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LOCAL CLIMATES OF VARDAR, STRUMA AND MESTA
VALLEYS (BALKAN PENINSULA) ACCORDING TO THE
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Abstract: The Koppen classification is commonly used and helpful for characteristics of
different climate types and their changes. Available maps based on this classification are
dealing with continental and worldwide zones. This is the reason mountainous territory of
the Balkans to be defined as zones with cold or high mountain climate without further
details. The main aim of the study is detail classification of the territory of Vardar, Struma
and Mesta in the view of the Koppen system and establishing the inner zones variability
trough time. In order to achieve this goal we use the SAT (surface air temperature) and
precipitation data from meteorological stations located in key areas of the valleys. We build
30 year moving average to present climate fluctuations in these areas according to the
modified Képpen classification. Results show that index changing is variable through the
different periods but there has a tendency for general reduction of the annual precipitation
in the whole period of observation.
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Introduction

The climate classification, based on the work of Wladimir Képpen from 1900, continues
to be the most widely used climate scheme over a century later. For instance,
Essenwanger (2001) has provided a comprehensive review of the classification of climate
from prior to Képpen through to the present. Képpen’s inspiration for developing a world
map of climate classification in 1900 owed much to the global vegetation map of
Grisebach published in 1866 (Wilcock, 1968) and Koppen’s own background in plant
sciences (Peel et al., 2007).

The use of Koppen’s classification is not confined to teaching. Many researchers
routinely use it for their own particular research purposes. Lohmann et al. (1993) have
applied the Koppen classification to the output from both atmosphere general circulation
models, coupled atmosphere-ocean circulation models, and compared these to maps of
the Koppen classification using modern data sets and to Koéppen’s 1923 map. They
modelled both present conditions, enhanced greenhouse scenarios and concluded:
"However, the Koppen classification is easier to apply and is still a useful tool for
estimating the ability of climate models to reproduce the present climate as well as
indicate the impact of climate changes on the biosphere" (Peel et al.,2007).

In a similar study to that of Lohmann et al. (1993), Kalvova et al. (2003) compared
global climate model outputs to maps of Koppen’s classification drawn from gridded
observed data and to Koppen’s 1923 map. They were attracted to the Koppen system
because of its known links to natural vegetation patterns as they have attempted to assess
the impact of global warming on major biomes. They also compare the map they produced
of Koppen’s climate zones based on modern data with his 1923 map and show that the
differences are only around 0.5% of the area distribution (Peel et al., 2007).

A more critical approach to the Képpen classification has been taken by Triantafyllou
& Tsonis (1994) who claim to be the first to evaluate the Koppen classification using
modern temperature and precipitation data (for the northern hemisphere). They
classified climate stations on a year by year basis and then analysed the frequency with
which they shifted between the major Koppen climate types (e.g. A to B) in order to assess
the adequacy of the Képpen system. In North American and North Africa, they found low
variability within a climate type and narrow regions of high variability between climate
types, indicating the Koppen system performed adequately. For Europe and Asia they
found the pattern of variability less defined, indicating either high within climate type
variability or wide regions between climate types resulting in an inadequate performance
of the Képpen system. It is the case however that the Képpen classification was intended
to represent long term mean climate conditions and not year-to year variability though it
can be put to good use as the basis for assessing climate variability on a year-to-year
(Dick, 1964) or multi-decadal basis (Gentilli, 1971). Triantafyllou and Tsonis (1994)
conclude, with Sanderson (1999), that there is a need for a new scheme to represent the
world’s climates (Peel et al., 2007).

