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ABSTRACT

The March 1987 blizzard over the eastern Mediterranean and Balkan regions is investigated. Northern Hemi-
spheric and regional 250- and 850-hPa geopotential heights illustrate the formation of blocking over northern
Europe and cyclogenesis over the considered area. The 850-hPa analyses and National Centersfor Environmental
Prediction Eta model simulations are in good agreement. Tempora analyses of temperature and precipitation
fields show that a cold air surge over the region resulted in a decrease in the daily temperatures of up to 15°C
and a heavy accumulation of snow in the early days of the storm. Spatial analyses of the precipitation field
reveal that the most snowfall-affected regions were northwestern Turkey and the Balkan countries.

1. Introduction

The persistent severe snow storm of March 1987 (also
labeled “‘the Storm of the Century” by Turkish au-
thorities) significantly disrupted human activity over a
widespread area covering the Balkan regionsand eastern
Mediterranean. It was noted for its exceptional intensity
over northwestern Turkey and the crucial role that the
persistent high-latitude ridging event (commonly re-
ferred to as ‘‘blocking’”) played over northern Europe
in the incipient cyclogenesis. The failure of the State
M eteorological Office of Turkey to properly forecast the
initial cyclogenesis, and the surge of cold air in thewake
of the storm that reached North Africaand Middle East,
compounded impacts of this event.

The relationship between atmospheric blocking and
antecedent, upstream cyclone activity isamatter of con-
siderable scientific interest (Dole 1989; Nakamura and
Wallace 1990; Colucci and Alberta 1996) sincethis pos-
sible relationship was first suggested by Berggren et al.
(1949). A blocking event may last for 15 days or more,
but its onset and breakdown are usually considerably
more rapid, on the order of 2—3 days (Dole 1989). The
accurate prediction of the onset of blocking by numer-
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ical forecast models remains aformidable challenge (Ti-
baldi and Molteni 1990; Renwick and Wallace 1996).

The severe cyclonesin the eastern M editerranean that
are associated with blocking over northern Europe are
rare events but may cause blizzards if polar air pene-
trates into the region (Alpert and Reisin 1986). A prom-
inent feature of these cyclonesistheir long persistence,
generally more than a week. Many studies deal with
cyclones and their trajectories over the Mediterranean
(Wigley and Farmer 1982; Chang 1972) but only afew
of them considered a significant case of cyclogenesisin
the region (Buzzi and Tibaldi 1978; McGinley 1982;
Alpert and Reisin 1986).

The purpose of this note is threefold:

1) to illustrate the evolution of the cyclogenesis asso-
ciated with the baroclinic zone over the region using
European Centre for Medium-Range Weather Fore-
casts (ECMWF) 250- and 850-hPa analyses and to
determine if thisis a case of explosive cyclogenesis
(Sanders and Gyakum 1980),

2) to show that the Eta model of the National Centers
for Environmental Prediction (NCEP) simulatesthis
case with very high skill, and

3) to document its impacts on the environment.

We begin by considering the development of the deep
cyclonethat affected many countries of the eastern Med-
iterranean and the Balkan region, highlighting its major
impacts. Then we compare the ECMWF analyses with
Eta model simulations. After critically assessing the
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simulations, we investigate the precipitation patterns
and the temperature fluctuations in the region to show
the intensity and the characteristics of this exceptional
case of a blocked cyclone.

2. Data and methodology

The results presented here are largely based on re-
cords of 250- and 850-hPa height analyses from the
ECMWE Simulations are generated using the NCEP eta
model. The NCEP Eta model was developed by Mes-
inger and Janjic during thelast 15 years (Mesinger 1984;
Mesinger et al. 1988; Janjic 1994). Recent studies
showed that the model is quite successful in simulating
mesoscale and synoptic-scale atmospheric phenomena
(Lazic and Talenta 1988; Karaca and Dobricic 1997).
The basic characteristic of this model is the use of the
step-mountain eta coordinate (Mesinger et al. 1988). It
is a generalization of the sigma coordinate, for asimple
assignment of the surface values to unity at all grid
points reduces the eta coordinate to the sigma coordi-
nate. The coordinate is defined as

_ P— Pr n
Ps — P+ ©
where

ne = Prs (Zs) — Pr
s Py (0) - pT'

Here p is the pressure; the subscripts T and S stand
for the top and surface values of the model atmosphere,
respectively; z is the geometric height; and p,(2) is a
suitably defined reference pressure as a function of z
The surface heights z, are permitted to take only a dis-
crete set of values, chosen so that mountains are con-
structed from the 3D grid boxes in the model. Extensive
testing has shown that when the eta coordinate is used
instead of the sigma coordinate, resulting forecasts are
more accurate (Talenta et al. 1994).

