson {3 #% 1]
FREZEH R T Bk RS R.

&3 WOUDC. TOMS V8 il GOME X £ E = MMIE. &
EEMEHEREREE
Table 3 The best, worst, and average precisions with the

standard deviations of the WOUDC instruments, TOMS V8,

and GOME
*i /DU
wALH Il I + bz
WOUDC 4.1 23.6 10.5+4.3
TOMS V8 3.8 225 7.6+2.8
GOME 4.1 10.9 7.6+1.5

AL — A TOMS V7 A 2R e 1d

SIS BT TOMS VS8 A B8k}, A
GOME M B8 RHRFF AL, R E T T 3 28
HARIOREE (G5 R3R 4 Frs). Xk 3 fIE 4
HE, RE TOMS Bkl V8 il V7, (Hidh
THIFER GOME BERIAAR, i “ =HHIZNE" 13
FHYHIFERNT GOME P RS hs WL U B30 fo RS R A
TREFAR, 285 RIAHPERN] “ =ZHEmRZAE” v
DATRFERE LTS A5 R E M. M2, TOMS
V7 ZERHKIRS E (8.543.0 DU/46) B i 25T TOMS
V8 (7.612.8 DU/46), Wil i # H%: LU HT# A i
XX TR 2 B Ak B St AR S R (http:/fwww.
atmosp.physics.utoronto.ca/SPARC/News22/22 Welle
meyer.html [2016-02-04]). TOMS V7 X T ISCCP
(International Satellite Cloud Climatology Project) dF
SEIN RS H P38~ BN = s Bk (McPeters
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and Labow, 1996), ‘3 S48 S i M E AF /LB D2 22
(Newchurch et al., 2001; Liu et al., 2003), 1fj] TOMS
V8 RA M E WX 2Bt 2% T THIR
(Temperature Humidity Infrared Radiometer)zs [f/™
i 7kl (http://toms.gsfc.nasa.gov [2016-02-04]).

%4 WOUDC. TOMS V7 # GOME { £HEERMIE. &
EEMEHEREREE
Table 4 The best, worst, and average precisions with the

standard deviations of the WOUDC instruments, TOMS V7,

and GOME
K /DU
A A S + bRrE
WOUDC 4.1 224 104442
TOMS V7 4.6 22.8 8.5+3.0
GOME 3.8 11.6 7.6+1.7

42 WOUDC. OMI #1 SCIAMACHY #5/%
5a 24 2004~2013 4 fj[1] 21 /M ik WOUDC
14 (ane 1) 5 OMI Al SCIAMACHY M (i) fic xsf
B ARG, AT 500 4lffsh A3 16 4
(76.2%) . 3 P SLA i Sl 5ok B &) 5b—5d Fis.
WOUDC {88 K FE 43 A fE 4~10 DU Z [a) 3k i 3%
H 154 (71.4%). OMI 1 SCIAMACHY R ks &
FEBIAAE 5~8 DU Z ), Brdvukisizilh 16 4>
(76.2%) F1 15 A (71.4%). 3 APk (s B
%5 gk, Bk, OIM Al SCIAMACHY MK
FEARY, 23914 6.64+1.4 DU/21 A1 6.0+1.6 DU/21,
FHEEZ R, MBI RS e 2% (7.8£2.8 DU21).
1ETHE 2004~2013 4E 1] 21 A~ WOUDC Hh gL o
5 OIM Hl SCIAMACHY #4I0KS f Fefith I, Acit
—BAEH 4.1 FTVEIEEE 1996~2003 4EHH)IX 21

1000 1200

' ‘(b) SAOZ

K6 (a) SAOZ ufi i BT RHLECRE AL BRI (b) WL (Hifz: DU) 53 Ai
Fig. 6 (a) The sample number of the collocated total ozone column at SAOZ sites and (b) the distribution of the SAOZ precisions (units: DU)
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ASHLEEY) 55 5 TOMS V8 Fl GOME Mk}, 114
BRI IKEEE N 7.8 42,5 DURL, A[LLEH, X
21 A~ WOUDC i Bt s FRURS JEEAE HY S PSS TR B A
EohFasE (1996~2003 4F: 7.8+2.5 DU/21; 2004~
2013 4E: 7.842.8 DURD), XLk “=&
ML ] LMR RS T S g R R e k.
43 SAOZ ¥5/E

