%214 14
2010 42 2 H

B TR
JOURNAL OF APPLIED METEOROLOGICAL SCIENCE

FE4PHAMESTERS
SERKBEIMNLEE

MEER FAW

(P ES LR 5E B, JLa 100081)

-

m B

X 3 T AU AT L2 F S I L B LG R e v e IR L b R U I R S 5 S ] B A AR [ TR S 7
22 AR AT PE AR T A M R TR L R AR A A Y 5T AR DL RO 30 A ok TR IR AN ] X B 4R A Y R Al
RHRFAE . 45 R 4 A0l R 3t g T W SR 4B 4 268 X R0 R X 22 390 43 S — 5~10 DU il — 500 ~4 045
F S 249 K % 28 300 A B 22 BB AL 20 AR R AE . TOMS B335 S i i T B2 3R 4 A i 55 0 22 ) S B 220 T 5 DOAS
SEE SO A R o AR TR AR R 22 ) T W L Y DR R T RE S T TR R B R B R R R
JRE 2 L3 A SR U 25 B0 A R A0 A 28 SR TLE P RS RO R . TE I 25 30 4E L4 DUl R R A B BTEZ R 1993

Vol. 21, No. 1
February 2010

ARBT Y 2 PRI T 1995—1996 4F 72 i [B] 7. T FL FL S v 78 2001 AR HiTJ5 /9 81 7+ 55 B 8

KR REEA AT RN 227 L

Sl 0 T U N S s 0 R R AR R T
B W THEALAS 5 T e Adr e - H R SRR B
I8 B8 8 7 R S M T TR S T R o b A
DR S Ao g TR 7 ks B R S T B gh 1 LA
S AR AW & &, i TOMS (Total Ozone Mapping
Spectrophotometer) Jy 2 I i Y 5 4 Gl 7 i & K i
2 8.5 WRASKHE . (A Sy 28 SR A s EE G A .
TR AN ] C 500 5 1) 38R0 AN [) B0 R BIOE Ak
B b i 22 5 A5 mH A PR B AT O Y B AR
A —E A E M IXTE Brewer I Dobson Y651
] — i S KR AT 20 ZAF 0L A R B L ik
Hh ARG Brewer a3 Dobson Y i ALiz 47 1, 1 F
BRAEAED N DL A 2 ol T b o A R UL P
R 22 S ChN = B A5 80 5 42 v IR R 1 2R AR AL 45
P — AR B AR5 e 3 SO0 I AR R .
TR DUAE S — A FH R 2 25 5 o o PP Ak 3
R e e MRS B

1978 4 Nimbus-7 L 2 p9 TOMS 1 SBUV
(Scatter Backward Ultra-Violet ) {¥ #§ IF =\ 3¢ fit &
AEE N . L 30 E R, FEE DA T
£ R =N LN =W s 8= U R KV E IR ZY N FiieR)ia
A RO 3 WL e A2 B 55 20 B A 5S-G D
B g S0 W L i AR PERYALAS )2 TOMS £
FIF SBUV, K E & & &S X = =5 TR RA A
SEOUL N A 2 R B Ao I R Y A A . S E AR T
GOME ( Global Ozone Monitoring Experiment),
SCIAMACHY ( SCanning Imaging Absorption spec-
troMeter for Atmospheric CHartongraphY) £ OMI
(Ozone Monitoring Instrument), fF /& # F7 i F, M
AW Bl () TOMS S it J5 i 38 4 i I 3] TOMS
M DOAS Jf 7 19 Jay - 3% P A J7 25 38 7 BL A
GOME,SCIAMACHY #1 OMI J& 44 6 1% £ 4
WA SR S . S A TR E I Y R AR S
BTN R s X R AR /D 32 3 i
by TET BN IR AR ZE R AR e, X ] — b X, LA
AR B B T R R AR R M 38 AT I [ 1 o 4
PRSI Tl BOUL I L H TR A R i Al e 2

* EE AP EEGTH (40375005) | 8 58 T A3 LA BT 52 2 JR 31 K1 (2010CB428605) Fl /[l LR/ 4 45 4 47 Mk % T (GYHY200706038)