Janjic (1990, 1994) implemented the physics package
of the model. Basic characteristics of this package are
as follows.

1) Mellor-Yamada level 2.5 closure approach is used
to calculate the turbulent kinetic energy and the as-
sociated vertical fluxes (Mellor and Yamada 1974,
1982).

2) Themodification of Betts-Miller adjustment scheme
for cumulus convection is used for both deep and
shallow convection (Betts and Miller 1986).

3) Parameterizations of both short- and longwave ra-
diation are taken from those developed at the God-
dard Laboratory for Atmospheres (Harshvardhanand
Corsetti 1984).

4) Interactive clouds with random overlap are included.

NCEP eta model integration domain spans 20°N to
76°N latitude and 20°W to 80°E longitude with a hor-
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Fic. 1. The distribution of stations whose precipitation or tempera-
ture data is used in this study.

izontal grid size of 1°. In the vertical, the NCEP eta
model has 32 levels, and the time step for this experi-
ment is 2 min. Theinitial and boundary values are taken
from initialized 0000 UTC analyses on 1 March 1987
from the Mass Archives Retrieval System (MARS) ar-
chives of the ECMWEFE The model was integrated for
96 h starting from 0000 UTC 1 March. Forecasts are
obtained by initializing the model at 0000 UTC 1 March
and by taking the boundary values from the observa-
tions.

Station temperature and precipitation data together
with the surface analyses for the considered period come
from the State Meteorological Office of Turkey. The
locations of stations whose data is used in this study is
presented in Fig. 1. Detailed information about Turkish
stations can be found in Karaca et a. (1995), Tayanc et
al. (1997), and Tayan¢ and Toros (1997).

3. Results

a. Circulation patterns: The evolution of the cyclone
and blocking

We focus on the 1-9 March period, during which the
cyclogenesis started and the cyclone reached to its max-
imum activity. Figures 2a—d display a series of 250-hPa
maps associated with wind vectors at 0000 UTC over
the considered region for 1, 4, 6, and 8 March. A prom-
inent geopotential low can be observed over northern
Europe on 1 March and on the following days the trough
of this system penetrated the eastern Mediterranean. The
maximum wind trajectory at this level extends from
United Kingdom to very low latitudes over Tunisiaand
Egypt, forming a high amplitude of the jetstream. On
4 March it can be observed that the center of the low
having a value of 9417 moved toward the southwest.
Two weak anticyclones start to form upstream and
downstream of the cyclone on 6 March. The formation
of a high pressure system over northern Europe and the
Scandinavian countries steered thislow toward the M ed-
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Fic. 2. ECMWEF analyses of 250-hPa 0000 UTC geopotential height maps of Europe for (a) 1
March, (b) 4 March, (c) 6 March, and (d) 8 March 1987. Normalized wind values (kt) are depicted
as arrows on the figures. Contour intervals are 10 m.

iterranean region. Owing to the intensification of the
blocking, a deep, persistent, cold core cyclone formed
over the eastern Mediterranean and Balkan region,
where it stayed at |east aweek. A persistent anticyclone
over northern Europe and its blocked cyclone located

farther southward can be seen on 8 March. It is im-
portant to note the substantial amplification of the plan-
etary-scale flow waves during the development phase
of the cyclonethat brought cold air to very low latitudes.
The precipitation in the Balkan countries started on 3
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FiG. 2. (Continued)

March with snow storms moving to the southern areas
on the following days. This cold weather intrusion is
accompanied by unstable conditions that caused thun-
derstorms with snow showers in northwestern Turkey.
Although the dissipation of the deep low pressure over
the area started during the middle of March, the trough
remained, and the precipitation over Turkey lasted well

toward the end of the month while losing its intensity
steadily.

Figure 3 displays the 850-hPa analysis, and 24- and
72-h forecasts at 0000 UTC from the NCEP eta model
for the daysof 1, 2 and 4 March, respectively. Similarly,
Fig. 4 represents 850-hPa height patterns of the
ECMWF analyses for the same dates. The solid lines
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ETA MODEL FORECAST
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Fic. 3. (Continued)

in both figures represent the geopotential heights, and
the dashed lines in Figs. 3 and 4 represent isotherms.
The resulting geopotential height patterns generated by
simulations and data analyses are very similar. The am-
plification of the large-scal e flow and the baroclinic zone
over the region containing warm and cold air very close
to each other result in a quick cyclone formation with
unstabl e conditions. Cold weather intrusion to theregion
produced a strong horizontal temperature gradient,
which in turn caused the geostrophic wind speed to
increase considerably with height. The maximum wind
speed axis located at the highest geopotential gradient
is highly correlated with these weather patterns.
Analogous to the 250-hPa height patterns, the 850-
hPa height patterns on the days of 1 and 2 March il-
lustrate alow pressure system over northern Europe and
the trough associated with it that extends toward the
Mediterranean. A weak cyclone can also be detected
over northern Africa. ECMWF analysis and NCEP eta
model forecasts show the motion of cold air to lower
latitudes. The comparison of two days, 1 and 2 March,

revea that the isotherms having values below 0°C
moved toward the Black Sea, intensifying the strength
of the baroclinic condition. On 4 March, a strong cy-
cloneisdetected by ECMWF analysisand also by NCEP
eta model forecasts at 850 hPa over the Aegean Sea,
located west of Turkey, which isthe culprit of the heavy
snowfall. Analyses and forecasts for this day also il-
lustrate the very large temperature gradient over the
Balkan countries.

