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Abstract: This paper presents a classification of the atmospheric circulations producing
extreme precipitation events in Bulgaria. Heavy precipitation data set from the National
Institute of Meteorology and Hydrology, Bulgaria, atmospheric fields of geopotential
height at 1000 hPa, at 500 hPa and temperature at 850 hPa of the ECMWF operational
analysis are used to determine the atmospheric patterns (AP). Other atmospheric fields such
as geopotential height at 850 hPa, at 700 hPa and relative humidity at 700 hPa are also
depicted to analyze the AP. Two statistical methods are used to obtain the AP. Principal
Component Analysis (PCA) was applied to reduce the number of variables. Then, Cluster
Analysis (CA) was performed and four main AP were obtained. For two AP, heavy
precipitation is associated with a low-level cyclone. They can occur in all seasons. For the
cold season (October to March), the trajectories of the cyclones are represented. Another
pattern, which occurs mainly in the warm season (April to September), depicts an upperlevel cyclonic disturbance associated with heavy precipitation. The last AP represents a
weak cyclonic circulation. Finally, a more detailed nine-cluster classification has been also
obtained by adding some regional and seasonal features of the heavy precipitation events.

1. INTRODUCTION
Heavy precipitation is one of the severe
weather phenomena, which usually
causes serious damages and even
fatalities. This is the reason why it is very
important to predict heavy precipitation
events as accurately as possible.
At the same time, it is a really
challenging problem, which inspires the
meteorological community to make a lot
of effort to improve our knowledge about
this hazard. Bocheva et al. (2007) present
a climatic study of severe storms over
Bulgaria produced by synoptic-scale
Mediterranean cyclones in winter. They
state that although the number of the
Mediterranean cyclones has decreased

during the last years, the number of those
producing high impact weather, such as
heavy precipitation, has increased. By
applying a self-organizing map nonlinear
classification technique and a feedforward artificial neural network,
Cavazos (2000) showed that extreme
wintertime precipitation events in the
Bulgarian region are associated with
strong meridional flow over Central and
Eastern Europe coupled to increased
winter disturbances in the Central
Mediterranean and a tongue of moisture
at 700-hPa level from Eastern
Mediterranean to the Black Sea. In 2005
Bulgaria was affected by a huge number
of heavy precipitation events that caused
floods and serious damages in many parts
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of the country and they were a real test
for the meteorologists and the society.

(1999) and in Lana et al. (2007).
2. DATA AND METHODOLOGY

Case studies on these situations were
presented by Gospodinov et al. (2006),
Hristov and Latinov (2006), and
Stoicheva and Latinov (2006).
The main aim of this study is to
increase the knowledge about the
situations producing heavy precipitation
in Bulgaria. This investigation was
inspired by the MEDEX project, which is
a part of the WMO World Weather
Research Programme by its involvement
in THORPEX. MEDEX has the main
objective to improve the knowledge and
forecasting of the cyclones that produce
high impact weather in the Mediterranean

We made this study on 121 cases of
heavy precipitation events occurred in
Bulgaria from June 1998 to May 2004
using the regular measurements from the
conventional network of synoptic,
climatic and rain gauge stations
(Fig.1) of the National Institute of
Meteorology and Hydrology, Bulgaria,
available also on the MEDEX
website (http://medex.inm.uib.es). The
precipitation amounts for day D were
measured in a 24-hour period from 07:00
UTC of day D to 07:00 UTC of the day
D+1.

Fig.1. The network of meteorological stations of the National Institute of Meteorology and Hydrology
used for selecting heavy precipitation events. The percentile of 60 mm/24h are given in table 1 for the
stations marked with squares.

area (see http://medex.inm.uib.es).
By using a statistically based
approach, a classification of the
atmospheric patterns associated with
heavy precipitation events is presented in
this paper. We followed a similar
methodology used in Romero et al.

We define the precipitation as
“heavy” if its amount is at least 60
mm/24h, so this investigation is intended
to include all events with extreme
precipitation. The percentile of 60
mm/24h for some stations representative
for different regions is given in Table 1.
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Table 1. Percentile of 60 mm/24h for
some stations indicated on the map.
Station
Blagoevgrad
Burgas
Chepelare
Ivailovgrad
Kardjali
Kazanlak
Malko Tarnovo
Montana
Pleven
Plovdiv
Razgrad
Ruse
Sandanski
Sliven
Sofia
Stara Zagora
Troyan
Varna
Veliko Tarnovo
Vidin
Zlatograd

Percentile of 60
mm/24h
93
85
76
75
76
82
50
82
78
86
83
79
94
92
93
91
76
79
89
85
40

Therefore it could be considered that any
precipitation that exceeds 60 mm/24h
is potentially dangerous. The same
threshold is also chosen in the MEDEX
project that this work is related to.
To obtain the atmospheric patterns,
we used the operational analysis at 12:00
UTC of the day D from the ECMWF
global model (T319), interpolated to 0.5°
latitude x 0.5° longitude as the
representative for the 24 h interval. The
investigated region is from 50° N to 35°
N and from 12° E to 34° E. Bulgaria
is situated almost in the center of
this domain. For each of the 121 heavy
precipitation events, we obtained
three matrices with the values of
geopotential height at 1000 hPa (H1000),
geopotential height at 500 hPa (H500)
and temperature at 850 hPa (T850) at all

the 1395 grid points belonging to the
region under study.
To examine the trajectories of the
lows, we used one of the MEDEX
databases of cyclones.
For reducing the number of
variables, a Principal Component
Analysis is performed (Wilks, 1995).
First we specified a T-mode (day-by-day)
of decomposition and prepared a
correlation matrix for each parameter
(H1000, H500, T850) (Yarnal, 1993). An
eigenvector analysis allowed us to
determine the principal components as
those eigenvectors with the highest
eigenvalues of the correlation matrix that,
finally, represented 90% of the variance
in the data. In this way, we stored 6
components for the geopotential height at
500 hPa, 7 for the geopotential height at
1000 hPa and 7 for the temperature at
850 hPa.
We applied the non-hierarchical Kmeans clustering method (Anderberg,
1973) to the retained components. The
algorithm minimizes the total sum W of
the squared Euclidean distances between
the cases and the centroids of the clusters
k

n
2

W=

x j ci ,
i= 1 j= 1

where xj is the j-th case, ci is the i-th
centroid, n is the number of all cases
(121 in total) and k the number of
clusters. The method requires the initial
determination of the number of clusters k
as well as the initial cases to start with
(the so-called seed points). Obviously, W
decreases as the number of clusters k
increases. The appropriate number of
clusters could be selected when there is
not significant decrease of W. In this
study, W was calculated for all k from 2
to 20 by applying two different methods.
For the first one, we chose, as the seed
points, the first k data cases in the data
set. Thus we obtained that the appropriate
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number of classes for a general
classification was 5 and for a more
detailed one, it was 9. The second
method consisted in the generation of an
initial partition by dividing all cases
equally into k clusters and computing the
cluster centroids. For this method the
criterion gave us 8 groups as an
appropriate number of clusters. Thus, we
obtained that the criterion we used to
select the number of clusters k strongly
depends on the method of the choice of
the seed points as it could be expected

detailed classification, we chose 9
clusters because it gave the maximum
useful information about the regional and
seasonal aspects of the distribution.
3. RESULTS
As it has been detailed in the previous
paragraph, finally, four main atmospheric
patterns related to the presence of heavy
precipitation in Bulgaria were obtained.
Figure 2, 3 and 4 show the mean fields of
some meteorological variables for each
AP. Table 2 shows the monthly

Fig. 2. Geopotential height at 1000 hPa (dashed lines, gpm) and geopotential height at 500 hPa (solid
lines, gpdam) for a) AP1, b) AP2, c) AP3 and d) AP4.

when there is not a unique well-defined
classification of the data set. To obtain
the optimal number of clusters, we varied
k from 4 to 9 and then we analyzed all
the classes and the cases belonging to
them. Thus, we semi-empirically chose
k=4 as the most appropriate number of
the classes for the general classification
because for k=5 one class did not add
any significant information from a
synoptic point of view. For a more

distribution and Table 4 presents some
precipitation values of the cases of
different patterns. AP1 is characterized
by a cyclonic circulation and relatively
cold air at upper levels over Bulgaria.
Mean field at ground suggests easterly
airflow bringing moisture from the Black
Sea. This type of situations occurs mainly
in the warm season (April-September)
(90% of the cases), especially in summer.
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Fig. 3. Geopotential height at 850 hPa (solid lines, gpdam) and temperature at 850 hPa (dashed lines, ºC)
for a) AP1, b) AP2, c) AP3 and d) AP4.

Fig. 4. Geopotential height at 700 hPa (solid lines, gpdam) and relative humidity at 700 hPa (shaded
above 60%) for a) AP1, b) AP2, c) AP3 and d) AP4.
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Table 2. Monthly distribution of the heavy precipitation events from June 1998 to May
2004 in the case of 4 atmospheric patterns.
AP

Jan Feb

Mar Apr May Jun Jul Aug Sept Oct Nov Dec total

AP1

0

0

0

2

3

5

8

2

8

2

1

0

31

AP2

4

4

0

2

1

1

3

2

3

3

3

6

32

AP3

0

1

0

0

3

6

8

6

1

3

0

1

29

AP4

2

1

2

2

0

0

5

1

3

3

3

7

29

total

6

6

2

6

7

12

24

11

15

11

7

14

121

Table 4. The median Pmedian, mean Pmean, maximum precipitation Pmax and the relative
number of cases with precipitation grater than 100 mm/24h for AP.
AP

