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Chapter 10 haroduction

Chapter 1

Introduction

Becanse ozone influences the thermal strueture of the stoosphere through both long-

wave and shortwave absorption, dimate models need o realistie distribuiion of orzone

to stmulate cimate corvectly. However, to do this can be diffienlt, as ozone shows

;5;}4’371
o

sotrees and sinks of ozone. Most erucial for elimate stmulations is the distribution of

a high variability tn both space and time. This is especially true in the Lropo

wheve the vesidence time of ozone is short, hence tving s distribuiion o the lo

ozone near the tropopanse, as the mininnna temperatures encountered here contrast

(8

most with the Farth's swlace temperature and allows for o maximal longwave fore-

Fortain ot al. 16 satellite observntions

mg of the earth-troposphers svaten

ion of stratospheric ozone

1A ol

of ozone since avound 1979 have allowed for the compils
CIE

al., 1996, leaving however the crucial tropopanse area ont of reach. One way Lo solve

aaloiogy,

climatologies reaching down to about 20 ki {e.e. the I Ieating ot

this problem is by using prescribed ozone profiles, az is done for example iy the GC

FCHAMA, where the altitude of maxinum ozone concentiation is prescribed as in

Wilcox et al. (1€ (1976

Other solutions are to use the ozone fields caleulated by chemistry fransport models
(CTAs), or, as s presented in this paper, use ozonesonde data Lo consines an GEONS
climatology,

A liest attempt to construct an ozone climatology based eptively on observations

(1004, henee called FLE For the tro-

was presented by Fortuin and Langematz
posphere and Jower stratosphere surface-30hPa), the climatology used data from 33
vzonesonde stations scattered around the world, and matched it with the CTRA ozone

This resulted i a vonal

{
i

U-0.003 hPa) described in Keating o1 al,

clirmatology {
{17 zonal bands) and monthly mean ozone chiatelogy preseribed at 34 p

A new version of the ozonesonde part {(surface 1o 10 WP, 12 levelst of this climatolosy

V'?Eiiés %iz\\'{)!:.,‘;)

OL R previons one, (o note;

is now presented, designoed Lo improve some shovtcomings

oy

e [he FLO4 climatology was compiled of ozonesonde data over different ohservation

6o 1e The policy was to oy and ny

periods, spatining a vange from 100
where possible the observation period of the ozonesonde stations with that of {he
CIRA climatology: 1978

in the Southern Hemisphere (SHY performed observations over entively different

1985 However. quite 2 number of stations especially
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i

Fhe resulting chimatology therefore included observations from before

;azse§ after the onset of the Aptarctie orone hole, which s undesivable for elbuate

be cirrent wrone chimatology still copes with

snulations, especiall

the problem of heteross vation periods, but now focuses on a the
period TORU-19GT sehich covers the orone-hole ern (bt ends belore the Phantubo
crnption and alse enables parehing with an extended set of satellile Grone
ohservations,

# [he ozone profiles of dividual ¢

mean, a5 was assumed in FLU BEspecially at lower latitudes w

belts are long, large longitudingl gradients in tropospleric ozone
can be seen for example from the total tropospheric ozone distribition between

Lo
The total tropospheric

a,

507 N and

arone i thedr study i derived from \sii racting two satellite datasets from each

3

TS, z'?%‘f:"»t%éé‘.m{rs‘i by Fishoan et all

other: ated stratospheric SAGE from TOMS total vzone, over the period
Fig, 3.1 in Chapter 3.1 %:1 the ozone climatol

prosented here,

us dataser by areet al. {hence called the Fishman dataset) is used to seale
the tropospheric ozone proliles of the individual stations to a iAf,}i‘u;i mean prodile
At higher latitudes, the profiles of the stations were assuined representative of

§* - *’i?fs(% ey,

e Alter scaling the tropospheric ozone according to the Fishman data, the iizi.{%y‘a‘:{%
of the zonal mean ozone profiles was compared with the zonal mean TOMS dats