Bk AgiiR
2009-05-14 I 5], 2009-12-15 1 3] Fi e & o



) R

éi

g i 21 %

TR AR ) R A Y 2 B R R L T T A i S B
19931996 4 TOMS T & 1& I iy R 408 i ) 3 %5
Fo BEAR AT — AN [ A o s i 5 T WA
SR LI B I A S SR RO L T A R S T T2
o 5 R 22 5 BUALE BT R OWLI A A R A
JLR CEEZ A JLRA VLI 1 A O3 - i T2 8
438 L2 32 B o

e [ R B 4t X 73 551 A 1979, 1980 4 F1| ] Dob-
son S AL IE A TE A 0L BT OT R T R A B 20
W 520 gl 90 AEAR TR [ SAE 75 W B G BRI
T IR 7 T 22 R R L AT Brewer Sl A
O Joe LS it R T L A 0 S SO [ e
L% A R 300 b A SR A UL L 56 A R g DY
SRR A AR A KL AR 7E AR L s fE
LUK, FLHL S MBS I DU Ak A 7Y 8 K v IR 20 R i X
4 S E AR X . ASSCANGE T A JEE HL B A i 4
A B K b 5 A% TR e I R AR A ) 22
91 A4 33 o 22 T3 3o IR BH R TOE A7 i SR A R A A
PERLSR . LT TRt R SRR R R R TR RS R
TE S EE R b, il 5 TLROLIN B4 L 0 — 25 0
30 AR TR X 4 D HA AR X AL
[EREE Y

ARSCR M TR B 4 2 T TOMS il DOAS
PR 7 ik R Y R AR 7 - D TOMS 8.0 filiA
Bk /i B N7 (Nimbus-7, 1979—1993 4£), M3
( Meteorological-3, 1991—1994 4E ), EP ( Earth
Probe, 1996—2002 4F) 1L & R A & & B i ©
TOMS 8. 0 Ji A % 1 /2 3 19 SBUV £ %1 (1979—

8

N [ 054
=
#oar
'
£ r -
= %
1§ o
w4 17 0 ]
¥ [Favavasy 3=
1y

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 |

-8
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008
&£

E 1
Fig. 1

2003 4F A5 78 Nimbus-7 1) SBUV DL & fE NOAA
5 SBUV/2) TR RA B #EdE ;O TOMS 8.5
JR A B BT 1 OMI(2004-—2008 4F 5 H) R4 &
;@ DOAS-TOGOMI(Total Ozone algorithm for
GOME using the OMI algorithm) & ¥ 2 7
GOME (1996—2007 4£) il SCIAMACHY (2002—
2008 4F 5 ) TR R A S HE; © DOAS Bk
W) OMI 4 (2004—2008 4£ 5 ),

TOMS 8. 0 A B4 BB iR 2 24 8 2%,
SBUV 8. 0 M A Hi i i) i 22 2 AR 4 FL 7R B8 00 25 11 12
FEOF- 5 10 A U0 A B A 1 K TOMSH™ i
TOMS 8.5 A J i i) OMI B A S & T X = 1)
Ab PR S bR e, HeiR 22 1% ~2% . H 5 K
RIS IS S R R A, R 24y
W 3 TOGOMI Jz i 11 540 L i R 255 200 ~
3%,

B ] 55 L BA 0 A R R AR B A ok B
T Dobson # 075 il £ 003 St 3 4 iy WL I %k 4%
Dobson Jf A 5 5L AR B ARG — ok 2% . X
Wi &5 Dobson J& i AL #E 2 WIIE T H AL T 1)
Dobson # 116 f4 37 1 X 38 A o

FUH OGN e R 3 53 531 H Brewer £ 0541 £ 076
SO I 5 S0 o UL B 8 43 590 IF 46 F 1991 4F
1993 4F IO e, 38 2o 3 5 4% 3 A AR
Brewer # 017 #EA7 4% fE LA K AL HS B9 FRAG I e 52 8L
TG B T L RE T A R . B L
#& Brewer #054 f1£076 MbrEic . MWE 1 1T L
F 1996 4 T 45 7 A o AR R 22 ) B AR K X
S F Brewer i A H) NiSO, UV g 7k 3>t Rl
figp 11 AN A SR E I AT 1 5 5 ) AL A8 TE B )
BT AR AP 2 G B B2t T BRI R

8 —
#076

4 F
0r

IEf-—L-F'—m

— T
e Kl

—4 +

5 iR 22 51/ %

-8 T T T S T T R N Y T R SO N B
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008
i By

Brewer # 054 F1 # 076 £ 1991—2008 M4 #E1C &
Historical calibration record of Brewer # 054 & # 076 during 1991—2008



