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Abstract

This study examines the ENSO - induced ozone anomaly patterns during the 1997/98
large warm event. The observed anomaly pattern is in qualitative agreement with earlier
studies, with large N-S gradients around 160 W from tropical Pacific to the Aleutians,
following ENSO events. At selected ozonesonde stations, ENSO-related statistically si-
gnificant ozone anomalies are found a few kms above the tropopause, with positive de-
partures (+5%) per SOI unit over Coose Bay and and Hohenpeissenberg and negative
(-6%) per SOI unit departures over Hilo, Hawaii.

1. Introduction

The ENSO phenomenon is aperiodic and its effect in total ozone does
not show zonal symmetry but rather follows a wave ~ train propagation, known
over the northern hemisphere as the Pacific-North American (PNA) telecon-
nection anomaly pattern (Wallace and Gutzler, 1981; Zerefos et al., 1994;
Randel and Cobb, 1994; Kayano, 1997). ENSO relations to total ozone varia-
bility have been reported for the equatorial region, (e.g. Shiotani, 1992; Hasebe,
1993), and major ENSO warm events have been suggested as partly respon-
sible for the observed negative ozone departures in 1982-83 (Bojkov, 1987).
The «centers of action» of ENSO in total ozone are manifested by deficiencies
as large as ~59; while cold ENSO events are associated with total ozone depar-
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tures which mirror the global pattern of the warm events. These ENSO -
induced patterns of changes in total ozone are closely associated with upper-
air circulation anomalies which can be traced to a wave train propagating
from the tropical pacific into the winter hemisphere In this study we report
new results on the ENSO - induced anomaly patterns in total ozone and its
vertical distribution.

2. Data

a. Total ozone global data

Total ozone data used are monthly mean values on a 5°x10° grid from
TOMS instrument on board Nimbus 7 (version 7, November 1978 through
May 1993). Global satellite total ozone data have been updated as follows:
from Meteor 3 TOMS (1993/3 - 1994/11), SBUV/2 (1994/12 - 1996/7, kindly
provided by R. Nagatani) and EP TOMS (1996/8 - 1998/3) The satellite
records in the years after 1993 were adjusted for continuity with TOMS on
Nimbus 7 (version 7) and with the ground based stations by using a global
scaling factor of -1, -2 and -1% for TOMS on Meteor 3, SBUV/2 and EP
TOMS respectively These represent the average systematic bias between the
satellite instruments and their differences with a well calibrated ground based
network used in the ozone assessments (WMO, 1994). Revised ground-based
data at selected stations are from the WMO-WOUDC Center

b. Ozonesonde data

Ozonesonde data from a limited number of stations, deposited at the
WMO - WOUDC data base, which correspond to criteria of long records and
homogeneity. Stations have been selected according to the following criteria:
(1) The station should provide ozonesonde observations at least since 1975.
This is because we are forced to exclude years with ENSO events coincident
with the voleanic eruptions of El Chichon (1982) and Pinatubo (1991), to avoid
volcanic interference to the ozone anomalies (Angell, 1997). (2) Ozone sounding
should have burst levels over 20hPa and correction factors between 0.9 and
1.2. (3) The number of soundings should be at least 3 per month, satisfying
criteria (1) and (2), and have not any one month or season systematically
missing

The stations meeting criteria (1), (2) and (3) were Edmonton (53°N, 114°
W), Goose Bay (53°N, 60°W), Lindenberg (52°N, 14°E), Hohenpeissenberg
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(48°N, 11°E). Additionally, use is made of the ozone sounding record of the
tropical station at Hilo (19.8°N, 155°W), even though its duration is shorter,
because of its vicinity to ENSO center of action in the tropical Pacific. It
should be noted that data sets at these stations have been recently revised
and we have made sure that Bass and Paur absorption coefficients apply.
The Canadian stations records have been adjusted to account for disconti-
nuities due to the ozonesonde type change in 1979/80, as described in Bojkov
and Fioletov (1997). The altitude of different pressure levels was calculated
from temperature profiles and ozonesonde data were stratified every km to
the height of the thermal tropopause (WMO, 1992).

c. Ancillary data

Equatorial zonal winds at 30 and 50 hPa from Singapore (1°N, 104°E)
are used as indices of the QBO. The 10.7 ¢m solar radio flux (#10.7,in 10-22
W m-2 Hz1) describes the solar activity and the widely accepted Southern
Oscillation Index (SOI), namely the normalised pressure difference between
Tahiti and Darwin, is used to describe the ENSO events [Trenberth, 1976].