1, and scaled accordingly, This was not (iuns‘;‘:

over the farget period 1
with the FLO4 chimatology,

e Unlike FLO4, the curvent version also has an accompanying standard deviation
sets and over the same period. Forlong

ctimatology caleulated Drom the same da
refiabde time sevies, this gives an indication of the natural variability, whereas for

tion of the reliability of the zonal mean

shorier time sevies B is more an indi

ozone valies,

e The current climatol ineorporates & number of new ozonesonde stations

@z’{fﬁ?zéa,;za, Bragzavitle, Ascension Island, Hilo, Bamon, ??m;hi{tz‘ and Alesund),
h

whereas the datasets from other stations have been extended significantly with
new observatinns {notably Natal and the South Poled, On ihe sther hand, guite
a number of stations used in the previous clinatology have now been removed

éi;zz:é Elmas, Palestine, Trivandruny, Aspendale, Marambio, Mirrny,

Prague, O
New Delhi, Garmish Partkivehen and Barrow}, as they had either incompatible

ohmervaiion i,’sf&;’ém‘éx g consisted of too few sonde veleases 1o be of added value

In the following, features of the ozonesonde stations that comprise the climatology
will be discussed {chapter 23, followed by o desoription of the methods followed o

Sy

compile the climatology {chapter 3 and a discussion {chanter 43,
£ ] i )
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Chapter 2

"”";

Ozonesonde Stations

voware ol

The ovonesonde data from the various stations thai constitute the clinatoloy
tained mostly from the World Ozone and Ultraviolet radiztion Data Centr e WD,
Emz also throngh personal correspondence with the people mentioned in the Acknowl-
edgrments. I any of the station data presented here is used by other workers, the

e assoviated sources as listed in the ;'%et_fk5‘;{;%,§<’>sf%:fm’irzesé,x wre

fata bave heon analvsed in previous studies, e

discussed in a climatology study by Kivcholl et sl {1991

and the seasonal behaviowr plus trends of most of the stations listed in Table 2.7 are

presented in Logan (10 aphic location of the ozonesonde stations used

3

200 Informstion on their o

in the climatology mervaiion periods

and requency, the instrument tvpes used and (he correction fartor applicd is given in
fdi}& 2

sefore incorporating the ozonesonde stations inte the cling wology, a primary -

spuction was performed by plotting the thne series of various recorded parameters for

cach station, s is shown for a feavzié%z:%z«_zzz, of 3 stations in Figo 220 This was found to

be a necessary control as for quite a few stations, revised tinie series were ;z,;;;':nm"éﬁ%

o the database withon removing the outdated time series. Also, 1 provide quick

overview of the recording history and points out important ssues like the vegularity of

ations anud g.u'sf«:«.i?s%ré cliiges 1o the instrament type. For examiple, Resolute

station - dike all the other Canadian stations - had a switch in instrument tvpe Hrom

3 Brewer to BOCY a %h«ﬁ end of the seventies, the effect of which can be clearly

seeny on the correction Pactor FVothme sevies in Fig, 220 The corvection facior is
the vatio of the total ozone ohervation over the integral of the vecorded profile. and Is

genetally accepted Lo give an indication of the quadity of the recorderd profife. A valie

close 1o unity indicales a goo wcient between the fwo independent ohservations

and hence only a siadl adiustment in the profile yecording. Howeve rooften the conenp-

rent total ozone nhservations are nol made, as can be seen for o station (Fig.

v [N o AT 3 N T R S P . TS | U
from the carly ninetees onward, fn which ease the corvection value is sel to » delaul

unity. When plotting these pavameters such a sequence of events hecormes apparend

<

and otherwise wonld have lead 1o 2 tou optimistic CFovalue if calenlated divecily from

the database values. For quite o fow stations, there are no concurrent tntal ozone

e
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ssEterd are the

Table 2.1

wnnber and vaioe. anuual sibece

ssire i PP, lobonde and lougiiude,

servarion pericd and the munber of sonde rele ki ;;a‘»);'éa“}z‘i‘ che msirmen
WOUDC code standard: 1o Brewer, tyvpe Indiag 10 =

plodipe, 18 e BT G99 = other 33}'4,‘."’;&3iZi:iE?%‘s’ B and

Station no. A4 name

0RO} Alesund
Resolute

262 Sodankyvia

0777 Churehill

Fdmonton

Fas

Lo

“‘i-‘é(}h(;x&;;}
Lindenborg
Hohenpessenberg
[

ayverne

Bilacarosse

23 Sapporo

1 Boulder
Wallops &)
Tatenn

lg\ieig 3

} Hile

Poona 27

Hrareaville

Matal

Ascension sl .
S;azzm;z

frene

Laverion
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Figure 2.1 Ge

used Lo compile the clhnatok

ehical location of the ozonesonde stations {ndicazed as siars)

observations at all, which makes it impossible to assess the quality of the data (e

