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Abstract

The paper investigate analyze temporal
and spatial changes in extremely cold and
warm months in Bulgaria during the peri-
od 1961-2004. The relation between fluctu-
ations of extreme months and teleconnec-
tion is study by North Atlantic Oscillation
Indices (NAOI) and Eastern Atlantic pattern
(EA). Cluster analysis is applied in order to
analyze spatial changes in the occurrence
of extreme temperature months for investi-
gated meteorological stations.
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I Introduction

Study fluctuation of air temperature and
especially temperature extremes is very
important task due to increasing occur-
rence of extreme weather events during
last decades. However there are a few re-
search works on extreme values of month-
ly means of air temperatures in Bulgaria
(Velev, 2003, Vekilska, 1973, Tishkov, 1963).
Most of publications consider many-years
fluctuation of monthly and annual tem-
peratures (Velev 2002, Topliiski, 2002, Al-
exandrov et all, 2004). Knowledge about
fluctuation of extreme values of monthly
temperatures brings to better clarify long-
term trends in temperature extremes and
understand contemporary climate.

The objectives of present research are
extreme values of monthly mean air tem-
perature in Bulgaria. The aim is to analyze
temporal and spatial changes in extremely
cold and warm months.

I Data and Methods

Data
The present analysis is based on the
monthly data for air temperature from
20 meteorological stations in Bulgaria.
The stations are representative of regions
with different geographical and climatic
conditions. The main investigated period
is 1961 — 2004 and the reference period is
1961-1991, determined by World Meteoro-
logical Organization as “contemporary cli-
mate”. Data are taken from Meteorological
yearbooks, Statistical yearbooks and Bulle-
tins of Ministry of Environment and Water,
Bulgaria. In order to give more information
about chronological variation in extreme-
ly cold and warm months country averaged
monthly temperature data are used. The
country aggregation is based on the CRU
TS 2.0 gridded data-set (http://www.cru.
uea.ac.uk/~timm/, Mitchell et all., 2002).

The role of natural circulation mecha-
nisms for occurrence of extreme month-
ly temperatures is clarified by using data
for NAO indices (NAOI) (Jones et all., 1997,
OsbornT., J., 2006 ) and East Atlantic (EA)
pattern are also used in this research.

The NAO dictates climate variabili-
ty from the eastern seaboard of the Unit-
ed States to Siberia and from the Arctic to
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the subtropical Atlantic. The NAO refers
to a north-south oscillation in atmospher-
ic mass with centers of action near Iceland
and over the subtropical Atlantic from the
Azores across the Iberian Peninsula. Dur-
ing the months December through March,
for instance, the NAO accounts for more
than one-third of the total variance in SLP
over the North Atlantic. (Hurrell, 2000).
Positive phases of the NAO are associat-
ed with below-average temperatures in
Greenland and oftentimes across southern
Europe and the Middle East.

The East Atlantic (EA) pattern is the
second prominent mode of low-frequency
variability over the North Atlantic, and ap-
pears as a leading mode in all months. The
EA pattern is often interpreted as a “south-
ward shifted” NAO pattern. The positive
phase of the EA pattern is associated with
above-average surface temperatures in Eu-
rope in all months (Barnston, A. G., and B.
E. Livezey, 1987).

Methods

Extreme warm months are defined as a
months whose mean air temperatures are
higher (warmer) than 90% percentiles of
normal distribution in the reference period
1961-1990. As extreme cold month we con-
sider the month with mean temperature
lower (colder) than 10% of normal distri-
bution. Extremely cold and warm months
were determined for every of 20 stations
during the period 1961-2004 and for area
averaged time series for period 1900-2000.
We consider number of station with at least
one cold and one warm month during the
year and number of station with three and
more extremely months. This method has
been applied for Individual teleconnec-
tion patterns: North Atlantic Oscillation
and East Atlantic.

Spatial changes in occurrence of ex-
tremely temperatures are analyzed by clus-
ter analysis. Application of this method
gives a tool for classify meteorological sta-
tions according the occurrence of extreme-
ly cold and warm months over the territo-
ry of Bulgaria. We have applied complete
linkage and Euclidean distances for the
period 1961-2004.

The correlation analysis is applied in or-
der to determine the role of atmospheric
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Figure 1 Number of stations with at least one extremely cold month
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Figure 2 Number of stations with three and more extremely cold month
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Figure 3 Number of stations with at least one extremely warm month
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Figure 4 Number of stations with three and more extremely warm month

circulation for air temperature variability
in Bulgaria.