3. Method of analysis

In this study we employ statistical analysis to filter out periodic natural
oscillations (such as the QBO or the solar effect) on ozone, by the use of the
following simple statistical model:

0Z(i,j) = S(i,j)+ Q(@,j)+ SO(,j)+ SE(I,j)+ T(@,j)+ residual
where i denotes the month and j the year of total ozone (OZ) and its compo-
nents, the seasonal (S), the QBO (Q), the ENSO (SO), the trend (T), the solar
activity effect (SE) and the “‘noise” residual term

Linear trends were removed at a given location by linear least squares
fit, for every month of the year and for every 1 - km layer in the case of the
ozone soundings. The satelite total ozone dava were deseasonalized by the
long-term monthly mean calculated from 1979-1990. For the ozonesonde
data, the priod 1975-1990 was used to calculate the mean ozone at each
level except for Hilo, where the whole period (1982-1990) was used.

4. Results and Discussion
a. Observed ENSO - anomaly patterns in total ozone in 1997/98

Figure 1 shows the observed total ozone anomalies during the winter/
spring 1997/98, calculated from EP TOMS after filtering out the linear trend,
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the QBO, the seasonal and the solar activity components. Isolines are drawn
at steps of 2%, as departures from the mean winter/spring (Dec through Mar)
value, calculated in the absence of volcanic effects during 1979-81 and 1984-
90. Dashed lines indicate negative anomalies, shaded when they are below-
3%. From Figure 1 we see generally negative ozone anomalies prevailing at
latitudes south of 30° N, peaking to (-6%) over western extra tropical Pacific.

Figure 1. Total ozone changes (in %) for the winter|spring period 1997(98. Seasonal,
QBO, and linear trends filtered. Contour interval 2%;: the 0 line is thickened, negative
contours are dashed (shading <-3%).

Positive anomalies, interrupted by smaller regions of negative anomalies,
prevail to the north exceeding 2¢ over Alaska and Siberia where the peak is
+109%. Earlier studies (e.g. Randel and Cobb, 1994; Zereios et al., 1994; Kayano
1997) have proposed ENSO pattern in ozone anomalies in qualitative agree-
ment to the pattern in Fig. 1. These studies, also Chernikov et al., (1998),
and Fig. 1 show that negative ozone anomalies coincide with regions of wind
divergence at 200hPa during ENSO events, while positive anomalies with
convergence regions (Rasmusson and Wallace, 1983). The largest N-S total
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ozone anomalies are found along the meridians between about 120W and 180.
Fig. 2 (solid line) shows the observed ozone anomalies and+16 bars expressed
n (%) as departures from the mean winter/spring as above, along the meri-
dian 160W. Ozone anomalies for DJFM 1997/98 and the same meridian as
estimated from regression analysis using actual SOI values and the long-term
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Figure 2. Total ozone anomalies and 41c bars expressed in (%) for the winter|spring
1997(98, observed (solid line) and statistically estimated (dashed) along the meridian 160W.

SOI - ozone correlation at each grid are shown by the dashed line. As it appears
from Fig. 2, along the 160W meridian, observed and estimated ozone anomalies
agree over a wide range of latitudes (4-35) and qualitatively over the rest of
the northern latitudes in that meridians. However, the large differences over
middle and high southern latitudes reflect the limitation imposed to such
analyses in the southern hemisphere summer.

Examples of such correlations are shown in Fig. 3, where 12-month running
monthly mean total ozone anomalies at three stations located in Canada, the
topical pacific and Europe are compared with corresponding SOI time series.
From Fig. 3 it appears that at Mauna Loa ENSO - ozone anomalies are posi-
tively correlated (r= 0.4), even during perturb periods from volcanic eru-
ptions (shown by the vertical lines). At the other two stations, the correlations
are negative and statistically significant (*Goose=:32, "Honen=.41) if we exclude
the volcanic activity periods during which the correlation is reversed.
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If should be noted, however, that not every event of the Southern Oscil-
lation, either warn or cold, is manifested in total ozone anomaly pattern over
exactly the same location or with the same amplitude, because of the large
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Figure 3. 12-month running mean of long tcrm total ozone changes over Goose, Mauna
Loa and Hohenpeissenberg. Vertical lines indicate large volcanic eruptions.

