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Abstract Residual ozone Ωres is the integrated column ozone from the balloon bursting altitude,

which is generally from 30∼5hPa, to the top of atmosphere. The ozonesonde correction factor Cref is

the ratio of total column ozone Ω , which is precisely observed by ground or spacebased spectropho-

tometer, to the summery of Ωecc and Ωres. Ωecc is the integrated ozonesonde data from ground to the

balloon bursting altitude. Cref is applied to assess and correct the stratospheric ozonesonde data with

the well qualified Ω . Based on the sporadic Electrochemical Concentration Cell (ECC) ozonesonde

data observed at different sites of China, Ωres deduced by the Constant Mixing Ratio (CMR) and

satellite zonal mean (including SBUV and MLS tables) are presented, and the impact of Ωres on Cref
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is investigated. The contributions of ozone vertical distribution to Cref are also analyzed, and ap-

propriate method to quantify Ωres is proposed through the Cref comparisons. Ωres deduced by CMR

method is sensitive to the balloon-bursting altitude, and is frequently overestimated. As a result,

Cref is generally less than 100%. Ωres deduced by the satellite zonal mean method is not sensitive to

the balloon-bursting altitude. However, Cref is lower than about −10DU in two regions. One region

is in east of China, such as Longfengshan in Heilongjiang province and Beijing, which is high total

column ozone; the other region is Tibetan plateau and other low latitude districts including Hong

Kong, which is low column ozone. The satellite zonally underestimated Ωres reflects the longitude

dependence of real atmospheric ozone over China. The tropospheric column ozone Ωtro from the

surface to 100 hPa, stratospheric column ozone Ωstr from 100 to 10hpa and Ωres to Cref account

16%±3.4%, 65%±2.3%, 19%±3.3%, respectively. Therefore, it is necessary to consider the effects

from Ωtro and Ωres on the evaluation or correction stratospheric ozone measured by ozonesonde if

Cref is used. The satellite zonal mean method is generally recommended, especially the Ωres obtained

when it is very close to the quasi real-time SBUV data. However, as the balloon bursting altitude

above 10 hPa, the conventional CMR method is also recommended for the two regions including

north of east and north in China (winter and summer)—the high total ozone region, and Hong Kong

(summer, autumn and winter), Tibetan plateau (summer) —the low total ozone region. It can weak-

en a system underestimation of Cref if the satellite deduced Ωres is used.

Key words Ozonesonde, Residual ozone, Correction factor, ConstantMixing Ratio (CMR) method,

Satellite-zonal mean
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�$, I !���� ���, Tp !��"�#�,
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&'A'1 Ωres, 1966 2 Dütsch[9] 9?-
�' ���9+�#5#&!#, 10%∼25%[9].

"A$?B;C!1�= �:>�;'2%,

Dobson[10] 3G:5��!" 20 hPa *�6H84
0 50 km  �+�+84�!' �7-;<5+
�!.C#, -"4,5��-�). Ωres ' �
��#(+#&!#�("5&.-ID4=>E!
�*84.C;<5+� (Constant Mixing Ratio,

CMR)>. B&�*840 50km �+�:>�;
A&.C#. 848,� �#8�+.�4 Ωres.

:6, Logan F [11] "�D ���!#('GÆ9
:�, 3G5H�*" 16 hPa (J 29 km) *�I8
�J"% CMR =>.

1997 2 McPeter F [12] ?(B;'@EKÆ;
< (SBUV)CA �:>�;'B2�C-=, D<
0 70◦S−70◦N ( EF� 10◦ 'L16) 30 hPa*�
 E! 1 hPa (1∼30hPa)' Ωres 9+� (7E SBUV

>). SBUV >"�*" 30∼1hPa 6H��I8�
6"4,7K8LF= Ωres #. 2012 2 McPeter

F [13] M<>* ���#(*:>�M9/�'
GN:O�! (MLS) B;B2!#, D<0/#�
0 65km (J 0.09 hPa);EF� 10◦'L16�C-
=�; (7E MLS >). B;FE16 ��C-=
" Ωres ?�*84��'NH<(=, [12], B�G
>0-EF� 10◦ (@P&$�F�) 3  �:>
�;A?-I'A$, BG>0-IF� 30 hPa *
���' �:>�;B"�Q"*P. MLS >H
?��O#4�;A6P'NH, @B" 30◦−40◦N

' 4 .��O$5C?' Tateno OJ'IR*, D

" 20◦−30◦N 3 '#(D4,S$DA0C? 
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�-� �4�+#&!#'+2*P"(:#E
5/<(, @BBR*JÆ ��� (SHADOZ) $
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Fig. 1 Distribution of monthly averaged atmospheric total column ozone over China region

obtained by TOMS satellite from 1979 to 2005
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σ =
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(Crefi − μ)2. (5)