Recently, four Koppen world maps based on gridded data have been produced for
various resolutions, periods and levels of complexity. Kalvova et al. (2003) using Climate
Research Unit (CRU, the University of East Anglia) gridded data for the period 1961-1990
presented a map of the 5 major Képpen climate types (with E divided into 2 types) at a
resolution of 2.5° latitude by 2.5° longitude. Gnanadesikan and Stouffer (2006)
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presented a Koppen map of 14 climate types based on the same CRU data and period as
Kalvova et al. (2003), but at a resolution of 0.5° latitude by 0.5° longitude. Fraedrich et al.
(2001) using CRU data for the period 1901—1995 presented a Képpen map of 16 climate
types at a resolution of 0.5° latitude by 0.5° longitude and investigated the change in
climate types over the period 1981-1995 relative to the complete period of record. The
most comprehensive Képpen world map drawn from gridded data to date is that of Kottek
et al. (2006) who presented a map with 31 climate types at a resolution of 0.5° latitude by
0.5° longitude based on both the CRU and Global Precipitation Climatology Centre
(GPCC) VASCHimO v1.1 data sets for the period 1951—2000 (Peel et al., 2007).
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Fig. 1. Koppen-Geiger climate classification for the territory of Europe (after Peel et al., 2007)

In mountainous areas, such is the most of the Balkan’s territory, the variety of
climatic factors is an obstacle in giving a general characterization for the entire zone
(Bouma, 2005). The valleys of Struma, Mesta and Vardar Rivers are located in
mountainous territories of the Macedonian and Rila-Rhodopean Massifs but because of
their openness to the Mediterranean basin, a southern influence penetrates deeply into
the Balkan Peninsula. This is the reason that they are typical example of the Koppen
classification insufficient character for little territories with uneven structure. Some
authors, like Russel (1931), made some changes in borders between main climate types.
Others, like Ristevski (2012), input some sub-indexes to present more details in climate
variability.

In this study Koppen classification is used as basis for climate zonation along the
three river valleys in the central part of the Balkan Peninsula. In order to obtain more
detailed picture in such little territory sub-indices are used.
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Materials and methods

We used data from 9 stations in three river valleys - Vardar, Struma and Mesta, in the
middle of the Balkan Peninsula. On Fig. 1, all of them belong to "D" — cold or "ET" —
tundra climates. Three stations are in the Vardar’s valley, four stations are in the Struma’s
valley and two in the Mesta’s valley. The monthly temperatures and precipitations from
every year are used to build 30 years moving average (the standard 30-years climatologic
period). They allow us to observe the climate variability in the valleys and to define the
periods with fluctuations. Some of the stations differ in period of observations. (Tab. 1)

Tab. 1. List of meteorological stations used in the paper

Studied territory Station °P DN Altitude | Observation period
Gevgelia 41°09'N | 22°30'E 57 m 1951/2012
Vardar valley Demir Kapia 41°14'N | 22°08'E 125 m 1967/2012
Skopie 42°00'N | 21°25'E 234 m 1951/2012
Kustendil 42°16' N | 22°46'E 521 m 1925/2012
Struma valley Sandanski 41°33' N | 23°16'E 191 m 1931/2012
Rila 42°06' N | 23°07'E 418 m 1925/2012
Blagoevgrad 42°01" N | 23°06’E 410 m 1925/2012
Bansko 41°51" N | 23°30"E 918 m 1933/1991
Mesta valley Gotze Delchev | 41°34'N | 23°34’E | 508 m 1925/1992

The common period for all stations is 1951-1990. For the stations on Struma and
Mesta valleys the common period is longer - 1931-1990. Stations along the Struma Valley
are with longer period with meteorological observations. We found strong correlation (85-
95%) in monthly temperatures between some stations in these two valleys and thus we
tried to recover data for the period after 1990 in the Mesta valley. For the Vardar and
Struma valleys, the common period is 1951-2012. Station Demir Kapia is with shortest
period of observations - 1967-2012. The longest period of observation has station Rila —
1925-2012 (Fig. 2).

