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APPLICATION OF GIS AND REGRESSION MODELS IN MODELING
TEMPERATURE CHANGES ON THE EXAMPLE OF REPUBLIKA SRPSKA6
Abstract:
This paper aims to present the changes in air temperature and its spatial distribution in Republi$ Srpska. The
research was conducted in the periods 1961-1990 and 1999-2008, based on meteorological data and statistical
interpolation model, acted on regression models. By using high-altitude terrain model (DEM), a constructed
regression equation and Kriging interpolation of spatial models in MapInfo GIS software application, we
calculated the values of average air temperature for all surfaces of the space observed. The results showed
that the biggest trend of increasing temperature, per annum, was at the northwest and northeast of Republika
Srpska and in the area of Posavina. There was only a slight increase of air temperature in the area of the central
mountain belt, whereas in the eastern highland Herzegovina karsts region we measured temperature drops.
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Republika Srpska, air temperature, climate changes, interpolation, GIS.
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Air temperature is one of the most important climate parameters, and it is often a subject
of analysis done by professional and scientific
expertise from various fields of human activity.
A large number of human activities directly or
indirectly depend on the quantitative and qualitative characteristics of air temperature. When
it comes to climate observations, it is crucial to
accurately survey the basic properties of air temperature, especially to consider the properties of
temperature on the entire surface of the space
observed. However, the process of identification of the temperature properties of air within
the whole range of observed area is a very complex procedure, which to some extent requires
a specified level of abstraction and generalization. Specifically, the heterogeneity of temperature caused by climatic factors and few locations
with the exact measurements of air temperature
(weather stations) both make it difficult to accurately decide on the temperature properties of
the entire surface of the analyzed area. In particular, this problem is present in countries such
as Republika Srpska, where the network coverage of meteorological stations is very small and
the modifying effects of the complex climatic
factors are very strong. In addition, the spatial
distribution of meteorological stations is rather
uneven and mainly concentrated in larger urban
centers. In the northern area of Republika Srpska, almost all weather stations are located at
elevations below 200 m, with the exception of a
weather station located at the Mrakovica Peak.
In earlier studies, the regional distribution of air temperature in Republika Srpska was
conducted only on the basis of modeling, which
generated elements of the horizontal interpolation. The process of modeling of air temperature,
which took into consideration both horizontal
and vertical interpolation, generated a clearer
picture of its spatial distribution.
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Description of the methodological procedure
Air temperature, as one of the physical properties of the atmosphere and a very important
climatic element, depends on many of climatic
factors. The complex of climatic factors significantly modifies the properties of climate, even
within a relatively small geographic area, if the
area in question is heterogeneous in terms of
physical-geographical structure. Air temperature
is particularly subject to modification under the
influence of these factors.
The facts given require the application of
diverse analytical procedures in order to identify the temperature characteristics of the entire
surface of the space observed. The importance
of identifying temperature properties has led to
a large number of methodological procedures,
which attempt to determine temperature properties. All the methods used are based on different
statistical and cartographic models of interpolation. Recent climate studies mainly use interpolation models based on regressive statistical models. In addition, GIS applications have
proved to be of a great assistance when it comes
to interpolation model application.
The procedure of interpolation of air temperature in Republika Srpska, as applied in this
paper, follows several analytical stages:
The process of interpolation capitalized on
two variables: average air temperature for the
different time periods (C) measured at weather
stations (Banja Luka, Prijedor, Gradiska, Srbac,
Doboj, Bijeljina, Sokolac, Visegrad, Cemerno,
Gacko, Bileca and Trebinje) 1 and respective altitude of these meteorological stations;
The inclusion of the observed variables in
linear regression model, air temperature as the
dependent variable and altitude as independent
variable, all led down to the regression equation
for each observed time period, and the equation
followed this mathematical form:

Due to the shape of the territory of Republika Srpska
and a very small number of meteorological stations where
the monitoring was done, we also used meteorological
stations located in the BiH Federation: Sarajevo, Bihac,
Bugojno, Tuzla, Zenica, Ivan Sedlo, Mostar and Livno.
1
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In which:

T - \  (   );
Z - ;  (; $ );
at, bt - ! .