number of factors influencing the ozone amounts which vary from year to
year and may interfere and even distort the ozone anomaly in amplitude and
pattern. For example, the winter of 1997/98 has been warmer than the pre-
vious three winters, and unusually high stratospheric temperatures prevailed
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over high latitudes (European Ozone coordinating Unit, report on the Winter
1997/98). This climatic anomaly in the stratosphere, whether or not linked to
the 1997/98 ENSO, resulted to fewer PSCs and to less ozone destruction over
high latitudes, therefore enhancing the positive ozone anomalies there.

b. Vertical ozone distribution

In this study we restrict our analysis of vertical soundings to the northern
hemisphere, because ozone sounding records in the south do not satisfy the
criteria set in the data section. The selected stations fall closely to regions
of total ozone anomalies. Lag correlations between SOI and ozone anomalies
at various heights were used to select the lag of highest correlation at every
km level, stratified to the height of the tropopause.

Figure 4a shows the profile of ozone anomalies in (%) of the long-term
mean per SOI unit for every km, along with the corresponding 2 error bars,
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Figure 4. (a) The ENSO effect in % per SOI unit over Hilo. Horizontal bars indicate 2 o
levels. (b) The long term mean vertical ozone distribution.

for the station of Hilo, Hawaii. The mean ozone profile is also plotted for
comparison (Figure 4b). The ENSO - related significant anomalies at Hilo,
are found in the vicinity of the tropopause, exceeding 6% per SOI unit. Du-
ring a strong warm event of the oscillation, such as the one of 1997/98, when
the seasonal winter/spring value of the SOI was less than -2, the effect should
be double the one shown in Figure 4a. For a cold event, the sign of the
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distrurbance will be the opposite. The sign of the effect on the vertical dis-
tribution is the same as expected from the location of the station, when com-
pared to ENSO effect on total ozone.

Figure ba shows results from the long-term analysis for the station of
Hohenpeissenberg, where the change per SOI unit is estimated to reach over
+59%, with the highest anomalies found a few kilometers above the tropo-
pause. The mean ozone profile is shown for comparison in figure 5b, while
figure 5¢ shows the observed change during the last winter/spring 1997/98
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Figure 5. (a) The ENSO effect in % per SOL unit over Hohenpeissenberg. Horizontal
bars indicate 2 o levels. (b) The long term mean vertical ozone distribution and (c) the
ENSO effect in % of the long term mean, for winter|spring 1997(98 (dashed-black dots).

ENSO event, seen as dashed profile of black circles. The anomalies for this
last large event are very close to those estimated from the analysis of the long-
term record. The analysis for Lindenberg and Goose showed response of the
same sign and amplitude as for Hohenpeissenberg while the station of dmon-
ton, which falls at the zero isoline (Figure 1), showed response of the same
sign and at the same height, but smaller than the others.

Summarizing the above, all stations examined show consistent results
with the total ozone anomaly palterns caused by ENSO events seen in Figures
1 and 3. The ENSO signal in the lower stratosphere appears with reversed
polarity relative to the upper troposphere, indicative of geopotential height
field perturbotims drcaying with height (Yulaeva and Wallace, 1994). The
warming of the tropical troposphere, reduces the static stability near the
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tropopause level, enhances the potential vorticity gradient, and the distur-
bance moves away from the region as a train of dispersing nearly stationary
Rossby waves. The dynamical effect in the lower stratosphere would be evi-
dent near the tropopause region. Variations in the tropopause height explain
a large portion of total ozone variability (e.g. Schubert and Munteanu, 1988).

Figure 6 provides an epilogue to the anomalies induced in the thermal
structure of the troposphere and lower stratosphere by the interannual varia-
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Figure 6. Tropopause height anomalies (seasonal and linear trend effect filtered) over
Hohenpeissenberg (solid line). The SOI (dashed line) time series is plotted for comparison.
Vertical dashed lines indicate periods with enhanced volcanic aerosol.

bility of the Southern Oscillation and its implications in regional ozone surplus
or deficiency. The figure shows statistically significant positive correlation
to exist between the tropospheric height anomalies (linear trend removed)
over Hohenpeissenberg, and the time series of SOI, excluding the periods of
voleanic interference, since volcanic effects (dynamical and radiative) in the
tropopause are capable of masking the ENSO signal. The tropopause ano-
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malies - SOI correlation (r= 0.4) is significant at the 95% confidence level
and independently agrees with the findings discussed before.

