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ABSTRACT: In this study the spatial and temporal distribution of the 5°x 5° gridded air temperature, over the Balkan Peninsula,
(10°E-30°E, 35°N-50°N) are presented, using the Principal Components Analysis, (PCA). The goal of that research is to pinpoint
the regionalization of Balkans concerning the covariability of surface air temperature.

Eleven 5°x 5° grid box time series of air temperature, (annual and seasonal data), covering a period of 133 years (1858-1990)
are grouped in three components representing the climatic characteristics of the North-West, South and North-East regions of the
examined area. The spatial distribution of the grid box time series has the same pattern for the annual, winter and spring tempera-
ture variations, but differs for summer and autumn ones where the first principal component represents the North-East and South
region respectively.

Air temperature variations during the period 1858-1990 are also presented on a basis of the annual and seasonal time series of
the scores for the significant principal components.

Key-words: Air temperature, spatial and temporal distribution, Principal Components Analysis, Balkan peninsula.

HEPIAHWH: Ztwv eoyooic auty maQovoldleton n ywowi xal yoovixi xatavour g Oeouorgaoiog tov afoa rPotimv
mAéyuarog 5 °x 5° v v Bolxavirn xepodvnoo, (10°E - 30°E, 35°N - 50°N), eqpaoudlovrag v Avdaivon oe Kigleg Zuvotmhoeg
(PCA). O oromog g €peuvag fitav va avaderyfovv meploys tmv Bakraviwv mwov magovotdlovy opotdttes oty uetafintdmmra
™G ETPOVELORTS DEQUORQUOTOG TOV QO

O x00VoOeLRES TG BEQUORQUOTOG TOU CEQML (ETNOLES KO ETTOYIRES TWES) QTTO EVTERT KPDOTLOL TAEYUOTOS 59X 59, Yo oovix
meiodo 133 etdhv (1858-1990) ouadomolovvton 08 TOELS KVQLEG CUVLOTMOES, TTOV OVTILITQOCMITEVOUY TOL RALULATLROL K OQUKTNOLOTIRA
Tov Bogelo-Avatohxov tunuatog g eEetalouevng meploxns. H ywowxi xatavoun tmv x0ovooelpohv g Bgouoxpaoiag tov agoa
EYEL TNV (0L LOQEPT) OGOV CPOQEL TO £TOC, TOV YEWUMDVOL X0 TNV GVOLEN, £V SLAPOQOTTOLEITAL Y1et TO BEQOC o TO POLVOTMEO, GOV M
TOMTY KVOLOL CUVIOTMON KVTLTROOMITEVEL TO BORELO-Avartolxd naw NOTo tuiua tov Baixaviov, aviiotorya.

O yoovirég uetaforég g Beouoxpuoiag Tov aga, ®atd Ty didoxela Ts tepuodov 1858-1990, eEetdlovton emiong ot fdon
TOV ETOLWV ROL ETOYLRMV {QOVOTELQHDV TMV ROVAVIXOTTOMUEVMV TYLMDV TOV ONUAVTRDV RURIWV CUVIOTOOMV.
A€Ee1g-#heldLd: Oeouoxoaocio aéoa, ywoixij xal yoovixy xatavour, Avdivon oe Kvoteg Suviotdoeg, Baixavixij yeoodvnoog.
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INTRODUCTION

Climatic changes are in the center of interest of many
researchers, because the interpretation of their results
and the understanding of the causes which deal with
them, help scientists to construct and check climatic
models which aim to forecast the future climate in order
to avoid hazards, program the agricultural production in
a better way as well as minimize the lack of water and

energy.
A lot of studies have been carried out, concerning
temperature variations over the whole northern

hemisphere (JONES et al., 1982, 1983; KELLY et al., 1982;
SCHONWIESE, 1978, 1983), as well as the area of
Mediterranean Sea (MAHERAS, 1988; REPAPIS et al., 1988;
BARTZOKAS et al., 1990). It is well known (JONES &
BRIFFA, 1992; VINIKOV et al., 1990; WMO-No 838; IPCC,
1995) that during the 20th century the air mean
temperature at the earth’s surface has raised about 0.6 °C.
The temperature remains at low levels from about the
end of 19th century or the beginning of the 20th century,

which defines the end of the “little ice age” and after that
shows a rapid increase till about 1940. Thereafter the
temperature appears a low decrease till about the middle
of the 70’s when a rapid increase comes, which is
continued till nowadays.

