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Abstract 

In this work present study to describe the survey of climatic change in the case in Šumadija-Central Serbia. Climate 
change due to a fragile ecosystem in semi-arid, and arid region such as Serbia is one of the most challenging 
climatological and hydrological problems. Dendrochronology, wich uses tree rings to their exact year of formation to 
analyse temporal and spatial patterns of processes in the physical and cultural sciences, can be used to evaluate the 
effects of climate change. In this study, the effects of climate change werw simulated using dendrochronology (tree 
rings) and an artificial neural network (ANN) for the period from 1900—2015. The present study was executed using 
the (Quercus frainetto Ten.). Tree rings width, temperature and precipitation were the input parameters for the study, 
and climate change parameters were the outputs. After the training process, the model was verified. The verified 
network and tree rings were used to simulate climatic parameter changes during the past times. The results showed 
that the integration of dendroclimatology and an ANN renders a high degree of accuracy and efficiency in the simulation 
of climatic change. The results showed that the climatic of the study area changed from semiarid, to arid, and its annual 
precipitation decreased significantly.  
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1. Introduction

Climate change refers to unexpected changes in the Earth,s climate,s characteristics that occur in the long-term [1]. 
Futher the forest in Earth, has important roles in runoff generation, soill erosion and climate conditions [2]. Increase in 
global temperature is the most obvious sign of this change [3] and therefore temperature variations are commonly used 
to detect and quantify possible changes in climate [4]. Also, climatologic, hydrologic and hydroecologic records are 
necessary for water resource planning and management. Plants grow in spring and summer seasons better than in 
autumn and winter. This mer season better than in autumn and winter. This provides the studies of climate change by 
annual growth rings of trees [5]. According to previous studies, there is a relatinshio between precipitation, 
temperature, and tree rings and can, therefore, be useful for developing long-term estimates of specific hydrological 
variables and also in chronology studies [6]. Dendrochronology is one of methods applied in reconstructing past 
environmental events. It is the science of defining past climatic and hydrologic variability from tree-rings data [7]. Due 
to the growth-limiting effects of low precipitation, and high temperatures, dendroclimatic (as one the branches of 
dendrochronology) studies would be successful in part [8]. Dendroclimatology is concerned with constructing records 
of past climates and climatic events by the analysis of tree growth characteristics and especially applied to reconstruct 
hydrologic variables such as river charge [9], studied the relationship between climates with the growth and death of -
Quercus frainetto Ten. - In the lowlands and uplands. Moreover, their results showed that precipitation has an important 
role in the forest and that the optimum depth to groundwater ranges from two to eight meters. In certain areas, soil 
moisture declines when precipitation decreases and when depth of groundwater increases [10]. Therefore, trees wil 
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produce wider annual rings in wet years compared to dry years. Therefore, tree rings and vessel features are valuble 
proxies in the evaluation of climatic changes, but it is important to select tree species that are suistable for 
dendroclimatology studies. We selected Quercus frainetto Ten. For dendroclimatology study in the Šumadija region, of 
central Serbia. Quercus frainetto Ten. is an important species native to Šumadija-region, and is a suitable selection for 
evaluating annual changes in climatic factors [11]. Quercus species is tha largest genus in the family Fagaceae with 
approximately (300-500 species) [12]. The sensitivity of the Quercus species tree-rings extent to climatological and 
water access changes is high. To find out the climate trend in a future course, we select a climate change forecating 
model using artificial neural network (ANN). In general different studies have indicated the usefulness of the ANN to 
simulate the climatic factors [13] . From these studies, it has been demonstraated that ANN models can be flexibile 
enough to simulate the climatic factors successfully. The goal of this study is the application of dendroclimatology in the 
evaluation of climate change effect by combining denroclimatology and ANN modeling to simulate the climatic factors.  