LI=>+<' Cref #6" 0.88∼1.11 3 ,

+=Æ89$'#AXT 0.8∼1.2[3] -Y. CMR

>5B;FE16>30' Cref #478,D σ

#8�. & 1 $' σ #<(�'>* 5500 ]8
X 26km *� ���2W# (σ = 7.6%)[21], W
D�'^ZH Valentia O' 443 ]��0!2W*
6 (σ = 6.5%)[22]. CMR>' σ#8� +�*84
 �� X�/-([. IÆ, MLS>F3' Cref #
>�' SBUV > (*P5 1%∼2%),&< % SBUV

* MLS >). Ωres 5Q"+2'*#, B MLS >
" Cref 6#\J� 1.

1.2 Cref BCDEFGHIJKL
/& 1 $"*K<, 30 hPa *��*84X�

+. CMR +<' Cref #X�B/-, B&"L]
MYM3YNN*O_FO4'#\J� 100%, +
UO (^)YM3 (K) *LU (`) ' Cref #+ SBUV

' MLS >+<' Cref #3*'P%#A,' 4%,

-P<0 CMR >'(*&. M 2 &�PVYL]
M (`)YUO (^)YM3 (K) *LU (`) 30hPa *
�, :5;E 2.5 hPa �*I8, &'$! ���
#(WK' Cref #. �$ LFS, BJ, NQ * SY �P
% L]MYUOYM3*LU, sp, su, au, wi �P
% `YKYQY^R.MQ. /M 2 "C, CMR-

Ωres +<' Cref #%84��_RA. O#"L]
M*UOSZ�*84J�+�JD" 10 hPa`�
�J� 100%; "M3*LUBSZ�*84J�+
�JB" 10∼5hPa `�J� 100%. :6, CMR >
%�*84��().'0T&<4', 89 [11]3
G 16 hPa*�"%O=>, B%�U 4.O4, O

M 1 NOPQRSTUVWXYZ[\ Cref ]^_`abc (de %)

Table 1 Comparisons of Cref at different sites obtained by CMR, SBUV and MLS method (Unit %)

[� (E, N)/(◦)
CMR � MLS � SBUV � Wa� a��b�cS
μ± σ μ± σ μ± σ

TdV (127.6, 44.7) 102.7±11.2 104.8±7.0 105.3±7.0 19 2005 G 4−5 W

bUW (88.1, 47.8) 96.1±4.8 99.8±2.5 100.1±2.4 21 2005 G 4−5 W

cV (116.4, 39.8) 94.7±6.8 103.4±3.9 103.8±4.0 24 2001 G 1−2 W

cV (116.4, 39.8) 92.4±5.9 95.4±1.9 95.6±1.9 7 2005 G 4−5 W

XW (101.6, 36.6) 96.1±5.0 100.8±3.4 101.1±3.4 26 2005 G 4−5 W

XW (101.6, 36.6) 91.9±10.9 95.2±7.2 95.8±7.0 12 1996 G 7−8 W

XW (101.6, 36.6) 92.8±10.8 99.3±6.5 100.1±6.8 8 2001 G 1−2 W

Xd (119.7, 30.3) 97.0±7.1 103.4±4.9 103.8±4.9 28 2001 � 2004 Gec

YX (92.1, 31.5) 103.5±9.6 105.7±1.0 105.9±0.9 3 2011 G 7−8 W

Z
 (102.7, 25) 91.3±15.5 98.0±3.9 98.8±3.9 16 2001 G 3−4 W

[Y (91.08, 29.4) 109.2±10.2 107.7±5.4 108.0±5.2 20 2012 G 6−7 W

Zf (98.5, 25.01) 110.4±28.7 104.4±3.7 105.1±3.5 8 2004 G 4−5 W

Zf (98.3, 25.01) 95.2±7.1 109.2±3.4 110.6±3.7 7 2010 G 8 W

Ye (114.2, 22.3) 88.9±6.9 99.6±5.4 100.4±5.7 43 1995−2012 Gec

Ye (114.2, 22.3) 93.9±11.7 104.1±5.5 105.3±5.6 31 1995−2012 GZc

Ye (114.2, 22.3) 90.0±8.7 101.7±5.0 102.6±20.3 27 1995−2012 G[c

Ye (114.2, 22.3) 96.4±6.9 103.2±5.6 103.8±5.8 17 1995−2012 Gfc

\c (121.5, 25.05) 96.6±9.0 104.0±7.2. 104.6±7.5 29 2004 G� 2005 G 4−5 W

][ (109.5, 18.3) 97.9±3.1 101.7±3.1 101.9±1.7 7 2004 G 4−5 W
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S 2 CMR � MLS �\g Cref �
��������������
Fig. 2 Sensitivities of Cref derived by CMR and MLS methods to the balloon-bursting altitudes over selected sites
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!^Z�*84��% CMR-Ωres 'NH,5 

����*84! 10 hPa (10 hPa *���#(A
\"%), AI=>).' Ωres F'& 2. �$5]
.F#, ).& �4� (=U Brewer' Dobson!
#),I).& ���-�U#�0 10 hPa' Ωecc.