Especially in this paper the distribution of the air
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Fig. 1. Positions of the grid boxes, which cover the Balkan Peninsula.
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temperature over the Balkans is examined on a basis of
5°x 5°gridded data, which are more reliable because they
come from a large number of stations among the limits of
the grid box and have no missing data. Applying the
method of PCA on the annual and seasonal matrix data
in the assessment of Balkans regionalization, three
regions in Balkans are determined with significantly
covariant air temperature time series.

DATA AND ANALYSIS METHOD

The 5°x 5° gridded monthly air temperature data, con-
cerning the period of 1858-1990 and covering the area
included by the limits 10°E - 30°E, 35°N - 50°N, were
taken by the Climatic Research Unit of the East Anglia
University, (CHADWYCK-HEALEY, 1992). They are anoma-
lies of the mean monthly air temperature from the
respective mean values of the period 1961-1990.

A PCA can be specified in at least six basic opera-
tional modes, depending on which parameters are chosen
as variables, individuals/cases and fixed entries, for
example S-mode, T-mode, R-mode, etc. In the S-mode,
stations are selected as variables, time is selected as
individuals/cases and parameters as fixed entries.

The eleven grid boxes, which cover the wide Balkan
Peninsula, appear in the Fig. 1. From the monthly data,
the annual and seasonal ones were evaluated in order to
be the initial matrix data for PCA, that is, five matrices of
133 x 11 data with 133 years and 11 grid boxes for annual,
winter, spring, summer and autumn temperature data, (S-
mode).

The PCA is a widely used statistical method and the
main applications of the analysis are: (1) to reduce the
number of variables and (2) to detect structure in the
relationships between variables, that is to classify
variables. Applying the method on the initial matrix data
the PC loadings are derived, which can be interpreted as
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correlations between the original variables and PCs, and
come out in decreasing order of their importance. That
means that the first PC explains the greatest of the
variance of the original data and so on. The number of
the derived PCs depends on the pattern of the scree plot,
which is a simple line plot of the successive eigenvalues,
(the i-th PC comes out to be the eigenvector associated
with the i-th largest eigenvalue of the correlation matrix
of the variables). Thus no more than the number of PCs
to the left of the point where the decrease of eigenvalues
appears to level off, should be extracted.

In order to obtain a clear pattern of loadings, that is,
PCs that are somehow clearly marked by high loadings
for some variables and low loadings for others, various
rotational methods are used. The method that is most
commonly used is the orthogonal rotation Varimax,
(RICHMAN, 1986), which is aimed to at maximizing the
variance of the squared normalized loadings across
variables for each PC.

SPATIAL DISTRIBUTION OF THE AIR
TEMPERATURE

In Table 1, the PC loadings after orthogonal Varimax
rotation for annual, winter, spring, summer and autumn
temperature data, are presented. The scree plot, the rule
(for eigenvalue =1), and the percentage of the total
explained variance are the criteria, which define the
number of the PCs.

The loadings with values over 0.7 are shaded so that
the groups of grid boxes seem clear. For each PC the
eigenvalue (EIGVL) and the explained variance (EXPL.
VAR.(%)) are also presented in Table 1.

The total explained variances of the PCs for annual
and seasonal data are very high and range from 94.63 %
(Summer) to 97.46 % (Spring).

TABLE 1
PC loadings after orthogonal Varimax rotation, eigenvalues and total variance explained of the first three Principal Components.