2. Material and methods 

2.1. Study area 

The forest complex (study area) "Rogot"- Figure 1- farm unit extends between 44 ° 05 ¢ and 44 ° 09 ¢ north latitude and 
18 ° 37 ¢ and 18 ° 47 ¢ east longitude. The farm unit "Rogot" is located in a relatively densely populated plain, partly 
near Velika Morava (one part), and for the most part the unit is followed by the Lepenica River with its numerous 
mountain streams and rivers. Otherwise, Sumadija is rich in rivers and streams, which contributes to the general state 
of hydrological conditions. The administrative unit Rogot is surrounded by the settlements Lapovo, Brzan, Dobrovodica, 
Badnjevac, Prnjavor, Žirovnica and Batocina. The Rogot Farm Unit has good road infrastructure, which is good when 
performing forest operations, the terrain is accessible and accessible to any department, making it much easier to get 
the trees out. 

 

Figure 1 (Study area). 3 colored fields are displayed in red color. The borders between the test fields are also marked 
in red 

3. The most important climatic factors (precipitation and temperature) of the study area: 

Note: Data are from the official Kragujevac meteorological station - altitude 183 m. 

Climate is an important factor in soil pedogenesis and a limiting factor in the development of certain plant formations 
over temperature relationships, size and distribution of watercourses. The climate has a very strong effect on wildlife. 
It mainly determines the layout and structure of the plant cover. The effect of climate on wildlife is complex. Šumadija 
belongs to the Eastern Continental Region. The characteristics of this area are low annual rainfall, higher average 
summer temperatures, strong evaporation and low temperature winter. Here, however, the climate is slightly milder 
than it would correspond to a continental type that is clearly expressed in Vojvodina- (North region in Serbia). 
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3.1. Temperature 

The average maximum average temperature is “17.05℃”. The average minimum temperature is “8.15℃”.The normal 
value is “12.2℃”. The absolute maximum is “41.9℃”. The absolute minimum is “19.2℃”. 

3.2. Precipitation 

By the mean annual rainfall this is undoubtedly the driest part of the area. The average annual rainfall is 600 - 700 mm 
(681.9 mm). However, in the valleys of the Greater and South Moravas it descends to 560 mm. In the hilly areas alone, 
it exceeds just over 700 mm occasionally. The season with the highest rainfall is summer, and in the southern part it is 
spring, while the driest season in the whole region is winter. 

3.3. Dendroclimatology studies in research area 

In order to reconstruct the climate of the past, tree rings are evaluted for their full length using statistical models. We 
collected 30 samples from the old trees. The longest tree –ring series covered 115 years, extending back 1900-2015 
year. Two cores were extracted at breast height in the vertical directions (130 cm). We provided a suitable box for core 
conservation. Sanding of the cores was done until the tree-rings extent was clearly visible. 

3.4. Crossdating and standardization 

Crossdating can be described as the recognition of same tree ring pattern in a species with different stands, as the actual 
grouth date of any one ring of pattern is the same in the different trees, and one may carry a chronology across from 
tree to tree [14]. The crossdating process is done by measuring the extent of annual tree rings. The tree-rings extents of 
the smples were arranged according to their cambial age (the number of rings from the centre). At first, crossdating was 
performed by matching tree ring patterns (wide and narrow rings) using th skeleton plot method [15]. Cores were 
visually crossdated against the estabished record using the signature patterns of ring width. [16]. This is a non-climate 
variance when the process of its modelling, approximating and removing is known as standardization [17]. The 
standardized tree-rings index was based on: 

It= Wt / Yt 

where It—standardizedcctree ring index. 

 Wt—tree rings width (mm). 

 Yt –estimated growth curve for yeart. 

We used a regression relationship and It to present a standard chronology of Quercus frainetto Ten. in the rearch area. 

3.5. Time series analysis  

After tree - ring marking, ring widths were measured to the nearest 0,01 width a stereomicroscope and a LINTABTM 
device (RINNTECH, Germany) with TSAP-WinTM (Version 0,55, 2003) software. Crossdating of tree-rings was carried 
out by using the TSAP software, wich was designed as a platform for the measurement and tree-rings time series 
analyses. The correlation between the different indirect methods is analysed with TSAP-Win ScientificTM a program for 
the measurement and analysis of tree-ring data [18]. Non-climatic trends were removed by using the autoregressive 
standardization (ARSTAN 198) program. To provide a new basis for removing non-climatic trends from tree ring data, 
regional growth curves (RGS s) have been recently used [19]. To obtain the RGS for the study site, the tree ring widths 
of all samples were averaged according to their cambial age. Moreover, the residual chronology was then used, which 
represented the maximum interannual climate variability. The quality of the chronologies was deemed sufficient if the 
expressed population signal (ESP) value of 0.88 was reached [20]. ESP was used to estimate the strength and reliability 
of the chronology through time [21]. The other growth indices were coefficient of parallel variation = 0.75, ESP = 0,86, 
signal-tonoise =0,74 and mean sesitivity = 0.68. After determining the growth indices, for each studied tree, the time 
series of tree –ring cronology was defined. Finally a chronology related to the studied trees was defined. 