ASCUCEC /3 At 7 2004~2013 471 [A] 8 4~ SAOZ
His J 3k 55 5 2 25 OMI FIl SCIAMACHY {3258 1 11 ¢
i, AR SAOZ {35 K A B CRAAR T 6 i)
e/ R R UT LI 28 148 H 435 517 Fi1 1364
SAOZ 1348 K P e LA AN fe ZE (53391 ok 3.0 AT 12.9
DU, £ J- Reunion & fll Scoresbysund 3} i . SAOZ
A HG S A 8.4+3.6 DU/, H#h3E Dobson {X
PP (8.7£2.3 DU,

&5 WOUDC. OMI #1 SCIAMACHY {55 E R M E.
REEMTHEREREE

Table 5 The best, worst, and average precisions with the
standard deviations of the WOUDC instruments, OMI, and
SCIAMACHY

5 )%/DU
wE wZEE PIIE b 22
WOuDC 43 14.9 78428
OMI 4.6 9.8 6.6+14
SCIAMACHY 3.6 10.0 6.0+1.6

44 ERBEESIEDEUN

1996 ~ 2003 4F i [a] Hu it WOUDC 5 J2 %
TOMS V8 Fl GOME s/ BN I TLIE G,
TIHTEL B 3 ANl 22 40 L ARU A B U DN 45 SR 1 4 B A%
P HAREZE B 7 s, AN R s b
/I 3 P LA EIZAE A TS A AR 41 5. e G

400 ? ? ] l T ! ! T
(a) ' | —— Brewer —— TOMS —— GOME | 160
350 . A I ....... T T_ 140
| [ 120
300 T AU A 0o
. ! 80
250 | | | | |
1999 2000 2001 2002 2003
400 | ' | ’ | | I-ﬂ' 140
= 350 | 120
g 100
g ll 80
S 300 , | 1
S ; - - 60
: Dobson TOMS —— GOME |
250 | | | | | | | | 40
1996 1997 1998 1999 2000 2001 2002 2003
300 ! . . . ! ? ?
| | | 100
80
250r .
: . 60
Dobson = TOMS —— GOME | 40
200 | | 1 | | | I |
1996 1997 1998 1999 2000 2001 2002 2003
Year

K7 ML (B LA TOMS (EZ) Fl GOME (££k) P EEENM (a) FLHIE (Brewer). (b) i (Dobson) Fl (¢) FHH (Dobson)
Sty P ORI B A o () A B AR A S AR HE 7 o B A bR A 5 AN R Y 3 P S R TRC () W A 4 %

Fig. 7 Annual variations and their standard errors of the total ozone column derived from the ground-based instrument (black line), TOMS (blue line), and

GOME (red line) at (a) Waliguan (Brewer), (b) Xianghe (Dobson), and (¢) Kunming (Dobson) sites in China. The color of the dots denotes the sample number

of the collocated total ozone column obtained from the three kinds of instruments in a certain year
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BOGuE A (B 7a), 3 AU LA R R Ay
fifE 280~320 DU i), HEILHARBIR AR E
e, LA 1998 AEAT 2003 AU E A R M
fE, 1999~2002 a1 AL A F-Fd. TOMS Fi
GOME [ M 25 B A e, ML 2,
Brewer {F 1998~2001 “EHiRMLT TEMM, Hrp
2001 Ff s KA Zk~11 DU, Brewer., TOMS flI
GOME 4 i 5L A 5 52~ B30 B bR ¥ 22 43 0 A
294.0+16.1 DU.298.6+13.8 DU #1300.4+14.3 DU,
i LA IR A~ 5 DU, F il il s S B (K]
7b) {EKZAEM A 330 DU | FiEsh. AT R
HLOG, 3 FANARAEA W, I &5 R IE,
Ze LEAEHAE 3 DU Z W5 78 2003 4F H Bl Z2 50K
A% BT OB RE A A AR > (54 41, i
R bR TR ) ARERMER ZESE . Dobson, TOMS
FI GOME Wil 5L 48 A S AR P 3408 S I btk 22 4y
W2k 336.5+£16.0 DU, 333.8+12.4 DU fl 333.7+
13.1 DU, R AT . Il A LA R s AT

