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Data Visualization, Analysis and Statistical Predictions 
of Climate Trends for Sarajevo Metropolitan Area 

ABSTRACT 

We present data on overall changes of the meteorological phenomena in 

Sarajevo Metropolitan Area for the period between 1942 and 2017. For this 

period, we collected data on yearly minimum and maximum temperature, as 

well as precipitation levels. We use it to visually present trends and 

characteristic patterns during this 75-year period for the metropolitan area of 

Sarajevo. Our aim is to ascertain if and how Sarajevo long-term weather 

conditions align and fit in local manifestations of a global climate phenomenon 

of global warming. In addition, we use the existent data and statistical methods 

to predict the future trends for mentioned meteorological phenomena by 

applying neural networks and evaluating the fit of our forecasts using usual 

measures of fit. 

Keywords  

Climate Change, Statistics, Probability, Heat-wave, Cold-wave, Drought, Wildfire, 

Flood, Precipitation, Temperature. 

INTRODUCTION 

The motivation for this work came from the urgency and the global trend of 

mapping the patterns of climate change within a local setting. To our 

knowledge this is a first, over-encompassing (with respect to available data) 

endeavor using the relevant data from NOAA for the Sarajevo-Bjelave 

meteorological station and analyzing statistical trends for this area of research. 

Bosnia and Herzegovina is especially threatened by the climate change, not 

only because of her topography, but also of her limited adaptive resources and 
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the economic and agricultural segments. The most noticeable changes in the 

recent decade are visible during the winter period when the lack of snowfall 

and unusually warm spells from the Mediterranean are prevalent, but also 

during summer, with prolonged, scorching heat waves from the North Africa, 

followed by temperatures even above 35 ºC which occasionally last even more 

than two weeks consecutively, like in 2003 and 2012 (UNDP godišnji izvještaj 

“Strategija prilagođavanja na klimatske promjene niskoemisionog razvoja za 

Bosnu i Hercegovinu”, Knežević et al. 2013). Accompanying the graphical 

presentation of the meteorological data, we will test few hypotheses that reflect 

some of the most obvious aspects of the theory of climate change on the local 

level for the city of Sarajevo. The first two hypothesis presumes a pattern in 

meteorological parameters change over the selected three established 

consecutive overlapping 30-year climate normal, defined by the technical 

regulations of the WMO1: 1961-1990, 1971-2000, 1981-2010 (WMO Technical 

Regulations, 2018) and a shorter non-referent 30-year normal 1988-2017 

which will be the closest match to the upcoming 1991-2020 period. The last 

period is used to see how the climate changes during the beginning of the 21st 

century time-frame with respect to the 20th century climate and to prove that 

there exists a significant change in at least one climate normal using the 

analysis of the variance (ANOVA). This is also considered as a prior outlook on 

what we could potentially expect from the newest one 1991-2020. The last 

hypothesis shall reveal the confirmation of the significance using two sample 

t-test and the persistence of warm years in the 21st century time frame using 

                                                
1 WMO – World Meteorological Organization 
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percentile ranking method, a widely used evaluation criteria in the climatology. 

Furthermore, we will give some five to ten years ahead rough predictions for 

climate trends using some modern machine learning algorithms and long-

established statistical methods. 

DATA 

The following section shall explain the dataset characteristics and provide 

necessary descriptions for the analysed variables. 

DATASET DESCRIPTION 

Yearly measurements obtained from the NOAA2 for Sarajevo-Bjelave 

meteorological station covers 75 years and are used for the data analysis in 

this thesis. Enlisted are the variables with their brief description in Table 1 and 

declared by the regulations of NOAA (GSOM/GSOY Documentation, NCDC-

NCEI). The format of the dataset used in this project and thesis is in form of 

.xlsx (Excel Spreadsheet). 