3.6. Simulation of climatic parameters  

In this study, a multilayer perceptron - (MLP) net-work applied to simulate the climatic parameters. To estimate the 
climatic parameters during the past centuries, it was used from a feed-forward neural network and the Levenberg-
Marquardt (LM) learning algorithm. The tree-ring width and percepitation during the growth season were evaluted as 
inputs, and the precepitation of the growth season was adopted as the output. In the first stage, all data were normalized 
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and divided into two classses: training data (70% of all data), and testing data (30% of all data). Neurosolutions software 
(Version 5.0-2011) was used as an ANN in the simulation. Consequently, the best network architecture for the 
simulation of climatic factors was found, by using a trail-and error method that was an MLP network with a sigmoid 
transfer function and an LM training technique. The number of hidden neurons was changed from 1 to 10. Also, the trial-
and error method and sensitivity analysis were executed to select the appropriate input variables. There input petterns 
were evaluted, and their efficiencies (f) were evaluted and compared, an expressed in Eqs 2-4 : 

 AI = f (Wt), where: AI-De Martonne aridity index, Wt- tree – ring width (mm). 

 P = f (Wt), where P- annual precipitation (mm). 

 T = f (Wt), where T-annual mean temperature (C0). 

Thee modelling process was started with one neuron is in one hidden layer and then progress (with increassing) until 
the performance of the test is satisfactory [22]. The ANN efficiency is evaluted by using the mean squared error (MSE) 
and the coefficient of determination (R2). Using a verified network for the study area for the period 1900-2015, the 
annual AI changes were simulated. With in the modelling process, the network input was annual tree ring, and the 
network outputs were the annual AI, P, and T. Finally, to evaluate the simulation accuracy, the simulated results were 
compared with the recoded values.  

Table 1 Tree ring width- Wt- (Quercus frainetto Ten), annual precipitation (P), annual temperature (T), and the aridity 
index (AI) 

Year Wt- (mm) P (mm) T (OC) AI 

1960  1.55 298 13,4 12.84 

1961 2.79 317 12,7 14.10 

1962  2.35 345 13.3 14.96 

1963 2.41 371 12.9 16.39 

1964 3.03 328 13.8 14.03 

1965 2.30 373 13.1 16.33 

1966 2.88 353 13.3 15.31 

1967 2.68 360 12.5 16.19 

1968 2.24 320 12.9 14.11 

1969 3.25 367 13.7 15.65 

1970 2.45 310 13,9 13.08 

1971 2.26 328 13,3 14.22 

1972 1.95 330 13.1 14.33 

1973 2.33 357 13.8 15.16 

1974 2.17 303 14.7 12.36 

1975 2.34 317 14.2 13.21 

1976 3.26 343 13.6 14.68 

1977 3.45 335 13.7 14.27 

1978 2.88 288 13.8 12.20 

1979 3.09 351 13.7 14.96 

1980 2.28 309 14.4 12.77 

1981 1.95 377 13.2 16.44 
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1982 2.88 256 14.9 10.34 

