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THE SPECIFICITIES OF THE CLIMATE OF DANILOVGRAD
(MONTENEGRO)

Abstract: Danilovgrad and the Bjelopavli¢a Plain belong to the submediterranean zone of
the Mediterranean climate region. The aim of this paper was to determine some specific
characteristics of the Danilovgrad climate, such as the degree of continentality, aridity and
bioclimatic characteristics. Data used in the research cover the period 1955—-2011. The
results of the study showed the dominance of the continental effect on temperature, while
oceanicity was less pronounced. In hygric terms, during most of the year the climate of
Danilovgrad is characterized as low humid to perhumid. Moreover, in the period October—
March it is very humid, which points to the domination of oceanic influences. During the
three summer months, it is dry to very dry. Based on the average monthly values of the
equivalent temperature — an indicator of physiological (subjective) feeling of heat, the
winter months in Danilovgrad are not assessed as very cold. It is cold in January, and in
February and December it is cool. It is fresh in March and November, comfortable in April
and October, and warm in May and September. In Danilovgrad, in summer it is overheated
and a little muggy. All considered indicators point to quite pronounced oscillations during
the year, especially in terms of humidity. Comparing the obtained results with Podgorica, it
can be concluded that the climate of Danilovgrad is more continental, a bit colder and
wetter.
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Introduction

There are many reasons why we decided to consider the specificities of the Danilovgrad
climate. First, in all known climate classifications of Montenegro, a general description of
individual regions and sites is mainly based on the analysis of average monthly air
temperatures and amount of precipitation. In general, Danilovgrad can be said to have a
mildly modified Mediterranean climate, which means that the summers are warm and
fairly dry, and the winters are mild and rainy. In the period 1955—2011, in Danilovgrad,
the average annual temperature was 14.6°C, and the annual amount of precipitation was
2,216 mm. Tab. 1 contains the values of the average air temperature and the amount of
precipitation in Danilovgrad.

Tab. 1. The average seasonal air temperature and the amount of precipitation in Danilovgrad in
the period 1951-2011

Season | Average air temperature (°C) | Amount of precipitation (mm)
Winter 5.6 787.2
Spring 13.8 477.4
Summer 24.0 213.3
Autumn 14.8 731.8

Therefore, apart from the general characteristics, the specificities of the climate of
Danilovgrad considered in our study are not known. Secondly, Danilovgrad is the central
settlement of the Bjelopavli¢a Plain. The Danilovgrad climatological station was the only
one in that area. In the Bjelopavlica Plain, the basic occupation of the population is
agriculture, and this is another reason for the research of the specificities of the
Danilovgrad climate. Thirdly, only Danilovgrad and Podgorica have recorded an increase
in the number of inhabitants among continental cities in Montenegro
(https://www.monstat.org/cg/). It is primarily a result of migration from the north of the
country. Finally, the meteorological station in Danilovgrad was canceled at the beginning
of 2012. Having the above in mind, the idea was to describe the climate of the city by
analyzing the combined climatic elements. The basic goals of the research are, therefore, a
more complex presentation and a qualitative characterization of the Danilovgrad climate.

It is necessary to emphasize that Danilovgrad and a significant part of Montenegro
have characteristics of the Mediterranean climate. This is also confirmed by the criteria
set by V. Képpen (Buri¢ et al., 2013, 2014). Koppen's classification is hydrothermal (an
analysis of air temperature and precipitation) and it gives a realistic image of the climate
of a certain site or territory, but it is often necessary to determine some specificities of
climate. The specificities of the climate are determined by the analysis of combined
climatic elements, calculated from two or more basic climatic elements, which had better
characterize the climate of a site. In this paper, the specific characteristics of the climate,
such as the degree of continentality, aridity and bioclimatic characteristics were analyzed
on the example of the city of Danilovgrad.

Vujevié¢ (1956; 1961) wrote about the specificities of the climate of certain parts of the
Balkan Peninsula. In other works, the influence of weather and climate on human body is
also considered (Pecelj, 1996; Buri¢, 2007; Pecelj et al., 2007; Luki¢ & Pordevi¢, 20009;
Malinovié-Miliéevi¢, 2013; Basarin et al., 2014; Pecelj et al., 2017; Basarin et al., 2017).
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The analysis of climatic indexes of urban places was a subject of research by Matzarakis &
Endler (2010), Matzarakis & Nastos (2011), Pecelj, (2013) and Pecelj et al. (2013). Some
specific features of the climate of spas were considered in the papers of Pecelj (1996),
Macejka (2003) and Stojicevié et al. (2016).