Figure 5 presents the surface analyses for the days of
1 and 4 March at 0000 UTC. On 1 March, a high pres-
sure system is located over eastern Europe and a weak
cyclone can be found over northern Africa. As expected
from the upper air fields, low pressure starts to form
over northwestern Turkey on the following day. Figure
5b depicts a very strong cyclone formed over south-
eastern Turkey on 4 March. Since this is a baroclinicly
amplifying cyclone, the low pressure center at ground
level is normally located farther east or southeast of the
one located at higher altitudes, implying that the cyclone
can further intensify. Very strong northerly and north-

—

Fic. 3. The 850-hPa geopotential heights and isotherms from the NCEP eta model forecasts for (a) 1 March, (b) 2 March, and (c) 4 March
1987. Geopotential heights are presented as solid lines with contour intervals of 40 m and isotherms as dashed lines with contour intervals

of 3°C.
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Fic. 5. Surface analyses for the days of (a) 1 March and (b) 4
March at 0000 UTC. Contour intervals are 4 hPa.

easterly winds observed in northwestern Turkey can eas-
ily be explained by the location of the low pressure
system and by the pressure gradient found in the area.
However, the surface pressure drop in the center of the
cyclone on 4 March in a 24-h period (during the strong-
est phase of the deepening) multiplied by the ratio of
the sine of the latitude divided by the sine of 60° does
not exceed 20 mb. So it is intuitively clear that the
March 1987 blizzard isnot accociated with the explosive
cyclogenesis phenomenon as described by Sanders and
Gyakum (1980).

b. Consequences of the severe cyclone, precipitation
amounts, temperature variability, and relationship
with ENSO

The climax of the stormy weather over the area (in
particular over Turkey) was on 4—6 March. Istanbul, the
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largest city of Turkey, got the biggest share of thisevent;
the snow depth in many parts of the city reached 1 m
on 7 March. The city was totally paralyzed by this bliz-
zard; the intercity transportation and air traffic were
brought to a standstill. Widespread heavy snowfall and
very strong winds caused several deaths and a swath of
material damage stretching from Istanbul to Zonguldak.
Owing to the melting snow toward the end of March
and the beginning of April, property losses were exten-
sive, with hundreds of homes and workplaces flooded,
roads were blocked, and many villages in the region
were sequestered. Figure 6 shows the precipitation
amounts at three stations in Istanbul. Precipitation is
generally affected by topography and it is possible to
have great variability of this parameter in a small area.
The stations Kirecburnu, Kilyos, and Goztepe are lo-
cated at least 20 km away from each other. Kilyos is
located on the coast of the Black Sea, farther north of
Istanbul in a rural area. Kiregburnu is on the coast of
the Bosphorus in a suburban area, and Goztepe is lo-
cated close to the shore of the Marmara Seain the south,
but a little bit inland in the urban center. Thus, it is
possible to have this spatial variability of precipitation.
Itisclear that the mgjority of the precipitation fell during
the 4-6 March period and was followed by a whole
week of snowy weather with only short intermissions.
This kind of extreme situation is a very rare event in
I stanbul. Heavy snowfall and strong winds caused wide-
spread damage to vegetation, breaking down branches
of trees, and knocking down electricity poles.

The sudden temperature decrease observed on 3
March and the temperature change until 14 March in
some cities of the Balkan region are presented in Fig.
7. A drop of 10°C or greater in daily mean temperatures
clearly illustrates an abrupt polar air penetration to the
region. The geopotential patterns in the previous figure
show that very cold air from Siberia has moved over
the region. On 7 and 10 March, very small amounts of
precipitation are detected associated with warming in
most stations, implying that either the cyclone may have
lost its strength on these days or it may have moved
farther north, resulting in the stations being positioned
in the warm sector. But the other days illustrated in the
figures have a considerable amount of precipitation and
generally decreasing temperatures, implying that the cy-
clone may be in a deepening phase. Although the tem-
peratures rose steadily until 14 March, the daily mean
values remained below the freezing point in many cities,
preventing the meltdown of the accumulated snow.