We used the idea from Ristevski (2012) who adopted the Képpen classification to
produce the Macedonian climate map. He expands the temperate climate "C" to three
separate parts with sub-indexes — C1, C2, C3. "C3" temperate climates are in territories
where the temperature of the coldest month is 3°C or above, which means mild winter.
"C2" temperate climates are in territory where the temperatures of coldest month are
between 0 and 3°C. "C1" temperate climates are in territory where the temperatures of
coldest month are between 0 and -3°C. Russell (1931), in his study about dry climates of
the United States, accept such areas as cold climates type "D" putting the 0°C isotherm of
the coldest month as the boundary between cold and temperate climates. In our research,
we accept "C1" as temperate climates — a "border zone" between "C" and "D" climates,
with cold winter. Some stations in our study area are in this border zone for the whole
period or for some parts of it.

The second letter is an index for precipitation regime and indicates the drier period.
For example, drier summer (AMJJAS) is indicated with "s", drier winter (ONDJFM) —
with "w" and if there isn’t drier period -"f{".
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Fig. 2. Study area with meteorological stations used in this paper

Ristevski (2012) also used some sub-indexes in the third letter in the modified
Koppen classification. He uses (2’) for climates with temperature 25°C or above in the
hottest month, which we indicate as very hot summer. When this temperature is 19°C or
bellow, he uses (b’), which we call mild summer. We are using these sub-indexes for more
detailed characteristics for climate variations in the three valleys. For the hottest month
with temperature between 22 and 25°C we use normal Képpen index "a" (hot summer),
and "b" for temperature between 19 and 22°C (warm summer).

In more details, the usage of indices gives us an idea of the changes in temperature as
the coldest and the hottest months. This in turn corresponds well with the temperature
sums accumulate during the growing season of plants, which is an important agroclimatic
indicator. For example C1...b' corresponds to approximately 2,600-2,700°C — areas with
possible cultivation of crops, which are cold unpretentious to heat conditions. On the
other, hand C2...a" corresponds to 4,400°C, conditions for growing thermophilic crops.
C3...a" is a type of climate where the warm winter allows citrus crops being grown.
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Fig. 3. Sub-indices in the modified Koppen classification (acc. to Ristevski, 2012)

Results and discussion

If we follow the three valleys from north to south, we begin with the "border zone" area,
where the stations Skopie, Kustendil and Bansko are located. From these three stations,
which are representative for the upper part of the valleys, Kustendil has the longest data
period (1925-2012). This station is the northernmost point in the territory and is placed
between Osogovo and Konyavska Mountains. For the whole period, this area belongs to
the temperate climate "C1" and there is not dry period "f"'. From 1925-1954 to 1938-1967
periods this area belongs to the temperate climate without dry season and hot summer
(Cifa), or cold climate without dry season and hot summer (Dfa) if we use Russel’s (1931)
and Peel’s (2007) version of Koppen classification. After that from 1939-1968 to 1983-
2012 this area belongs to Cifb climate (temperate climate without dry season and warm
summer).

On almost the same latitude, western than Kustendil, in the Vardar Valley, between
Crna Gora (1,650 m), Suva Gora (1,745 m) and Jacupica (2,540 m) mountains, is the
Skopie intermountain lowland. In this territory, the winter is not so cold and we could
observe some fluctuations in winter temperatures. In the periods between 1951-1980 and
1960-1989, these areas are part of C2fa (temperate climate without dry season and hot
summer). From 1961-1990 to 1967-1996 period winters became colder and the area
climate changed to Cifa (or Dfa). From 1968-1997 to 1972-2001 winters became warmer
and climate changed again to C2fa. This situation was followed by new cold winter period
1973-2002 to 1976-2005 with Cifa climate, and temperate winter period with C2fa
climate from 1977-2006 to 1983-2012.
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On the same river valley, southern than Skopie, we used data from another two
stations — Demir Kapia and Gevgelia. Demir Kapia station has the shortest period of
observations in the studied area — 1967-2005. This is the reason that we have only several
30-years moving average periods. This area is part of temperate climate C2. From 1967-
1996 to 1973-2002 the climate here is without dry season and with hot summer C2fa. The
next 1974-2003 to 1975 -2004 is a period with dry summer and climate type became C2sa.
The last period 1976-2005 is with temperate climate with dry and very hot summer C2sa’.