Pmedian, mm

Pmean, mm

Pmax, mm

P 100 mm/24 h, %

AP1

77.0

85.6

186.5

23

AP2

75.3

80.7

160.0

22

AP3

71.4

78.3

158.0

14

AP4

75.0

82.9

176.0

28

Cyclonic circulation, the cold air at upper
levels and the moist low-level flow
increase the convective instability and
force the convection. Other features such
as thermal lows, convergence lines and
moisture favour the convection. Heavy
precipitation affects mostly the central
and eastern parts of Bulgaria. AP1 is the
pattern with the highest values of the
mean and median of the distribution and
with the largest precipitation amount of
186.5 mm recorded on 4th of September
1999 (Table 4).
AP2 includes situations with a
cyclone situated over the Adriatic Sea. A
deep trough extends from north far to the
coasts of North Africa. Cold air has
already penetrated over the Central
Mediterranean and there is a well-defined
frontal zone over the Balkans. This

pattern is more frequent during the cold
season (October-March) (63% of the
cases) although it can also occur in
summer when convection develops.
Heavy precipitation is typical for the
southwestern part of Bulgaria and
especially for Rodopa mountain area,
which is affected by heavy precipitation
in 72% of the cases.
AP3 occurs mainly in the warm
season (83% of the cases) especially in
summer. Average fields show almost
zonal airflow with weak through at 500
hPa and a frontal zone over the Balkans.
At these situations, the thermal low
situated over the Anatolian peninsula
extends to northwest when a cold front is
passing through the Balkans. It is the
weakest precipitation pattern as it could
be seen in Table 4. Heavy precipitation
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could be associated with the passage of
the cold front and with the convective

cyclogenesis. Figure 5 shows
dominant trajectories of the lows.

the

Fig. 5. Trajectories of the cyclones from AP2 and AP4. Circles show regions with maximum density of
cyclones. Dotted arrows in the circles represent quasi-stationary cyclones. Arrow from the gulf of Genoa
represents Genoa cyclones. Dashed arrow represents the cyclones of the origin in North Africa.

instability during the warm season. These
situations need a more detailed analysis
in the mesoscale to explain the heavy
precipitation events.
AP4 shows a deep low pressure to
the southwest of Bulgaria over the Ionian
Sea. At these situations, we observe
southerly upper-level airflow and a
frontal zone over Bulgaria. Mean map of
the relative humidity at 700 hPa clearly
marks an area with high values (above
80%) over Bulgaria. This pattern is more
common from September to April (79%
of the cases). Heavy precipitation is more
probable in South Bulgaria. AP4 is the
atmospheric pattern with the largest
number of cases with precipitation
amounts greater than 100 mm/24 h
(Table 4).
AP2 and AP4 clearly suggest that a
great number of the heavy rain events are
associated with low-level cyclones over
the Mediterranean. They are more typical
in the cold season when the
Mediterranean Sea is a center of

For AP2, cyclones are developing over
the Adriatic Sea. Most of them have
trajectories over Bulgaria or very close
preferably to the northwest through
Serbia and the others are quasi-stationary
and are dying out over the Central
Mediterranean. Some of these cyclones
originate in the gulf of Genoa, and they
evolve as the well-known Genoa
cyclones (Buzzi and Tibaldi, 1978). AP4
contains situations with quasi-stationary
or slowly moving cyclones over the
Ionian Sea or Greece and Aegean Sea.
Some of these cyclones have their origin
in North Africa and are known as so
called North-West African depressions
whose classification and description is
presented by N. Prezeracos et al. (1990).
AP4 also includes cyclones passing
through Greece and the Aegean Sea to
the Black Sea moving closely to the
Bulgarian coast.
A more detailed classification of the
atmospheric patterns consisted of 9
classes is presented as well. It gives
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additional information about the regional
distribution of the heavy precipitation
over Bulgaria and about the seasonal
distribution of the AP. The mean fields
for each pattern are presented in Figure 6,
7 and 8. Table 3 shows the monthly
distribution of the different patterns.
AP9.1, AP9.3 and AP9.4 look like
AP3.
AP9.1 is the rarest pattern, with only
5 events. In the warm season, the heavy
precipitation is associated with the

AP9.2 and AP9.5 could be
considered as subclasses of AP2. The
mean maps place a deep surface cyclone
over Italy and a well-defined upper-level
through in the Central Mediterranean.
AP9.2 is characterized by a warm ridge
over Bulgaria. Heavy precipitation is
more common in the western and central
parts of Bulgaria as it is suggested by the
mean field of the relative humidity at 700
hPa. AP9.2 can occur during all seasons.
AP9.5 occurs from September to April

Fig. 6. Geopotential height at 1000 hPa (dashed lines, gpm) and geopotential height at 500 hPa (solid
lines, gpdam) for a) AP9.1, b) AP9.2, c) AP9.3, d) AP9.4, e) AP9.5, f) AP9.6, g) AP9.7, h) AP9.8,
and i) AP9.9.

convective instability while in the cold
season, heavy precipitation occurs along
a cold front from north-northeast on the
southern edge of the anticyclone. AP9.3
and AP9.4 are very similar. They depict a
zonal airflow at upper levels and a welldefined frontal zone over Bulgaria. They
occur mainly in the warm season. Heavy
precipitation events could be associated
with a frontal passage and convective
instability along the cold front.

when low-level cyclones are much
deeper as it can be seen on the mean map.
The frontal zone is situated over
Bulgaria. Heavy precipitation affects
mainly the Rodopa mountain area (88%
of the cases).
AP9.6 and AP9.8 are very similar to
AP1. They are typical for the warm
season. AP9.6 places a cyclone at 500
hPa very close to the west of Bulgaria.
The mean field at 1000 hPa suggests an
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easterly airflow and thus penetration of
humid air from the Black Sea. The

frontal zone is situated over eastern and
southern regions. Heavy precipitation

Fig. 7. Geopotential height at 850 hPa (solid lines, gpdam) and temperature at 850 hPa (dashed lines, ºC) for
a) AP9.1, b) AP9.2, c) AP9.3, d) AP9.4, e) AP9.5, f) AP9.6, g) AP9.7, h) AP9.8, and i) AP9.9.

Fig. 8. Geopotential height at 700 hPa (solid lines, gpdam) and relative humidity at 700 hPa (shaded above
60%) for a) AP9.1, b) AP9.2, c) AP9.3, d) AP9.4, e) AP9.5, f) AP9.6, g) AP9.7, h) AP9.8, and i) AP9.9.
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affects mostly eastern part of the country
and Rodopa mountain area and therefore
could be associated with the frontal zone
over these regions. At AP9.8, the weather
systems are displaced to the east in
comparison with AP9.6. The cold air has
already penetrated over Bulgaria, which

deep cyclone over the Ionian Sea and a
high-pressure system to the northnortheast keeping the continuous flow of
moist air from the Black Sea. The frontal
zone is situated over Bulgaria and
Greece. This AP is more frequent from
September to March. Heavy precipitation

Table 3. Monthly distribution of the heavy precipitation events from June 1998 to May
2004 in the case of 9 atmospheric patterns.
AP

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sept

Oct

Nov

Dec

total

AP9.1

0

0

0

0

1

2

0

0

0

1

0

1

5

AP9.2

0

1

0

1

0

2

3

2

0

1

2

2

14

AP9.3

0

1

0

0

2

1

4

3

2

1

0

0

14

AP9.4

0

0

0

0

1

3

4

2

0

0

0

0

10

AP9.5

4

3

0

1

0

0

0

0

3

1

0

5

17

AP9.6

0

0

0

2

1

2

9

1

7

2

0

0

24

AP9.7

1

0

1

1

0

0

0

0

0

3

4

2

12

AP9.8

0

0

0

1

2

2

2

1

1

1

0

0

10

AP9.9

1

1

1

0

0

0

2

2

2

1

1

4

15

total

6

6

2

6

7

12

24

11

15

11

7

14

121

increases the convective instability
during the warm season. Heavy
precipitation affects mainly the eastern
and northern parts of Bulgaria and could
be associated with the convective
instability in a cold air mass.
AP9.7 and AP9.9 correspond to
AP4. AP9.7 is typical for the cold season.
It places a deep cyclone over Greece and
a trough at upper levels situated slightly
to the west. The frontal zone could be
observed over Bulgaria and Greece.
There is a well-marked area of high
values of the relative humidity at 700 hPa
over Bulgaria. High precipitation affects
mainly the southern parts of Bulgaria,
especially Rodopa mountain area (at 92%
of the cases). AP9.9 is characterized by a

again affects mainly the southern parts of
Bulgaria.
CONCLUSIONS AND REMARKS
Heavy rain events registered in Bulgaria
from June 1998 to May 2004 have been
classified into 4 distinct atmospheric
patterns. Each atmospheric pattern has
been accurately described, as well as
their seasonal distribution and the regions
most affected by heavy rain. Although
each AP is obtained averaging the
atmospheric fields of many cases, and
therefore real situations could differ
significantly from the analyzed AP they
belong to, a general description of the
most important mechanisms involved
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into heavy precipitation could be
performed.
Two atmospheric patterns, AP2 and
AP4, show the presence of welldeveloped
low-level
Mediterranean
cyclones to the west or to the south of
Bulgaria. In AP1 the presence of the
cyclone at upper levels suggests that
heavy precipitation events are caused by
the convective instability. Finally, AP3
does not display well-defined cyclonic
circulation. This suggests that heavy
precipitation is associated with smallscale processes such as mesoscale
convection and convergence lines, which
cannot be resolved in the large scale.
Hence more detailed analysis is
necessary to explain the mechanisms for
these extreme wet events.
For more detailed description, nineclass classification has been also
performed.
It
gives
additional
information on the regional and seasonal
distribution of the heavy precipitation

events.
This study gains knowledge of the
heavy rain events in the Mediterranean
and therefore it can be considered to be a
direct contribution to the scientific
investigations
in
MEDEX.
The
classification is much more valuable
because of the high threshold for
precipitation and hence it presents really
extreme wet events in Bulgaria.
This study could also be of special
interest to the Bulgarian forecasters. The
atmospheric patterns presented in the
paper can help operational forecasters
treat extreme precipitation events.
The investigation period in this work
is short because of the availability of the
analyses in MEDEX database and the
results have to be used with care.
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Abstract: Blizzard is the most representative mesoscale extreme winter phenomenon for
Romania, specific to the low troposphere. It is complex, spectacular and its potential for
calamity is high. Such an example is the episode between 15th and 17th December 2009,
when in the south and east of the territory the blizzard was strong and, over short intervals
and narrow areas – violent. The most affected counties by the blizzard were: Buzau, Braila,
Ialomita, Vrancea and Galati. In those counties, road traffic was closed on countless routes
and several localities were not supplied electricity. That blizzard was the first in a series of
three, all occurred in the same month. The cause of that avalanche of blizzards was the
persistence over Europe of a blocking circulation for a long period of time. The longer one
synoptic structure persists in a certain region, the more serious are the effects induced in
that area or in the neighbouring ones. The aim of this paper is to supply an example of a
synoptic context when blizzard can become violent, in order to improve the forecast of this
phenomenon. This study helps mostly to a better spatial detail of the phenomenon intensity
in a future similar situation.
Key words: blizzard, snow, wind, blocking circulation