Materials and methods

The study refers to the area of Danilovgrad, the central and largest city settlement in the
Bjelopavlic¢a Plain in Montenegro. Danilovgrad is situated in the spacious valley bottom of
the Zeta River (the largest tributary of the Moraca River), i.e. on its coast. The area of
Danilovgrad municipality is 501 km2, and there are approximately 17,000 inhabitants in
the area. The city settlement is in the plain, mostly at 50—60 m a.s.l. (Fig. 1). The valley
sides of the Zeta River make the mountain Garaé (right side), up to 1,436 m a.s.l. and
Prekornica (left side), with the highest peak of 1,927 m a.s.l. The geographic coordinates
of the climatological station are 42°33' N, 19°06' E and 53 m a.s.l.
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Fig. 1. Position of Danilovgrad in Montenegro

The specificities of the Danilovgrad climate were considered on the basis of the data
for the period 1955 to 2011. The data are from climatological station and they are mostly
completed, and the testing and the verification of the data has shown that the
measurements are reliable (CLIDATA database of the Institute of Hydrometeorology and
Seismology of Montenegro was used).

In methodological terms, climate specificities of Danilovgrad have been determined
on the basis of appropriate forms. Thus, the continentality of climate is calculated on the
basis of the Gorczynski (Gorezynski, 1918), Conrad (Conrad, 1946) and Kerner (Kerner,
1905) formulas, and the aridity by Gracanin rain factor (Gracanin, 1950) and de Marton
(De Martonne, 1926) and Lobova indexes (Lobova et al., 1977). The bioclimatic
characteristics of this city were determined using the Beckold formula (Vujevi¢, 1956) and
the Kriiger anthropoclimate classification (Pukanovié¢, 2000). The above methods have
been used in this research because they have been verified, i.e. applicable to the region of
the Balkans.
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The thermal degree of a continentality of Gorczynski (K) takes into account the
latitude () and the amplitude of the annual air temperature (A). It is expressed in
percentages and calculated according to formula:

K = 1.7(A - 12sing)/sing

According to Conrad, thermic continentality is calculated from the formula (the
labels are the same as in the previous formula):

K= —L7A

sin-(p+10)

Kerner introduced the thermodrome quotient (K), obtained by the formula:

K= (Tx - Tv)/A-100%

Tx — average October temperature (for Danilovgrad 14.7°C);
Tiv — average April temperature (for Danilovgrad 13.5°C);
A — average annual temperature amplitude.

October and April are chosen because their average temperatures are the closest to
the annual value (Danilovgrad = 14.6°C).

Gracanin rain factor (KFm) is calculated as the ratio between monthly average
amounts of precipitation (Rma) and air temperature (tma):

KFm= Rma/ tma

De Marton drought index (I) was used to estimate the aridity, and calculated as the
ratio of annual precipitation (Rya) and mean annual temperature (ty.), according to the
formula:

Iy = Rya/( tya + 100)

For the monthly values, the formula is slightly changed:

Im = 12Rma/( tma + 10°).

Lobova index (Va) is used to estimate the aridity, on the basis of formula:

Va = Rya /(6.12 Zt.A-O + 30.6)

Rya — average annual precipitation; Xt.A-O — sum of average monthly temperature from
April to October.
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The bioclimatic characteristics of Danilovgrad are determined on the basis of the
annual change of the air temperature (t) and the water vapor pressure (e). The equivalent
temperature in Danilovgrad were calculated using the Beckold formula (E: = t + 2e).
Kriiger anthropoclimate classification was used for the categorization, which included
three weather types and nine physiological feelings of heat (Pukanovi¢, 2000).

Results and discussion
Continentality and aridity of the climate of Danilovgrad

By applying the Gorczynski formula for Danilovgrad (¢ = 42°33'; A=20.4°C), the
thermal degree of climate continentality K = 30.8%. A similar value was obtained using
the Conrad formula, K = 29.7%.

According to Kerner, continentality of climate in Danilovgrad is K = 6.0% and the
limit of oceanicity is 15%. If K < 15 climate has continental gradations, and if K > 15 it is
maritime, while negative values indicate a distinct continentality.

Therefore, previously considered indicators clearly show that the effects of oceanicity
and continentality in the thermal sense are intertwined in this area. However, based on
the thermodrome coefficient, the Danilovgrad climate has moderate continental
characteristics. The thermal coefficient in Podgorica is higher, close to 10% (Buric et al.,
2007), which indicates that this city has weaker continental characteristics. That is logical
because it is closer and more open to the Adriatic Sea (Mediterranean) than Danilovgrad.

The results obtained for the rain factor are given in Tab. 2, and based on the
gradation? given by Gracanin, appropriate conclusions have been drawn.

