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Trend Analysis for Stratospheric Ozone Concentration
in the Middle Latitude Northern Hemisphere Using HALOE Data
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Abstract

The ozone concentration measured by HALOE (Ver. 19) from Oct. 1991 to Dec. 2003 is used for analyzing the
variation of ozone concentration. The HALOE loaded in UARS is observing several gases in the atmosphere, from
10 km to 80 km. Fourier analysis of these data in the middle latitude northern hemisphere is reported in this paper.

To detect any possible long term trends, the fourier transformed time series was back transformed after removing
signals with time periods of less than 6 months. Although the results clearly show the strong annual cycle, it is

difficult to show any long term trends from the fourier series.
We also compared the ozone volume mixing ratio’s from HALOE with that from the ground-based radiometry

to evaluate the accuracy of microwave observation at Sookmyung Women’s University.

Key words : HALOE, Stratospheric ozone, Mixing ratio, Ground~based observation, Ozone variation

1. A £

19853 <§=2] J.C. Farman, B.G. Gardiner, J.D.
Shankline- 1980\ 109EE] 1984 34749 =
& Az 533 A 2E s 53
FAS 4T BYE HEF =F (Farman et al.,
1985)& w3 ol F, 28527l 43 i
g e 2&Folet WYL ol HF d9ot

*Corresponding author.
Tel : +82-(0)2-710-9399, E-~mail : jjinoh@sookmyung.ac.kr

A A7H ez AyH T ok

2e pESE mxdl gt AR o2& 42
A 2E02 Yol ¥ 229 S4L o$ o
2m, AT A nAE JFHw Aolsict. FH
o AAA 10km7H) EASE 22 el
#, ALslAde] 78 olgol NOLt OHel 28] Az
o R A o2k AAET]|= o) (Brasseur ef al.,
1999; Jucks et al., 1996). A=A &2 A4} 10~50
km Afolsl EAlshe 228 selzlo], 22 A4 30
kmell A ZHFE Helar, olF el 2ES
(Ozone layer)e]g} W gt} A= ok 15~30kms

J. KOSAE Vol. 21, No. 4(2005)



414 7448 - Aol - 2AAA

2SR 0Ee do} 2Ale] 028~030um 33
(UV-B ool st ke Fosel, 1 A3t
H3qel merh 24T 7o) e 54
20 Hlel, AR HAE 2 Halnk 023
A5z 422) B4E AT o] HE
A% WSl AUT JBE oA Aoz o449
A A FAT Hike 29 Aoz B
olo} (Turekian, 1996). Wetr] A4 o8 vets @
N EFe] WAE ol & ¥ EAF A
2E = W3t ) ol FF A5 AP 9l

B 2 © e

=3 _

AEd 229 A3 e A R v 4
At

ARE A4 F2 ez %A #Z ubgs
FEH BF e oA RAS 5 WY

g}e]e} (Light Detection And Range: LIDAR)Z o] &
% o 249 B e deldE g
Aelsl= g2k Z 8 ojde oxo] FEA ES
£ Aotel Shre Al = e S A 2
5% oA i e Al y) Fez U
a o FA19] S A28 A Ael2E
o 2} A=) A Aoz Boher A,
obe o] ANE vmsted Twe WE 0F
8 AN 4 3o (A5, 1999). 5 e
B3} % A (Dobson spectrometer) £} w}o}
’:J7T7} %l‘i} B¢ 23 FeAE gl
ddell A 27) o]} A
+ 305nm
& 9loh.305nme) e oE ¥
Aol o8 el FET 325 mmE Al §45)
Z omz 7|& HAFo T Mot} u].o]__i_ﬂr 222]
7%= 229 A Aojd os] AA] HAlEE Zw}
2 223l ANEZHS dc) 7 A EH] A
Bofoz oFe mew FEe w39 Ut 9=
A Ao] HAlo 2 2.1 mme} 2.7 mmr} Qi
5 =Y B2 nmelqe

El°i —?L’