Alesuynd, F

Natal, Ascension, Samoa and Reunion, see Table 2,10, For the

there is a long period in the seventies and eighties with no abservations

z? E:'E;;,; 225 untid after the discovery of the ozone hole, when the programme was

Whenever possible, data from the ozonesonde stations were selected over the | arget

pevicd JOR0- 191 tch covers the ozone hole peviod and exeludes Pinatabo. How-

ever, for quite afow stations one had to settle for different periods, especially in remote

avens where only Himited ohservation fntensives were performed Brayzaville, As-

cension, Heanion and Irenel. or in the polar regions where concern for fast ozone
depletion initiated observation programmes only later on in the eighties (o g, Alert,

Alesiud, Sodankyla i the NH: Forster and South Pole in the SI1D. For the dapanese

stations (Sapporo, Tateno and Kagoshinm) a period extending 2 voars on either side

ol the observation period was selected, due (o the very Himited amount of observations

that would otherwise cover the sminmer months, Other stations with observaiions

Hmcloded beewise of thelr siratesic

Ead

/shorter perlods, but which w

fovations, are Biscarosse, o, Lavertan, and Laoder (of Table 2.

For each of the stations listed in Table 2.1, the monthly mean and standard devie

ation valies over the observation periods were calenlated. The vesulting annial cvele
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ston ab S0 and S0 BPa (s obar, top

coneent

Figure .2 Time series of) oz

left panel), towal oxone (i DU dower left panel), the correction factor {top vight

panety and the oxovesonde nstrument number {ower right panel, of Table 2.

abwrved, Hilo station {next

for corresponding nstrument typed for Resolute station (

page, top 4 paneds) and the South Pole {vext page. botiom 4 panelst.

for ench station s shown in Figo 2.3, plotted at the WOUDC standard pressure levels

(1000 200, 1H00 100, 70, 50, 30, 200 10 hPay agamst thme. For two

TO0, 50U, 300,

stations, Ascension and Heundon, too few sonde veleases were avatlable for respoctively

the month Jone and July, so the mean and standard deviation values for these months

wore obtained from linear interpolation between the neighbouring months, A couple
of things to note in Fig 20, where the stations ave depicted chivonologically from North

oy

to Bmouth fsimilar o

e [ the Northern polar vegion, the early spring maximunm concentration aronnd
70 hPais accompanied by oaomaximum standard devintion located just below

e This s nol surprising, ss the maxiimm variance can be

W, oaronnd

cxpected somewhere between the altitnde of highest concenirations and the al-

titude of highest dyvoamic vaability: around the tropopause. 1 s bnportant io

pote that the statons with morve verent observation programmnes, like Adesund

(00-93) and Sodankyla (892092}, have lower spring masima than the Canadian

secindly fov Hesolute (80-8013

stations which recorded Daviher back in time -

T-02% Whether this an indication of aceclorated

and tooa lesser extent Alort {
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stratospheric ozone depletion over the last vears, or vather aspatial featnre, 18

hard to sav

The Northern midlatitades has the best spatial coverage of oronssonds stations,
of which many have maintained o long and regular observation progranime,

Thevelore, the ol sl cover about the s

Le readily compared with each other fo pomt o

(n the orone distribution. The spring maxtomum s now of comps

bt shows a atitudinal gradiont with decreasing values toy

fower fatitides, w\z.{sﬁ.%;z the mnxbinum standard deviation Is located beneath the
kit contentrations, but now moves back to early winter for 1h

i tropospheric ozone,

fudes, Another zf‘x'ésif%iii patinl feature ave the contyy

which for the piore vemote and pristine stations show @ maximu in spring time

fef Chinvebill, Edmonton, Boulder and Goose Bay in Cana and for the sia-

swen, Lindenberg,

tions 1 regions show a summer maxinmum

and Daverne in Earopel. These maxima are probably

Hohenper:

spherie tnfhes duving spring for the pristine vegions versus

atod with a b
photochemival spoy during summer in %?w urban areas, as was also st