1 250~280 DU Z i) (Kl 7c), 3 Fifas vt 5
IR R AR AR AL 3, AR 3, HbJik Dobson
MR AU UK, 4B M 267.1+7.0 DU, GOME
Ww2.H 261.845.1 DU, TOMS #:/NA 2602453
DU,

2004~2013 FHME[E Py 3 AMHE WOUDC 1%
#e 5 B OMI AT SCIAMACHY Wl SL4 o 45 5
8 e XFRLHLICuL &, ik Brewer il OMI
TES A RAUR SN E R 2l , SCTAMACHY
S5 3 AN I R AU S B
HhRUEZE 2 51 289.746.9 DU, 291.448.3 DU il
299.947.6 DU, I Dobson MLl 542 5 FHAH
Lt OMI Al SCIAMACHY gk, fH 3 il &k S 4E
TR ST, AR FIME 70k 345.5+
9.9 DU, 336.7+10.9 DU Al 337.9+10.8 DU. EW]
3l SAE 2009 4F 9 H 42 2012 4F 3 3 Ja) ke 2 w0
MR, 2010 22 fiib It Dobson {3 #5 WL 45 5
264.8+3.3 DU, SCIAMACHY X2 (261.7+3.2

350
100
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300 N
40
250 | L I L | | | | 1 20
2004 2005 2006 2007 2008 2009 2010 2011 2012
500 T T T T T T T |
2 (O - | —— Dobson oMI sciaMAcHY | | Mlgg
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E
S 300 40
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K8 I 7, (Hohiid (B 5 EH OMI (BiZk) M SCIAMACHY (£14%) WM SLAT A Al
Fig. 8 Similar to Fig. 7, but for the total ozone column derived from the ground-based instrument (black line), OMI (blue line), and SCTAMACHY (red line)
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DU), OMI #/) (258.94+32DU),
5 Z5ig

ARSI B 22 A M B A Wl i, as
“ IR I TR R 25 X NTF, TR
“CIH” RAME S, VCEC A AT T AN [R] b 3
(Brewer. Dobson. Filter £l SAOZ) 5 E# iy
(TOMS. GOME. OMI Fil SCIAMACHY ) Wil &

AL ETEEL, SREW TAFZER R b2, i3
TS F AT T AN A (R BEARRAE, o i
B IR 3 /N3l 1 3 B 17 AN [ A MR 0 R A o 4
BINZES. 4iRT:

C1) X T HIFEW, Brewer {2845 Ak, ~F
WIEN 7.94+3.3 DU/12; HIRA SAOZ (8.4+3.6
DU/8) #l1 Dobson (8.7+2.3 DU/19); Filter fx 7=k
14.74+4.0 DU/15,

(2) TOMS V8 F1 GOME A3 % M IS B FH Y,
Sl 7.61+2.8 DU/M6 1 7.6+1.5 DU/46, [ e
AN 1 X 1) e 1 5 v - OMIT Al SCTAMACHY OIM
1E WOUDC Hb 335 i R SR IUDRG FE 4 A B3, 43 A
6.6+1.4DU/21 1 6.0+1.6 DU/21.,

(3) AFrHEBENK 3 AN, FLHK
Brewer A% 4 7.8 DU, B&AL TP A i AN 113
i (7.9DU), HPEZREL (7.6 DU); A Al
B & Dobson {335 1K 53514 6.7 DU F1 6.6
DU, HRAR T Hr Azt 1~ F41E (8.7 DU) K&
MEDTES PN LS S R BTN ER YN E RS
e, I B TR & SR = 45 RV S8

Bt WA R A AR, R AU I Bt
M WOUDC F#, TOMS R4 =4 A http://jwocky.gsfc.
nasa.gov[2016-02-04] F %, GOME.OMI #ll SCTAMACHYOIM
¥¥s i TEMIS (Tropospheric Emission Monitoring Internet
Service) N3,
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