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Abstract: Monthly and daily total ozone and 100 mb temperature correlations and te-
lecorrelations at Cagliari, Messina and Athens are investigated, It was found that
100 mb temperature and total ozone were betier correlated on a monthly than on a daily
basis and related suggestions are given. Horizontal advection and vertical motion were
found to be almost exacily opposite with respect to the 24 - hour ozone and 100 mb tem-
perature changes. During the summer the abogc correlations were found to be fairly
high both on a monthly and on a daily basts, resuliing to an interannual variation of
the ozone - temperature correlation coefficient. The summer high correlation could be
explained assuming that the variation of both ezone end 100 mb lemperature caused
by meridional advection in this area under study have probably the same sign during
that season. Total ozone telecorrelations were found 1o be higher during the winter. These
telecorrelations displayed a rather weak longitudinal dependence. Yearly total ozone
and 100 mb temperature correlations and telecorrelations did not differ from the 11 -
year period (1960 - 1970} correlation at the 5 9, level.

InTRODUCTION

According to the classical photochemical theory, first formulated
by Chapman (1930), the presence of atmospheric ozone iz due to pho-
todissociation and recombination processes. Followmg the classical
theory, the photochemical distribution of atmospheric ozone will depend
on the availability of the solar UV - radiation as well as on atomic and
molecular concentrations ol the various gases involved in the photo-
dissociative and recombination processes. The photochemical theory
predicts a maximum ozone concentration befween 25- 35 km height,
a latitude ozone gradient with maximum values in low latitudes and
minimum values at high latitudes, and a seasonal varialion with ozone
maximum in the summer and minimum in the winter hemispheres.
However, observational material showed that total ozone and its ver-
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tical distribution display a high - latitude maximum during the spring
and a minimum in autumn.

The discrepancy between the photochemical prediction and the
actual space and time ozone distribution led to a modification of the
¢classical» theory which incorporated thereon the effects of air motions
(see for example, ProBakARA, 1963). In several papers (BREWER, 1949,
Dosson, 1956 et al.) it was suggested that the meridional circulation
in addition to the photochemical processes might be responsible for
the space and time distribution of atmospheric ozone.

Presently it is accepted that only a small fraction of atmospheric
ozone, mainly that found above 30 km height, is in photochemical equi-
librium. Ozone in the lower stratosphere, transported there by large
scale descent of the air with which it is mixed, is well shielded by the
ozone above it. Since a small amount of ozoneis found in the troposphere
and the photochemical equilibrium region is above about 30 km, total
ozone variations will be related to perturbations in the middle and lower
stratosphere. Indeed, total ozone content was found to be fairly well
correlated with stratospheric temperatures (DurscH, 1963, KULKARNI,
1968, FiauEIra, 1972 and others) as well as with various meteorological

Fig. 1

parameters of the upper troposphere and lower stratosphere (Kutr-

RARNL 1963, et al.). The complicated scheme of the mutual ozone- tem-

perature interrelations, was recently discussed by Diitsch (1971).
Horizontal and vertical ozone transfer in middle and high latitudes,
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is now well known to be connected with the occurence of depressions
and anticyclones (see for example Tapa, 1961, SexicucHl, 1972 and
others). Advection and vertical motions accompanied by horizontal
divergence and convergence were suggested to explain some signifi-
cant correlations found between short - term total ozone and tempera-
tures chauges in the upper troposphere and lower stratosphere (Kul.-
EARNI, 1963). :

The present work is an acconnt to both long and short term total
ozone and lower stratosphere temperature correlation at about the
38° deg. latitude circle in the area defined by the meridians 09 E to
24" E, namely for the stations Cagliari (39° 15" N, 09 3’ E, Messina (38°
12’ N, 15°33" E} and Athens (37° 54" N, 23° 48" E) (see figure 1).