b Lowan |

Toward subtropical and lower Iatitudes in the N the seasonality in the mean
crone distribution becomes less pronounced wheress the tropopruse and altitude
of tnximum vzone concentration shift steadibv ypward, The varianee still has o
pronounced masimun e the ate winte @:"‘%g%{fia now seems o be located above
and below the tropopanse (e.g., Sapporo, Tateno, Ragoshima in Japan: Boulder

il Wallops Tsland m the i 7‘*?%,‘:-.
Neay the wa; iator, hardly any seasonal variation in the tropopause height s dis-

cornible, whereas ff:évz AN eontration seoms o oo

incide with the pertod of maxipmm solay insolation (e, Poona, Bra

Natal, Ascension and Samoal gl Ascension have so

wvation period that i §:~, hard o inler whether

wosonde redeases over the o

the observed {eatures bore are colncidental op syvstematio - especially as far as the

stapdard devintion s ronverned, However, the high tropospheric ozone concen-
ematic feature

trations or these stations in the dry season is fikely 10 o oaw

wtedd with blomass burming, as it also shows up oy the longer record of Natad

ARRC

d observation eampaigns on bloniass

station. As v bnown Dorn revent stadioes

coninpasgnes, of Andreae ef all 18

confined to the 5T - widesproad

the associated ozons production

and comparable inomagnitade to industrial smog pollution at NH nidlatitndes
hman datasel on

(e Agddreae, 19041, This can uEm be tusteated winh the F

?s‘a‘ag:xﬁsz«eg)i’esv";‘;sx total ozone present v Fies D of the next chapler. Tods notes
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worthy that even oo the remote island Samon there is a discernable tropospherie

vzone werease duving this period, Whether this is a loeal foatare or due to ad-

veciion frons a remate souree z'f*_zz’imz i fo =ay, Further somth, the sl

Reunion and the South Afvican station Trene exhibit 2 similar temporary incroase

i tropospherie azone. which vonld however woassociated with o maximal

stratospherie dnllux i early spring. when the s variancs reaches o

maximmn. A curjous feature Is the anticorrelation between tropospheric and

stratospheric mean ozone at Irene station during September, along with anoma-

fous high variances. The number of sondes over this month is similar 1o the

neighbouring {quiet} months, which riles ont a temporary anomaly. This seeins

toandicate some cau k between stratospheric and tropospheric ozone diring

Phis month which needs Tarther atiention.

e The {ew stations recording in the SH midlatitudes «‘f?@z&wvri«;n in Australin and
Lander in New Zealand) indicate & similar seasonality in the mean ozone dis-
%z-i?;;;zﬁ%mz as i the NH, with o spring maxinum i é%w 5 §';az‘.o;,sg;§zezz'e.*. Howsver,
the corvesponding standard deviation at a lower altitude is less pronounced and

move shilted towards the winter season.

e In the SH polar region, all %‘3;{% stations {Syvowa, Forster and South Pole) are
loeated on the Antarchic continent, and thevefore exhibit o clear ozone hole signal

i the early spring. Fiféméi;_z,z tos

1o
b kept into 2if‘§".i'.=§if'1§_( Forater and Sonth DPole

vihe NH polar stations, the stations have different
ohservation periods that shonk
!

tne
|
observations go back to the mid-eighties, which may explain the deeper ozone
hole compared to Svowa station where the record eoes back to the early eighties.

on, the paximum variability is now located

Diffevent frony the NH polar reg

At approxinately the same altitude as (n ostead of below) the averase ozone
. s b

niaxiinum in the stratosphere, and seems to be associated with the occurrence

of the azone hole.

The vzone annual evele eoudd also have been presented i ovolione mixing ratio, in

wd of nhar, for the above-mentioned stations. This would produce nuite o different

ber than the dvnaimionl

gz%(‘é e é%zsfifjmémg especially the sources and sinks of ozone,

s be mferred from the ozone partial pressure pictures. To ilhstraie

me clinatology {Chapter 4) will be presented in both partial Dressire

and volume mising vatio units,
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Figure 2.7
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Chapter 3