1. INTRODUCTION
In the temperate areas, blizzard is, during
the cold season, the most complex winter
atmospheric
phenomenon,
with
consequences of the most severe on life
and property. Blizzard is also the most
representative mesoscale phenomenon
for the Romanian territory, specific to the
low troposphere.
The blizzard acts through snowfalls,
sometimes abundant (the maximum 24
hours precipitation amount resulted from
snow, recorded over the Romanian
territory, was 115.9 lm-2, at Grivita –
Ialomita County) and sustained wind
gusts. The mean wind speed during a
blizzard event ranges from 11 to 17 ms-1
(Balescu and Besleaga, 1962), and the

highest recorded speed was about 200
kmh-1 at Iasi between January 4th and 7th,
1966. A blizzard causes the snow to
accumulate in heaps (2 – 5 m on
February 3rd to 4th, 1954). At the same
time visibility decreases significantly
during the blizzard, which makes it
difficult to evaluate whether the snow
continues to fall or not.
A blizzard is the result of the
interaction between the features of the air
circulations
above
the
European
continent and the characteristics of
Romanian orography.
This
complex
phenomenon
generally results from the coupling of
two European pressure centres: the EastEuropean, Azores or Scandinavian High
and a Mediterranean Low. Their contact
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creates very high temperature and
pressure gradients in a horizontal plane
(>10 - 15 hPa). In the altitude, a trough
exists over Central Europe, from the
Scandinavian
Peninsula
to
the
Mediterranean Sea.
The blizzard is also generated by
rapid displacement of a Mediterranean
cyclone. In this situation the lifetime of
the phenomenon is shorter.
The most severe blizzards in
Romania can occur when a high pressure
belt is present over Central and Eastern
Europe, formed after the anticyclones
have merged, and when a sustained
cyclonic activity persists over the
Mediterranean Sea. The anticyclonic belt
usually forms between the ridge of an
East European High and a ridge of the
Azores High. (Fig.1)

Fig.1. Example of synoptic situation when strong
blizzards occur in Romania

The high pressure belt may
sometimes be replaced by the presence of
an anticyclone acting individually (the
Azores, the Scandinavian or the East
European one) extended through a ridge
over the Romanian territory and coupling
with cyclones over the Mediterranean or
the Black Sea.
Besides the synoptic causes, an
important role in the genesis of blizzard
is played both by the orographic blocking

imposed by the Carpathian chain on the
cold air transported from the Russian
Plain and by the thermal blocking
imposed by the Black Sea, which favours
marked channelling of the cold air
towards the Romanian Plain.
Since it is known that blizzards
occur in the contact area between two air
mass types, with different physical
characteristics (cold, dry air from eastern
or north-eastern Europe and moist, warm
air from the sea), generally in the lower
layers of the troposphere (up to 600-800
m in the altitude), the role of the
orographic barrier becomes more
obvious.
Sometimes, certain difficulties occur
in forecasting blizzard (with anticipation
longer than 24 – 48 hours). Some of the
uncertainties are: how strong the cycloneanticyclone coupling will be, precisely
which will be the affected areas and the
amount of precipitation to fall, estimating
the snow layer if this one is blown and
heaped and mostly which will be the
share of liquid and solid precipitation
from the total amount (provided that the
Mediterranean
cyclonic
nucleus
transports warm and very moist air
towards Romania). The studies like this
one can clarify such uncertainties in
situations similar to that treated here.
This paper displays an example of a
synoptic situation (blocking circulation
over the central and eastern basin of the
Atlantic Ocean) which led eventually to a
severe blizzard in Romania, as well as
induced effects, so that blizzard to be
better forecast in similar situations, a
longer anticipation included.
The aim of the paper is to enrich the
case record of blizzards (Balescu and
Besleaga, 1962, Diaconescu, 1954,
Stancescu, 1983, Tascu et al., 2008,
Georgescu et al., 2009) and to supply an
example of synoptic context where a
blizzard may become violent. Such
studies lead to a better understanding of
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this special winter phenomenon and
improve the capability to analyze and
anticipate
the
severity
of
the
phenomenon. The paper also contributes
to identifying the areas with a high
potential of risk in each situation taken
apart.
In this study are used the analysis
charts of the ECMWF (European Center
for Medium-Range Weather Forecasts)
and of the Aladin limited area model, the
atmospheric sounding of the University
of Wyoming, as well as satellite images
(Meteosat Second Generation – water
vapours (WV 6.2 channel)), where
various images were superposed, using
Satrep - Online (Satellite Report).
2. BLIZZARD OCCURRING
MECHANISM
Blizzard is a complex mesoscale
phenomenon, specific to the low
troposphere and its occurring mechanism
was explained in detail by Draghici, 1988
and Dima, 2004. In the following is a
brief summary of the mechanism of
blizzard occurring.
As the contact area (between the
warm, moist air from the Mediterranean
basin and the cold, dry one from northeastern and eastern Europe) does not
exceed 150 km in width, high
thermobaric gradients occur here (>10 –
15 hPa). The tropical air, warmer and
lighter, will slide over the colder,
continental polar air, which will advance
at ground level. The forced ascent of the
warm air over the cold one causes rapid
condensation of the water vapours,
producing enhanced cloudiness that will
release abundant precipitation. At the
same time, the wind gradually intensifies.
Analyzing the vertical structure of
the troposphere in the area of the
phenomenon, two layers are identified,

with differing flowing properties:
a) a layer from ground level to 1-2
km, where the northern, north-eastern
and eastern circulation, following the
Eastern and Southern Carpathians,
advects the cold air mass in the area
between the Carpathians and the Black
Sea. Associated to the cold air mass
accumulation from the proximity of the
Eastern Carpathians, a relative pressure
maximum (positive pressure anomaly) is
noticeable at the foot of the mountain.
Associated to it, strong ageostrophic
deviations occur above Moldavia and
Baragan, the wind being perpendicular to
the isobars (as can be seen from the case
study presented in Section 4, Fig.14).
This relatively well mixed layer is
limited at its upper boundary by a
thermal inversion of about 10ºC, close to
which the circulation reaches its
maximum intensity. So a several hundred
meters from the ground the wind displays
its maximum speed (Low Level Jet (as
can be seen from the case study presented
in Section 4, Fig.13)), then the vertical
thermal
gradient
shifts
abruptly,
highlighting the inversion layer;
b) the layer above the thermal
inversion, through which warmer air is
advected, is characterized by southwesterly circulation.
Three “levels” are essentially noticeable
in the troposphere,
with
different flowing characteristics: eastnorth-east at ground level, south-southeast in the proximity of the 850 hPa level
and west-south-west in the mean
troposphere (Fig.2). Thus at ground level
there is a sustained cold air advection
along the contour of the Eastern
Carpathians, down to the central part of
the Romanian Plain. South-eastwards the
cold air infiltration touches the area of
the Danube ponds and the Delta, and then
aligns to the Romanian seacoast.
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Overall, the synoptic evolution
occurs on the background of air pressure

easterly wind intensification, mostly in
southern Moldavia and in Baragan.

Fig. 2. Wind direction at different levels (10 m, 850 hPa and 500 hPa) - ALARO model analysis

decrease. However, south and south-east
of Romania, the pressure drop is more
significant, so that a relatively intense
isobaric gradient is generally noticeable
in the vicinity of the western and
northern coast of the Black Sea, mainly
disposed from the land to the sea.
Also a warmer infiltration unfolds in
the intermediate levels over the southeast of the country, while the altitude
trough penetrates over Transylvania from
the west, inducing intense south-westerly
flow and a severe thermal gradient,
practically disposed perpendicularly to
the isohipses (visible at the level of 700
hPa). As the altitude increases, the cold
air gets a more abrupt slope to the northwest, so that the north-west – south-east
thermal gradient is more intense over
Romania in the mean troposphere.
The cold air mass generalization is
gradually achieved on a low level layer
that follows the shape of the terrain’s
topography. The important role of the
trough is to be underlined, advancing
from the west and possibly stationing
over the western half of the country,
which together with the Carpathians
completely blocks a possible northwestwards relaxation of the warm air
advected from the south-east. As a result,
the thermal inversion beneath enhances
and the weather acts severely below it,
especially as regards the cold north-

3. BLIZZARD CLIMATOLOGY IN
ROMANIA
According to the Romanian’s climate
study (Romanian Climate, 2008) blizzard
occurs with a small frequency (on the
average 1-2 days per year) in the areas
sheltered from the north-easterly and
easterly cold air advection, as happens in
the Transylvanian Plateau and the
Western Plain. In the extra-Carpathian
regions from the outer side of the
Carpathian chain, a higher number of
days with blizzard are recorded (> 2 days
per year on the average), as happens in
the Central Moldavian Plateau, the
Lower Siret Plain and most part of the
Romanian Plain (Fig. 3). In the central
part of Baragan and the Northern
Dobrudja Plateau, blizzard occurs with a
frequency higher than 5 days per year.
The greatest number of days with
blizzard is recorded in the high altitude
mountain areas (> 2000 m.a.s.l.),
exceeding 100 days every year, e.g. 115
days at Omu Peak and 103 days at Tarcu.
Detailed information on the monthly
frequency and duration of blizzards in
Romania were given by Balescu and
Besleaga (1962), no longer updated since
then. The highest frequency of blizzard
occurrence in the south and east is
recorded in January, while in the other
regions it is in February. In terms of
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duration the highest number of blizzard
days is recorded in February.

Fig.3. Mean yearly number of blizzard days in
Romania (simplified adaptation after “Romanian
Climate”, 2008)

Among the most violent blizzards
recorded in Romania could be mentioned
the one between 3rd and 5th February,
1954 (Fig.4).