2. Dara useDp

Monthly and Daily total ozone amount data at Cagliari and Messi-
na were taken from the «Ozone Data for the Worlds for the period 1960 -
1971. Mean monthly temperatures at the 100 mb level were taken from
the «Monthly Climatic Data for the World» for Cagliari (1965 - 1971)
and Messina (1965 - 1966). Daily radiosonde, observations for Cagliari
were taken from the «Northern Hemisphere Data Tabulationss. Month-
ly and daily radiosonde data for Athens, were taken from «Bulletin
Mensuel Climatclogiques, kindly supplied by the National Meteorolo-
gical Service of Greece.

3. MONTHLY AND DAILY TOTAL OZONE AND 100 - MB TEMPERATURE
CORRELATIONS.

Day to day ozone changes are at least as large as the long-term
ozone variations. Correlation studies between total ozone and lower
stratospheric temperatures showed that on a seasonal basis correlations
were generally lower than on a day to day basis (KuLEARNI, 1968) the
correlation being positive throughout the year (Durtscu, 1963). Kul-
karni suggested that the mechanisms responsible for day to day changes
are quite different from those responsible for the seasonal changes
in both ozone and lower stratospheric temperatures. Diitsch (1963)
found that the ozone - temperature correlation was greater during the
cold season than during the summer, an effect which was attributed
to the decrease in the intensity of vertical motions from winter to sum-
mer and possibly to the different sign of ozone and temperature varia-
tions caused by meridional advection during the warm part of the year.

23
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Similar results were found by KuLkarnt (1968) for Brisbane but not
at Aspendale for which the best correlation was found to occur during
the summer. Sekicucur (1972) in order to explain an interannual
variation of the ozone - lower stratosphere temperature correlation
postulated a phase shift between the annual ozone and temperature
distributions. )

Our first task was to investigate the above mentioned features
of the correlation between ozone and temperature in the lower strato-
sphere at Cagliari for which rather complete total ozone and 100 mb
temperature data were available to us. The correlation coefficient be-
tween mean monthly total ozone and 100 mb temperature for the period
1965 - 1971 (76 pairs) was found to be + 0.683. This correlation was
reduced to - 0.332, when based on 213 pairs of daily total ozone and
100 mb temperatures for the year Dec. 1968 to Nov. 1969.

Although both correlation coefficients are different from zerc at
a better than the 1 %, level and positive, they are however exactly the
opposite of what was to be expected from the previous work discussed
above, i.e. lower correlations are found on a short - term than on a
long - term  basis.

Next we considered monthly and daily ozone - temperature corre-
lations obtained at Cagliari for the four seasons of the year, which are
shown in Table I.

TarLe I

Total ozone and 100 - mb Temperature Correlations

Cagliari Winter Spring Summer Fall

Daily -+ 0.421 — 0.248 + 0.562 + 0.264
Corr. (61) {52) (29) (68)
Monthly + 0.539 + 0.016 + 0.710 + 0.418
Corr. 17) (19) (21) (19)

From Table I it appears that significant {at the 1 ¢, level) correla-
tions are found only during the summer season. The general rule of
positive total ozone - 100 mb temperature correlation is not confirmed
during the spring. However an interannual change of the correlation
coefficient is found both for the daily and for the monthly correlations.
This could resulted from a phase shift between the annual total ozone
and 100 - mb temperature distribution as it was postulated by Seki-
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guchi (1972), but we shall become at this point later on. Before ending
this paragraph we should mention that monthly mean ozone - 100 mb
temperature at Messina was found to be 4 0.830, but because of incom-
plete daily and monthly data no further discussion is dedicated on it.

4, MECHANISM OF LOCAL SHORT - TERM TEMPERATURE AND OZONE
CHANGES.

In the following lines we shall study the local three dimensional
temperature and ozone changes during a short time interval, namely
in 24hours.

The potential temperature ® in the lower stratosphere can be con-
sidered to be conserved during the air motion in a short time period

(say in 24 hours). Thus the total differential —dd— :a_at +V. grad +

+ W — (V — horizontal wind vector, W = vertical air velocity {po-

sitive upwards) and z the vertical coordinate) applied to ©® must satisfy
the equation:

de

v =0

Using pressure as the vertical coordinate and because © =
Cp—Cv
T (Po/P) Cp  we can easily get the local temperature change on an
isobaric level at any fixed point, which is found to be:

oT = T ¢©
(ﬁ)p ~—V.grad T—o 5 5 (1)

where « = dp/dt (the p - velocity) and( )means the time deriva-

tive of temperature at constant pressure and constant geographical co-
ordinates.