Compilation of Climatology

e compiling the zonal monthly mean climatology, 2 couple of steps were taken to

homogenize the datasets from the azonesonde stations and incorporate i%wm into the

wtology insuch a way that the zonal mean state is reflected, This involved sealing
the profiles to be consistent with independent datasets of total vzone for the LEODG-
sphere and for the whole atmosphere, as well as using a weighting techuique dependent
on latitude and the munber of sonde releases per month - as will be discussed in the

nexi spctions,

3.1 Total ozone in the troposphere

A digitized dataset of tropospheric total ozone was used to make ihe tropospheric
ozone profiles of the stations between 50° N and 50°8 more representative of the
sonal mean state. The dataset was obtained by a‘zsi;ir;u‘iéng two satellnie dataseis
from each other, stratospheric ozone recorded by SAGE from total ozone v TOMS
over the peciod 1979-1991, to obtain residual troposp ‘m‘m ozone (¢l Fishiman et al

992}, The dataset consists of 4 seasonal average ozone distribitions on & 5° lafitude

by 107 longitude grid, and is shown in Fig. 3.1, Cleatly, the lon grtudinal gradients

i tropospheric ozone can be quite large, especially near the eouater, <o that the

individual profile of a station need not be representative of the zonal mean profile. T
account {or this, the tropospheric profile of a station for a given month was mulii tiphed
by the ratio of the corvesponding zonal avernge of the Fishman datasot {same latitude
aod month) over the corresponding s*z‘%dm?;z:xv; value in which the station s located, To
obtain monthly mean values from the seasonal averages of the Fishman da wanet, o Hnear
fnterpolation was performed between the conteal months of ench season - assigning the
seasonal average values to the central month. The tropopause height beneath which
»

the sealing was performed was calolated from a simple latitndinal dependence:

Pirap 15 the tropopanse height b bPa, as 2 function of the month of the vear (=]

to 12} Jat is in degrees (North positive). On average. this formuda agrees Guite well

R
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Chapter 30 Cowpilation of Chimatology

wing the troposphieric ozone profile for

with the Eropopais §§i‘2 ’H derived ron
each station until the corresponding f.;s‘.‘zie%i azone value frons the Fishman datasel was
eached. OF course, even a sealed tropospheric ozone profile need not be equal to the

sonnd mean ;’sz'zzxiéi{x even thengh its integral is, but as long as satellites ean not resolve

tropospheric ozone profiles, there is no way Lo aceount for this, Besides acoounting

for Jonghtudinal gradients in the tropospheric ozone of a zonal band.

to make the station datasets maore homooenecus in Himoe.

1 .
dimiy o

of the Pishman dataset (79-91) almost coincides with the target period set for the
F

frupespheric ozone profiles were left amnodified. This was partly due to the fact that

shman dataset region, the

For the higher latitudes bevond the

chimatology (80-91)

abves were available for this vegion, bt also

no independent total tropospheric ozone

wmption that the individoal profiles are vepresentative of the zonal mean ones
Becomes more reasonable here - as the zonal bands are shorter and the anthropogenic

influence on tropospherie ozone sinaller.

3.2 Weighted averaging

Once the tropospheric ozone profiles for each station have been sealed as described
above, the zonal means were determined for each of the 17 zonal belts by averaging the
stations located within or near a zonal belt in 2 weighied way, The mo nz%? Average
hostation was weighted with the mumber of sonde releases pertormad over

profi
the observation ;quf% for i?‘zéra month, and with a simple function of the latitudinal

distance to the central latitude of the zonal helt:

o, -
U grapion ™ HH e C vy
3.2

sve levels, the ozone value o

Before adding the profiles together ai the standard pr

EH

the 1000 hPPa standard level had to be caleulated for the higher elevated stations with

tower annual surface pressure values (for the South Pole the ozone valie st 700 hPa

assuming the same osone volume

fevel also had to be calenlated). This was done by

g

fzii.\;észfg vatio at the 1000 hPa {and 700 hPa) Jevel as at the sinface. The stations that

1

wh zonal belt in the chimatalogy are

woere averaged together in this weighted wa

sted in Table 3010 As can be seon, the zone 3 and 10 have no siations within theim, so

atitudinal interpolation given above is zzsm% for the stations neated {o the unper

ansd lower neighbouring zonal belis, 'i"”a;;;‘ zone 15 at Novthern midlatitudes, it ceenrs
Lstations lie within the same, or in neighbouring gridpoiut of the Fishman datasets.