Fig.4. Geopotential height at 500 hPa (colour
gradient) and sea level pressure (isolines),
February 3rd, 1954, 00 UTC - NCEP reanalysis
(National Centers for Environmental Prediction)

Its violence – wind of 70-120 kmh-1 –
drifted and heaped the 4-6 m high snow,
which created a true subpolar landscape.
That blizzard also caused road circulation
interruption, broking of aerial cables,
isolation of some localities and animal

shelters. In western and central Romania
such spectacular phenomena absented,
since, after all, blizzard is rare in the
mentioned areas (Diaconescu, 1954).
The wind speed during blizzards
varies across the Romanian territory from
11 to 17 ms-1 on the average, often
exceeding those conventional limits
(Balescu and Besleaga, 1962).
Function of the wind speed (v),
blizzards conventionally group in three
categories: violent blizzards (> 17 ms-1),
strong or heavy blizzards (v = 17 – 11
ms-1) and moderate blizzards (v = 10 – 6
ms-1). Violent blizzards occur with a
higher frequency in south-eastern
Moldavia and in Baragan (Balescu and
Besleaga, 1962).
4. THE BLIZZARD BETWEEN 15TH
AND 17TH DECEMBER, 2009
Following is analyzed the blizzard
episode between 15th and 17th December,
2009, the first and most important in a
series of three blizzards occurred in this
month (13th to 17th, 18th to19th, 19th to
20th). The cause of that rapid succession
of blizzards was a blocking circulation
persisting for 8 days (December 13th to
20th) over the eastern and northern basin
of the Atlantic Ocean (Fig.5). The very
cold air mass transported on the right
flank of the ridge caused an intense
cyclonic activity in the Mediterranean
area. The cyclones developed there took
an eastwards track towards Romania.
The onset of the first blizzard
episode of the winter season was on 15th
of December. Previous to that moment
(on 14th of December, 00 UTC), most
part of the European continent was
dominated by a high pressure field at
ground level, mainly formed through the
expansion of the Scandinavian High. The
area with intense cyclonic activity was at
the south-west of Europe, as well as in
the Mediterranean Sea basin (Fig. 6a).
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a)
Fig. 5. Mean geopotential height at 500 hPa on
December 13th to 20th, 2009 (reanalyses NCEP –
NCAR National Center for Environmental
Prediction - National Center for Atmospheric
Research)

At the same time, in the mean
troposphere strong blocking was
remarkable over the eastern basin of the
Atlantic and the north-west of the
continent (a ridge expanded northwards,
up to about 65-70º lat. N) was recorded
and a very well developed trough, from
the north-east of the continent, to the
south-west, over Central Europe (Fig.
6b).
This type of ultrapolar circulation
(Topor, 1965), causes particularly cold
arctic air to be transported on the front
slope of the ridge, to the area of the
Iberian Peninsula, where a cold nucleus
was isolated, with a correspondence up to
the level of 300 hPa. That strong vortex
facilitated the advection of positive
potential vorticity and cold air mass
towards the Mediterranean Sea basin,
where it led the cyclonic activity to
enhance. (Fig. 7) The black band, very
visible in the water vapour images, shows
the presence of the jet stream on the front
part of the ridge over the ocean.
The vast low pressure area gradually
widened and expanded eastwards, so that
until the morning of December 15th
the whole Balkan Peninsula and the
south-western half of Romania had
gradually been subjected to its activity

b)
Fig.6. December 14th, 2009, 00 UTC (ECMWF
analysis): (a) Sea-level pressure (continuous
lines) and temperature at 850 hPa (dashed lines);
(b) Geopotential height (continuous lines) and
temperature at 500 hPa (dashed lines)

(Fig.8a) potential vorticity and cold air
mass towards the Mediterranean Sea
basin, where it led the cyclonic activity to
enhance. (Fig. 7) The black band, very
visible in the water vapour images, shows
the presence of the jet stream on the front
part of the ridge over the ocean.
The vast low pressure area gradually
widened and expanded eastwards, so that
until the morning of December 15th the
whole Balkan Peninsula and the southwestern half of Romania had gradually
been subjected to its activity (Fig.8a). At
the same time, at the nondivergence level
(Fig.8b), as the trough moved eastwards,
it deepened and continued to supply the
ground level cyclonic structure, and the
geopotential ridge enhanced at the southeast. That ridge was very well contoured
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both in the low troposphere (850 hPa)
(Fig.8c) and in the intermediate layer
situated at 700 hPa. (Fig.8d).

a)

b)
Fig.7. Water vapour image (WV 6.2),
geopotential height at 300 hPa (light blue lines)
and potential positive vorticity (orange curves)
(ECMWF analysis) - December 14th, 2009,
00 UTC

During the following 24 hours
(between December 15th (00 UTC) and
16th (00 UTC)) the advance of the low
pressure area (whose centre maintained
in southern Italy) was slowed in the
region of our country by the ridge
of the East-European High persisting
above Moldavia (Fig. 9a). Under
such circumstances, the ground level
pressure gradient recorded a considerable
increase of about 15hPa. At the same
time, the thermal gradient increase of
approximately 10ºC between the tropical
and the polar air at the level of 850 hPa,
due to the enhanced circulation from the
warm ridge. (Fig.9c).
The cyclone advected towards
Romania a very humid air mass (Fig.10).
Precipitation fell in every region
(especially as snow, but in Dobrudja
mostly as rain) and the wind intensified

c)

d)
Fig.8. December 15th 2009, 00 UTC (ECMWF
analysis): (a) Sea-level pressure (continuous
lines) and temperature at 850 hPa (dashed lines);
(b), (c), (d) Geopotential height (continuous lines)
and temperature (dashed lines) at 500 hPa, 850
hPa, and 700 hPa
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a)

b)

c)

d)
Fig.9. December 16th 2009, 00 UTC (ECMWF
analysis): (a) Sea-level pressure (continuous
lines) and temperature at 850 hPa (dashed lines);
(b), (c), (d) Geopotential height (continuous lines)
and temperature (dashed lines) at 500 hPa, 850
hPa, and 700 hPa

in the south and the south-east blowing
the snow and causing it to heap.
Precipitation fell in every region
(especially as snow, but in Dobrudja
mostly as rain) and the wind intensified
in the south and the south-east blowing
the snow and causing it to heap. In the
mean troposphere the trough went on
advancing to the east and significantly
expanded southwards, over the Italic
Peninsula, maintaining the cyclone very
active through supplying it with cold
air and positive potential vorticity.
Meantime, the geopotential ridge
persisted (though slightly less intense)
over the Balkan Peninsula, the Black Sea
and the south and east of Romania, which
resulted in a continuous
warm air
transport at that level (Fig. 9b). At 700
hPa the ridge retreated more to the east
and the southerly circulation intensified,
as did the warm air advection (Fig.9d).
From December 16th, 00 UTC, to
December 17th, 00 UTC, the low pressure
area continued to expand eastwards and
its nucleus reached the Aegean Sea and
Turkey (Fig. 11a). At the same time
vorticity increased in the Black Sea basin
(due to the energetic contribution
supplied by the warm sea) and as a result,
precipitation and wind enhanced in the
eastern part of Romania, concomitantly
diminishing in the remainder of the
territory. Along the whole tropospheric
column (up to the level of nondivergence) (Fig.11 b, Fig.11 c, Fig.11
d), the south-eastern ridge retreated,
allowing the trough to relax and continue
to move eastwards.
Throughout December 17th, the
nucleus above the Black Sea gradually
occluded.
Ground
level
pressure
remained low and our country was
crossed by a precipitable cloud system,
due to the action of a new cyclonic
nucleus coming from Central Europe,
within the upper layer of the atmosphere.
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a)

Fig.10. Water vapour image (WV 6.2),
geopotential height at 500 m (green isolines) and
pressure (black isolines) (ECMWF analysis) December 15th, 2009, 12 UTC

Snowfalls occurred widely, though
light, and the wind intensity decreased.
The cold air mass gradually generalized
in most part of Romania (Fig. 12).
Analysing the vertical structure of
the atmosphere in the first 1500 m
(Fig. 13) in Bucharest area, on December
15th, 12 UTC, three layers may be
identified, with differing flowing
characteristics, which demonstrates the
existence of the low level jet:
1) a stormy layer (‘s’), with an
intense horizontal flow, situated below
the level of 925 hPa. Within that layer,
the maximum flowing intensity, about 18
ms-1, was recorded in the vicinity of the
level of 946 hPa, i.e. at approximately
560 m above the ground;
2) a relaxation layer (‘r’), situated in
the vicinity of the level of 850 hPa,
where an important decrease of the
flowing intensity was noticed;
3) a quiet layer (‘q’) situated around
the level of 839 hPa, where a minimum
intensity (9–10 ms-1) of the wind was
reached.

b)

c)

d)
Fig.11. December 17th 2009, 00 UTC (ECMWF
analysis): (a) Sea-level pressure (continuous
lines) and temperature at 850 hPa (dashed lines);
(b), (c), (d) Geopotential height (continuous lines)
and temperature (dashed lines) at 500 hPa, 850
hPa, and 700 hPa
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Fig.12. 500-1000 hPa relative –December 18th,
2009, 00 UTC (ECMWF analysis)

a)

b)

Fig.13. Upper air sounding for Bucharest, on
December 15th, 2009 (performed by the university
of Wyoming)

The wind direction at 10 m is
easterly and north-easterly (Fig. 14, Fig.
15a), due to the air flow near the
mountain barrier.
c)
Fig. 15. Wind intensity and direction at (a) 10 m,
(b) 850 hPa and (c) 500 hPa on December
15th.2009, 12 UTC (ECMWF analysis)

Fig. 14. Sea- level pressure (red isolines), wind at
10 m and temperature at 850 hPa (colour gradient
and isolines from pink to blue) on December 15th,
2009, 12 UTC (Aladin analysis)

At the level of 850 hPa the wind
direction was southerly and southeasterly and in the mean troposphere it
was south-westerly (Fig. 15c). The
inversion layer at that moment was up to
5ºC, situated within 963-900 hPa
(between 420 and 967 m).
The
National
Meteorological
Administration issued a warning, yellow
cod, for blizzard, on December 14th,
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2009, at 13:00 L.T. (Fig 16a), according
to which it was going “to snow all over
the country, with subsequent, gradual
accretion of snow layer in most part of
the territory, and the weather would get a
wintry aspect In the south and east of the
country, as well as in the mountains
water amounts will locally exceed 20-25
lm-2 and the wind will display sustained
gusts, blowing the snow and causing it to
accumulate in heaps. In Dobrudja and
southern Wallachia, precipitation will be
mixed in the former part of the interval
and glazed frost will occur.”