Variable 
Name 

Brief Description 

STATION The unique ID based on the NOAA regulations. 
NAME City name 
LATITUDE City latitude position 
LONGITUDE City longitude position 
DATE Covering period from 1942 to 2017 
ELEVATION City elevation above the sea level 
DP01 Days with at least 0.25mm of measurable precipitation 
DP10 Days with at least 25.4mm of measurable precipitation 
DT00 Number of days with maximum air temperature equal or below -17.8 ºC. 
DT32 Number of days with minimum air temperature equal or below 0 ºC 
DX32 Number of days with maximum air temperature equal or below 0 ºC 
DX70 Number of days with maximum air temperature equal or above 21.1 ºC 
DX90  Number of days with maximum air temperature equal or above 32.2 ºC 
EMNT Extreme minimum air temperature for a given year, the lowest peak 
EMXT Extreme maximum air temperature for a given year, the highest peak 
PRCP Total annual precipitation for a given year 
TAVG Average annual air temperature for a given year 

                                                
2 NOAA – National Oceanographic and Atmospheric Administration 
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TMIN Average minimum air temperature for a given year 
TMAX Average maximum air temperature for a given year 

Table 1: Dataset description 

DATASET PREPROCESSING 

The following dataset has three datatypes: 

1. textual (character); 

2. date; 

3. numerical type. 

In total, dataset consists out of 20 variables with an initial size of 76 rows and 

20 columns (76x20), producing 1520 entries. The first two variables (STATION, 

NAME) enlisted in Table 1 are of type character, the fifth one (DATE) is of type 

date and the rest are numerical. Only variable DATE needed to be transformed 

from POSIX format to type date. There was no need for further data 

preprocessing as no missing or unknown values occurred in the dataset or for 

some variables to be disposed. Existing dataset was divided into four subsets 

or smaller data frames that represent distinct overlapping 30-year annual 

averages 1961-1990, 1971-2000, 1981-2010, 1988-2017, making it easier for 

the further analysis and comparisons, each defined with 31 rows and 20 

columns (31x20), producing 620 entries. 

VARIABLE DEFINITIONS 

For the measurable variables, a brief definition is given in the following 

subsections. Note that we use the American standard for the variables and 

declaration, defined by NCDC-NCEI Documentation. 
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DP01 

The variable DP01 is enlisted in the almanac and considered as daily measured 

precipitation if the value equals or exceeds at least 0.25 mm / l/m2 or 0.01 inch 

(GSOM/GSOY Documentation, NCDC-NCEI). This type of precipitation is 

considered as the main one throughout the year since it is present most of the 

time. It usually appears in form of local downpours, light rain/snow, flurries or 

drizzle in every season throughout the year. This kind of precipitation is usually 

associated with the frontal systems traversing across the country and, rarely, 

cyclonic activity from the south. 

𝐷𝑃#$ = 𝐷𝑃#$ ∈ 𝑁, 𝑖𝑓	𝑁 ≥ 0.25	𝑚𝑚 

DP10 

The variable DP10 is enlisted in the almanac and considered as daily measured 

precipitation if the value equals or exceeds at least 25.4 mm / l/m2 or 1 inch 

(GSOM/GSOY Documentation, NCDC-NCEI). This precipitation appears much 

less than DP01 type, considering the fact that the average precipitation level 

over the last seven and half decades is much lower than the DP10 threshold. 

This type is not present most of the time and appears in periods when the 

stronger cyclonic activity and low-pressure systems are present, rarely with 

the frontal passages. DP10 is included in the total amount of the DP01 

measurement, as DP10 is a subset of DP01. 