A similar expression to (1) can be found in the case of local change
in the ozone mixing ratio q on an isobaric level above fixed geographical
coordinates, assuming that ¢ is conserved during a short time period,
namely that dq/dt — 0. The equation is:

( )p radq — gg (2)

From equations (1) and (2) it follows that during a given time inter-
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val we can divide local temperature and ozone changes at a given sta-
tion into two components: one due to horizontal advection and another
due to vertical motion. The resultant local temperature or ozone change
is smaller in magnitude than either of the corresponding horizontal
and vertical components, their signs being opposite to each other. In
the case of local total ozone changes, Secixucui (1972) found after
a simple manipulation of equation (2) that

aaﬁt=a <V>.grad Q + <o>Aq (3)

where <V> and < w>> are the mean horizontal wind vector and the mean
vertical p - velocity, {2 is the total ozone amount and Aq the difference
between the ozone mixing ratio above about 30 km and that below
about the 100 mb level (Aq ~ 8 ug/g).

From the above mentioned expressions (1) and (3), it seemed rea-
sonable to investigate the interrelations hetween the horizontal and
vertical ozone and temperature change components at Cagliari. Hori-
zontal ozone gradients were computed from data for Cagliari and Messi-
na, and temperature gradients were computed from Cagliari and
Athens radiosonde data. All calculations were based on daily observa-
tions during the one year period Dec. 1968 to Nov. 1969. Calculated
quantities at Cagliari are as follows:

1. Temperature and ozone 24 - hour changes as a result of hori-

zontal advection at the 100 mb level (-—V.gradT and ——V.gradQ
respectively).

2. Differences between the 24 -jour local temperature change
observed (3T) and the temperature change due to horizontal advection

at the 100 level, i.e (8T) 4+ —V.grad T.
3. Differences between the 24 - hour local total ozone change
observed (352) and the ozone change as a result of horizontal advection

at the 100 mb level, i.e. (8Q) + V.grad Q.
Differences in 2) and 3) are considered to be estimates of the 24 -
hour temperature {or ozone) changes due to vertical motion.

Figure 2 shows monthly mean values of —V. grad T, V.grad Q,

(8T} + V.grad T and {3Q} -} V.grad Q, for the year Dec. 1968 to Nov.
1969. From that figure it appears that a strong counteraction exists
between the mean monthly by vertical motion and by horizontal ad-
vection 24 - hour ozone or temperature changes respectively. The
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counteraction between the 24 - hour ozone change components streng-
thens during the winter and early spring while regarding temperature
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changes horizontal advection and vertical motion compensate each
other much more during the month of August than during the other
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months (no July radiosonde data were available in these calculations).
Table I1 shows the correlation coefficients between the 24 - hour

ozone and temperature change components for the one year period Dec.
1968 - Nov. 1969, at Cagliari.

Tasre 11

Ozone and temperature 24 - hour change components

Cagliari (8T} -—;f’.grad T (8T) + {"..grad T
(362) -+ 0.160 — 0.047 + 0.063
(156) {95) (81)
—VgradQ 1 0493 1 0.022 —0.257
{137 {93) (80}
(3Q) + V.grad Q —0.160 — 0444 10476
(129) {90) (77)

From Table II it appears that corresponding temperature and ozone
24 - hour change components are positively correlated, although corre-
lation coefficients are insignificant at the 1 9, level and the advective
ozone and temperature changes are almost independent of each other.
However, considering the 5 9, significance level we can see from this

table that (5T) with (3Q2) and (3T) 4 V.grad T with (—V.grad Q)
are significantly correlated the later negatively in agreement with what
was to be expected.