Taking into account the evolution of
the phenomena, the above cited warning
was updated (Fig. 16 b) on December
16th, at 11:00 L.T., which consisted in
cancelling the warning for Dolj, Olt and
Teleorman Counties and activating it for
the Counties in northern Moldavia in
exchange.
Estimations made by meteorologists
were generally accurate. It snowed in
every region of the country, and at the
beginning of the interval, there were
short-lived sleet and rain in Banat,
Oltenia and Wallachia, which favoured
glazed frost occurrence. Rainfalls
prevailed in Dobrudja until the night of
December 16th to 17th. The reason why
liquid precipitation fell in the south of the
country was that at the beginning the
south was situated in the warm sector of
the low pressure system.

a)

a)

b)
Fig.16. Yellow code warning issued by the
National Meteorological Administration for
December 15th, 12:00 L.T. to December 17th,
12:00 L.T on December 14th, 13:00 L.T. (a) and
on December 16th, 11:00 L.T (b).
With red stars are marked the counties most
affected by the blizzard.

b)
Fig.17. 24-hr. accumulated precipitation amounts,
on December 15th, 2009 (a) and December 16th,
2009 (b)
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In the extra-Carpathian areas and in
the mountains accumulated water
amounts locally exceeded 25 lm-2
(Fig.17a, b). Fresh snow layer was
formed, locally deep (over 15 cm) in the
centre, south and east of the country. In
the Southern and Eastern Carpathians, in
Oltenia, Moldavia, northern Wallachia
and northern Dobrudja 20-25 cm were
frequently exceeded, reaching about 40
cm in Buzau County (Fig. 18). Wind
gusts aggravated the situation, because of
the intense snow drift, the accumulation
of the snow in heaps and the visibility
decrease. In western Oltenia, in
Wallachia, Dobrudja and southern
Moldavia wind gusts were remarkable,
with squalls in excess of 14...15 ms-1 (50
kmh-1) and in some areas even 18...19
ms-1 (60...65 kmh-1). (Fig. 19)

Up to 14 cm of snow accumulated in
Bucharest, after a blown snowfall, with
wind gusts reaching about 14 m/s.
Weather warning was generally
successful, but the intensity of the
snowstorm was not the same in all
counties with yellow code. The counties
the most affected by the blizzard were:
Buzau, Braila, Ialomita, Vrancea and
Galati. (Fig. 16a) In a similar situation a
better localization of the sensitive areas
will improve the forecast, and this study
is very useful for this.
In our country, this blizzard episode
lasted about 36-48 hours. In the southern
and south-eastern areas wind gusts were
noticeable (gusting speed generally in
excess of 14–15 ms-2), which framed the
phenomenon as “strong blizzard”, with
short-lived peaks of “heavy blizzard”
over narrow areas (gusting wind speed
greater than 18–19 ms-2). (Fig. 19)
According to classification in
specialized literature, the studied
phenomenon is closest to the III a
pressure type (a continental high, centred
in the east of the Baltic Countries,
disconnected from both the Azores and
the Siberian High, coupled to a low
pressure field acting in the Mediterranean
Sea and the Balkan Peninsula).

Fig.18. Snow layer accumulated during the
warned period

Fig.19. Maximum gust between December 15th,
2009, 12:00 L.T.and December 17th, 2009, 12:00
L.T (green- moderate blizzard, orange - strong
blizzard and black – heavy blizzard)

Fig.20. Picture taken during the blizzard on
National Road 25, in the area of Vames locality,
Galati County
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On the regions most affected by the
blizzard the road transport was closed on
countless roads, vehicles got buried in the
snow and several localities were left
without power (Fig. 20).
5. CONCLUSIONS
This blizzard episode was a complex and
spectacular one, and its potential to cause
calamities is undisputable. It was a
typical situation of the coupling between
an anticyclone expanded over the north
and the east of the continent and a low
pressure system of Mediterranean origin
(pressure type III a). Precipitation
amounts were large, especially in the
south and east. Since the moist air mass
advected from the Mediterranean was
rather warm (0-2ºC over the extreme
south and south-east of the country, at the
level of 850 hPa), most part of the
precipitation fallen in southern Oltenia,
southern and south-eastern Wallachia and
mostly in Dobrudja was in liquid form.
As a result, the snow layer accumulated

in those regions was not significant. As
for the wind, it was more intense in
eastern Oltenia, in Wallachia, Dobrudja
and southern Moldavia.
This blizzard episode was the first in
a series of three, all occurred in
December. The cause of this avalanche of
blizzards was a longer term persistency
of the blocking circulation. The longer a
synoptic structure persists in a certain
region, the more severe the effects
induced in that area or in the
neighbouring ones.
Occurrence of this sever event was
well forecast by meteorologists as
geographic area, but no specifications
were made on the most affected areas.
The analysis presented in this paper
contributes to a better spatial detail of the
intensity of the phenomenon in a similar
future situation.
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STATISTICAL INDICES DERIVED FROM THE BOBOHALMA
WSR-88D RADAR DATA USEFUL IN FORECASTING HAIL
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Abstract: The use of radar data for achieving a “climatology” of hail imposed due to their
fine spatial and temporal resolution. Data used in this “climatology” come from four
summer (June, July, August) seasons of the 2004-2007 period. Based on parameters
supplied by the WSR-88D Bobohalma radar, maps were plotted with the areas where storm
nuclei occur, function of the hail diameter and severity degree. It was thus noticed that the
areas with a high frequency of hailstorm nuclei do not superpose the areas with a
probability over 70% that the hail within the nuclei touches the ground. Also, in the radarcovered area it was attempted to calibrate certain cloud parameters: maximum reflectivity
and VIL-density, detected with the radar, establishing values and value intervals useful in
forecasting hail.
Key words: hail, relief, storm nuclei, reflectivity, VIL-density

1. INTRODUCTION
Theories about hail formation within
convective clouds are complex and
incomplete, which makes forecasting and
detecting it difficult tasks in an
operational regime. On the other hand,
real-time response data about hail
occurrences are not precise and
verification is difficult to perform,
because hail often falls in uninhabited
areas, or the damage it causes is not
important for the local economy.
Areas where local climatological
data and studies connected to hail exist
are often conditioned by the concern for
the damage caused to certain goods (for
instance, agricultural).
Besides that, it is worth mentioning
that the area where hail falls is a small
surface, compared to the width of the

storm-active area. Present-day maps,
displaying the distribution of hail over
the territory of Romania (Romanian
Climate, 2008) (Fig. 1) are plotted with
data from the weather stations.

1

2

3

4

6

8

zile

Figure 1. Territorial distribution of the mean annual
number of days with hail (1961-2000) (Romanian
Climate, 2008).
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The weather stations network is too
scarce to cover the whole territory. To
resolve this drawback, there were used
data from Bobohalma weather radar
(Fig. 2). Data for the period 2004-2007
were used to perform a statistical analysis
able to render an image of the areas
where hail occurrence is highly probable.

Figure2. Absolute occurrence frequency (number of
cases) of hail- containing storm nuclei, computed for
the summers between 2004 and 2007

This
study
estabilshes
a
correspondence between hail size and a
series of parameters of the convective
clouds detected with the WSR-88D radar,
like the maximum reflectivity and
VIL-density.
Witt (1996) used radar reflectivity
with a 0.5º elevation, so as to separate the
storm nuclei containing only rain, from
those which also contain hail. Thus Witt
noticed that for reflectivity values lower
than 50dBZ, hail occurrence frequency is
small, in comparison with the situation
when reflectivity at the first elevation is
over 50 dBZ.
Waldvogel and Federer (1976)
considered that areas with reflectivity
higher than 55 dBZ integrated in time
may be an indicator of the existence of
hail and may help to delimitate the areas
with hail events.

The same method was used by Witt
(1996), i.e. to separate the storm nuclei,
but for the maximum reflectivity .
This study used data from the WSR98D S-band Doppler radar installed at
Bobohalma, close to Tarnaveni. The data
for the summers between 2004 and 2007
were analysed. Its fine spatial and
temporal resolution allows detailed
statistical analysis of the evolution of
convective clouds containing hail.
In the area covered by the
Bobohalma radar, the surfaces the most
affected by hail are those influenced by
synoptic disturbances modulated at
mesoscale by topography and by diurnal
warming.
Hail
occurrence
forecasting,
estimating its severity degree and where
it will fall are complex issues in all areas.
The aim of this paper is, on the one hand,
to identify those areas where the
frequency of hail occurrence is high and,
on he other hand, to investigate the
feasibility of producing maps for large
diameter hail (> 4 cm and > 6 cm) and to
find thresholds for values of the
maximum reflectivity and VIL-density
wherefrom hail occurrence probability is
high.
2. DATA AND METHODS
Data were used as supplied by the WSR98D S-band Doppler Radar (RDBB)
installed at Bobohalma. RDBB’s
coverage area is 166106 km2.
The composite reflectivity was used
from four summer seasons (June, July,
August) over the 2004-2007 interval.
Composite reflectivity was chosen
because
it
contains
information
connected to the maximum column
reflectivity, irrespective of the echo’s
height, against the base reflectivity,
which contains information on different
elevation levels.
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The composite or maximum
reflectivity product is available every six
minutes in files containing both raw and
processed data – storm nuclei where
reflectivity is maximum. In this paper, a
storm nucleus is considered to be an incloud area where reflectivity is maximum
and its centre is represented as a plane
dot.

by the radar ( Doppler Radar
Meteorological Observations Part C
WSR-88D Products And Algorithms
2006).
Table 1 renders the number of cases
with
radar-detected
storm
nuclei
containing small size hail. It can be
noticed that choosing the 70% threshold
for POSH and POH was correct because

Table 1. Number of cases with hail nuclei of various diameters derived from the
summer months between 2004 and 2007.
Hail diameter
cm