𝐷𝑃$# = 𝐷𝑃$# ∈ 𝑁, 𝑖𝑓	𝑁 ≥ 25.4	𝑚𝑚 

DT00 

The variable DT00 is enlisted in the almanac and considered valid if the daily 

measured maximum air temperature is less than or equal to -17.8 ºC or 0.0 ºF 
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(GSOM/GSOY Documentation, NCDC-NCEI). Such occurrences are 

associated with the powerful Siberian cold-waves in the winter period, 

spreading way too southern from its usual trace, bringing very bitter north-

easterly and easterly winds. In general, these occurrences are very rare and 

usually do not linger more than a day or two. Such day is evaluated as an 

exceptionally cold day (bos. “rekordno hladni dani”), since the mean maximum 

temperature based on the climate normal is well below at least two standard 

deviations, or 𝜇 −𝑚𝜎, where 𝑚 is the standard deviation coefficient from the 

climate normal mean, such that 𝑚 ≥ 2. 

𝐷𝑇## = 𝐷𝑇## ∈ 𝑁, 𝑖𝑓	𝑁 ≤ −17.8	º𝐶 and 𝜇 −𝑚𝜎, 𝑚 ≥ 2 

DT32 

The variable DT32 is enlisted in the almanac and considered valid if the daily 

measured minimum air temperature reaches the freezing point (0.0 ºC or 32 

ºF) at any period within the 24 hours (GSOM/GSOY Documentation, NCDC-

NCEI). Such days are quite common in colder part of the year and usually 

appear during morning and night hours as earliest as September or October, 

and as latest as April or May. 

𝐷𝑇=> = 𝐷𝑇=> ∈ 𝑁, 𝑖𝑓	𝑁 = 0	º𝐶 

DX32 

The variable DX32 is enlisted in the almanac and considered valid if the daily 

measured maximum air temperature does not exceed the freezing point (≤0.0 

ºC or 32 ºF) at any period within the 24 hours (GSOM/GSOY Documentation, 

NCDC-NCEI). Unlike DT00 type, DX32 days in Bosnia and Herzegovina are 
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considered as icy or freezing days (Atlas klime Bosne i Hercegovine, FHMZ, 

2018). Such days are quite common in winter season (bos. “ledeni dani”) and 

caused by the cold airmasses from the Siberia. These days are sometimes 

below the 𝜇 − 𝜎 or even 𝜇 − 2𝜎 threshold. 

𝐷𝑋=> = 𝐷𝑋=> ∈ 𝑁, 𝑖𝑓	𝑁 ≤ 0	º𝐶 

DX70 

The variable DX70 is enlisted in the almanac and considered valid if the daily 

measured maximum air temperature does exceed 21.1 ºC or 70.0 ºF at any 

period within the 24 hours (GSOM/GSOY Documentation, NCDC-NCEI). DX70 

in Bosnia and Herzegovina is defined as the warm day (bos. “topao/ljetni dan”) 

in which the maximum air temperature reaches or exceeds 25.0 ºC or 77.0 ºF 

(Atlas klime Bosne i Hercegovine, FHMZ, 2018). Such days are normal in 

period from May to October when the warm airmasses grip the southern 

Europe. 

𝐷𝑇=> = 𝐷𝑇=> ∈ 𝑁, 𝑖𝑓	𝑁 = 0	º𝐶 

DX90 

The variable DX90 is enlisted in the almanac and considered valid if the daily 

measured maximum air temperature does exceed 32.2 ºC or 90.0 ºF at any 

period within the 24 hours (GSOM/GSOY Documentation, NCDC-NCEI). DX90 

in Bosnia and Herzegovina is defined as an uncomfortable day (bos. “tropski 

dani”) in which the maximum air temperature reaches or exceeds 30.0 ºC or 

86.0 ºF (Atlas klime Bosne i Hercegovine, FHMZ, 2018). However, days that 

are becoming unbearable (bos. “nepodnošljivi dani”) are equal to DX90 
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standards. Such days are present as earliest as April and may last sometimes 

even up to October. They are mostly associated with the heat-waves that are 

present during summer period when the temperatures are the highest. 

𝐷𝑋@# = 𝐷𝑋@# ∈ 𝑁, 𝑖𝑓	𝑁 ≥ 21.1	º𝐶 

EMNT 

The variable EMNT is the lowest air temperature, or the lowest air temperature 

peak recorded within the year (GSOM/GSOY Documentation, NCDC-NCEI). 