VARIABLES |

PC LOADINGS

ANNUAL WINTER

PCl1 PCZ2 PC3 PCl PCI PC3

PCl1

SPRING SUMMER AUTUMN

PCl PC3 PCl PC2 PC3 PC1 PC2 PC3

GRID1045
GRID1540
GRID1545
GRID2035
GRID2040
GRID2045
GRID2535
GRID2540
GRID2545
GRID3040
GRID3045

0.95
0.77
0.92
0.23
0.59
0.82
-0.07
0.30
0.61
0.08
0.45

0.05
0.61
0.12
0.94
0.67
0.15
0.91
0.62
0.15
0.56
0.14

0.16
0.13
0.35
0.09
0.41
0.54
0.33
0.70
0.76
0.80
0.86

0.95
0.75
0.92
0.16
061
0.52
001
0.42
0.63
0.26
0.50

0.05
0.61
0.17
0.95
0.68
0.22
0.94
0.67
0.23
0.69
022

0.25
0.20
0.35
0.06
0.37
0.51
0.22
0.58
0.73
0.65
0.82

R

==
=]

EIGVL
EXPL.VAR.(%0)

7.60 1.98
69.05 17.96

1.02
9.26

8.16 1.88
7419 17.12

0.61
5.57

0.96
0.72
0.88
0.27
0.54
0.73
0.02
029
0.52
0.09
037

8.16

74.19

011
062
0.17
0.94
0.68
021
0.93
065
023
0.58
023

0.15
0.24
0.42
0.15
0.47
0.64
0.33
0.69
0.81
0.79
0.88

0.09
017
0.32
0.18
0.44
0.59
0.43
0.79
0.85
0.89
0.94

0.94
0.72
0.90
0.30
0.52
0.73
0.10
0.25
0.43
0.05
022

0.13
0.64
0.125
0.90
0.70
0.29
0.85
0.52
021
0.36
0123

0.07
0.54
0.24
0.839
0.64
0.30
0.39
0.61
0.29
0.57
0.27

0.96
0.78
0.88
0.33
0.57
0.74
0.09
0.32
0.50
0.16
033

0.16
015
0.38
0.24
0438
0.59
0.39
0.71
0.81
0.78
0.89

1.64
14.89

0.92
8.38

7.70
69.98

1.59
14.49

112
10.16

8.50
77.23

1.42
12.89

0.76
6.95
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a. Annual air temperature distribution

As shown in Table 1, concerning annual data, the PC1
explains the 69.05 % of variance. The computed rotated
loadings appear high values at the northwest region of the
Balkan Peninsula, that is, the region included by the grid
boxes GRID1045, GRID1540, GRID1545 and GRID2045
(Fig. 2). These grid boxes are influenced by the continental
European and middle northern Atlantic air masses.

The second principal component (PC2) explains the
17.96 % of variance and represents the south region of
Balkans, (the Greek peninsula and the Aegean sea), that
is the grid boxes GRID2035, GRID2040, GRID2535
which appear high values for the estimated rotated
loadings. It is apparent the influence of Mediterranean
and the Aegean sea in the formation of this temperature
pattern. The isopleths of these loadings are lined
according to geographical latitude (Fig. 2).

The third principal component, explaining the 9.26 %
of variance appears high values for the rotated loadings of
the grid boxes GRID2540, GRID2545, GRID3040,
GRID3045, that is the north-east region of Balkans (Fig.
2) which is influenced by the continental air masses in
combination with those formed over the Black sea.

b. Seasonal air temperature distribution

The spatial air temperature distributions for winter and
spring, summer and autumn are presented in Figs 3, 4,
respectively. It is obvious that the winter and spring
temperature data appear the same distribution pattern,
dividing the investigated area in three regions: the
northwest, the south and the northeast, which are
represented by the first, second and third PC respectively.

Winter and spring PC1 explains the same percentage
74.19 % of total variance as shown in Table 1, while PC2
explains the 17.12 % and 14.89 % of total variance for
winter and spring respectively. The cyclonic circulation
plays important role for the temperature distribution
interpreted by the second principal component. The
number of PCs in winter season could be two, explaining
the 91.31 % of the cumulative variance, because of the
eigenvalue for the third component which is ©1, resulted
in temperature distribution pattern which would shown
the two sections of the Balkan peninsula, the north and
the south one. High values of the rotated loadings for
spring PC3, which explains the 8.38 % of the total va-
riance, appear at grid boxes: GRID 2540, GRID2545,
GRID3040 and GRID3045.