No. of cases
POSH and POH > 70%

No. of
cases

>10,16
9,5
8,9
8,3
7,6
7,0
6,4
5,7
5,1
4,4
3,8
3,2
2,5
1,9
1,3
1,27<
Total

27
11
21
43
57
101
164
368
529
793
1420
2361
2101
1697
262
9955

27
11
21
43
57
101
164
368
529
793
1420
2698
5568
13384
32413
66984
124581

Storm nuclei are attributed several
characteristics, such as: their coordinates
(denomination, radius and azimuth)),
type (Meso -Mesocyclone or TVS Tornadic Vortex Signature), hail
probability (POSH -probability of severe
hail and POH- probability of hail), hail
diameter, VIL, maximum reflectivity and
its height, cloud top height, forecast
propagation direction and speed. POSH
is the probability of hail with a diameter
over 1.9 cm, a threshold adopted in
applications for processing data from the
WSR-98D and POH is the probability of
hail with various diameters, as detected

Probability
score
%
100
100
100
100
100
100
100
100
100
100
100
88
38
13
1
0

that is the start value wherefrom large
hail occurs, with a100% probability
score, with several exceptions for hail
sized 1.3 cm, 1.9 cm 2.5 cm and 3.2 cm.
In order to position the storm nuclei
within a Cartesian coordinates system,
then on a geographic map, the radius and
azimuth were transformed in x and y
coordinates, i.e. from inverse polar
coordinates into Cartesian coordinates.
497175 nuclei were processed,
124581 of which containing hail, 9955 of
the latter with a probability higher than
70% that the contained hail (normal and
severe) touches the ground.
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The 70% threshold was chosen
because starting from that value, storm
nuclei contain hail with a diameter larger
than 1.9 cm (Table 1).
When processing ends, each storm
nucleus is attached a dot on a graph in
Cartesian coordinates, with km as
measure unit both on the OX and OY
axis.
This coordinates system was
squared, sides being 25 km each. The
number of nuclei in each of the network’s
squares was counted. Maps were plotted
with the resulting absolute frequencies,
centered in the radar’s location. Those
maps with the absolute frequency were
finally superposed to an administrative
map of Romania scaled to the scale of the
processed map.
Maps were plotted with a 25-km
grid step, i.e. 292 pixels were obtained,
625 km2 in size. The area covered by
those pixels is 163750 km2. The 25- km
step was chosen mostly to highlight the
more important relief groups, although
errors may still occur, in the sense that
certain zones may interpenetrate (for
instance the corridor area between to
mountainous massifs).
Absolute frequency maps were
obtained displaying the areas where the
most numerous storm nuclei occur,
containing hail of various sizes and with
different probabilities to touch the
ground.
Further, two filtering operations
were performed of those nuclei. The first
took into account only the situations with
a probability higher than 70%
for the occurrence of severe hail
(POSH), whereas POH was considered
irrespective of its probability. The second
filtering analysed only the storm nuclei
with both probabilities (normal and
severe) higher than 70%.
Areas thus yield with a small
number cases when storm nuclei are
detected to contain hail, but with a high

probability that the contained hail touch
the ground, and there are areas with a
very high frequency of hail nuclei but
with a small probability that hail also fall
on the ground in that area.
To highlight areas with large-size
hail, randomly chosen thresholds were
used. Analysis of areas where large hail
nuclei occur was performed in the first
phase through selecting hail larger than
2.5 cm, then that larger than 5.5 cm.
WSR-88D
produced
VIL
is
frequently used operationally to assess
the severity and especially the diameter
of hail. VIL is a radar measure of the incloud potential content of liquid
precipitable water / m2 and is measured
in kg·m-2, (Greene and Clark, 1972).
VIL-density is a product which is
independent of the air mass and is thus
independent of season or geographic
location.
It was noticed that the big height of
a cloud with a large VIL does not always
produce large-size hail and that in
exchange a cloud with a smaller height
and a large VIL can produce large hail.
That is why hypothesis was issued
that dividing VIL to cloud height should
yield a common value or value intervals,
so as to determine large hail, independent
of the air mass characteristic.
This coefficient is defined as VILdensity and is given by the ratio between
VIL and Echotop (cloud height), i.e. the
water amount on each km (g·m-3).
This product is independent of the
air mass and thus of season or geographic
location (Amburn and Wolf, 1997;
Paxton and Shepherd, 1993).
Another parameter used to separate
storm nuclei containing hail is maximum
reflectivity. To this aim, all the detected
storm nuclei were used, both those
containing and those not containing hail.
Having in view that for reflectivity
values higher than or equal to 30 dBZ no
hail-containing nuclei were found, there
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were studied maximum reflectivity
intervals starting from 30 dBZ, every 5
dBZ up to 69 dBZ. Relative frequencies
were computed function of the
reflectivity intervals and the storm nuclei
divided in three hail size categories:
smaller than 2 cm, from 2 to 4 cm and
larger than 4 cm.

3. RESULTS
Based on the hail information from the
Bobohalma WSR-88D weather radar
for the period mentioned above,
several results are noticeable, useful
to the operational activity of forecasting immediate weather phenomena,
especially hail.
Comparing the areas achieved
through radar analysis of hail distribution
with those rendered on the map with the
territorial distribution of the mean annual
number of days with hail (1961-2000),
(Romanian Climate, 2008), we notice
that areas superpose, despite some
differences (Figs. 1 and 2) due to the
differences between the time intervals
used in these studies: 40 years vs. 4 years
in the present study).
The weather radar contoured three
areas where those cloud formations that
could produce hail were present.
The first area corresponds to zones
with over 700 cases (concentrically
distributed in case-ranges as follows:
700-800; 800-900, 900-1000 and 10001100).
These zones correspond to the
mountain units of the Apuseni
Mountains, with the maximum extension
in Cluj and Alba counties and a peak in
Bihor County (Stana de Vale area on the
western slopes of Vladeasa and Bihorului
Mountains), also to the mountain units of
the Southern Carpathians, mostly in
Parang and Fagaras Mountains, to the

volcanic mountains chain in the Eastern
Carpathians,
especially
Gurghiului,
Harghitei, Baragaului and Calimani
Mountains; and to two smaller areas with
700-800 cases encompassing GutaiTibles Mountains and the belonging
submontane area, especially Lapusului
Depression and Perisani Mountains,
respectively (Fig. 2).
The second area corresponds to
zones with 500-700 cases.
The
Transylvanian
depression
records 500-600 cases, especially in its
central part and 600-700 cases in its
outlying section of depressions and
marginal corridors.
In the above mentioned area a
section was highlighted corresponding to
Tarnavelor and Secasului Hills and to the
Alba Iulia – Turda corridor, with
minimum values of 400-500 cases,
corresponding to the third zone.
The same values are displayed by a
small area in the north-east of Salaj
County superposing the Somes Plateau
(Simisna-Garbau Hills) and another area
along the corridor separating Tiblesului
from Rodnei Mountains (Salauta valley),
(Fig. 2).
Areas with less than 500 cases
(Fig. 2) correspond to the extraCarpathian areas situated at more than
150 km from the radar, so that cloud
systems are partially shielded and partly
below the radar’s angle, which makes
only their tops detectable.
From the total number of storm
nuclei containing hail the first filtering
was performed, analysing only those
POSH (probability of severe hail)
situations with a probability higher than
70%. A number of areas thus become
apparent, function of the orographic
peculiarities and the distance from the
weather radar (i.e. its coverage altitude).
These results are summarised in Figure 3
and details are presented below.
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Small values (120-180 and 180-240 cases
respectively) correspond to areas situated
in the west of the Apuseni Mountains
(the Western Plain and Western Hills)
and to areas situated in most of the
Transylvanian Depression.\

Figure 3. Absolute occurrence frequencies (number of
cases) of hail-containing storm nuclei with POH > 70%
computed for the summers between 2004 and 2007

From the total number of storm nuclei
containing hail the first filtering was
performed, analysing only those POSH
(probability of severe hail) situations
with a probability higher than 70%. A
number of areas thus become apparent,
function of the orographic peculiarities
and the distance from the weather radar
(i.e. its coverage altitude). These results
are summarised in Figure 3 and details
are presented below.
Small values (120-180 and 180-240
cases respectively) correspond to areas
situated in the west of the Apuseni
Mountains (the Western Plain and
Western Hills) and to areas situated in
most of the Transylvanian Depression.
Mean values from 240 to 300 and
from 300 to 360 cases delimitate several
areas with certain peculiarities:
- Codrului Hills and the eruption massif

Oas-Gutai-Tibles are reported with
240-300 cases;
- The Apuseni Mountains area, with an
extension in the hillock area of the
Transylvanian Plain and partially the
Somes Plateau record 240-300 cases;
- 300-360 cases are recorded in the
western mountainous area and the high
elevation area, where a small area is
apparent, with values as high as 360-420
on the north-eastern slopes of Gilau and
Muntele Mare Mountains;
- 240-300 cases are recorded southwards,
towards Poiana Rusca and the RetezatGodeanu mountainous group;
- high elevations, areas with 300-360
cases.
Areas with 300-360 cases are mainly
situated in the central part of the Eastern
Carpathians (Bistriei, Giurgeului, Tarcu
and Ciucului Mountains) and in the south
of the eruption mountains, in Harghita
County.
The mountain section of Parang,
Fargaras, Bucegi and partially Buzaului
Mountains, along with the southern
section of Hartibaciului Plateau and the
submontane depressions (Apold-Saliste,
Sibiului, Fagarasului) record concentric
mean values (240-300 and 300-360
cases) but also high values (360-420
cases) and even very high ones (420-480
cases).
Areas highlighted on the first
analysis to display a small number of
cases (central Transylvanian Plateau, the
north-east of Salaj County and Salautei
valley- Fig, 2) continue to emerge after
the first filtering (Fig. 3).
Whereas on the first analysis areas
with high values are rather narrow and
appear especially in the high mountain
area,
after
the
first
filtering
hail-containing storm nuclei are also
detected in the areas adjacent to the
mountains (corridors, submontane hills
and
depressions)
which
would
correspond to storm nuclei maturation

33
STATISTICAL INDICES DERIVED FROM THE BOBOHALMA WSR-88D
RADAR DATA USEFUL IN FORECASTING HAIL

and displacement from the mountains to
the low areas.
Thus, if the explanation holds that a
large number of hail cells on the
mountain crests correspond to the
initiation of convection, displaying the
areas after the first filtering would
correspond to the maturation and
displacement of hail storm nuclei towards
the lower elevations under the influence
of the dominant circulation streams or the
mountain breezes (Fig. 3).
On the second filtering, normal
(severe or non-severe) hail-containing
storm nuclei with a probability higher
than 70 % were analysed (Fig. 4).