In conclusion, the ENSO signal in the vertical ozone profiles over north
Pacific, north America and the European region, is statistically significant
at the 959 confidence level as evidenced from the longest available ozonesonde
records deposited at the WMO/WOUDGC Toronto data base. The signal con-
sists of positive (or negative) anomalies exceeding 26 near the tropopause.
Peak departures are expected to occur few km above the tropopause reaching
469, per SOI unit over Hohenpeissenberg and Goose Bay. At Hilo, the negative
departures of - 59 per SOI unit just above the tropopause result to significant
ozone anomalies over that center of action during periods of ENSO events.
Anomalies of the opposite sign are expected during periods with cold events.
Finally, the qualitative agreement between the ENSO patterns in earlier and
in this study (Randel and Cobb, 1994; Zerefos et al., 1994; Kayano, 1997)
and those observed over the northern hemisphere during the 1997/98 winter/
spring period need further verification with future large events, undisturbed
from competing signals as for example large volcanic eruptions or other non
ENSO related climatic anomalies.
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tlovrag elvar 6t cuppovie pé ta droteAéopata Ti Wing pebodoroying bmwg adty
epappbolinre ot dedopéva o dmola mpoépyovran amd Emiyeloug otabpods petphoews
onxob 6ovrog. Zto Zyijua 3 mapovardlovron of Swdexdpmvor péool xviibuevor Gpol
TV Loxpoyedviov petaBordy Tob 6hixod §lovrog ik Tolg émiyeioug atabuovg Goose
Bay, 6 6molog Bptoxeran otov Kavadi (53 B), 76 orabud Mauna Loa, 6 6motog Bpt-
oxetar 670 cbumAeypa Tév viowy Hawaii 6tov tpomind Elpyvixo "Queave (20 B),
#ol Téhog 670 otabud Tob Hohenpeissenberg, 6 émotog clvar dpewide stabpdg (975
wétpo HPduetpo) oty meproyh Tic Bavaptag ThHe Kevrpuxdic Edpdnyg (49 B). Ot
raleres yoapuss dnhdvouv TV ypovohoyle TEY peydAwv NPuioTelandy ExpnEewmy
t&v neootetwv El Chichon xai Pinatubo, ta #rn 1982 xai 1991 dvristoya. ‘O
npoovagepbelc deixtng ThHe Nériag Kduavene /| ENSO &ye oyeduacbel dg Sroxe-
ropuévy yoauun. "Amd t0 Zyfiua 3 yiverow dugavic &t ol Staxvpdveeg ToD GAxoD
8%ovrog ot Mauna Loa, otov tpomxd Elpnvind "Queavd mapovsialouvy Oetind) cusyé-
oM wé Tic perafolds Tob deixty Tie Nétiag Kbpavors /| ENSO, 4 émola cusyérion
elvar oTatioTnd) onpavtie ot énireda peyoditepa Tod 95%;, évé of dho dAhot arabpol
mapovaLdfouv aevnTiny cuayétion, énleng oTaTioTivd oNpavTixy GTay mapaetpfoly
oi ypovixeg meplodor xata Ti¢ Omolec mapeuPdiovrar of fparcTelants Expniels.

Mpémer vo toviahel 8t T émeraddix g Nériag Kopavorng [ ENSO 8ev Epopa-
viCouy Tdvra dxpiBéic To {80 mosooTd énidpaang, xal adtd & alrlag Tol weydiov
apBuol mapayévray of émolol émmpealouy To GAxd 8lov xad of émolol petafdihov-
o &md Erog ot Erag. ‘O yewpdvag Tob Eroug 1997-98 Hmiicke Bepudrepog dmd Todg
yerbives THg Tehevtalag mevtaetiag, ut dmotéhecua Ty Eupavicn wixpotépou dplh-
wol Moy Zrpatocpaipixéy Nepdv, ta dmoia elvor maywuéve vépn ol upo-
vilovraw xuplws TO yELL@VE OTX peydlo YEOYprQuxd TAXTY xal T& Omole Gup-
BdAhouy %atd x0pLo AbYo GTHV xaTAGTEOPH TOD aTpmuatos Tod &ovres. ‘H pelwon
e Eupaviong Ty Iohwxdv Zrpatocpaipinédv Nepdv clye Emouévwe g &ueon
GUVETIELL (IXPOTEPY XATHGTPOPY TOD BLOVTOG GTR UEYGAX YEWYPAPIXE TAXTY 70U
Bopetov furoganplon xatd 7o yepdve 1997-98.