H

was given to these stations, as opposed 1o a 1.0 weighting for the stations af 2

ting of respectively 0.5 and

o account for this close co-location, an m? Hitonal wel

more distant yeach frow each othee. The ahove-mentioned provedure was followed for

determining both the zonal mean and the zonal standard deviation fields,



s
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Table 3.1 An overview of the siations used (o caleulate the zonal mean profile of

ench zonal band in the ozope climatology

zonal band no. bonwdary station numbers

17 18, 80

£y ~'1{'; 3

%

15 262,77, 21

N
Jhe

jony
)

37
D

3 1)
(57 N
3 PR 10




Chapter 30 Compilation of Climaialogy

Figure 3.2 Above and following 2 pa ated zonal meay

o iparison of

s,;%s'u

orang profiles (solid Hoes, for zonal buls é»f}',: with TOMS version 7 data (vda

1991, The zonal band number and the stations which comprise

dot Hned over

the band {of. Table 3.1, whicated above carh plate

3.3 Total ozone in the atmosphere

e final consisieney check, the ttegrated mean profiles of the 17 zonal belts were
1991

compared with TOMS {version 7} zonal monthly means over the period

al mean profiles is based on the hvdrosiatic

The formula used to tegrate the
1.
e ppravy and the laver thickness (AP, in hi

atton, and basically adds © %z{;’s;‘ 5%3@ products of the ozone volume mixing ratio

Aor each Taver:

Frip

Tor.Os = 0795 MRy AP, (-

W

I the recorded ;smfé%sz did not veach 1o the top standard pressurve laver, a constant

mixing ratio equal to the last recorded value was assumed for all the lavers above

5

- a provedure standardly followed when concurrent total ozone rreasurenenty e

made to determine the correction factor. The ahove formmla was fonnd 1o ag

where such independent ?u%;ﬂzé ozone measnrements. Fig

claselv in most

shows how well the integrated zonal mean profile : wree with the corresponding "?‘*"}"“ )

values for each month of the vear,  As ean he seen, the NH zonal bands ot mid 1o

high Iatitndes show a good agresment with TOMS. However. Cthings clearly 2o wrong

atically

aromnd the ngz,:mz for bands & and 9, where the integra Hg values systemn

§ 50 DU This is kind of surprising, as the

the T4

by as much »

SEN

exceeds

these two zonal belts, However, no

quite extensive s mcorpomted in
concurrent tolal ozone measurements were performed over the observation period of
Natal or the other equatorial stations, making it bard 1o pinpoint the reason for such
Ia

for zonal belt 3, where the inteeratod

ge ervors. Towards the higher SH latitudes, t

Hnproves again, except

IR

sovadues, This s
vstation on Antarctica, which was combined

probably due to the influence of Svo

with Lauder station to produre this zonal averase. For the fowermost two zonal
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Fortuin: An ozone climatology

Figure 3.3 Tine-buitude distributions of fotal ozone, obtained by integrabing the
£ < bl b3

profides, before {{eft panel) and after {right panely applving a

ozone clmatok

data over 1O80-1891

correction with T

bands, the agresment in late summer s quite good, but clearly fulls short of the
FTOMS measurements during the ozone hole period in spring and eavly summer. This
(86-92) and Forster

can be due o the later observation periods of the South Pole

(85-0173, when the ozone hole was at a more developed stage than would be reflected

/\

from the average over the target period 83-91.

TN

i¥ia

Estep was to apply the correction factor, obtained frony dividing the

whies with the integrated zonal mean profiles, 1o each value of f%wunz‘mgvuzn,i%%‘zg Pro-

§'i§m and combine the zonal mean and standard deviation fields into one dimatology.
vence between the TOMS-correciad a_f%is?;gat‘z_siﬁ;g;}' snd the un-

Fig, 3.3 shows the diff
povrected version, As TOM
applied to these profifes. The agreement between these two versions are guite g?,s:_:wfi

»can not measure o the polar mighis, no correction was

for the higher latitudes, but there s a olear problem on the SHeside of the equator, as
pointed out earlier, The vesult of combining the TOMS-corrected zonal belts into one

climatology will be presented and discussed in the next chapter,



Chapter 4 Discussion

Chapter 4

After each of the 17 zonal belts were made consistent with the TOMS data, they
were appended to each other to form a climatology of the zonal monthly mean ozone.
The same correction {actors applied (o the z;é;zz‘iims and zonal mean ozone profiles
were applied to the corvesponding standard deviation profiles, and were combined in
ov. As an overview, the annual

g sumilar way to form a standard deviation climatole
mean and standard deviation climatology are shown in Figo 4.1 for partial pressure
(nbar} and volume mixing ratio {p;zz'{&; per bithion by volume, or ppbvy units, The