:6, ].F#'*, /$! Ωres B&F#. 6Æ,

& 2 HD<). “$!” ' SBUV >30' Ωres

# (% ��0!O4' SBUV ;'40!^!�
] �:>�;WA&;^g(, -\?( SBUV

-=#("+��0!-ILh8'16# 6W
K), �$U SBUV ",_4 (Overpass)'$! �
-=$ 10 hPa *�'# ∗.

/& 2 "*__K<: /"&�*842)0
10hPa '��, CMR-Ωres `a<(8�/+" Cref

8,; MLS * SBUV >F3'*6' SBUV $!#
5/J�, B$! SBUV #' MLS '#�' SBUV

FE16#, -�S0$KE] Ωres 57�>�'
^ij"%'>*FE16 SBUV L#&; #&–�
�'$! Ωres #<(�'B;#� 10DU *�'E
]20�$"].#h, )& (`M) Ii#EL]
M−UO−:j*IU' �4��#E, k& (K
M) M3−NN−O_' �4�,#E (-)E]
/#�0 10 hPa  �9+�B6" 200DU k_).
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M 2 UVPQlm 10 hPa noT Ωres (de DU)

Table 2 Ωres derived by different method above 10 hPa (Unit DU)

��	cS Ω Ωecc Ω − Ωecc
Ωres

MLS SBUV CMR �� SBUV

bUW, e 348.7 297.7 51.0 53.1 50.4 83.1/90.8 53.0

TdV, e 419.9 352.0 67.8 53.1 50.4 59.0 53.7

cV, e 384.0 307.0 77.0 54.6 52.2 94.0 55.3

cV, f 327.0 284.2 42.8 48.8 47.5 77.0 46.4

Xd, e 316.0 251.3 64.7 54.6 52.2 96.9 58.5

YX, Z 258.2 191.3 66.8 55.3 52.9 93.0 57.1

XW, Z 268.4 217.4 51.0 53.3 52.9 77.4 56.2

XW, e 322.7 266.1 56.6 54.6 52.2 90.8 56.0

XW, f 309.6 261.9 47.7 48.8 47.5 79.8 50.0

[Y, Z 270.4 201.1 69.3 57.1 54.3 90.2 57.0

Z
, e 286.4 224.4 62.0 56.0 53.8 96.8 61.0

Zf, e 272.1 210.5 61.5 56.0 53.8 89.4 56.0

Zf, Z 268.2 187.7 80.6 58.6 55.6 88.5 58.1

\c, e 287.7 221.7 65.9 56.0 53.8 97.9 58.0

Ye, e 278.0 201.3 58.5 56.0 53.8 98.1 58.4

Ye, Z 283.7 207.5 76.2 57.1 54.3 85.7 60.0

Ye, [ 264.5 188.2 76.3 55.4 53.4 83.8 57.5

Ye, f 248.5 183.5 65.0 54.0 51.5 88.6 55.1

][, e 265.0 209.3 55.7 57.3 54.7 100.4 55.9

"#& �4�+B;#('GÆ5%$B9?0
-IE]&'@4 [23], 7?"B;CA#($ �
4�"-IF��'�E*,.

OT#E+LU-b, Z`MÆ�cMQ'#
&–��$! Ωres #B<(�'B;#. -Id`
"+OT#4J`/�'IBUeh#E SHADOZ

L.O4'G2!#$B(7?, -L.O4�P
! Hanoi (l8, 21◦N, 106◦E), Kuala Lumpur (a
bf, 2.7◦N, 102◦E), Watukosek (ac'Ib`,

7.5◦S, 112.6◦E). &'-L.O4$%0 SBUV L
#&' Ωres, "�� �4�<(,' OMI B;!
# [14].