Such occurrence appears mostly in January or February. 

EMXT 

The variable EMXT is the highest air temperature, or the highest air 

temperature peak recorded within the year (GSOM/GSOY Documentation, 

NCDC-NCEI). Such occurrence appears mostly in July or August. 

PRCP 

The variable PRCP is the number of days in which the measurable precipitation 

occurs (GSOM/GSOY Documentation, NCDC-NCEI). The total number of 

precipitation days per year is calculated by adding all days in which the 

measurable precipitation occurred. 

TAVG 

The variable TAVG is the obtained by adding average-weighted values of 

minimum and maximum air temperatures throughout 12 months and dividing 

it by 2. (GSOM/GSOY Documentation, NCDC-NCEI). Note that this is a 

different methodology from one that FHMZ is using in their analysis.  

𝑇𝐴𝑉𝐺 =
∑ 𝑇𝑀𝐼𝑁GG
H	I	$

𝑚 + ∑ 𝑇𝑀𝐴𝑋GG
HI$	

𝑚
2 , 𝑚 = 1, 2,… , 12 
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𝑇𝐴𝑉𝐺 =
𝑇𝑀𝐼𝑁 + 𝑇𝑀𝐴𝑋

2  

TMAX 

The variable TMAX is the obtained by adding average-weighted values of 

maximum air temperatures throughout 12 months and dividing it by 12. 

(GSOM/GSOY Documentation, NCDC-NCEI).  

𝑇𝑀𝐴𝑋 =
∑ 𝑇𝑀𝐴𝑋GG
HI$

𝑚 , 𝑚 = 1, 2,… , 12 

TMIN 

The variable TMIN is the obtained by adding average-weighted values of 

minimum air temperatures throughout 12 months and dividing it by 12. 

(GSOM/GSOY Documentation, NCDC-NCEI). 

𝑇𝑀𝐼𝑁 =
∑ 𝑇𝑀𝐼𝑁GG
H	I	$

𝑚 , 𝑚 = 1, 2,…12 

VARIABLE MEASUREMENTS 

Table 2 reveals the units for all thirteen measurable variables. Expressed units 

are in the metric system. 

Variable Measurement Unit 
DP01 millimeters/liters per square meter (mm / l/m2) 
DP10 millimeters/liters per square meter (mm / l/m2) 
DT00 Celsius/Centigrade (ºC) 
DT32 Celsius/Centigrade (ºC) 
DX32 Celsius/Centigrade (ºC) 
DX70 Celsius/Centigrade (ºC) 
DX90 Celsius/Centigrade (ºC) 
EMNT Celsius/Centigrade (ºC) 
EMXT Celsius/Centigrade (ºC) 
PRCP n/a – expressed as number of days 
TAVG Celsius/Centigrade (ºC) 
TMAX Celsius/Centigrade (ºC) 
TMIN Celsius/Centigrade (ºC) 

Table 2: Measurement units for the dataset variables 
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Among all enlisted variables, our focus will be put on four general ones (TAVG, 

TMAX, TMIN and PRCP) for which we will prove or disprove our hypothesis 

since these parameters are commonly used for the analysis in the meteorology 

in order to determine the patterns, hence these are the most important 

variables as all others highly depend on the selected ones. 

METHODS 

In the following section we will briefly explain some widely used statistical 

methods such as correlation matrices, linear regression, simple moving 

average (SMA) and analysis of variance (ANOVA) to show and evaluate the 

changes in the meteorological parameters and, if exist(s), prove the 

significance existence for the specific climate normal using the two sample t-

test. Autoregressive neural network (NNAR) will be used as our deep learning 

mechanism to produce the rough forecast for the next five to ten years. 