55

(pphbv) As

s oare given in Figo L2 {nbard, and Fig

>

monthly mean olimatolog
mentioned earlier, the partial pressure units provide more insight into the dynamics
associated with the ozone distribution, whereas the mixing ratio indicates more where
the sources and sinks of ozone are active. One of the clearest ways to illustrate this
is to compare the lorations of maxinnnn mean ozone concentrations for both units.
the maxiroal mean ozone values are loeated

When viewed in partial pressure (Fig, 4.2),
around 70 hiPa at NH polar latitudes during the spring season, due to the buildup of

ied Hadley cireulation in NH winter

ozone transported from the equator by the intens
{this 15 not true for the SH poles due 1o the ozone hole phenomencon}. When viewed in
partial pressure (Fig. 4.3), the maximum is located ai the top pressure laver around
the equator, where the solar és;aaa&fezé%mxz? and hence the production of ozone, is maximal.
Also apparent from the mixing ratic plot is the ozone production signal most likely
associated with biomass ?&iszmw at the end of the SH winter, stretching from the
erquator southward during September and later shifting more towards SH midlatitndes
during October and November. The on-average higher tropospheric ozone mising
ratios in the NH than S?'? is

the summer months (Fig

so evidence of high ozone production through smog in

boor due to an increased influx from the stratosphers in

the spring months,
When viewing the standard deviation {square root of the "a’;_"i}'iéi-%%aié’? plots, diflerent

features also become 23§)§)§~3,§‘£.‘:22§. az"‘?zmz viewerd in etther nbar of - For partial pre

the maxinmam variance oce vthe NH ust below the ','f.ié%éééé%@ ot
srone at polar latitudes, Mm Ea s éﬁsv region where the variability in ozone is the largest
due to the high dynanical variability of the tropopause region iﬁ%iﬁi"(‘ii?é\{ below combined
i, for the SH polar region

with the high ozone concentration from divectly above {

29
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Figure 4.1 Pressure-latitude distributions of the ozone climatology, or mnnand mean

oxone and s standard deviation, in nbar {(fop 2 plates) and ppbv (hottom 2 pl

the situation s different; due to the ozone hole the maximum variance now occur whers
the maximum mean concentrabion should have been, at 70 bPa). Viewed in noxi

acinted with varistion

vatios, the maximuorm variance occur at higher altitudes now

in ozone production or destruction. Care should however be taken not to equate the

iance is also inversely proportional

varianee Lo the natural variabiliv

to the length of the thne series s caleulated from, Hence, the the corresponding

station ohservation periods should be kept in mind to diserniminate between the natural

variability and the relimbility of the mean ozone valaes,

As poisted out In the previous chapter, the equatorind zonal belt {no. 93 showed

Hscrepancy between the integrated zonal mean profiles and the correspond-

a large «

)

data. This resulted in a large covrection factor for the equatorial belt,

such that the sealed down profile valines become vistble as a kink in the sopleths of



Chapter 4: Discassion

mean ozone at higher altitudes, for all monihs except

However, then the diserepaney with the T¢

and June. This s unlikely
to be a natural feative, and an alternative would be to use the uncorrected profiles.

As no concgrrent
shution would be

PRt g

5 datais a problen.
ground-based total ozone observalions were performed for any of the 2041
tions, the best

ERR NI R A S SO A

\ iatorial sta-
recorded profile i thime with the
closest possible TOMS observation and calenlate the corresponding correction factor.
after which the averaging is performed. Another option would be o append a satelli
basedd st :

Hito

i

SV

' stratospheric dataset Lo 1o the existing climatology, as was done in the prev
version {Fortnin and Langermatz, 19943, 1o h

total integrvated ozone here {in stead of assuming
vecorded value), Also, one can then
TOMS

£

HOVIOUS
@ oraore accurate assessment ol the
constant nuxing ratio above the last
determine whether the uncorrectod or rather the
~correcied version s most lkelv to be tru

based on the agreement within the
overtap vegion (P-lavers from 70 to 10 hPa) between the ozonesonde climatology and

s satellite conpterpart. Such an extension is planned in the n

futnre,
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