In summer the distribution pattern changes and the
first component, explaining the 69.98 % of the total
variance, corresponds to northeast region. The anti-
cyclonic conditions are now apparent and influence the
temperature distribution in combination with the local
geographical factors. The second PC explains the 14.49 %
while the third one explains the 10.16 % of the total

variance. PC2 explains temperature variations for the grid
boxes in north-west region as component PC1 does for
annual, winter and spring data while component PC3,
explaining the 10.16 % of the variance, corresponds to
south grid boxes as annual, winter and spring PC2 does.
Generally speaking a circular distribution pattern move-
ment is remarked as the passage from winter and spring
to summer occurs.
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Fig. 2. Annual spatial distribution (contourlines) for the loadings of
the first (PC1), second (PC2), and third (PC3) principal component.
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For the autumn the first three components are
significant explaining the 77.23 %, 12.89 % and 6.95 % of
the total variance, respectively.

The autumn contour lines of the rotated loadings for
the first and third PC have the same pattern with the
summer contour lines of loadings for the third and first
PC respectively while the temperature regime as it is
interpreted by the PC2 seems the same for summer and
autumn temperature data. From that point it is useful to
be remarked that the explained percentage of the total
variance (77.23 %) for the autumn PCl1 is the highest of
all in other seasons.

TEMPORAL DISTRIBUTION OF THE AIR
TEMPERATURE

Air temperature variations during the period 1858-
1990 are studied on a basis of the time series scores for
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the significant principal components, which correspond to
annual and seasonal data. As shown in figures 5, 6, 7, the
time series of the individual scores (thin curve), along
with eleven year moving average (wide curve), for the
three principal components are plotted.

a. Annual temperature distribution

Fig. 5 presents the annual march of the scores of the three
principal components. Positive values for the first factor
PC1 represent high temperatures for the grid boxes
GRID1045, GRID 1540, GRID1545, GRID2045, while
negative values corresponds to low temperature at the
same grid boxes. An increasing trend from 1875 to 1948
is obvious with peak in 1948, and then a sharp decrease
happens till 1960. For the next thirty years the values
oscillate around the mean. The period of the temperature
increase is mentioned by other studies concerning Medi-
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Fig. 3. Winter and Spring spatial distribution (contourlines) for the loadings of the first (PC1), second (PC2), and third (PC3) principal component.
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terranean sea and Northern Hemisphere, (MAHERAS,
1988; ARSENI, 1973; METAXAS, 1974; WIGLEY & FARMER,
1982; JoNES & KELLY, 1983; SCHONWIESE, 1983).

The interpretation of PC2, shows a decrease from the
beginning of the investigated period lasting until the end
of the 1900. Then an ascending trend appear until 1928
and from there on the temperature keeps positive values
around the mean. Afterwards a sharp temperature drop
begins, lasting until the end of 1990.

The northeast group, represented by PC3, appears a
different time variation. From the beginning of the
analyzed period, the scores remain nearby the mean and
indicate a relative stability until the end of the decade 1910-
1920. Then negative values of the scores appear with some
fluctuations and an ascending trend follows, beginning from
the end of 1940 and lasting till the end of 1980.

SUMMPER CONTOURIINFS (PCH)
20 25

b. Seasonal temperature distribution

In Winter, the scores for PC1 remain below the mean
from the beginning of the investigated period to the end
of 1900, then positive values appear till the middle of
1930 and an oscillation around the mean continues till
nowadays. Generally speaking the score time series for
PC1 show only slight variations.

The same pattern appears for the south region
expressed by PC2. The temperature variations in
northeast region (PC3) are of low level with an exception
during the period 1920-1930 where a fall appears and
afterwards an ascending trend follows.