South from Demir Kapia is the Gevgelia intermountain lowland. Here is the
southernmost point of the observed area. The climate here is temperate with warm winter
C3. For the period 1951-1980 to 1952-1981 the climate in this part of Vardar Valley is with
dry and very hot summer C3sa’. From 1953-1982 to 1961-1990 is a cool summer period
with dry and hot summer C3sa. After this period there are some fluctuations: 1962-1991 is
a period with C3fa' - without dry season and very hot summer; 1963-1992 and 1964-1993
are periods with C3fa - without dry season and hot summer; from 1965-1994 to 1976~
2005 the summers became very hot and climate change to C3fa'; for 1977-2006 and 1978-
2007 periods, climate changed again to temperate with warm winter and dry and very hot
summer C3sa’.

Northeast from Gevgelia is the Sandanski intermountain lowland. Between these two
basins is Belasitza Mountain (2,029 m). Sandanski is a station with the longest period of
observation — from 1931 to 2012. This territory is defined according meteorological data
as the hottest place in Bulgaria. According to the modified Képpen’s detail classification
the climate here is temperate C2. There are some fluctuations in precipitation regime and
the temperature of the hottest month: for the period 1931-1960 the climate here is
temperate with very hot summer and without dry season C2fa'; 1932-1961 is a period with
temperate with hot summer and without dry season C2fa; the next period 1933-1962 to
1949-1978 was with typical Mediterranean climate with dry and hot summer C2sa; only
for the period 1934-1963 there is very hot summer C2sa'; from 1950-1979 to 1975-2004
the climate in Sandasnki Lowland is temperate with hot summer and without dry season
C2fa; in the end of this period the climate became warmer and the modified Képpen index
changed to C2fa' for the last period from 1976-2005 to 1983-2012, like in the beginning of
the observations. This warming has been observed also for the winter months, so the
modified Koppen index changed to C3fa' just for the period 1982-2011. Based on these
results we can make a conclusion that 1982-2011 is the period with hottest climate for the
whole period of observations in Sandanski Lowland. If this tendency of warming
continues, the index C3fa' will become typical for the area.

Between Sandanski & Kustendil we observe another two stations — Blagoevgrad and
Rila. In Blagoevgrad intermountain lowland, the climate does not have many fluctuations
with respect to the Képpen index. In the most period of observations, this area belongs to
temperate climate without dry season and hot summer C2fa. There are some fluctuations
in temperatures of hottest month for the period from 1953-1982 to 1960-1989, when the
climate here was changed to temperate climate without dry season and warm summer
Ca2fb. After that from 1961-1990 summers here are hot again and index changed to C2fa.

Rila station is located on the west slope of the Rila Mountains (2,925 m), which are
the highest on the Balkan Peninsula. This station is placed north of Blagoevgrad and its
position on the mountain slope is the reason for more fluctuations. The climate here is
without dry season for the whole period, so we will not comment the precipitation regime,

85



but in winter and summer, temperatures have many fluctuations. In the beginning 1925-
1954 the climate here was temperate with cold winter and hot summer Cifa. Maybe this is
the end of cold winter period because from 1926-1955 to 1936-1965 is a period with C2fa
climate. Then a new period began with cold winter from 1937-1966 to 1942-1971 when the
climate got back to the previews type Cifa. From the period 1943-1972 winter became
warmer and unchangeable until the end of data C2. However, in these data we still see
some fluctuations in temperatures of the hottest month. The period 1943-1972 is with hot
summer C2fa. After that from 1944-1973 to 1975-2004 is a period with warm summer
Cafb. From the period, 1976-2005 to end of the observation period became warmer that
caused a change in the Képpen index to Cafa.