CORRELATION MATRICES AND ASSOCIATION ANALYSIS 

Correlation captures the linear association between variables. We examine 

linear associations between variables as reflected by the correlation matrix 

between them. The function rcorr outputs the p-values from the test of 

correlation equal to 0. From there we can see which correlation coefficients 

between which two variables is actually different from 0. Analyzing the 

association patterns between our variables might reveal potential causal 

relationships. In the results section, we will comment the observations for our 

parameters from the obtained correlation matrices and show the coefficients 

representation in a tabular form. If variables are closely related to each other, 

their estimation is easier. There are three types of correlations: 
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1. positive correlation: correlation is positive if the correlation coefficient 

between the variables is positive, or mathematically denoted > 0. A 

strong positive correlation is considered if the correlation coefficient 

exceeds > 0.5. Perfect positive correlation is considered if the 

correlation coefficient is equal to 1, or mathematically denoted = 1. 

2. negative correlation: correlation is negative if the correlation coefficient 

between the variables is negative, or mathematically denoted < 0. A 

strong negative correlation is considered if the correlation coefficient 

exceeds < −0.5. Perfect negative correlation is considered if the 

correlation coefficient is equal to -1, or mathematically denoted = −1. 

3. no correlation: correlation does not exist if the correlation coefficient 

between the variables is equal to 0, or mathematically denoted = 0. 

LINEAR REGRESSION ANALYSIS  

A single linear regression is used to find the statistical relationship between 

two continuous variables – the predictor or independent variable and response 

or dependent variable. We analyze the potential relationship between the 

independent variable, in our case DATE and response that are either one of 

four general variables enlisted in the data section (TAVG, TMAX, TMIN, PRCP). 

The main idea of linear regression is to obtain the best fit linear line. For all data 

points on the line, the prediction error must be as small as possible to be 

considered as the best fit line. Error is the orthogonal difference between the 

point and regression line. 

Mathematically, our simple linear model is designed such that the temperature 

variables (TMAX, TMIN, TAVG) and/or precipitation variable (PRCP) are 
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predicted if given the timeline with the corresponding year (DATE). From our 

training data we obtain the regression line that gives us the minimum error. If 

new data is about to come as an input, a linear equation is used to predict the 

temperature/precipitation outcome with the minimum error. The initial formula 

of the linear regression model is defined as following: 

𝑦O = 	𝑏# + 𝑏$ × 𝑥 

where 𝑥 represents our independent or predictor variable, 𝑦 our dependent 

variable, 𝑦O the predicted value of 𝑦, 𝑏$ the obtained slope of the line and 𝑏# the 

intercept, that is, the value of 𝑦 when 𝑥 = 0. The error rate 𝜀 is obtained by 

subtracting the actual output 𝐴𝑂 and predicted output 𝑃𝑂 for the set of data 

points, or mathematically written as: 

𝜀 = 	U(𝐴𝑂 − 𝑃𝑂)>
X

HI$

 

In our analysis, we have a single predictor model which intercept 𝑏# can be 

calculated as the difference between the dependent variable mean and the 

obtained slope of the line multiplied by the predictor, or mathematically written 

as: 

𝑏# = 	𝑦Y − 𝑏$ × 𝑥 

where 𝑦Y represents mean of dependent variable 𝑦.  

The slope of the line 𝑏$ is obtained as: 

𝑏$ = 	
∑ 	𝑥𝑦X
HI$

∑ 	𝑥>X
HI$
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𝑏$ = 	
∑ 	(𝑥H − �̅�)(𝑦H − 𝑦Y)X
HI$
∑ 	(𝑥H − �̅�)>X
HI$

 

where 𝑥 = 𝑥H − �̅� and	𝑦 = 𝑦H − 𝑦Y represent the standard deviations. 

There are two cases for exploring 𝑏$: 

1. if 𝑏$ > 0: both variables, dependent and independent, have a positive 

relationship. That is, an increase in 𝑥 will result the increase in 𝑦. 

2. if 𝑏$ < 0: both variables, dependent and independent, have a negative 

relationship. That is, an increase in 𝑥 will result the decrease in 𝑦. 