14 T AR A < [ 4 A b R g TR R AR B IR b 3

Ko AH LIS (00 6 22 1] 55 5 A% 33 A3 05 AH FL L BEA
FARRETE £ 1. 5% S BN . FE 20002006 4 10
H » Brewer #076 ULl i) 5 &6 =, B F A7 55 6 it
IR S8 R BUEAE R AR R KT
2.5 DA BRI R R, BRI A SCAE 3 43 B i B
B B AR O S AR R T Y SRR N T

2 SR

2.1 WESIERFLENAEITEF

Hi 3 5 TR B AR A 4 X 22 B AE AR SO e X
Sy b B G AR R o T AR L AR S T RE X 22 ) )
TE SCOR et 22 )/ R AEURRE X100 %60, R 1 4
TR R R RUAE EEETE A4 I AT A X 22 ) K
PRdE2E B3R 1 AT LA Y B A0 o 0 28 X 22 1) R 3K
IYAEAE — 5. 0~10.0 DU JEH . TOMS_N7 A
SBUV % T A B 5 &5 B 8 % T Dobson (1)l {H .
SBUV #) L& B 4E B B 8.5 F Brewer AYMI{E .
{HIH A TOMS S i i) R AR S B FE A F2K T P&
B M E, TOMS_EP, GOME # SCIAMA-

CHY B4R H7E FUH G 1l o S 2B 8 & T Brewer
DA L 5 P& P25 8~10 DU,

MR 1 AT LAE T3 5 b 5 0 0 5L 4 o 4
XF2ENEEP DRSO R — SRR AL B R —
P TL R AN 4% 507 & D0 fE Y 25 00 L B — B, o
TOMS_N7 FI SBUV [y B & & & w3 90 (A
GOME il SCIAMACHY W& M2 8 & F K5
UL 5 2002 4F D)5 3% 55 T AL B A0 0 1 A
FEAE 1A B 0 @ {8 s 1 DOAS Ui i) A B 75
B IR R N ONS - R S =Sk (N2
UL A B o 5 46 o 4 X0 22 31 S b o 22 A B B A
FUHL S HE /I . 3 AT BE S B WA AT BC B 6 T b 26 3 4
I 5L AU DA T B R B A e [ P B 4k (I R
R RO A, L AR i o 205 3 A1 T U0 i
A TE A BA R T AR B BRI O F 58 B 3K FE — E
YRR BE I AT R RG22 0 B AR R X R BH K T A
FR A0 A 1 5 T L S e A DA B B A o A i T Y
AR AL CA R AR A] RBED HL /0N 25 (15 W 3 5L 41
S 22 0 R B AR R DA B R A A A o 1
B BEAIG o AR OB — A5 X6 v K BH R T A Bl R A
A A, i B A 22 ) AT A 44T

x1 REZENHESEREREK

Table 1 Total O; comparisons between ground-based and space observations

i) 2| IS Je KL
TR A A i 5t 2% ) + L HENF2E R+ . 7 % 2 )+ o i %t 2% )+ .
;éijﬁw FEAs f;‘féiﬂw FEA b?;Y’;i;J]JDU R f;z';?ljyu FEA L
TOMS_N7 19791993  —3.34+8.9 3590  —1.3+7.2 2860 3.74+6.3 106
TOMS_M3 1991—1994  2.5+10.0 396 1.648.6 317 4.947.1 378 2.3+12.4 156
TOMS_EP 19962002 2.247.8 1591 6.8+8.2 1277 —4.44+8.1 1481  0.41410.7 1421
SBUV 19792003  —2.849.4 504 —0.57+7.1 338  —2.14+11.0 211  —3.7+12.7 203
OMI(8.5 fiAs) 20042008  7.7414.8 913 7.045.9 817 0.144+5.3 1171 7.049.3 1004
GOME 1996—2003  4.1+12.8 963 3.4+7.8 691  —10.44+10.8 783 1.7415.6 968
SCIAMACHY 20022008  6.0+18.4 457 0.5347.2 346 —8.4+8.3 482 3.54+17.1 474
OMI(DOAS Ji /&)  2004—2008  8.8+19.7 895 7.045.9 803 0.8+11.1 1156 1.84+17.8 1009