T - Dependent variable (air temperature);
Z - The independent variable (altitude);
at, bt - Regressive parameters.
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After establishing the regression equations,
the calculation of regressive parameters gave us
the estimated values of “Te” (observed dependent variable for each time period and for each
weather station). Estimated values are calculated
on the basis of the established regression equations, in which obtained regressive parameters
are a sort of a constant. By including the variable “Z” (elevation observed for each weather
station) in the formula, we obtained estimated
values of average air temperature “T”.
The next phase relates to the calculation of
residual waste. Residual remain “T” is derived
when estimated values for each weather station
in the reporting period are subtracted from the
actual (measured) values of average air temperature:
T `= T - Te
By using MapInfo GIS software application,
values of the residual remains were subjected to
spatial interpolation using the Kriging method of
spatial interpolation. Using this method the rest
of the residual for the observed spatial points
(weather stations) was interpolated so as to determine residues for the entire space of the analyzed area.
Usage of high-altitude terrain model (DEM)
and the constructed regression equation in the
GIS application both gave us the values of average air temperature for all surfaces of the space
observed.
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In the final phase, adding estimated values
to the residues of each spatial point of the observed area (using the option “Raster Calculator” in the GIS application) we obtained the interpolated values of average air temperature for
all surfaces of the analyzed area:
 =  + T`
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Looking at the model presented, we can
conclude that it generated elements of the horizontal and vertical interpolation of air temperature. The vertical factor expressed by altitudes
and the horizontal factor expressed by deployment of mainland and sea are the most important
factors of climate parameters modification and
air temperature modification. Recognizing the
exposed argument, it can be stated that the presented model has certain significance in terms of
the validity of results. As for the validity of the
results, it was verified by model testing. Specifically, omitting certain meteorological stations
from the analysis, the interpolated results for the
omitted locations were in accordance with the
results we got from these locations. For these
reasons and due to the positive test of validity,
the created model of interpolation can be authentically used for the purpose of air temperature identification in the territory of Republika
Srpska.
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Results and discussion
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The temperature regime of Republika Srpska
is predominantly conditioned by latitude, atmospheric circulation and orography of the terrain.
The temperature regime and climate in general
are affected by two action centers of atmosphere:
the Azores anticyclone, which comprises the stable, and in summer warm weather, and the Icelandic cyclone, which brings precipitation. In the
winter, the temperature is occasionally influenced
of the Siberian anticyclone, which is followed by
a cold and mostly dry weather, whereas in summer there is the influence of anticyclones of Sahara, and Mediterranean origin, which causes
extremely warm and dry time (Ducic, V., 2008).
The geographical distribution of air temperature
in Republika Srpska is influenced by regional
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climate modifiers, pointing out the difference in
altitude and exposition of relief. Among the other
modifiers, there are the Adriatic Sea impact, and
geological and urban systems.
In the northern and western part of Republika
Srpska, in areas up to 500 m altitude, average annual
air temperature had a value of 10°C to 11°C (period
1961-1990). The central mountain regions, i.e. areas
over 500m altitude, are characterized by average annual temperature in the range of 4°C to 10°C, except
for mountain peaks where the temperature is below
4°C. Warmest part of Republika Srpska is the region
of lowland Herzegovina and the southern part of the
Herzegovinian Rudina, where the average annual
temperature has the value of 11°C to 14°C and the
towns of Trebinje and Popovo Polje where the temperature rises above 14°C (Figure 1).

  1:         , 1961-1990.
Figure 1. Average annual air temperature in Republika Srpska 1961-1990.
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The research on air temperature for the period
1999-2008 shows that the evident increase in almost
entire territory of Republika Srpska. In the northern
and northwestern part of the country, the average annual air temperature had the value of over 12°C. In
the central mountainous region, the average annual
temperatures were quite similar in comparison to the
values for the period 1961-1990. In the area of the
southern part of eastern Herzegovina, there was a
slight increase in average annual temperature (Figure
2).

  . 2:         , 1999-2008.
Figure 2. Average annual air temperature of Republika Srpska, 1999-2008.
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The synthesis <gure no. 3 presents changes in
average annual temperature based on two observed
comparison, for periods 1999-2008 and 1961-1990.
The greatest increase in temperature was measured
in the northwest and northeast, where values were up
to 2°C higher per year. In the area of lowland Herzegovina there was a slight increase in temperature up
to 1°C per year. However, the most interesting area
is highland Herzegovina, where there was an evident
slight decrease of temperature.

  3:            , 1961-1990.  1999-2008.
Figure 3. Differences in average annual air temperature of Republika Srpska, 1961-1990 and 1999-2008
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Conclusion
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Bearing it in mind that the analysis of the
temperature regime of Republika Srpska was
not performed over two identical periods, (this
not being technically feasible), the results still
indicate certain trends in fluctuation of average
annual temperature. Although we did not deal
with the causes that brought about the changes
i.e. fluctuation of average annual temperature,
the results exactly show a distinctly regional
character of these changes. The biggest change
and trend of increase were recorded in the northwestern and slightly northeast of Republika
Srpska The parts of highland Herzegovina, especially areas over 1000 m altitude, recorded
a slight decline in average annual temperature
based on comparison of two periods. The results
display the need for additional research that will
involve more complex analysis of climatic elements, determine the relationship and spatial
distribution, and finally estimate their impact on
certain industries that depend mostly on climate
changes. This primarily relates to agriculture,
water management, tourism and forestry, and
other industries which directly or indirectly may
affect climate changes.
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