1983 1.75 150 13.8 6.20 

1984 2.55 278 14.1 11.62 

1985 1.25 151 13.1 6.52 

1986 2.58 295 14.1 12.39 

1987 2.65 278 13.9 12.72 

1988 2.91 329 13.3 14.26 

1989 2.04 245 13.8 10.35 

1990 1.16 139 13.2 5.95 

1991 3.25 330 13.4 14.24 

1992 2.82 338 12.9 14.93 

1993 3.26 258 13.4 11.10 

1994 2.12 265 14,2 11.02 

1995 1.69 199 13.6 8.50 

1996 1.77 197 13.8 8,33 

1997 2.34 286 14.01 12,01 

1998 1.74 216 13,80 8.96 

1999 2.33 296 13.60 12.43 

2000 2.88 314 14.55 12.65 

2001 0.94 143 12.75 7.01 

2002 2.68 342 13.4 14.77 

2003 2.85 378 14.1 15.85 

2004 2.45 292 14.2 12.16 

2005 2.35 370 14.4 15.26 

2006 2.03 218 13.8 9.20 

2007 1.92 277 13.8 12.72 

2008 1.63 195 14.9 8,01 

2009 2.70 306 13,8 12.97 

2010 2.82 228 13.8 9.54 

2011 1.90 248 14.9 10.01 

2012 1.80 216 14.3 8.92 

2013 1.53 203 13.4 8.70 

2014 1.60 221 14.1 9.20 

2015 1.74 236 13.7 10.02 

4. Results  

Table 1- Shows some of the tree- ring widths and climatic factors. Statistical analysis was carried out with the SPSS 
software (Version 22.0, 2016) on climatic data (including T and P), It wass used from the Pearson correlation coefficients 
for the relationsships of P, T and AI with the tree –ring chronologies. Table 2 - shows the results of correlations of the 
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tree ring chronology with the climatic data (P, T, and AI). A significiant correlation of the tree ring with P, T, and AI-[23], 
was found. Also, the results showed that the tree ring was affected by P, T, and the climate classification (AI). The results 
from the analysis of variance idicated that tree-ring width was significantly (95% probability) related to P and T. 
According to results, effective factors in tree- ring width were P and T. The time series of the tree-ring chronology and 
the annual aridity index during the study period are presented in Fig 2. Fig.3. presents the time series of the tree-ring 
chronology and the mean tree-ring widths during the last century. Also, the tree-rings significantly decreased over the 
last 60 years. The results of an ANN simulation during the training stage for the AI SIMULATION (R2 = 0,8). Are presented 
in Table 3. Based on Figure 4 an evaluation of the ANN efficiency in the climatic simulation during the validation (testing) 
stage was done comparing the simulated and the measured aridity indices (R2 =0,66). Figure 5 indicates the results the 
network efficiency evalution of the AI simulation. 

Table 2 Person, s correlation between tree rings and annual precipitation (P), mean annual (T), and the aridity index 
(AI) 

Person, s correlation 

P 0,73 

T 0,27 

AI 0,72 

 

Table 3 Results of network training for simulating the aridity index using tree-ring width 

All runs Best network Training 

Average of minimum MSEs minimum MSE 0,009 

Average of final MSEs final MSEs 0,07 

 

 
Legend: Width Of Tree Rings. .., Aridity Index---, Precipitation .. 

Figure 2 Time series of tree ring chronology and aridity index during 1960-2015 
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Figure 3 Time series of series the tree ring chronology and the mean tree-ring width in last century 

 

Figure 4 Comprasion between the simulated and the measured aridity index in the testing stage (R 2=8) 

 

Figure 5 Comprasion between the simulated and the measured aridity index in the testing stage 
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After network optimization, an efficiency evaluation for the testing stage was performed via a comprasion between the 
measured and the simuleted precipitation during the growing season. Moreover, past studies confirm ANN,s 
performance in other modelling studies [24]. Figure 6 shows the simulated AI during the last century. According to the 
simulated De Martonne index, the climate changed from semiarid to arid during the last century (Table 4).According to 
the results, the ability of an ANN in the simulation of the aridity index is at an accept-able level of accuracy. Based on 
these results, we found acceptable outcomes during the training stage. The optimum network stucture for precipitation 
simulation includes an MLP with the input tree rings, a sigmoid transfer function, the LM or momentum training 
techniques, and one neuron. A sigmoid transfer function and LM or momentum training techniques are some of the best 
selections for hydrologic modelling [25]. 

 

Figure 6 Aridity index simulated by using the verified neural network andd the measured tree ring in the last century 

Figure 7 shows the annual precipitation during the last century as simulated by using dendroclimatology and an ANN. 
According to the results, the precipitation values in the study area decreased by about 100 mm over the last century. 