Tab. 2. Monthly rain factor in Danilovgrad

Rain Months
Factor Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
Average 51.4 | 36.1 | 20.1 | 13.1 59 | 3.8 | 2.0 3.2 7.9 | 16.3 | 34.4 | 54.0

The arid months are July and August, and June is semi-arid. May has semihumid
characteristics, and April and September are humid. Cold half of the year, from October to
March, has characteristics of high humidity, that is, these months are perhumid. In other
words, the summer in Danilovgrad is characterized as dry to very dry and cooler part of
the year, especially winter, as very moist (perhumid).

Tab. 3 shows the values of de Marton drought index. Based on the categorization3
given by same author the conclusions were drawn for Danilovgrad.

2 According to gradation by Gracanin, climate is: arid (KFn < 3.3), semi-arid (KFn = 3.3 — 5), semi-
humid (KFn = 5 — 6.6), humid (KFn = 6.6 — 13.3) and perhumid (KFn > 13.3).

3 Gradation by de Marton: if I > 5, climate is desert (areic areas), I = 5 — 10, climate is semi-desert
(border endorheic areas), I = 10 — 20, steppe vegetation (endorheic or egzorheic drainage), I = 20 —
30, forest-steppe vegetation (egzorheic drainage), I = 20 — 40 forest vegetation (egzorheic drainage),
1> 40, abundant egzorheic drainage.
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Tab. 3. Drought index for Danilovgrad

Drought Months
index Jan Feb Mar | Apr | May | Jun | Jul | Aug | Sep Oct Nov Dec
Average | 197.3 | 166.5 | 117.9 | 90.5 | 45.6 | 31.3 | 16.9 | 27.6 | 63.0 | 116.5 | 203.2 | 241.1

Only July would be partly arid (steppe vegetation), while August has the
characteristics of forest-steppe climate and June has the characteristics of almost forest
vegetation. All other months have high values of the drought index (> 40), especially the
period October—March (over 100), and according to the gradation, this means that there
is an abundant drainage of precipitation. The annual value of the drought index (89.9)
shows high humidity, which allows constant and abundant drainage.

According to the Lobova formula, Aridity index in Danilovgrad is V. = 2.5, which
means that the climate of the city in the period April-October is semi-humid. Semi-
humid climate has the values of index between 2.01 and 3.0. According to this indicator,
the climate of Podgorica (Burié et al., 2007) is poorly arid in the period April-October (Va
= 1.8). This is supported by the fact that in Danilovgrad all the months have higher
precipitation than in Podgorica, and the difference is close to 550 mm per year.

Bioclimatic characteristics of Danilovgrad

The temperature and the wind have the greatest influence on the feeling of heat and cold
of a human. In summer, high air temperature and high air humidity cause a feeling of
muggy, so the impression is that it is warmer than it actually is. The wind accelerates the
removal of heat from the surface of the body, and in winter, it increases the sense of cold
(Burié, 2007). Several bioclimatic parameters are used in bioclimatic research (Vujevié,

1956).

Bioclimatic characteristics of Danilovgrad have been determined based on average
monthly values of equivalent temperature4. Observed as a whole (based on the annual
values of air temperature and water vapor pressure) it is pleasant in Danilovgrad, with a
mean annual equivalent temperature of 34.9°C. The results indicate the following (Tab.

4):

e Cold (5°C < E: < 22°C) is during winter, January (E: = 16.0°C) is classified in
class cold, it is very cool in December (E: =18.9°C), while February is on the
boundary between cold and very cool (Et = 18.0°C).

e Pleasant weather type (22°C < Et: < 50°C) is characteristic for transitional
seasons. It is fresh in March (E: = 23.5°C) and November (E: = 26.5°C),
comfortable in April (E: = 31.2°C) and October (Et = 36.4°C), and warm in May
(Et = 42.1°C) and September (E: = 46.8°C).

e  Overheated weather type (50°C < Et < 70°C) is characteristic of all three summer
months with class a little muggy (in June Et = 50.5°C, in July 54.7°C and in
August 54.0°C).