Ao THV dvdluon TaV petafordv Tig xataxdpueys xatavoudc Tob 8Lovtog
otolg 3 émeypévoug ortaluodc mpoxdmrer 8t 7 énidpacy 7ol ENSO otd 8fov

dupaviletor onpavriny, ut péyioto oTHY mEpLo)l GxplBdc TAVW GO THY TEOTG~
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mawen. ‘H xaredbuven tic éntdpascne adrije, Oetinn %) dpvyrind), Bploxerar ot dméd-
Aty ovppwvia ué Tic avapevdpeves Detings 3 dpvnrinds dmoxioeis Tob 6Axol 8lov-
TOG GTNV GvTioToLyn YewYpapLky TepLoyy oTHV Omola dvixer 6 xdbe orabpde.

Tt embdpeve oyfuata 4 xal b mwapovcidlovror Ta dvo md onpavrikk &moTe-
Mopoata THe avdhuens TEY petaBoAdv THE *aToxbpuens xatavopic Tol &fovrog,
v Tovg otabuods Hilo xai Hohenpeissenberg, otév tpomxd Elpnvind xai otiy
Edpony avrictouye.

2o Zyfipa 4 (a) mapovordletar % Emidpaon T Némag Kduavene [ ENSO
otov orafud Hilo. ‘O craludc adrdc Beloxetar émiong 6td cdumieypa TGV vicwy
Hawaii 67ov tpomixd Elpnvixd *Qxeavd, kol ot yewypapind mhdros 20 B. ‘H éxi-
dpaon ol ENSO mapovoialerar ¢ mosostiaie petaBor) (%) dve povada peta-
BoAtig Tol delwty tHe Nétag Kdpavong | ENSO. Of 6pulévrieg yoaputs dnidvouy
T& émimeda Tol Sumhdorov THg Tuminic dmoxhicewg TGV TpdY (2 6). Std Zyijua
4(b) mapovcialerar 7 poxpoypbvia xaTandpuey xatavoud) Tob Covrog ot nanobars,
Ao cvyxpicewe.

Zto Xyfjua 5(a) mapovoidleton % EntSpacy tic Nétag Kduavens | ENSO
OTIY %axanbpuey xatavopd Tob &lovrog orov etabud Hohenpeissenberg. “Omewg
mpoavapéplnue, 6 oTabuoc adrdc elvon dpewvds oTabudc Tig xevrprilc Edpdmyg,
xal Bploxerar ot Bépeto mhdrog 48 B. ‘H énidpacn i Nétiag Kipaveng | ENSO
mapovstalerar Gg mocooTixle petafoly (%) dva povada peraBoric Tob detxry. Oi
0pLiovTies Ypapuds Snhdvouy Ta émimeda Tod 2 o, &vd ord Zyfjua 5(a) mapovoid-
Ceror 7 popoypdvie xataxbpuen xatavouh Tob &lovrog of nanobars. Xtd Tpito
Tpiue Tod Zyruaros b, (e) mapovcialeton N Emidpacn TiHe Némae Kdpaveye |
ENSO oty xataxdpuen xatavops tod 8lovrog, yia v Puyen meptodo dpytc Ae-
xeuBplov 1997 - wéhy Maupriov 1998, &¢ mocootiate petafolry) (Exaroctiaio mo-
60070 THg paxpoypdvias péone TLLig).