Bansko is the highest station in the studied territory. It is located in intermountain
lowland in the upper part of the Mesta River. This coldest station (amongst the three
studied valleys) is placed between three of the highest mountains on the Balkan Peninsula
—Rila, Pirin and the Rhodops. Here the climate is temperate with cold winter for the
whole period - Ci. In the precipitation regime there is a tendency for transition from
Mediterranean type with dry summer, for the periods from 1932-1961 to 1945-1974 - Cis,
to climate without dry season Cif from 1946-1975 to the final period 1961-1990. For
Bansko does not have precipitation data for years after 1990. Monthly average
temperature is recovered after 1991, because there is strong correlation between Bansko
and Blagoevgrad. Results from this recovery showed that there have no changes in climate
and it remained type C1 with respect to the winter. When we analyzed the hottest month
temperatures, we defined "b" index for the periods between 1932-1961 and 1939-1968.
There is a tendency for cooling in the summer months and from 1940-1969 to 1973-2002
the third letter index changed to b’. We can assume that for the period 1940-1969 the
climate in Bansko area changed from Cisb to Cisb’. The period with climate with
Mediterranean precipitation regime continued to 1946-1975 when it changed to Cifb’. The
climate type changed again for the period 1974-2003 when become Ci...b.

We could not be sure, because most of the data is recovered (after 1991), but we
suppose that with strong confident. We suppose the precipitation regime remained the
same (without dry season) for this period until the end of data row, but also we could not
sure about that.

Gotze Delchev station is in the southeastern part of the studied area. Gotze Delchev
intermountain lowland is placed between the Pirin Mountains (2,914 m), Slavyanka
(2,212 m) and the Rhodops Mountain Range. This position between high mountains and
close to the Mediterranean Sea placed this area in the border zone of changing
precipitation regime (from "s" to "f") according to the Koppen classification. The period of
observation began in 1925 and we have data for temperature to 1992. Precipitation data
are to 1990. Because we have found strong correlation (r=0.8) in temperatures between

Gotze Delchev and Sandanski we recovered the temperatures after 1992.
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Tab.2. The modified Koppen index calculated from 30-years moving average

DemirKap|Gevgelia |[Kustendil|Rila Blagoevgr|Sandansk|Bansko

1925-54
1926-55
1927-56
1928-57
1929-58
1930-59
1931-60
1932-61
1933-62
1934-63
1935-64
1936-65
1937-66
1938-67
1939-68
1940-69
1941-70
1942-71
1943-72
1944-73
1945-74
1946-75
1947-76
1948-77
1949-78
1950-79
1951-80
1952-81
1953-82
1954-83
1955-84
1956-85
1957-86
1958-87
1959-88
1960-89
1961-90
1962-91
1963-92
1964-93
1965-94
1966-95
1967-96
1968-97
1969-98
1970-99
1971-2000
1972-2001
1973-2002
1974-2003
1975-2004
1976-2005
1977-2006
1978-2007
1979-2008
1980-2009
1981-2010
1982-2011
1983-2012

® 0 WY W WY g g
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In the first period 1925-1954 the climate in Gotze Delchev is temperate with cold
winter and dry, hot summer Cisa. That Mediterranean precipitation regime ("s")
continues to 1927-1956. Next period from 1928-1957 to 1930-1959 is without dry season -
Cifa. In 1931-1960, a cooling period began with warm and dry summer Cisb. This
situation continued to 1944-1973 when winters became warmer and the modified Képpen
index changed to C2sb. The period with this index did not stayed for long and continued
to 1946-1975. Some changes in precipitation regime changed the Koppen index to C2fb —
without dry period. This temperate winter period was interrupted for a while (1953-1982
to 1954-1983) with cold winter period Cifb, but after that returned back and continued to
1959-1988. In 1960-1989, a new cold winter period Cifb began. It continued to 1964-1993.
After this moment a warming period started. At first winters became warmer and index
changed to C2...b to 1975-2004. After that, the index changed for the hottest month and
the climate became temperate with hot summer (C2...a) for the period from 1976-2005 to
1983-2012. There are tendencies that Gotze Delchev lowland would return to the
Mediterranean dry summer index "s" with regard to the precipitation regime.