I Results and discussion

Spatial and temporal changes in extremely
monthly temperatures in Bulgaria during the
period 1961-2004

The results of the research show that during
the period 1961-2004 at least one extremely
cold month have been observed in all 20 in-
vestigated stations in 1965, 1969, 1976, 1986,
1991, 1997, 1998 and 2003 (fig. 1). Number of
extremely cold months decrease after 1990.
Three and more extremely cold months are
observed in less 10 meteorological stations.
The years 1969, 1976, 1980, 1996 and 1997
make impression with three and more ex-
tremely cold months (fig. 2.).

By comparison between extremely
cold and extremely warm months we can
see that in the period 1961-2004 extreme-
ly warm months have been occurred more
often (fig. 3). Most of investigated stations
have three and more extremely warm
months after 2000 (fig. 4). The increasing
of extreme weather events in pointed out
by many authors as a result of anthropo-
genic induced global warming. The results
of present research show that there is in-
creasing of frequency of extreme temper-
atures months (cold and warm) in Bulgar-
ia after 1980s.

Figure 5 shows number of extreme-
ly warm and extremely cold month for
the year in the average series of Bulgaria
for the period 1901-2000. Extremely warm
months have been observed more often
than extremely cold months. The results
presented at fig. 5. allow as to conclude
that extremely warm months after 1985 are
not unusual. There are 5 extremely warm
months in 1927, 4 — in 1947 and 1950 and 3
in many other years. But most important
fact during last years is increasing of fre-
quency of occurrence of extremely warm
months after 1980. There is decreasing of
extremely cold months during second part
of investigated period.

Cluster analysis is applied in order to
analyze spatial changes in the occurrence
of extreme temperature months for inves-
tigated meteorological stations. By means
of complete linkage and Euclidean dis-
tances we cluster stations that have simi-
lar features during the occurrence of ex-
treme months. According occurrence of
extremely cold months stations were di-
vided into 3 clusters (1- North-West and
North Bulgaria, 2- North-East, East and
Central part of Bulgaria and 3 — Southwest
Bulgaria). The main factor for including
stations into a given cluster is geographi-
cal situation and distance between stations.
Application of cluster analysis for extreme-
ly warm months allows us to put Black Sea
coast in separate cluster. Clusters for ex-



tremely warm months are less spatially ho-
mogeneous in comparison to clusters for
extremely cold months (fig. 6-7).

Correlation between number of extremely
cold and extremely warm month and NAO
The NAO variability exerts a dominant in-
fluence on wintertime temperatures across
much of the NH and it explains about one-
third of the NH interannual surface tempera-
ture variance during winter (Hurrell, 2000).
Investigation of relationship between
air temperature in Bulgaria and NAOI
confirms the results of previous research
(Nikolova, Noda, 2004). The correlation is
negative and in most of cases is not statis-
tically significant. Statistically significant
coeflicients are calculated for cold months
in north part of Bulgaria.

Correlation between extremely temperature
months and EA

The EA pattern exhibits very strong multi-
decadal variability in the 1950-2004 record
(http://www.cpc.ncep.noaa.gov/data/tele-
doc/ea.shtml). Correlation analysis shows
that EA pattern has influence mainly on
occurrence of extremely warm months in
Bulgaria. The correlation coefficients are
between 035 and 52 and they are statisti-
cally significant. Good correlation between
EA pattern and number of extremely warm
months confirms that positive phase of EA
occurring during 1977-2004 is associated
with above-average surface temperatures
in Europe. During the period 1981-2004 we
have observed at least one extremely warm
month in all station from the investigated
region and there are three and more warm
months in most of station after 1989.

I Conclusion

The following conclusions can be made on

the base of present research:

o Fluctuations of air temperature in Bul-
garia are coinciding with global climate
trends (for instance, increase in warm
and decrease in cold extremes dur-
ing the 1990s and in the beginning of
present century).

o The years from 2000 to 2003 are the
warmest in the investigated period.

o The number of extreme events increas-
es during last years.

o According the features during the oc-
currence of extreme months station
were divided into 3 (4) clusters, follow-
ing direction N - Sor W - E.

« The main factor for including stations
into a given cluster is a geographical sit-
uation and distance among stations.
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Figure 5 Number of extremely warm (positive values) and extremely cold (negative
values) month for the year in the average series of Bulgaria
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Figure 6 Cluster analysis of the
occurance of extremely cold months
over the territory of Bulgaria in the
period 1961-2004

o The relation between temperature vari-
ations in Bulgaria and NAO is not clear-
ly determined. Most important for oc-
currence of extremely warm months in
EA pattern.
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