'10 SBUV ' �:>-=>*�;"*c
g0 1970 2 [24], -\HVYB;$!#+ Ωres #
 65/. M 3 D<0H�*84AI� Ωres (7$

! SBUV-Ωres #) % Cref #'NH. -INH*m
Ida' Ωres WK' Cref #+ Cref 4b# (100%)

3 '*#$&F. �$ LFS, ALT, BJ, XN, NQ,

LA, LS, KM, TC, HK, SY, TB �P% L]MYk
dhYUOYLeYM3Y:jYNNYf<YO_YO
TYLU*IU, sp, su, au, wi �P% `YKYQY
^R.MQ. /M 3 "*K<, SBUV $!' Ωres "
��' �4�+ Ω "5&i� 1%∼2%. B CMR

>" ��#EBL]M−UO (`M), 'd �,
#EBO_ (KM)YOT (KYQM) ' Cref #\J
� 100%. :6, "^`M' ��#E (IUYLU)

'KQM',F,#E (OTYO_F), H�*84
��" 10 hPa*��"*g% CMR=>D4 Ωres.

B;$!' Ωres #5B;>*FE16#\�i�
��+#&0!#('"5&.
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1.4 Æpqr"stuB Cref Iij
B;FE16-=(*hn0 Ωres %���*

84��'Di, B%'$KE]'-� ��;,

10◦ FE16jl>. /k��DeH0$K,; 
�#<(�'B;'>*FE16#, -&$K*>
* �:>�;�E'16*,QT'. !0D �
:>�;%$KAI#E Cref #'NH, &! (2)o
c!

1/Cref =(ΩECC + Ωres)/Ω =

Ωtro/Ω + Ωstr/Ω + Ωres/Ω . (6)

�$, Ωtro, Ωstr �P!��0!0�#�0%�=
*%�=10 10 hPa��'1�= �9+�, Ωres

!& 2 $m 4 F Ω − (Ωtro + Ωstr) '#. &! (6)

$ 1 + Cref 5#[_!fj, g">00D Ωtro,

Ωstr, Ωres % Cref ! 100% �'-%39 (CM 4).

/M 4 "*K<, Ωstr " Cref $'/A/- (16
! 65%), + Ωtro * Ωres '/A/d (�P! 16%,

19%), /g%! (3) %1�=' P3  604'9
0�, $U1�= �9+� Ωstr % Cref '397
( 65%, + Ωres % Cref '39J! 20%. 6Æ, &
M 4H"*K<, "�R#EKM'UF 30◦ *B#

S 3 �� Ωres gn� Cref �hke Cref � (100%) ���
Fig. 3 Difference between deduced Cref derived with various Ωres and ideal Cref (100%)

S 4 Ωtro, Ωstr (100∼10 hPa) 	 Ωres � Cref ��lio
p
Fig. 4 Percentage of troposphere ozone Ωtro, stratosphere ozone Ωstr (100∼10 hPa)

and residual ozone Ωres, to Cref
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E Ωres -%39/�; "L]MYUOYIUPOT
'`M, Ωtro '39/�; "�R#E Ωtro % Cref 3
9g8,.

M 5 D<0mO4 Cref #�P+ Ωtro, Ωstr

* Ωres " Ω $�j5@'[+. /M 5 $"*K
<,  �:>�;% Cref 'NHqE]&'MQ&
X�. mf�D�+%�= �9+�3 '[+.

M 5(a) $(].<(A�(2W@k'E]: ).
&KMM3 (NQ-su) *O_ (TC-su), I).&`
MUO (BJ-sp) *L]M (LFS-sp), kd&�R#
E Ωtro/Ω /,'].O4, +@dg& Ωtro/Ω /
�'].O4. Z0-].E], Cref #l""�
+ Ωtro/Ω 'l"q).'p-[, -Id`"I)
.O4 (BOT) /<(. $q�, %�= �% Ω

'39_<(, m�&"gn#E, @B>K Haute

Provence (44◦N, 6◦E) ' SAOZ KÆ–"C(((!
g%ol(�]'-�9+�20&& Ωstr vT',

�!#pn,' Dobson ' Ω !# [25]. :6, g%
&'#& �4� Ω !#$). Cref #, W& Cref

#%'901�=' � P3 �, 70'1%�= 
�9+�% Ω '39.

&M 5(b) "*K<, %�=1J 10 hPa D
' Ωstr " Ω $'5#+ Cref # '[+<(q?<
2W�'@kDh(/'E]Di&, Cref #S Ωstr

" Ω $'59�J+'=. Cref #-%' Ωstr/Ω '
X�5! −0.75 (m<5!'i9A& −1), kd-
[+#r 0.8 k_. :6, G>%�= �',; 
�% Cref #'NH, g%! (3) 04��"1�=

S 5 
�� Ωtro (a)���� Ωstr (b) �	�	� Ωres (c) i	��� Ω �pnh Cref ��rj
Fig. 5 Relation between the ratio of Ωtro (a), Ωstr (b), Ωres (c) to the total column ozone Ω and Cref
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 �' P3 #Q"<('qk, ?sO=>%=
Æ Brewer-Master ' KC � ���!' P3 !#
90(* [26,27]. &M 5(c) "*K<, tu �4�
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