In Spring the score variations for the three principal
components indicate the same characteristics as the
annual ones for the same group. A maximum, like annual
one, appears to the end of 1940, concerning the score

AUTUMN CONTOURLINES (PCI)
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Fig. 4. Summer and Autumn spatial distribution (contourlines) for the loadings of the first (PC1), second (PC2), and third (PC3) principal component.
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time series for PC1 and interpreting the scores for PC2, a
descending trend is revealed from the beginning of the
investigated period till the end of the decade of 1910,
quite similar to the annual one. Then, the scores are quite
close to the mean, meaning that the temperature appears
relative stability for the last 60 years.

In Summer, and autumn the interpretation of scores for
PC1 shows a temperature minimum in the middle of the
1910’s and then an abrupt ascending trend follows till the
end of 1938. A second temperature minimum appears at
the end of 1948 for summer, while slight variations domain
till the end of 1968 for autumn. Then a falling trend is
obvious till 1990. PC2 scores present small variability
around the mean with a maximum at 1948 and then keep
negative values till 1988, for the summer season.

On the other hand the autumn PC2 scores have small
deviations from the mean and generally speaking preserve
negative values for the first half of the examined period
while positive ones appear at the second half. The
characteristic of the summer PC3 scores is the temperature

3 Annual PC3

Factor scores
=
1

1850 1900 1950 2000
Years

Factor scores
=
1

1850 1900 1950 2000
Years

Factor scores
=
1

1850 1900 1950 2000

Fig .5. Time series of annual scores (thin curve), along with 11 year
moving average filter (heavy curve), of the three principal components.

minimum, which takes place at 1900. On the contrary the
autumn PC3 scores appear a stationary pattern.

CONCLUSIONS

The regionalization of the Balkans concerning the surface
air temperature was achieved by the application of PCA
method on annual and seasonal matrix data (133 x 11)
with 133 years and 11 grid boxes. Three regions were
determined with significantly covariant air temperature
timeseries. The annual spatial distribution of the rotated
loadings for the three principal components interprets in
three characteristic regions of Balkans that is the
northwest, the south, and the northeast. Regarding the
seasonal spatial distribution the winter and spring data
reveal the same distribution pattern as the annual one and
generally speaking a circular distribution pattern move-
ment is remarked as the passage from winter and spring
to summer occurs. The total explained variances by the
principal components for annual and seasonal gridded
temperature data are very high and range from 94.63 %
(Summer) to 97.46 % (Spring).

Finally the assessment of the scores for the PCs
indicated that the gridded air temperature for Balkan area
presents a variability with small fluctuations around the
mean and a slight ascending trend is apparent concerning
the annual scores of PCl (north-west region), while
descending trends domain for the PC2, (south region),
and PC3 (north-east) annual scores, till nowadays.

However, it is remarkable to pinpoint that for the
mid-range IPCC emission scenario, 1S92a, assuming the
"best estimate" value of climate sensitivity [In [PCC
reports, climate sensitivity usually refers to long-term
(equilibrium) change in global mean surface temperature
following a doubling of atmospheric equivalent CO,] and
including the effects of future increases in aerosol
concentrations, models project an increase in global mean
surface temperature relative to 1990 of about 2 °C by
2100. Combining the lowest IPCC emission scenario
(IS92c) with a "low" value of climate sensitivity and
including the effects of future changes in aerosol
concentrations leads to a projected increase of about 1°C
by 2100. The corresponding projection for the highest
IPCC scenario (IS92e) combined with a "high" value of
climate sensitivity gives a warming of about 3.5 °C. In all
cases the average rate of warming would probably be
greater than any seen in the last 10,000 years, but the
actual annual to decadal changes would include consider-
able natural variability. Because of the thermal inertia of
the oceans, only 50-90 % of the eventual equilibrium
temperature change would have been realized by 2100
and temperature would continue to increase beyond 2100,
even if concentrations of greenhouse gases were stabilized
by that time (IPCC, 1995).
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Fig. 7. Time series of summer and autumn scores (thin curve), along with 11 year moving average filter (heavy curve), of the three principal components.
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