Figure 4. Absolute occurrence frequencies (number of
cases) of hail-containing storm nuclei with POH and
POSH > 70% computed for the summers between
2004 and 2007

It may thus be noticed that the
considered data frame in a range of 30 105 cases grouped in five intensity
classes, contouring several areas across
the territory. To highlight especially the
mountain areas with a small number of
cases (under 30) the white colour was
chosen for the 0-30 class of values.
The widest areas showing high
frequencies (60-75, 75-90 and 90-105
cases, respectively) are grouped in Salaj,

Cluj, Mures, Alba and Hunedoara
counties.
Bordering the above-mentioned
areas are zones displaying 45-60 cases,
specifically the hillock region of Satu
Mare, Mures, Bistrita Nasaud and
Maramures
counties,
Lapusului
Depression included.
Areas recording more than 75 cases
in those counties superpose zones as
follows:
- Salaj County with the Almaj-Agrij
depression;
- Cluj County: the eastern slopes of Gilau
and Muntele Mare Mountins, the
submontane area with Clujului and
Dejului Hills, Capusului and Feleacului
Hills (noticeably displaying over 90
cases), Iara and Hasdate Depressions, the
Transylvanian Plain (extending in
Bistrita Nasaud and Mures counties);
- Alba County, with the area superposing
Trascaului Mountains, extending in
Hunedoara County over the Metaliferi
Mountains and the Mures river corridor.
The shape of the disposition of these
areas, NW-SE, across Silvaniei and
Meses Hills, points at the direction
wherefrom moist ocean air masses
penetrate and their encounter with the
warm and moist Mediterranean air
masses penetrating from the south-west
along the Mures river corridor and
moulding over the Metaliferi Mountains.
Wider areas with more than 45 cases
are apparent in the Southern Carpathians,
also expanding in Olteniei subCarpathians and in Tarnavelor Plateau,
on the south-eastern slopes of the
Curvature Carpathians and on the slopes
with an eastern exposure of the Eastern
Mountains (Fig. 4).
The vulnerability of a certain
territory to hail is conditioned both by the
frequency of the phenomenon and mostly
by the hail size. As regards this latter
aspect, the analysis of the phenomenon
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over the considered interval highlights
some spatial peculiarities (Figs. 5 and 6).

Figure 5. Areas where storm nuclei containing large
hail (diameters > 2.5 cm) occur computed for the
summers between 2004 and 2007

Figure 6. Areas where storm nuclei occur containing
very large hail (diameters > 6 cm) computed for the
summers between 2004 and 2007

In the western regions, i.e. in the
Western Plain and Western Hills, the
western side of the Western Carpathians,
the most numerous cases with hail less
than 5 cm are recorded, with the
exception of some narrow areas
corresponding to the Poiana Rusca
Mountains – Hateg Depression, the Timis
– Cerna Corridor, with the adjoining
space and Silvaniei Hills.

The central-eastern areas of the
Apuseni
Mountains
and
the
Transylvanian Depression display a wide
variety of cases as regards the hail
diameter, noticing however that certain
areas are contoured where sizes greater
than 6 and 7 cm were detected (Fig. 5).
Such situations are connected to the
orientation of the valley corridors and of
some of the relief units against the air
masses circulation or the mountain
breeze.
Such areas are: the western regions
of
Salaj
County
(Almas-Agrij
depression), the hilly massif of Feleac –
Somesul
Mic
river
corridor
–
Ungurasului and Sicului Hills, Turda –
Aries Corridor, Somesul Mare Corridor,
Madarasului Hills and the Fagaras
Depression.
The
Eastern
and
Southern
Carpathians, with the adjoining hilly
submontane regions highlight areas
where storm nuclei occur within which
hail was detected with diameters larger
than 6-7 cm. Those areas generally
belong to inflexion spaces – corridors
that direct the air masses or
morphological contact areas between
mountain and depression or between subCarpathian hills and plain. Some
examples could be mentioned: Vatra
Dornei – Mestecanis – the Moldavian
Corridor – Odorhei – Vlahita –
Miercurea Ciuc, Vrancei sub-Carpathians
– Siretului Plain, Prahovei subCarpathians, Brasov – Tg. Secuiesc –
Oituz, the Getic sub-Carpathians and the
Getic Plateau.
Almost perfect superposing can
be noticed of the areas with hail larger
than 2.5 cm and the area with a
probability over 70% for normal or
severe hail, (Figs. 4, 5 and 6).
This leads to the conclusion that in
those areas with disclosed high absolute
frequencies, the occurrence probability of
average or large hail increases, in
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comparison with the rest of the areas.
VIL-density is the ratio between VIL
and Echotop (cloud height), i.e. the
amount of water over each km. Here VIL
is normalized against the storm peak,
being therefore independent from the
season where it applies. This is a product
that is being yielding good results. VILdensity is more successful than VIL as
regards the separation of convective
clouds able to generate large hail from
those generating small hail (Lahiff,
2005).
The
VIL-density
formula
disregards variables in the environment
(temperature, humidity, pressure, wind,
etc.).
In the U.S. VIL-densities of the
order of 3.5 (g·m-3) are a threshold for
separating and forecasting potentially
high hail probability at the surface. The
probability for very large hail at the
surface grows to almost 100 % when
VIL- density is 4 - 4.5 units or more. This
study was only performed on a small
number of cases, all of which with
confirmed hail on the ground, (Blaes et
al., 1988).
Resorting to the same argument as
the American researchers, however on a
much greater number of values, data
were obtained close to those of the
Americans.
The first analysis (Fig. 7) was
performed through applying VIL-density
to all the storm nuclei both those without
hail and those with large (> 1.9 cm) and
small hail content (< 1.9 cm).
An almost linear decrease is noticed
of nuclei without hail with the increase of
VIL-density, but also an increase of the
storm nuclei containing large hail, so that
there is a hail occurrence probability over
57% for VIL-density values greater than
4.4 g·m-3.
In exchange, for the same VILdensity values higher than 4.4 g·m-3

nuclei containing no hail represent 12%
and those with small hail- 31%.
This entitles us to believe that
4.4 g·m-3 is indeed a threshold for the
forecast of large hail.
It is surprising that the small hail
figures leap from 13% for VIL-density
smaller than 3 g·m-3 to more than 58%
for VIL density values ranging from 3
g·m-3 to 4 g·m-3 to then decrease for
values higher than 4 g·m-3, reaching as
little as 30% for values higher than
4.4 g·m-3.

Figure 7. Relative occurring frequency of storm nuclei
with or without hail, function of VIL-density,
computed for the summers between 2004 and 2007

Large hail probability increases
almost linearly starting from VIL-density
values of 3 g·m-3 and a 5% frequency, to
over 4.4 g·m-3 and a 57% probability.
It can be noticed that starting from
VIL-density values higher than 3 g·m-3,
there is a probability higher than 63% for
hail to occur in storm nuclei, that
probability exceeding 88% at values
higher than 4.4 g/m3, which makes us
believe that VIL-density is an useful
indicator in forecasting both small and
large hail. Small hail practically occurs in
a high percent (up to 60%) at VILdensity values from 3 g·m-3 to 3.9 g·m-3,
and large hail occurs at VIL-density
values higher than 4.4 g·m-3 (more than
57%).
The second analysis connected to
VIL-density consists in eliminating storm
nuclei devoid of hail and computing
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relative frequencies only for the small
and large hail detected in the nuclei,
(Fig. 8).
This analysis was also performed
due to the big number of cases when
VIL-density was smaller than 3 g·m-3, i.e.
54963 situations with storm nuclei
containing small hail, which represents
56% of the total number of cases with
small hail.

The maximum reflectivity, (Fig. 9),
is another indicator for hail forecasting.
At maximum reflectivity values between
30 dBZ and 44 dBZ, hail-containing
storm nuclei do not occur.
From 45 dBZ to 49 dBZ, there is a
low probability (14%) for hail smaller
than 1.9 cm to occur, whereas from 50
dBZ to 54 dBZ the probability that hail
smaller than 1.9 cm occurs increases to
40%. Within the 45 dBZ-54 dBZ interval
hail larger than 1.9 cm does not occur
with a probability higher than an
insignificant 2%.

Figure 8. Relative occurring frequency of storm nuclei
containing hail, function of VIL-density, computed for
the summers between 2004 and 2007

Blaes et al. (1988) indicates
to
thresholds
of
4-4.5
g·m-3
probabilistically separate cells with
„severe” hail from those with „nonsevere” hail.
This comparison between VILdensity and hail nuclei is meant to
highlight once more the importance of
using VIL-density for separating storm
nuclei with small hail from those with
large hail, especially in the operational
activity: for values higher than 4.4 g·m-3
there is a 65% probability for hail with
diameters larger than 1.9 cm and that for
VIL densities between 4.4 g·m-3 and 3
g·m-3 probability increases almost
linearly to 98% that small hail (under 1.9
cm) occurs.
In other words, if, for instance, VILdensity is higher than 4.4 g·m-3 there is
an 88% probability for storm nuclei
containing hail, (Fig. 7), 65% of which –
large hail and 35% small hail, (Fig. 8).