4 Equivalent temperature is the theoretical size, and it is defined as the temperature of dry air that it
would have if all vapor condensed in the humid air, and then the released heat transferred to the dry
air.
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Tab. 4. Weather types and physiological feeling of warmth according to equivalent formula (Et) in

Danilovgrad
Weather Classification Physiolog. feeling of Monthly Valugs of eq_ulvalent
Types (by E. Kriiger) warmth - classes temperature in Danilovgrad
y b 8 (by E. Kriiger)
E:i<5°C Very cold no
COLD E: 5-18°C Cold January (16.0°C)
E: 18 — 22°C Cool Feb. (18.0°C), Dec. (18.9°C)
E: 22 — 30°C Fresh March (23.5°C), Nov. (26.5°C)
PLEASANT E: 30 —40°C Comfortable April (31.2°C), Oct. (36.4°C)
E: 40 - 50°C Warm May (42.1°C), Sept. (46.8°C)
_ o : June (50.5°C), July (54.7°C),
OVERHEATED E: 50 - 58°C A little muggy August (54.0°C)
E: 58 —70°C Muggy no
E: >70°C Very muggy no

This indicator also shows that Danilovgrad and Podgorica have similar climate
characteristics. However, equivalent temperature in Danilovgrad is somewhat lower,
which indicates that Podgorica (Burié et al., 2007) is generally warmer throughout the
year. In comparison to Danilovgrad, Valjevo (Serbia) is a more continental and
bioclimaticly colder place. Namely, in Valjevo summers are warm, but not overheated as
in Danilovgrad. In Valjevo, it is cold during four months, December—March (Pukanovié,
2000), and in Danilovgrad only in January. From the aspect of the physiological feeling of
heat, April and October are fresh in Valjevo, and in Danilovgrad they are pleasant.

Conclusion

Montenegro is scarce in flatland, and the continental part of the country records
depopulation. Podgorica and Danilovgrad are the only two municipalities in the
continental part of Montenegro that recorded an increase in the number of inhabitants.
From a climatic point of view, Danilovgrad is a place that is perfect for life, and the
population in the area deals mainly with agriculture. Based on previous facts (settling and
agricultural activities), our goal was to point out some specific characteristics of the
Danilovgrad climate, through the analysis of thermal continentality, aridity and
bioclimatic characteristics. This is the basic novelty of the research, since there is almost
no research for the area of Montenegro dealing with more detailed indicators of the
specificity of climate of particular cities or regions. We believe that research will be
relevant for the local community in terms of better understanding of the natural
environment. The obtained results can be applied in agriculture, water management and
energetics, tourism and other activities of importance for the future development of
Danilovgrad and Montenegro. In addition, the obtained results will be useful to science,
professional and general education of the population, because the topic is increasingly
involved with today's civilization.

The analysis of thermal parameters showed that Danilovgrad is a continental city,
while the maritime influence of the Adriatic Sea (Mediterranean) is less pronounced. In
hygric terms, during most of the year the climate of Danilovgrade is characterized as
poorly humid to very humid. It is especially humid (perhumid) in the period from October
to March. Only summer months have characteristics of aridity, which suggests that
Danilovgrad has a typical Mediterranean pluviometric regime.
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According to bioclimatic indicators, there are no very cold months. It is cold in
January, and in February and December, it is very cool. It is fresh in March and
November, comfortable in April and October, and warm in May and September. The
summer is overheated and a little muggy.

All indicators point that Danilovgrad has similar thermal, hygric and bioclimatic
characteristics as Podgorica (Buri¢ et al., 2007). It was expected because the distance
between these two cities is about 20 km. However, there are obvious differences —
Danilovgrad is more continental, a bit colder and wetter than Podgorica.

© 2019 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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XXK

Jparan Bypuh*, Muwian Mmwieakosuh™, Biaagan lymu

* Yuueepsumem I[pne I'ope, @urozogpcku paxynamem Huxwuh, [[pra I'opa
** I'eogpagcku uncmumym "Joean Lleujuh" CAHY, Beozpad, Cpbuja
** Ynugepaumem y Beoepady, I'eoepagcku gpaxyamem, Cpbuja

CIIEHNONYHOCTHU KJIMME JAHWJIOBI'PATA
(ITPHA TOPA)