22 MESIERFLENHENESR

TE EE A b R TR B S Al 9 AT 22 551 Z i
X BT A TL R g b ik R A S Y R X 22 ) 8 A T
GEt e . O 28 A KU S BR AR 22 (R T B AR AR
{1 b T 222 266 X LY 2. 58 A A REAS R 25 O B A
A P AR TR 99 06 i B o 33 R 1Y 9 ok
AT LR — 5 R L HEBR PR 4R R H AR e R
JE AR ZETEAT I 5 g AL 7ty ) g At R D R A 3
PIAE HE S B S A O, 0 TR AR R R H R
Allen %5 iy TAE K B, TOMS By R4 S 78

o £ JRE s DX PR O R A0 AR B | R R A Tk F)
1000 e A o AELJE S 3 Aol g B2 19 728 f o LA P 24 RLBEE
F10 1t 35 5 TR LSRR A 11 BB e AN R HL e UL
i 3 Brewer R G S TR B0 E] T2 R
SR B RO B B 22 5

T T S TR BB AR 22 A AT
RFAE o 1 20X R X 22 02 T A 4 TE A A HEAT R
R X 22 1) HE 75 30 2o T 28 A 8RS 6 T LS P A el 2
TUCHE ) 22 501 S 15 HAT BEAIL 2 A5 5 . AR B AT Bl
B A1 R o 0T R A A 22 1) AR ek 22 ) m] A AS



A R

%

% Eird 21 %

s,
¥

2 SRS B T A 50 0] U B A D v i — A 0
M5 ARG TR 2. MR SCk[ 14, % 4 4>
SEHLE S 8 Fh TR LR 22 IR A AR X 22 ) 1
JEFE 0. 05 & 3K M IE 25 40 A 17 K 50 (R
2) AN 2 ATLLE W AEFW L, ML S OMI BAS iR A
(18 SR S el 2 A T 2 0 0% A 3 ok 1E 2 40 A K 5 T 7

LB ) 2 1 3 5 OMI(S. 5 i A<) L}t GOME KL 4,
SRR AE S ES AR, teAh, BRI E T
EZ4 A K 56 b3 5 SBUV DL K DOAS BLAR Mk
R 2 J31) %) O B 2R 400 L 06 B 2R K B S A v 106 B 1D
o0 — R A% P B IE 2 0 A I O B HIORE AT L
Ko

R2 WESIERSAZEEMNENESSHHENKRE

Table 2 Normal distribution test for the relative differrences of total ozone

between space and ground-based observations
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Fig. 2 The monthly average of total ozone relative differences between ground and space-based observations
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Fig. 3 The sensitivity tests of total ozone relative differences between ground

and space-based observations to solar zenith angle
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Fig. 4 The sensitivity tests of total ozone relative differences between ground

and space-based observations to total ozone reference
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Table 3 The parameters of linear fitting between total ozone of satellite and ground-based observations
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Fig. 5 The total ozone trends since 1978 from 3 kinds data sets: ground-based,

TOMS and integrated of ground-based and TOMS observations
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Long-term Total Ozone Comparisons Between Space-based and
Ground-based Observations at 4 Sites in China

Zheng Xiangdong Wei Xiaoli

(Chinese Academy o f Meteorological Sciences, Beijing 100081)
Abstract

The observed total ozone differences between ground-based data and available satellite products over
Xianghe, Kunming, Waliguan and Longfengshan are analyzed. The absolute differences of total ozone be-
tween space-based and ground-based observations are —5—10 DU. And the relatives differences (RD) is
—5%—4%, fitting the normal distribution of 0. 05 significance. Compared with the ground-based observa-
tion, the precision of TOMS (Total Ozone Mapping Spectrophotometer) version total ozone is better than
that of DOAS (Differential Optical Absorption Spectroscopy). Total ozone RDs are statistically similar at
Xianghe and Longfengshan where total ozone is high, while the similarity of RDs are also detected at low
total ozone region Kunming and Waliguan. The regional similarities also indicate in the sensitivity valida-
tions of total ozone RDs to the SZA (solar zenith angle) and total ozone references. The integrated total o-
zone dataset with the ground-based and TOMS as well as OMI observations in the 4 proxy sites also reflect
the substantial depletion of global total ozone event around 1993. An eventual recover trend emerged in
Xianghe, Kunming, and Longfengshan during 1995—1996, but the recover trend in Waliguan doesn’t oc-
cur until 2001. The inter-comparisons also reveal the quality information of ground-based total ozone ob-
servations. For example, due to Brewer grating scratches in 2000—2006, total ozone observation from
Longfengshan intends to be lower at high SZA conditions, which has been reflected in the RDs sensitivity
validation to SZA. The increasing total ozone difference between Dobson# 075 and OMI or SCIAMACHY

products since 2007 needs further investigation.

Key words: total ozone; ground-based and space-based observation; difference comparison