Figure 9. Relative occurring frequencies of storm
nuclei, function of the maximum reflectivity, computed
for the summers between 2004 and 2007

Starting from the maximum
reflexivity value of 55 dBZ, the occurring
probability increases to 19% for nuclei
with hail 1.9-3.8 cm in diameter to occur,
whereas the frequency goes up to as
much as 56% for nuclei with hail smaller
than 1.9 cm in diameter to occur.
Therefore, within the 55 dBZ-59
dBZ interval there is a 75% probability
for hail-containing nuclei to exist. In the
same interval there are no cases with
nuclei containing hail larger than 3.8 cm.
When maximum reflectivities exceed 60
dBZ there is a probability of up to 96%
for the occurrence of hail-containing
storm nuclei, 22% of which for hail
larger than 3.8 cm, 48% for 1.9-3.8 cmdiameter hail and 26% for < 1.9 cmdiameter hail.
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4. CONCLUSIONS
The aim of this study was to produce
maps of the occurrence and size of hail in
certain areas in Romania based on WSR88D radar’s forecasts. A probabilistic
approach through maps displaying the
occurring probability of hail with a
diameter larger than certain thresholds
may help estimating the location and size
of the hail. A finer grid step would yield
even more eloquent results in areas
affected by hail more frequently.
Despite the complexity associated to
the hail phenomenon, useful results were
obtained in this study. The 3.5 g·m-3
VIL-density threshold is a starting point
in forecasting hail occurrence. An
unexpected relevant result is that that for
threshold values higher than 4.4 g·m-3
VIL-density might also be a useful tool
for estimating the measured hail
diameter.
It is to be remarked that VIL-density
indicates « just » the hail that one cloud
may contain, since the radar is unable to
detect the hail fallen on the ground. This

may result in inconsistency when
correlating the in-cloud forecast hail with
reports about hail fallen on the ground.
Although
VIL-density
gives
relatively good results, to correctly
forecast hail on the ground, the
temperature in the medium and low
levels must also be taken into account.
Locally adapted VIL- density might be a
very useful tool to differentiate clouds
containing small hail from those
containing large hail.
The maximum reflectivity was also
included as an estimation element for the
existence or non-existence of hail. When
a basic threshold is set at 55 dBZ, an
increase of the probability for hail of
various sizes is noted. Thus, surfaces
covered by time-integrated echoes of
over 55 dBZ may constitute another
useful indicator for the existence and
delimitation of areas with hail events.
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Abstract: The need for a suitable visualization of infrared Meteosat images appeared
during the period of constantly growing usage of remote sensing data in weather
forecasting. In the main the problem is very simple, but when considering only the socalled SDUS (Secondary Data Users Station) data availability, a quite interesting image
processing problem occurs. In this paper the method of image generation is described. At
the beginning the geometry of Meteosat image is briefly presented. Then the removing of
artifacts and the interpolation of gaps from the surrounding pixels are showed. The
resulting image can be easily improved by adding afterwards the state and continent
borders.

1. INTRODUCTION
Images of the geostationary satellite
Meteosat have a lower geometrical resolution
then those of the polar meteorogical
satellites, such as NOAA (National Oceanic
and Atmospheric Administration). The main
advantage of geostationary satellites is their
temporal resolution, which allows to create
the space-time model of the whole
atmosphere. As Meteosat 7 has a temporal
resolution of half an hour, the image of the
whole globe is acquired 48 times a day. On
the other hand Meteosat has increasing
geometrical distortion with higher latitudes.
A quantitative comparison of these images
with other data sources needs a geometrical
transformation into cartographic projection.
In remote sensing this process is usually
realized by polynomial transformation. Such
an approach is not suitable in our case, since
the exact image geometry is well known and
each pixel can be georeferenced without
unnecessary errors. This problem is
described in section 1. Section 2 is focused

on image visualization it self. The Meteosat
SDUS data have already been improved and
the reference borders of states and continent
have been placed as well. The present paper
is first of all about this algorithm, but the
knowledge of the geometry basics can also
be useful by
MSG (Meteosat Second
Generation) image analyzes [Setvák, 2004].
The input data used for the work presented
here are Meteosat 7 SDUS binary 8 bit
images covering practically whole Europe.
These images could be retrieved free of
charge by WEFAX stations (Wheather
Fascimile) as an analogue transmission by
Eumetsat.
Geometrical
projections,
corrections, cartographical projections are
basic issues of remote sensing at all. It is the
very basic prerequisit preceding any farther
data analyses. Cartographical projection of
geostationary satellites is well known and
published even as part of public software
packages: Matplotlib Basemap Toolkit
[Whitaker, 2008], Proj4 project [Evenden1,
2003]. Self implementation for MSG images
could be found for example here [Bruno
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Combal, 2009]. However, it is not common
to use image rectification algorithm with
such precision, there is used ellipsoid as a
reference, and such high performance, which
allows building online system easily. There
is no transformation by complicated
mathematical algorithm, just reading and
simple sampling of images and binary lookup-tables.

local radius can be easily computed:

R

a.b
a cos  b 2 sin 2 
2

(2)

2. GEOMETRIC
TRANSFORMATION
METEOSAT has a special solution for image
formation. The principle is based on the so
called mechanical scanner, including only
one sensitized chip, the whole globe being
scanned by satellite rotation and periodical
movement of the mirror. The principle of
georeferencing this image is based on
assigning to each pixel the geographic
coordinates ϕ and λ [EUMETSAT, 2000],
[EUMETSAT, 2001]. These coordinates are
then transformed into any suitable
cartographic projection. The new image
coordinates are then stored into a lookup
table, where the new position in the new
image of each pixel in the original image is
available. The transformation itself does not
need any resampling or function evaluation.
In Fig. 1 the image geometry can be seen.
The METEOSAT satellite is placed on a
geostationary orbit of 42164 km height. Its
position corresponds precisely to the zero
Greenwich meridian. The output is a
multispectral image of 2500 by 2500 pixels
covering the whole globe. The spin of 100
rotations per minute provides an acquisition
of lines in the north-south vertical direction.
A very high sampling frequency (83.3 KHz,
2500 pixels within 18º) allows pixel scanning
in each line. An ellipsoid approximation of
the Earth is used as solution. Thus the
geographical latitude φ has to be recomputed
into geocentric latitude  .

tan 

(1  e) 2
tan 

(1)

where e is the ellipsoid oblateness
(1/298.275). By using geocentric latitude the

Fig. 1: The geometry of METEOSAT image formation.
For pixel georeferencing it is necessary to solve only
triangles Satellite, P, P′, and Satellite, P′, P′′ containing
angles  and .

a, b states for semimajor and semiminor
ellipsoid axes. From local radius and the
values of  and  the points position is
determined in Cartesian coordinates, x, y,
z. This position is then used for deriving
three variables, which are directly used
by image transformation. The first one is
a value that indicates if the position on
the surface is visible from satellite:
Vis  ( H sat  x)  y 2 

z2  a2
b2

(3)

Hsat is the satellite height from the Earth
surface. Since METEOSAT is situated
exactly above the zero Greenwich
meridian, our angles of our interest can
be expressed by:
y
tan  
H sat  x
(4)
z
tan  
2
y  ( H sat  x) 2
These angular coordinates are then
rescaled to pixel-line position in nominal
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image by using the nominal one-pixel
angular
values.
This
operation
is followed by the transformation
of
geographical
coordinates
into
the cartographic projection. Lambert
conform projection described by a set of
equations was used [RSI Research
Systems, 2004]:
a  log(cos 1 )  log(cos  2 )

    
    
b  log  tan  2   log  tan  1 
  4 2 
  4 2 

n

a
b

  
tan  
4 2
c
  
tan  1 
4 2
d  cn

(5)

   
m  d  R  cos 1 
  n 
x   m  cosn   
y  m  sin n   

(6)
(7)

Fig. 2: The scheme of the data processing.
Look-up table contains pixel-line coordinates for
the transformation of each pixel in original image.

where 1, 2 are latitudes of the parallels
of zero distortion, or the parallels of

intersection in the case of geometrically
defined projection. ,  are the values of
geographical latitude and longitude. With
this algorithm the so called ”look-up
table” is obtained. It is the binary file
containing the coordinates in pixels and
lines for the new transformed image. The
transformation is then realized by a very
simple step (see fig. 2): data are read
from the original image and ”look-up
table”, and pixel by pixel are written into
a new file.
3. IMAGE ENHANCEMENT AND
VISUALIZATION

The SDUS METEOSAT data are not
primary
images,
but
already
geometrically
and
radiometrically
preprocessed images with continent
borders added and small crosses suited
for geographical network deriving.
However,
after
the
geometrical
transformation these artifacts cause
deterioration of the image information. In
order to improve first of all the data
visualization, the artifacts had to be
removed. More conventional methods
have been applied, but none suits for this
purpose. Then a complex and special
algorithm was developed. First the
artifacts are masked out by a manually
derived mask. The pixels have a quite
random distribution of the values to
automate this step. The mask is
consequently used for replacing artifacts
with interpolated values from the
surrounding. As interpolation approach a
variant of the inverse distance weighted
algorithm was applied. The square of the
sum of coordinates (not the mere
distance) was used as weight. The good
feature of this approach is a small
propagation of the values to long
distances causing the interpolated parts to
have similar distribution and appearance
as ”original” data. In Fig. 3 the idea of
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this interpolation
described.

is

outlined

and

Fig. 3: The interpolation of pixel value from
surroundings in specified square is used. The
value is weighted average of surrounding area.
Interpolation is applied only within the mask.

The computation of pixel value can
be easily described by the following
formulas: distance D = l + p (not the real
distance computed from triangle), which
is then subtracted from the highest
d
possible value D '  2   D and the
2
weight W = (D′)2 is applied in weighted
average:

 iN1 Vi Wi
Vp 
N

Fig. 4: Image enhancement by interpolation of
artifacts - A and pasting of new borders - B is
depicted. Northern part of the METEOSAT
imaged area can be seen. Small discrepancies are
caused by the already strong distortion in high
latitude (imperfect matching of the image and
borders, not ideal image interpolation).
Nevertheless the image-derived information is
easier understandable and interpretable then that
from the original data.

High temporal resolution allows
generation of the animation, where the
dynamics of atmospheric events can be
studied. The entire processing algorithm
was implemented in C++ programming
language and was running in operational
mode with high performance. It is still
applicable for new METEOSAT 7
coverige.

(8)

where Vp is the value of interpolated
pixel, Vi,Wi are the values and weights of
the surrounding area pixels beyond the
mask, and N is the number of these
pixels. In Fig. 4 the result of ”removing
artifacts” can be seen. This image can be
then improved by pasting the new
borders of continent and countries.
Brightness and histogram enhancement
can be applied as well.
As the result of this work can be
considered the projected and enhanced
METEOSAT image easily usable for
presenting on internet, or even includable
into some synthetic GIS analyzes. The
small crop of the image can be seen in
Fig. 4.

4. CONCLUSION

Deeper knowledge of the imaging
geometry and the possibility of accurate
transformation of Meteosat data into any
cartographic projection helps not only in
image visualization, but also offers the
ability to include this data into complex
geographical analyses. Nevertheless, a
good visualization of the remote sensing
information can provide valuable
qualitative information for weather
forecasting and is easily understandable
by end users.
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