Table IlI shows the correlation coefficients between the ozone
24 - hour change components as well as their correlations with the lo-
cal 24 - hour temperature change at Cagliari for the four seasons of
the one year period Dec. 1968 - Nov. 1969.

The main results from Table 111 are summarized as follows:

1) During all seasons the large negative correlation between the
24 - hour ozone change due to horizontal advection and vertical motion,
reflects the strong compensation between these terms, which was also
evident when monthly mean values were computed (figure 2}.

2) The local ozone change in 24 hours is much more affected by
vertical motions than by horizontal advection during all seasons, be-

cause correlation coefficients between (3Q) and (8Q) + V.grd Q are
positive and significant (excepting summer) at the 1 9, level.
3) The effect of ozone change due to horizontal advection on local
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ozone 24 - hour change although positive is negligible in winter and
summer. However during the transition periods of spring and autumn,
(8Q) and its change by horizontal advection are rather significantly

coupled.
Tasre III
(32} —V.grad Q {5Q0) -+ V.grad Q {3T)
WINTER
(302} 1 + 0.012 + 0.496 40479
(37) (30} {43)
—V.grad Q 1 —0.990 + 0.265
(37} {33)
(59) + V.grad Q 1 — 0.302
(32)
SPRING
(30) 1 — 0.337 + 0.500 + 0161
(40) (40} (35)
—V.grad Q 1 — 0.989 4 0.261
(40) (34)
{3Q2) -+ V.grad 1 —0.305
(31)
SUMMER
(3Q) 1 + 0.039 4 0.199 + 0.045
(22) (22) (26)
—V.grad Q 1 —0.979 —0.128
(22) (19)
(502) + V.grad 02 1 + 0464
(19)
FALL
(8Q2) 1 —0.378 + 0.515 + 0.229
(59) (59) (52)
— Vgrad Q 1 —0.986 + 0.001
(59) (51)
{3Q) + Vgrad 2 1 + 0.008
(48)
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4) (3Q) and (8T) are positively correlated in all seasons. During
the fall (3T) seems to be not related to the short - term ozone change
components. During winter and spring the local 24 - hour temperature

change at 100 mbs is positively correlated to —_\?.grad Q and negatively

correlated to (3Q2) +_{f.gradQ, this correlation is reversed during the
summer and is about zero during the fall.

5. MONTHLY AND DAILY TOTAL OZONE AND 100 MR TEMPERATURE TE-
LECONNECTIONS BETWEEN CAGLIABI, MEssixa AND ATHENS.

Since all three stations under study are located near the 389 deg.
parallel, and since no significant longitndinal dependence on the ozone
and lower stratospheric temperature correlation is expected, it seemed
worthwhile to calculate correlation coefficients using upper - air data
at Cagliari and Athens and total ozone data at Cagliari and Messina.

Figure 3 (a) shows isolines of the correlation coefficients for all
seasons between 100 mb mean monthly temperatures at Athens and
mean monthly total ozone at Messina and Cagliari where we used data
for the peried 1960 - 1971. Figure 3 (b) shows the same isolines but
correlation coefficients were based on daily observations during the
period Dec. 1968 to Nov. 1969.

From fig. 3 it appears that moving from Athens towards Cagliari
correlations become generally lower, a fact which is possibly connected
to the longitudinal dependence of ozone on meteorological conditions
(Vassy, 1965).

On a monthly basis there is no interannual variation of the correla-
tion coefficients but in fig. 3 (b) it is evident that on a short - term (dai-
ly) basis rather high (and significant) tele-correlations occur both in
winter and summer. Tele - correlations are higher on a short - term
basis than on a monthly basis during the colder part of the year proba-
bly due to the fact that ozone strongly depends on meteorological con-
ditions. However, during the summer season monthly correlations even
exceed the daily ones {fig. 3(a)).