Pesume: [[aHWIOBrpa je IeHTPaJHO U HajBehe Hacesbe Ha mozpydjy Bjenomaenuhke
paBuune y Llpaoj F'opu. Ca KIuMaTCKOT aciekra, noapydje Bjemomasnuhke paBHwuie je
MOTOZIHO 3a KUBOT W Ppa3Boj mnosbomnpuBpene. Mehyrum, y mo cama mosHatum
kinacudukarnujama kiauMe 3a Llpuy Topy, /1aT je yONIITEHH ONKC IOjeIMHUX PETHja U
MeCTa, YIJIaBHOM Ha OCHOBY aHQJIN3€ CPEelbUX MeCeYyHHX TeMIlepaTypa Basiyxa U
KoJM4YrHe mazaBuHa. 3a JlaHmnoBrpan ce moxke pehu fa uma 61aro MoxudUKOBHY
MeUTEPAHCKY KINMY, a TO 3Ha4H Jia Cy JieTa TOIJIa U MPUINYHO CYIIHA, a 3uMe 6J1are u
kumoBute. IIpema KeneHoBoj kinacudukanuju, kiuMarcka ¢opmysna JlaHUIOBrpasia je
Csa, mpoceuHa rofUIIkba TeMIepaTypa je 14,6°C, a roaulma cyMa majaBuHa 2.216 mm.
[{wb HaM je 6UO 12 KJIMMY OBOT MecTa IITO 60Jbe U MOAPOOHHU]€e OIMUIIIEMO, KPO3 aHAJIU3Y
TepMUYKe KOHTHHEHTAIHOCTH, aPUTHOCTU U OMOKIMMATCKe KapaKTePUCTUKe. AHATN30M
KOMOWHOBAHUX KJIMMATCKUX eJIeMeHaTa, /AT je KOMIUIEKCHHjH MPUKa3 U KBAJUTETHHja
Kapakrepusanuja kiume Jaumnosrpaga. Cmatpamo fa he mcTpakuBame NMaTy 3Ha4aja
3a JIOKAJHY 3ajefHUIly y CMHCIY OOJper pazyMeBarma IIPHUPOJHOT OKPYXKema U Jja ce
JoOMjeHn pe3ysITaTd MOTY IPUMEHHUTH Y [TOJbOIIPUBPEH, BOJOIPUBPEAN U €HePreTUIIH,
TYypU3My U APYTHM AeJIaTHOCTHMA OJ] BasKHOCTH 3a Oyayhu passoj Janunosrpana u Lpue
Tope. Takolhe, pe3ysrtaT JOOHjeHH y OBOM pamy 6uhe KOpUCHU HAYIH, CTPYIIU U OIIITEM
00pa3oBamy CTAaHOBHUIIITBA, jep Ce PaJM O TEMATHUIIA KOja CBE BHUIIE MAPTUIMIIUPA KOJ
JlaHAITHET YOBEKA.

3a pasmatpame crnenuduyHoCcTH KinMe JlaHWIOBrpaja, KopuurheHy ¢y IOAany 3a
MHCTPYMEHTATIHH NIEPHUOJ 1955-2011. Pe3ysITaTtu HCTpaKuBamka Cy IOKa3aId JOMIHALM]Y
KOHTHMHEHTAJIHOT yTHIAja Ha TEMIIEPATYpPY, AOK je MapUTUMHOCT cjiabuje u3paskeHa. Y
XUTPUIKOM CMHCIIY, TOKOM Beher zesa roauHe kiauMa J[aHUIOBrpazia ce KapaKTepHIle
Kao cyabo xymuzaHA A0 nepxymugHa. llltaBuine, y meprogy okrobap - MapT je Beoma
BJIZJKHO, IITO TOBOPU O JJOMHHAIMjU MAapUTUMHHUX yIuinBa. CyIIHO 10 BeOMa CYIIHO je
TOKOM TpPH JIETHA Mecena. [Ipema OGHOKJINMATCKUM [TOKa3aTeJbMa, HU jeJIlaH Mecell ce He
KapakTepuile Kao BeoMa xIaflaH. Ha OCHOBY CpenHUX MECeUYHHX BPEJHOCTH
€KBUBAJIEHTHE TeMIIepaType, Koja je KopuinmheHa Kao IIOKa3aresb (U3UOJIOIIKOT
(cy6jextuBHOTr) ocehaja Tomrore, TOKOM jaHyapa je XJamHo, a y (ebpyapy u xeneMopy
BeoMa IpoxJ1aiHo. CBeke je y MapTy U HOBEMOPY, YTOZHO Y allpuiIy ¥ OKTOOpY, a TOIUIO y
Majy u centeMOpy. Y [laHWUJIOBrpajsy je JIeTH IperpejaHo W Maio 3amapHo. CBu
pasMaTpaHy II0Ka3aTe/bU yKa3yjy Ha IMPWINIHO M3ParKeHe OCIIUIAIje TOKOM TOZMHE,
HApOYUTO y HOIVIELy BIAXKHOCTH. J[oOWjeHU pe3ysTaTH yKasyjy Aa JJaHwmioBrpaz mma
CIMYHE TepMUYKe, XUTPHYKE U OMOKINMATCKe KapakTepucTrke kao Iloaropuna (Bypuh
et al., 2007), jep je pacrojame n3mely oBa siBa rpaza oko 20 km. Mnax, JlaHuioBrpazg je
BUIIle KOHTUHEHTAJIHUjH, MaJIO XJIaAHUJU U BIaKHUjU of [Togropune.
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