The spatial distribution of the simulated accumulated
precipitation is shown in Figs. 8a—c. The heavy precip-
itation (greater than 25 mm) fell on western Turkey, the
western Black Sea, and southeastern Greece. Middle

—

Fic. 4. The 850-hPa geopotential heights and isotherms from the ECMWF analyses for (a) 1 March, (b) 2 March, and (c) 4 March 1987.
Geopotential heights are presented as solid lines with contour intervals of 40 m and isotherms as dashed lines with contour intervals of 3K.
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Fic. 6. Temporal variation of the precipitation amounts (mm) in the period of 4-11
March 1987 recorded in three meteorological stations located in Istanbul.

East countries also received precipitation owing to the
trough of thisdeep cyclone. Generally, the snowy season
in Turkey is the winter, and this is the first time that
any Istanbul station had reported this amount of snow
accumulation in the spring season. The month of March
isusually characterized by precipitation deficienciesand
seasonal warming in many parts of Turkey.

Van Loon and Madden (1981) and Renwick and Wal-
lace (1996) found a relationship between blocking

20

events and the phases of the ENSO cycle. Thefirst study
established a positive link between mean sealevel pres-
sures (SLPs) over the northern Atlantic and the warm
phase of the ENSO cycle, implying that blocking may
be enhanced over the North Atlantic during this phase.
The latter found a negative relationship between the
blocking cases over the North Pacific and the warm
phase of the ENSO cycle. In this study, the extraordi-
nary weather of March 1987 is found to correspond to
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Fic. 7. Temporal variation of the daily mean temperatures (°C) in the period of 4-14 March 1987 recorded in the meteorological stations
of the Balkan region.

Unauthenticated | Downloaded 03/05/22 10:36 PM UTC



NovEMBER 1998 NOTES AND CORRESPONDENCE 3045

{3)
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a strong warm phase of the ENSO cycle. Figure 9 il-
lustrates that the equatorial Pacific sea surface temper-
ature (SST) anomalies are in the high positive range
during the second half of 1986 and the first half of 1987
(WMO 1995). Similar to the February 1983 blizzard in
the eastern Mediterranean, the March 1987 supercy-
clone also has a positive relationship with the warm
phase of the ENSO cycle; though to prove this statement
on statistical grounds, one will need much more data
on blocking over northern Europe and deep cyclonesin
the eastern Mediterranean and will need to perform a
thorough analysis.

1.-10. 10-25 =25

Fic. 8. Spatia variation of the 24-h accumulated precipitation
amounts (mm) from the NCEP eta model forecasts for (a) 3 March,
(b) 4 March, and (c) 5 March 1987.

4. Summary and conclusions

This study focused on the extreme weather event of
the cyclogenesis over the eastern Mediterranean and the
Balkan region. The trajectory of the polar air that pen-
etrated into the area from the northeast is not a typical
cold air transportation trajectory that affects the region
(Alpert 1984).

The 250- and 850-hPa geopotential height analyses
of ECMWF during 1-9 March 1987 revealed

1) the formation of extensive blocking over northern
Europe,
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Fic. 9. Equatorial Pacific SST anomalies averaged over NINO 1
and 2 areas [adapted from WMO (1995)].

2) substantial amplification of the planetary-scale flow
waves (Rossby waves),

3) very strong cyclogenesis over the eastern Mediter-
ranean and Balkan region, and

4) acold air surge to unusually low latitudes.

The 850-hPa geopotential height simulations of the
NCEP eta model were found to be in good agreement
with the analyses of ECMWE, even for the fourth day
of the prediction period. This consistency suggests that
the model performance for forecasting strong blocking
and its accompanied rapid cyclogenesis in this region
was highly acceptable at least in this case. The model
results also depicted the formation of a baroclinic zone
containing unstable air over the considered region.

Temporal analyses of surface air temperature at six
stations in the considered region illustrate the abrupt
decrease in temperature (up to 15°C) on the days of 3
and 4 March. Spatial analysis of precipitation showed
that the areas with the greatest precipitation are north-
western Turkey and Balkan countries.

The cold outbreak to the region in March 1987 pro-
duced major adverse impacts on life; accumulated snow
stopped the transportation leading to work hour losses,
gale force winds blew off vegetation and damaged
buildings, and the consumption of fuel for heating pur-
poses reached its peak values. One beneficial impact of
this weather was on water resources; increasing the wa-
ter reserve of lakes, streams, and groundwater, providing
additional supplies for drinking, irrigation, and elec-
tricity generation.

The blizzard of March 1987 and also a similar winter
cyclone in 1983 were related to the strong warm phases
of the ENSO cycle. Future predictions of the formation
of severe cyclones with computer models and an as-
sessment of their relationships with the certain global
events reguire more in-depth studies.
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