The summer high correlations found hoth on a short - term and
on a monthly basis was quite surprising since it is well known that ver-
tical motions during that time of the year are decreased. It is probable
that at the three stations under study the variation of both ozone and
temperature caused by meridional advection have the same sign during
the summer seagon. Also if a longitudinal dependence of ozone and
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temperature gradients exists the contribution of both advective and dyna-
mic changes with respect to correlation could possibly explain the ob-
gerved findings of this paragraph and paragraph 3, i.e. the dissappear-
ance of the interannual change when telecorrelations are considered.

Regarding the daily correlation coefficient between ozone at Ca-
gliari and ozone at Messina the following figures appeared:

TarLe 1V
Cagliari Winter Spring Summer Fall
Messina
-+ 0.729 + 0.598 + 0.077 + 0.399
(77) (85) (93) (83)

From table IV it is evident that total ozone at Cagliari and Messi-
pa have their best correlation during the winter which is probably
due to the higher standard deviations observed at that time of the year.

Telecorrelations between ozone and 100 - mb. temperatures at all
three stations under study based on monthly values are shown in Table
V, together with the period during which data were available to us.
(Subscripts are the initials of the stations’ name).

TaBLE V

Monthly ozone - 100 mb temperature correlation coefficients

Ta Te Ty
Messina -+ 0.650 + 0.709 + 0.830
Pergd 1960 - 71 1965 - 71 1965 - 66
Cagliari + 0.551 + 0.683 + 0.734%
Persi-id 1960 - M1 1965 - 71 1965 - 66

Table V confirms the results discussed previously in the text.
This table is to be considered rather representative since yearly ozone
temperature correlation coefficients were found to be not different from
the correlation coefficient obtained for the period as a whole.

In the case of Athens 100 mb temperatures telecorrelation with
total ozone at Messina, the computed z statistic of the correlation coef-
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ficients based on every year and on 11 - years is plotted in figure 4,
the horizontal line indicating the 5 9, significance limit. In no

2,00-# _______________________________________
1.80+ 05 Significance frmit

. 204 /-_.___‘\-._._____, ./0 . .

1 L T 1 1 1 1 1 13

]
1960 61 62 63 64 65 66 €7 68 69 70
Fig. 4

year this statistic exceeded the 5 %, level, or in other words yearly
correlation coefficients and the correlation coefficient obtained during
the 11 - year period do not differ significantly.

CONCLUSIONS

The present work confirms the relation of atmospheric ozone with
the temperature field in the lower stratosphere found by other workers
which were based on independent data. However some new interesting
features of this relation are to be discussed in the following lines.

Total ozone and 100 - mb temperature at Cagliari were found
to be bettéer correlated on a monthly than on a daily basis. This finding
was not expected from the previous work done, discussed in the intro-
duction. It is possible that on a daily basis ozone change takes place
at higher than the 100 - mb level. This suggestion is supported also
by the poor correlation found between 3Q and 8T at the 100 mb level
(tables II and 111), and is found in agreemeut with Kulkarni’s (1968)
suggestion that the middle stratosphere plays an important role in
ozone changes on a short - term basis.

Total ozone change in 24 - hours was found to be much more af-
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fected by the ozone change due to vertical motions than by the ozone
change by horizontal advection in agreement with Sekiguchi's (1972)
findings. Horizontal advection and vertical motion strongly compen-
sate each other with respect to the 24 - hour ozone and 100 - mb tem-
perature changes.

An interesting result was that corresponding temperature and
ozone 24 - hour change components are positively correlated, although
this correlation was found to be insignificant at the 1 %, level. However
when a time lag of one day was used between the 24 - hour corresponding
ozone and temperature components, this lagged correlation was found
to be satisfactorily significant. This supports the speculation that short -
term ozone changes take place at a higher than the 100 - mb level
in the middle stratosphere. Unfortunately no complete (say 10 mb or
20 mb) data were available to us at that time in order to check the above
discussion.

Although day to day changes are possibly different from those
responsible for seasonal changes, it was found that during the summer
the ozone and 100 - mb temperature are fairly well correlated both on
a monthly and on a daily basis. This fact resulted also to an interannual
variation of the ozone temperature correlation coefficient with peaks
in winter and summer.. The positive correlation during the winter was
to be expected because of the enhanced atmosphere circulation during
that time of the year. However the summer high correlation could pos-
sibly be explained assuming that in the area under study (centered at
38° deg. latitude) the variation of hoth ozone and temperature caused
by meridional advection have probably the same sign during that
5eASOI.