Conclusion

The Koppen classification scheme has to be used carefully because of resolution issues.
Because of them and due to average temperature values areas with high mountains in the
southern parts of the temperate zone are defined as territories with cold climate (D) or
tundra (ET) climate. In this way, we could miss the lowlands between mountains with
different warmer climate. These areas are important because they are useful in agriculture
and many infrastructure aspects. This is the main reason to start this research for the
territories of Struma, Mesta and Vardar in the center of the Balkan Peninsula.

When we compare some averages, it is possible to miss some important fluctuations,
which give us many details about the climate changes. If we use only usual periods as
1931-1960 and 1961-1990 to compare climate data, it is possible to have some
fluctuations, which we could miss between these periods. Good example about that is
Gotze Delchev lowland area and middle part of the Struma Valley (between Rila and
Sandanski).

In other territories, like the north part of Struma and Mesta valleys, only few
fluctuations are observed. The climate there is temperate with cold winter. Precipitation
regime in Kustendil lowland is without dry season. The Képpen index is changing only in
the third letter Cifa to Cifb, because summers became colder in after 1939-1968 period.
In the north part of Mesta valley summers also became colder and the modified index
changed from Cisb to Cisb’ almost in the same time in the 1940-1969 period. Later
precipitation regime is changed from dry summer Cisb’ to without dry Cifb’ season in

1946-1975.

In the north part of Vardar Valley, there are some fluctuations in winter
temperatures, which define this area as a border zone between temperate climate C1 (with
cold winter) and temperate climate C2.

Gevgelia precipitation regime here is changing from Mediterranean (s) to without dry
season (f) in 1962-1991 and after that come back to previous regime in 1977-2006 period.
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The data we have for the region start from 1951. In the first 30 moving average
annual climate here has a very hot and dry summer C3sa'. We can assume that for at least
20 years before the climate also was belonged to this index.

We can conclude that the southern areas are located (in a place) where rainfall
patterns is changing. The greater openness to the Mediterranean Sea near Gevgelija, as
well as the southern position with reference to the Sandanski lowland, defines it with
more expressed Mediterranean rainfall patterns. This regime could be linked to a more
northerly path of the crossing the Mediterranean cyclones. When they shift north in the
late spring and early summer, the southern parts of the observed territory remain beyond
their reach, which brings dry summer in the area. Those located further north in their
periphery obtain more rainfall and they remain without dry season (f precipitation index).
That is why precipitation type in the region of Sandanski get to transitional type (f) earlier
(than Gevgelia lowland) and remain on it for a longer time.

© 2018 Serbian Geographical Society, Belgrade, Serbia.

This article is an open access article distributed under the terms and conditions of
the Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Serbia
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Xpucro ITonos*

* Yuugepsumem y Coguju, @axyamem 3a 2eonozujy u 2eoepagdujy, lenapmman 3a
Kaumamonoaujy, xuopoao2wjy u ceomopgonoaujy, Copuja, bysapcka

JIOKAJIHE KJIMME /10/IMHA BAP/IAPA, CTPYME 1 MECTE
(BAJIKAHCKO ITOJIYOCTPBO) ITPEMA MOANPHNKOBAHOJ
KEITEHOBOJ KJINMMATCKOJ KJIACUOPUKAIINJ N

Pesume: Y oBoM pajy ce Kopuctu MmoaudukoBana KermeHoBa kiacuduKamyja KinMaTa
3a Ipoy4yaBarbe LeHTPAJHOT Jiesla baskanckor mosyoctpsa. IIpeamer ucrpakupama Cy
nonuHe peka Mecre, Ctpyme u Bapzapa, koje ce Hayaze uaMmel)y HajBUIIMX IJIaHUHA Y
pervony. Kaga ce kopucTe MoOZenu ca HIDKAM pe3OsylyjamMa, OBE TEPHUTOPHje ce
KIacuUKyjy Kao MoJpydja ca XJIaJHOM KJIUMOM HJIM TyHZpoM. KiTMMaTo oMKy moaamu
ca CTaHHIA Y IOJIMHAMA He OITOBAPajy TAKBUM 3aKJbyUIINMA.