ANALYSIS OF VARIANCE – ANOVA 

Analysis of variance, commonly known as ANOVA, is a statistical test which 

paradigm is based on finding the significant differences between the means on 

more than two sample measurements. ANOVA is used to detect whether there 

is any significant difference between the sample means on some variable. 

Generally speaking, it is an extension of the Z and t-tests that are widely used 

to compare the sample means up to two sample measurements. Having ability 

to compare more measurements is connected to the regression field, which 

main task is to see the influences on the dependent variable from the 

independent variable(s). In our example, we use ANOVA to detect, if any, the 

significant differences within our variables. 

Let’s assume having 𝑚 different levels of a single factor for the comparison. 

For easier comprehension, consider the factors as the treatments. That is, each 

data element in the entry level is considered as a treatment. Each of 𝑚 

treatments in table/matrix have a response as a random variable. The 

observations should appear in the following matrix form where some 𝑦H[ 
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represents the jth observation on which the ith treatment is taken. That is, for 

some 𝑦H[, at the position j, the treatment i is taken for the comparison. Having 

an equal 𝑛-number of observations on each treatment is the initial assumption 

(Figure 1).  

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎡𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑂𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛𝑠 𝑇𝑜𝑡𝑎𝑙𝑠 𝐴𝑣𝑒𝑟𝑎𝑔𝑒𝑠

1 𝑦$$ 𝑦$> … 𝑦$X 𝑦$ 𝑦Y$
2 𝑦>$ 𝑦>> … 𝑦>X 𝑦> 𝑦Y>
3 𝑦=$ 𝑦=> … 𝑦=X 𝑦= 𝑦Y=
4 𝑦j$ 𝑦j> … 𝑦jX 𝑦j 𝑦Yj
⋮ ⋮ ⋮ … ⋮ ⋮ ⋮
𝑛 𝑦G$ 𝑦G> … 𝑦GX 𝑦G 𝑦YG

𝑦. . 𝑦Y. . ⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎤

 

Figure 1: Typical Data for a Single-Factor Experiment 

These observations can also be represented as the linear statistical model, 

using the formula: 

𝑦H[ = 𝜇 + 𝜏H + 𝜀H[ p
𝑖 = 1,2, … ,𝑚
𝑗 = 1,2, … , 𝑛  

where 𝑦H[ represents the random variable based on the ijth observation of our 

treatments, 𝜇 is the overall mean for all treatments, 𝜏H is the ith treatment effect 

and 𝜀H[ is the random error. 

The mean of the ith treatment, denoted as 𝜇H can be found by adding the ith 

treatment effect 𝜏H with the overall mean 𝜇. That is, to find the ith treatment, we 

will add all treatment effects up to the ith position and the overall mean of all 

treatments 𝜇. All treatments added will produce the population, that is, the ith 

treatment effect 𝜏H with the overall mean 𝜇 produces a population mean, 

denoted as 𝜇H in which the assumption is that errors 𝜀H[ are normally 

distributed, meaning that the mean is zero (if normally distributed data is 
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represented under the Gaussian curve, the range goes from −4 < 𝑥 < 4, so 

the peak is at 0) and variance is defined as 𝜎>, or mathematically denoted as 

𝒩(0, 𝜎>) or 𝑥 ∈ ℕ(0, 𝜎>).  

The ith treatment effect 𝜏H can be found as the summation of all treatments up 

to the last m-treatment, differing from the overall mean 𝜇.  

U𝜏H

G

HI$

= 0 

where summation goes from the first up to the last treatment, differing from the 

overall mean (due to the normal distribution) equal to 0. Considering yYu being 

the total of the observations and the average under the ith treatment, where 𝑦.. 

represents the grand total of all observations and yY.. the grand mean of all 

observations, we obtain the following: 

𝑦H = U𝑦H[

X

[I$

 

and 

𝑦. . =UU𝑦H[

X

[I$

G

HI$

 

where yYu=
vw.
X
, 𝑖 = 1,2, … ,𝑚 and 𝑦Y = v..

x
, 𝑁 = 𝑚𝑛, a total number of observations 

(denoted as 𝑁 – the population). 