R

r—-'

oh‘ m}n il

i
i
‘?fi

4
XE
4

F A e zE JlTE

0% H=g A4 2 £6 Sondey} A0k £
de Ad AFde=s £¥A7] w9, 5 717)l

H3] #&= 1%

gLl

ol 71 A% F5E 9 5 3l
Ao T oE ¥EF A€ 4 Aok

A WAz A el ol 4B A A7
Mol o BEg 4 4 33 ) 14 o)

2
o
=
°¥ﬂ

FRA71273E3A A21 A A4z

HE7I7E dAlste] Sl o3 249 =5 ¢
€ 4 o] EAL WS 4 4 e V2 A=
2 % 5 vk 71 FEAe] dAshs 713 el
Bzo] o Folxme 7|4 BAYC] A% W
olHE A& & o, ALY eEFE WIS
24% 4 ok 9ud 34 B2 71712 TOMS
(Total Ozone Mapping Spectrometer, Nimbus—7¢l] &
AH7F 19783 11Y 193E 1993y 54 6U7A] &
A7 &3P o (/T F, 2001), UARS
(Upper Atmosphere Research Satellite)ol] %) =] o]
19919 99RE &9 1wl F% &L AEHEE
HALOE (Halogen Occultation Experiment) 5-¢] ¢]o}.

B =Toalx HALOES] 1991y 10938 2003
d 2R B3 dolElE veke s BT 39
% A9 025 Wil o8 ATRT, SHol
o vholmzst 9F A5 2472 BET dolEls)
HALOE 914 d| °lE1£H @ BAHE& sjrual 8
o}

2. 0] 2

2.1 HALOE &% 2z

HALOE: 1991% 99 12¢e] Ald $-F4
UARSe| g€ o7 7484 2 &= SA7)7 &
gjtolet. Oy, CH, HyO 59 H7] 4 22ke] 1w
W 2xe P25 HALOE: 19919 109 119%
B #5E AERon, @] 807 el F4 80° 7+
A Az AA delHE £33k = HALOE #
29] 712 )= gk g#H ] (Solar Occultation) &
24 HALCE &% AM7} A7 d7]18 E3sle] ©
& ulekE o, &, ?J_%?Jr A& A o e ool M
wEd Ao F4M7E Rlasle EAEE A
A} 15 kmef| A 6O~130km77}Z] ey y B g
2.5)1] (volume mixing ratio: ppmv)E 92 4 S}
T2 g2 BAe] 4 54 gt Fd9 2F
B A=Y (Broadband filter radiometry)3} 714 ¥
B2 (Gas filter correlation radiometry) .2 1}
HA, 245 umBE 10.04 um7A) 9] g g
23} Ao Table lo] W& Bxlo] I3k o2
Helahade

Fde de SAEAYL ds

e

g eof



HALOE A2 & o]4-8F

Zol®A 415

FHE AHY o5

Observed : Level 2 ; gﬂgsfste
00 TPA : 30.0 km HALOE (Observed) - Beta angle
p
S »
3 LY
50 E" 1 \ y B # 4
Xi%@g §-”"‘-++¢§ ¢
el t g s o8 TR e Y e (B
Q = +| o 1y 8 O R 3
= +9 +f © P d k.
= +4 HO +0 o
% 0 T +g 1S ol [s] _:‘"
~ r ¥ B . 1 ;Lo ‘D sl § ° 1’%%
Y VP + S :
Vol % I AN AT %é EER R ]
—50F ¢ j%" o i | 4
by A
—100

\ \
¢eo- Oy\at O\MJ(- Q\N\‘A‘J Q\wﬁ\- 0\3\)\~ Q\B\)%- mge?- 0\00\- o\ﬂo" : 0%60' Qoefw

2001

2\

Latitude progression

Fig. 1. The latitude coverage of HALOE in 2001.

Table 1. Molecules measured by HALOE.