The ozone - 100 mb temperature correlations bhetween stations
located at about the same latitude but a few degrees longitude apart
(Cagliari - Messina - Athens) although positive, all showed a weak
longitudinal dependence. Regarding total ozone correlation hetween
Cagliari and Messina the best correlation between them was found,
as was to be expected, during increased air motions (winter) and the
worst correlation was found in summer due to the decrease in the inten-
sity of air motions during that season. All tele-correlations were found
to be quite stable and yearly correlations did not differ from the 11 -
year period correlation at the 5 9, level.
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IIEPIAHYIE

METABOAAI THX QAIKHZ ITIOZOTHTOZ TOY OZONTOZX
KAl THE ©@EPMOKPAXIAY EIX THN KATQTEPAN
ZTPATOZOAIPAN, QX KAI EXETIKAI THAEXYNAEXZEIZ EIZ
THN IIEPIOXHN T HX MEXZOTEIOY

Txo

XPHITOY ZEPEQOY xal ANTONIOT MITAOTTZOT

Tuoyetloets petald tig Ghdic mogbmyrog Tol drpoopaipizoel Blovrog
xai Tob medlou tév Oepuoxpusidy el v xatwTépay Zrpatdopaipay, Epeu-
véwrar ele v mapoloay Epymatav 3k THe yefoswe Téoov 1AV Fuepratuwy
daov ol @V pnwalev dvriotolywv otoursiov, &x tpudv Metewpoloyindy
oroludv He meployfs TR Megoyelou.

‘H 6y mosbrne Tob Elovrog el % Osppoxpasta sic ta 100 mb edpily
g BiBouv werutépuy ovoyémiow Eav Anglolv ol ploae pnmvialor Tuwad dvei
Ty dvriotolywv Rueenclay, yeyovie 6 tmotov 3v dvepévero éx Thg dmopyol-
one Pufroypaglas.

‘TroBétopev 8w, § péov Zrpatdbogarpe (dpxetd dve tév 100 mb)
Sudpopatilet mpotebovra pdrov els The Bpoyvypoviovs petafords Tob 8lov-
T0G.

‘H 24upog petaford) w¥g bl moadryros ol Elovroe, ebpely &t é5up-
TiTon ToAD TEpLEGhTEpOY EX THG XATEXOPUEOY XWACEWS TOUTOU Tapd Ex THS
dpilovriov petagopis Tou.

‘H bpufbvriog petapops xai al xotoxbpupor xivioels, edpély &t dadn-
roebapréivrar toyup@s, Thoov Boov dpopd Tag 24 - dpoug weTaPordg THg AL-
®F ¢ mocbTyTog Tob Shovrog, Boov ual Tas dvrtoTolyous petafords Tig Oep-
uoxpoaiag tév 100 mb.

Katd whv Sudpretav 105 Oépoug, o Blov xai % Oeppoxpasiz tév 100 mb
3l8ouv IxavomamTinhv cuoyéTisy xol Sk Tdg pnmwvimbas, dhrd xed Sid Tae
fuepnotos Tiuks, &v xal % dnd Auépas el Npépov petafoly, GOg Enpotaly Omd
&Ny Epevvnthiy, Staplpet 5 adrdiv al omolar elvan Omedluvor Bid Tée Emoyt-
®&e peTaBoAds.

Ebpéln emiong 81, dplotarar wrrecvoyémiorg, ELaprapéyy &x ol yew-
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Yeuptxol wumuous, petatd tob §lovtog xat Th¢ Ozpuonpaaing, xat Gt al frficrat

Teauayetiasg el Thy Umd pehdtnv meplophv slvan mepoabdtegoy  avalspad
rata THY Sikpxstav TRe weptbdou 1960 - 1971,
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