To test the hypothesis, take into consideration 𝑚-treatment means 

𝜇$, 𝜇>, 𝜇=, … 𝜇G.  
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Hence: 

𝐻# = 𝜇$ = 𝜇> = ⋯ = 𝜇G = 0 

𝐻$ = 𝜇H ≠ 0: 𝑓𝑜𝑟	𝑎𝑡	𝑙𝑒𝑎𝑠𝑡	𝑜𝑛𝑒	𝑖 

This means if the null hypothesis is true, then each observation must have the 

random error 𝜀H[ and the overall mean 𝜇. If each observation has their 

corresponding components, that is, the random error 𝜀H[ and the overall mean 

𝜇, then the complete sample or population of 𝑁 observations is obtained, taken 

from the normal distribution with mean 𝜇 and variance 𝜎>, or mathematically 

denoted as 𝒩(0, 𝜎>) or 𝑥 ∈ ℕ(0, 𝜎>). In other words, since all treatments 𝜏H will 

be added with the mean 𝜇, the population of 𝑁 observations are obtained, 

where the corresponding errors 𝜀H[ are normally distributed. Hence, population 

of 𝑁 observations will be taken from the normally distributed data with the 

mean 0 and variance 𝜎>. Therefore, the conclusion will be the truth of the null 

hypothesis iff no response is reflected on the mean (since mean is 0) and 

independent on the changes in level factors. Comprehensively speaking, the 

null hypothesis states there is no significant difference for at least 1𝝁, 

while the alternative hypothesis is significantly different for at least 1𝝁. 

Deciding the differences of the sample data is based on the comparison of the 

estimation of the population variance. This term is described by the total sum 

of squares, denoted as 𝑆𝑆�. 

The formula for the total sum of squares is shown as: 

𝑆𝑆� =UU�𝑦H[ − yY..�
>

X

[I$

G

HI$

 



 

 25 

where the precedent formula is the derived identity: 

UU�𝑦H[ − 𝑦Y�
>

X

[I$

G

HI$

= 𝑛U(𝑦YH − 𝑦Y..)>
G

HI$

+UU�𝑦H[ − 𝑦YH�
>

X

[I$

G

HI$

 

The proof follows the identity: 

UU�𝑦H[ − 𝑦Y�
>

X

[I$

G

HI$

= 𝑛U(𝑦YH − 𝑦Y..)>
G

HI$

+UU�𝑦H[ − 𝑦YH�
>

X

[I$

G

HI$

 

where the first term is the treatment sum of squares 𝑆𝑆�� and the second is the 

sum of errors, but also the error sum of squares 𝑆𝑆�. Adding both sums will 

produce the following: 

𝑆𝑆� = 𝑆𝑆�� + 𝑆𝑆� 

Or mathematically: 

UU�𝑦H[ − 𝑦Y�
>

X

[I$

G

HI$

= 𝑛U(𝑦YH − 𝑦Y..)> +
G

HI$

UU�𝑦H[ − 𝑦YH�
>

X

[I$

G

HI$

 

Simplifying further the following expression produces the final formula: 

UU�𝑦H[ − 𝑦Y�
>

X

[I$

G

HI$

 

UU�𝑦H[ − 𝑦YH�
>

X

[I$

G

HI$

+ 2UU(𝑦YH − 𝑦Y..)�𝑦H[ − 𝑦YH�
X

[I$

G

HI$

+ 𝑛U(𝑦YH − 𝑦Y..)>
G

HI$

 

Since treatment sum of squares 𝑆𝑆�� and error sum of squares 𝑆𝑆� are the 

same: 
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UU�𝑦H[ − 𝑦YH�
>

X

[I$

G

HI$

=UU�𝑦H[ − 𝑦YH�
>

X

[I$

G

HI$

 