Measurement Parameter Vertical Altitude
method resolution range
HCI 4.5 km 10~60km
HF 4.5km 10~60km
CH, 4.5 km 15~75km
Gas filter 4.5km
correlation NQO (below 78 km) 10~130km
radiometry 6.5 km
(above 78 km)
Aerosol (HCI,
HF, CH,;, NO 2~3km 10~50km
channels)
05 2~3km 10~85km
Broadband  H,0 3~4km 10~75 km
filter NO, 2~3km 10~55km
radiometry
Temperature 4.5km 10~ 130km

(http://badc.nerc.ac.uk/cgi—bin/data_browser/data_browser/badc/haloel2
/doc/haloe_12.sfdu)
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Table 2. The six data set for analysis.

Location Latitude range

North 60° ~80°
North 30° ~60°
North 0°~30°
South 00°~30°
South 30°~ 60°
South 60° ~80°

High, Nothern Hemishere
Middle, Nothern Hemishere
Low, Nothern Hemishere
Low, Nothern Hemishere
Middle, Nothern Hemishere
High, Nothern Hemishere
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Fig. 2. Monthly variation of ozone concentration in the middle latitude of northern hemisphere in 1992 (left-up), 1993
(right-up), 1995 (left- down) and 1997 (right-down) year.
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Fig. 3. Average ozone mixing ratio from 20 km to 40 km
(in middle latitude of northern hemisphere).
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Fig. 4. Ozone variation in middle latitude of northern

hemisphere from Oct. 1991 to Dec. 2003 (Up: from
15 km to 62 km, Down: from 25 km to 43 km).
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Fig. 5. The variation of average ozone mixing ratio from 25 km to 45 km (Left), and the fourier transformation of the

ozone mixing ratio (Right).
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Fig. 6. Variation of ozone mixing ratio after removal of
short term variation.
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Table 3. HALOE observing position around Korea.

Date of observation Location

Jan. 05, 2002 3720N 117.82E
Jan. 24, 2002 3620N 12921 E
Jan. 25, 2002 39.6I N 131.08E
Feb. 16, 2002 38.50N 13032E
Feb. 17, 2002 3450N 12881 E
Feb. 21, 2002 3443 N 132.83E
Feb. 22, 2002 39.58 N 131.65E

Ozone mixing ratio (Feb. 2002)
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Fig. 8. Comparison HALOE data with SMWU data.

Aol o] A&7 delEHE d& £ gornz,
HALOE d#le|E{&= 13] 3 v 0|8 & A3l on, A
A &5 delel: 19 HF HolEE AMslgieh &
el e] #E3-& HALOE Hw3kat 18 8oAl ]
Fe Qleh FEawdMe] HEge aokx] s}
7} AeA] govz vwA A UXFls FERES
Belx gle 7oz 7= HALOE Zel A}
%% AT FHd 2FY 1® PR A=)
3 439 A%E welFT gom, AR Ay
2 A3 e TuA Az

5.4 B
o] =Foj| A= UARS Al &=zl HALOE A4

A2 do]EE o] fate] 199178 E] 2003171 2]
= A5 2F = WS FAs9 2 FE

9w Age] 2E%E Folpy 421

vl W32 ¥ x4} 35km A o] FHd&=E o] F
T Qew, 2FAL AM 2AFY oz B4
o] A5 Z7lstA "ot =3 1339719 dlo[El&
7oz & wislakel A7t W FI)E AR
7] $J3l Fourier Analysis& AR|g}g ot} 2& 5
o 477 WEE AN B F19 A5 o
AAME WE T8 A5 E2el #§AA ¢ow,
322 7100w s 2% AN 0 5w
F714 seto] oJgch o8 HASH] s A% B
Zolub gholnksh 2 ¥EA V& o) ol 4
96l 2 59 932 A4 43 el
B2 de 4 gled, 4
038 919 & A% T ATELE AoA
gloms wiel hed 94 BE YA 45
W, 2ol 408 Aoz BRE o A
F 22 Ase e o 498 AT A5
iedes AT Uyl B4 WA o WeE
ZFII Q7] djFel], 2F 5 i}
ST R W72y

Phehe Aol Fa% R Bk e o) 24
wslol] Ha] AL oz e HolHE S
Aol AF- A7) 37 WIS oS3 Aol & 7)o
5 & Fele

INERE

2 I Egozdstn 200595 w Q78

le‘ﬂf’ﬂ 91311 %BE] gl
#1023

A4, FHA Q001) 92 A FAY o2
A3, 327 AFEFE) #], 37(2), 169-180.