 

Figure 7 The simulated annual precipitation and the mean precipitation from Bojnourd meteorological station (50-
year period) in the last century 

5. Discussion 

One of the most commonly applied methode of evaluting climatic factor changes is the evalution of long-term records 
based on tree – ring analyses. To do this Quercus -chronologies were developed for the Šumadija region using different 
techniques, such as crossdating and standardization, and with aid of the ARSTAN software. These chronologies were 
correlated with climatic factors and climate changes were simulated based on the correlations. To found the variability 
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of climate cconditions due to anthropogenic effects and other effective factors, there is a need to precisely date annual 
tree-ring chronologies over a long period [26]. 

Table 4 The changes in climate class, mean annual precipitation (P) and mean annual temperature (T) during the last 
century 

 P (mm) T (C0) AI climate classification 

20th century 355 12.9 16.2 Mediterranean-(semi-arid) 

Meteorological station  

(the last 50 years) 

277 14.0 12.23 arid 

 

Therefore, to simulate the climate changes base on large-scale chronologies dating back, dendroclimatology and an ANN 
were applied together[27]. To evaluate the probable impacts of enabling-disabling tree rings, precipitation, 
temperature, and the arid ity index, some models were developed. Based on results, a suitable input variable for ANN 
in climatic simulation is tree-ring width. [28]. Thus we can prove the the high efficiency of the ANN and the present 
methodology (the integration of an ANN and dendroclimatology) in simulating climatic changes. [29]. The results 
showed that precipitation had a more significant relationshop with tree rings than did temperature, and the AI; 
however, using only the AI provided better results in the modelling of the climate index. Due to importance of the 
temperature factor under cold conditions, it is hardly likely to have been eradicted in a wetter regime [ 30 ]. Based on 
results, the best network structure for aridity index simulation is an MLP network with a sigmoid transfer function and 
the LM training technique and therefore an ANN based on the LM technique is an efficient structure for climatological 
simulations. Also, the results of the training stage showed that the MSE and the coefficient of determitation (R2) were 
0,06 and 1,1 respectively. [31]. These results proved that the use of an ANN for the simulation of climatic factors has 
produced good results. During the the test stage, MSE and R2 were 0,08 and 0,9 respectively. We simulated the climatic 
factors for the period 1900- 2015 (P, T and AI). As shown in Figure 7- the annual precipitation values in the study area 
during the last century ranged 139 to 485 mm. [32]. The annual mean temperature was from 13 to 17,5 C0. This 
simulation can be used to define periods of drought. For example, during the last century, some drought period occurred. 
Based on the results, the most intense droughts occured 1955, 1970, and 1980 years. 

6. Conclusion 

The reconstruction accuracy for annual temperature was lower than that for precipitation because of two main reasons: 
first, there was a lesser fluctuation in annual temperature in the study area: and second, the studied trees in this research 
grew in the highlands and in an area of low temperature. In the mid-twentieth century,particulary from 1950-2015, 
notable climatic changes ossured in the Šumadija –region. By using tree ring-chronology and the AI, we found that the 
climate class in the study area changed from semiarid, and this trend in climatic changes continued. In Serbia climate 
change are present in precipitation is greater than in temperature. Also according to many researches, it has been 
reported from various studies that started after the late 20-century. We observed early climate changes in the Šumadija 
region-it is region central Serbia in the mid-twententh century, during which industrialization in the study area was 
intensified. The climatic reconstruction (P, T, and the AI) for period 1900-2015 showed a long term trend towared lesser 
precipitation and higher aridity over in last 115 years.What is clear from the results of this study is that the preciptation 
in the Šumadija region decreased in the mid-twentieth century and its climate changed from semiarid to arid period. 
Based n the above- mentioned dendroclimatology studiess, an intense drought in the study area was defined. If suitable 
tree species were selected in suitable environmental confitions for dendroclimatology studies, capability of 
debdroclimatology in modeling climate change would be proved. Topography, pedology, and tree physiology are the 
most important factors an determining the local distribution of trees under consideration. This study showed that the 
climate in the Šumadija (resarch regin) chnaged from semiarid- arid the last century.  
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