Y oBOM wHCTpakuUBamwy Cy KopHIilheHe MeceuHe TeMIIEpaType BazJayXa H MecCeuHe
MaJlaBUHe 3a H3pauyyHaBame MoaudukoBaHux KemeHoBuX wuHzekca. KinMaTosomku
nozmanu ce GUITPUPAjJy Kpo3 30-TOAMIIEE MOKpPEeTHE MPOCeKe Kako OW ce OTKpuie
dnykryanuje KemeHoBUX HHAEKCA y YCJIOBUMA KJIMMATCKUX poMeHa. OCHOBHU MEPHOJ,
3a CBe CTAHUIIE je 1951-1990. TOJIUHA.

Pesynratu mokasyjy na ce y ceBepHOM ey zaoswHe Bapmapa (Ckolicka KOTJIMHA)
duyKTyarje Mory mocMaTpaTH caMoO y IOAUHIEKCY O 3uMcKuM Temmeparypama (Ci 1o
Cs). Y obmactu oko Jlemup Kamuje mocroje duykTyanuje pekuMa mafaBuHa (Ipyro
CJIOBO) U MTOAMHJIEKCH JIETIbUX TeMiiepatypa (Tpehe citoBo ox (a) o (a")). heshenuja nma
crnuHe GIyKTyanuje, anu ca 6;arum 3umMckuM (Cs) yeroBUMa.

Y ceeeprom geny pgonune Crpyme (RycreHauacka KOTJIWHA) pe3yaTaTH IIOKazyjy
npomeny KemmeHoBux uHeKca 360r xmahema y geTum Meceruma (tpehe cioBo of (a) o
(b)). ¥ sumckom noaunzekcy (C: 1o C2) u seteMm unaekcy (tpehe cioso of (b) mo (a)) y
6am3vHM craHule Puia nocroje durykryanuje. ¥ biaroeBrpajzickoj paBHUIIU UCTH TOILIH
JIETHHY TIEPHOJT 3aBPIIKO ce paHuje kpajeM 80-ux. Y CaHIaHCKO] HU3HUjU MpuMehyjy ce
daykryamnuje pexxuMa mnazaBuHa u3 MeauTepaHa ca CyBUM JIETOM /IO TaKBOT 0e3 CyBOT

BpeMmeHa (mpyro cimoBo on "s" mo "f') W Heke mNpoOMeHe Y TOA-UHIEKCY JIETHUX
temmneparypa (tpehe ciioso oz (a) mo (a")).

Honuna Mecre, 3ajeqHo ca hycTeHIMICKOM KOTJIMHOM Cy HajXJIaJHHja Y UCTPaKUBAHO]
obnactu. PexxuMm majgaBuHA y MouHH Mecre 6UO je ca MeIUTEPAHCKHUM KapaKTepOM
TIOYETKOM CeJlaMJIeCeTHX, a IMocje Tora Huje 3abeselkeHa cyBa ce3oHa. Y Passornikoj
KOTJIMHU HAKOH 1975. TOAWHE U ZI0 2000. TOAUHE JieTa ¢y Owia xymanauja. Ha cranunu
Toue [lesrueB Mory ce mocMaTrpaT GIIyKTyalyje 3UMCKOT MOANHAEKCA, aJIU M0CIE 1994.
TOZITHE 3UMe Cy PEJIaTUBHO bJ1axe.

KomnmneHnoBa mozpucdukoBaHa kiaacudukaiyja je BeoMa IOrofiHa 3a Mame TepUTOpHje U
Ipy’Ka IOy3/laHe pe3ysITare 3a JIeTa/bHE KapaKTEPUCTHKE KIUMATCKUX IPOMEHa. 30-
TOAUIIBYA TOKPETHH IIPOCenn Ccy Aobap MPHUCTYN 3a OTKpHUBame (QuykTyanuja y
HOAWHJEKCUMa. MOTy ce KOPHCTHTH y HPaKCH ¥ y Pa3IMYUTHM KJIMMATOJIOUIKUM
cTyaujama.
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