SRR 2002) T AT AV
R E R R E I P
oA, B 1 223-295 pp.

2 5 (1999) 715811, =AM &% oh2A, 328-377 pp.

Baldwin M.P., L.J. Gray, T.J. Dunkerton, K. Hamilton, P.H.
Haynes, W.J. Randel, J.R. Holton, M.J. Alexander,
1. Hirota, T. Horinouchi, D.B.A. Jones, 1.S. Kinner-
sley, C. Marquardt, K. Sato, and M. Takahashi

2&jel A3

J. KOSAE Vol. 21, No. 4(2005)



422 719 Al 2AR

(2001) The quasi-biennial oscillation, Reviews of
Geophysics, 39, 2, 179-229.

Brasseur G.P., J.J. Orlando, and G.S. Tyndall (1999) Atmo-
spheric Chemistry and Global Change, Oxford
University Press, U.S.A., 472-484 pp.

Chanin J. Zawodny, C.S. Zerefos (1991) Scientific assessment
of ozone depletion : 1991, WMO No. 25, 2.1~2.30,
4.1-4.15.

Dunkerton T.J. (2001) Quasi—biennial and subbiennial varia-
tions of stratospheric trace constituents derived
from HALOE observations, J. of the Atmospheric
Sciences, 58, 7-25.

Farman J.C., B.G. Gardiner, and J.D. Shanklin (1985) Large
losses of total ozone in Antarctica reveal seasonal
CIOx/NOx interaction, Nature, 315, 207-210.

Hamilton K. and S.M. Fan (2000) Effects of the stratospheric
quasi-biennial oscillation on long~lived greenhouse
gases in the troposphere, J. of Geophysical Res.,
15, D16, 20581-20587.

http://badc.nerc.ac.uk/cgi~-bin/data_browser/data_browser
/badc/haloel2/doc/haloe_12.sfdu

Janssen M.A. (1993) Armospheric remote sensing by micro-
wave radiometry, 1st Ed., John Wiley & Sons Inc.,
US.A., 1-13 pp.

FxAA QAR A21 7 A4

Jucks K.W., D.G. Johnson, K.V. Chance, and W.A. Traub
(1996) Ozone production and loss rate measure-
ments in the middle stratosphere, J. Geophysical.
Res., 101, D22, 28875-28885.

Patra P.K., S. Lal, S. Venkataramani, and D. Chand (2003)
Halogen Occultation Experiment (HALOE) and
balloon—borne in situ measurements of methane in
stratosphere and their relation to the quasi-biennial
oscillation (QBO), Atmos. Chem. Phys. Discuss., 3,
1925-1947.

Rodgers C.D. (1990) Characterization and error analysis of
profiles retrieved from remote sounding measure-
ments, J. Geophysical Res. 95, D5, 5587-5595.

Rodgers C.D. (2000) Inverse methods for atmospheric
sounding: theory and practice, st Ed., World
Scientific Publishing Co., Singapore, 1-11 pp,
197-204 pp.

Russell III J.M,, L.L. Gordley, J.H. Park, S.R. Drayson, W.D.
Hesketh, R.J. Cicerone, A.F. Tuck, J.E. Frederick,
L.E. Harries, and P.J. Crutzen (1993) The Halogen
Occultation Experiment, J. Geophysical. Res., 98,
D6, 10777-10797.

Turekian K.K. (1996) Global Environmental Change, 1st Ed.
Prentice Hall, U.S.A., 143-156 pp.