ATd o Sbo adtd Tyhuata, maparnpolue 6t 6 piv otabuos od Hilo wapov-
oulet pelwon tol 8lovrog oy mepLoyl g Tpomomadoews, 7 émota phdver ot Toco-
ot puxpdrepa T00 —69 dva povdda tob Setxty Tig Nériag Kdpavene | ENSO,
évd 6 oralpoc tod Hohenpeissenberg mapovoidler Oerind) dméuhioy, ot abénoy
7ol &lovrog pepuxd yhbpeTpa waVL &md THY TPomémavcy, xatd Teplmov 5% dva
povdde Tol Selwty. Adrtd onuatver 81, otiv meplmrway évdg loyupol émeisodiov,
brwg yuk wopdderypa adtd tob 1997/98, Smov ) Ty Tob Sebwty nara THv Puyeh
neptodo ol 1997-1998 Epluce 6 (-2), of mocooTialeg adréc petaBords Simhaoctd-
Covran, Snhadh @Bdvouy oty mepintwon ol Hilo o -12%, évé ord Hohenpeissen-
berg 5 +109%.
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To ofjua 17 Nériag Kdpavong | ENSO oty xatdrepn orpatéopaupa upa-
vileton avrifero dmd 6,7t oy &vdTEpn Tpombopaupn, dvdekTinG SuTapuydY 0T
nedio Tdv yewduvapidy HYév, ol dmoicg EEaclevolv ue to Goc. “H Oéppavayn g
TpoTIXTiG TPomdoPaLpng, XopuxtNeLeTXd TMV Ospudv éneicodiowy 1ig Nétiag Ki-
pavorns [ ENSO, peidver 77 ooty ebordbeia oty meproyy) Tiig Tpomomaboen,
ué Suvapixd drotéhespa i) perafBorn ol Oloue Tiic Tpomomadoewe kol wdhiaTe T
«ovpplxvwen» ol arpdpatos Tol lovrac.

Ot peraforts tob Oouvg g Tpomomadoews, ol omoleg %ol cuoyertlovran pé
wa émeiobdia g Nériag Kopaveng [ ENSO, cuverspépouv dpeoa otlg Sratapayds
700 6ol 8Covrog. AdTd yiveran Eugoveg oo Zyijua 6, otd émoto mapovaalovran
ol petafolrég Tob Glovs ¢ Tpomontaicews, 6¢ uétpa 66 oTalpd Tob Hohenpeissen-
berg, ot omoleg mapLoTdvovTaL ue TV ouvexd Yeauun otd Zyfue. ‘H éthoia pera-
BoM) %ol N paxpoypbvie xhuwortiey Taon Eovy aparpedet. ‘O SOI (Selxne g Né-
g Kopavone [ ENSO) Eyer oyeduacel yid olbyxpion, dg Saxexopuévn yeoupd).
Ol xdberec Stanexoppéves ypopues SnAnvouy Tic Expiieis 1év fparsretwy El Chichon
xal Pinatubo (évy 1982 xai 1991 dvricroya). Iaparnpolue ému Gmdpyer mpdy-
pott Oetuien) ouoyérion perabd Tol Gdoug T Tpomomaisewe xal Tob SOI, 7 émola
elvon. oTatioTxd onpavtiny ot énimedo peyahdrepo ol 95% Grav EEapodvrar of
meplodor xatd tig omoles Ymdpyer ioyvph €midpacy Tav Yparcteioandv ExphEewy.
Ta droreréoparta adrd cuppwvolv dréluta wé Td dvrioTorye edpfmurte T& TEoepy 6=
peve dmo v avdAuen téoov Tol GAuxol 8lovrog 8oo xal TiG xaTaxbpueng RaTAVO-
uiig Tov.

Zuvoyilovrag Ta mponyodueva mapatneolue 8t oy mepimtwoyn 1ol GAxod
8lovtog, Ta dmoteréopata mapoustdlovv cuupuvia wé mponyodpeves Epyacieg pd
TV EuQdvicy) peYdA®V ACLRUETELEY xotd Eijkog Tob &Eova Boppd - Nétou ortdv
tpomixd Eipnvixd "Queavd, ot Sidpxera T@v unvév of émolor Emovron peydiwv
énetcodtov g Nétiag Kbpaveng [ ENSO.

"Enione, ot émeypévous otabuols petprioewy Tic xatoxbpugns xoaTavoui
70D 8Govrog, Eupavilerar Entdpaoy tic Nétiag Kbuavens [ ENSO, eratioried onuay-
Ty, LepLnd YLAdpETR TEVe &Td THY Tpomomoinoy. [lpémer va Tovichel T xaTe
76 dvricTpoga émetaédia Tig Nétiag Kduavone [ ENSO, yvaota xol dig duypd éret-
o6dux %) émeroédie La Nina, émog yie mapdderypo éxsivo tob 1988-89, of perta-
Bores mov mapaTpolvrar Téoo 0T GAd 8lov doo xal aTHV xatorbdpuen xaTavouh

tov éugavilovrar pe avrifeto ofjua.
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