Conclude that treatment sum of squares 𝑆𝑆�� is defined as: 

𝑆𝑆� =UU�𝑦H[ − 𝑦Y..�
>

X

[I$

G

HI$

 

The total sum of squares can be partitioned into the sum of squares of 

differences between the treatments and the sum of squares within the 

treatments: 

𝑆𝑆� = 𝑆𝑆�� + 𝑆𝑆� 

where total sum of squares, denoted as 𝑆𝑆� is defined as following: 

𝑆𝑆� =UU�𝑦H[ − 𝑦Y�
>

X

[I$

G

HI$

 

and treatment sum of squares, denoted as 𝑆𝑆�� is defined as following: 

𝑆𝑆�� = 𝑛U(𝑦YH − 𝑦Y..)>
G

HI$

 

and error sum of squares, denoted as 𝑆𝑆� is defined as following: 

𝑆𝑆� =UU�𝑦H[ − 𝑦Y�
>

X

[I$

G

HI$

 

Degrees of freedom 𝑣 in ANOVA is the number of factor levels – 1, or 

mathematically denoted as: 

𝑣 = (𝑚 − 1) + 𝑚(𝑛 − 1) 
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Further simplification of the expression, the following is obtained: 

𝑣 = 𝑚 − 1 +𝑚𝑛 −𝑚 

Cancelling opposite signs, the following is obtained: 

𝑣 = −1 +𝑚𝑛 

𝑣 = 𝑚𝑛 − 1 

Comparison of the estimation of the population variance means that ANOVA 

uses the F-test. The null hypothesis can be written as: 

𝐹# =
𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒	𝑏𝑒𝑡𝑤𝑒𝑒𝑛	𝑡ℎ𝑒	𝑠𝑎𝑚𝑝𝑙𝑒𝑠
𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒	𝑤𝑖𝑡ℎ𝑖𝑛	𝑡ℎ𝑒	𝑠𝑎𝑚𝑝𝑙𝑒𝑠  

Hence, the mean sum of squares 𝑀𝑆𝑆 can be written as the ration between 

individual sum of squares 𝑆𝑆 and degrees of freedom 𝑣: 

𝑀𝑆𝑆 =
𝑆𝑆
𝑣  

Verification of failing/failing to reject hypothesis in ANOVA follows the F-test 

paradigm where 𝑣$ are the treatments and 𝑣> are the errors. 

𝐹# < 𝐹��,��,�� — fail to reject 𝐻#            𝑝 > 𝛼 — fail to reject 𝐻# 

𝐹# > 𝐹��,��,�� — reject 𝐻#             𝑝 < 𝛼 — reject 𝐻# 

TWO SAMPLE t-TEST 

The two-sample t-test is very commonly used hypothesis testing which 

compares two groups in order to determine is their average differences 

significantly different or not. In our case, we use two-sample t-test in order to 

prove that there is a significant difference in at least one sample mean after it 
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was detected by ANOVA. Since the two samples are different in their 

variances, we used two sample t-test assuming unequal variances.  

When two variances are unequal, each variance is estimated separately. Given 

a mean 𝜇$, size 𝑛$ and variance 𝜎$> from first mean, and the second sample 

with its own mean	𝜇>, size 𝑛> and variance 𝜎>>, t-test can be calculated as 

following: 

�̅�$ 	−	 �̅�> − 𝑡#.#>�,��
1
𝑛$
+
1
𝑛>
≤ 	𝜇1 	−	𝜇2 ≤ 	 �̅�$ 	−	 �̅�> + 𝑡#.#>�,��

1
𝑛$
+
1
𝑛>

 

where 𝑑𝑓3 is represented as 𝑣 and it is given by: 

𝑣 =
(𝑠$

>

𝑛$
+ 𝑠>

>

𝑛>
)>

𝑠$>
𝑛$

𝑛$ − 1

>

+
𝑠>>
𝑛>

𝑛> − 1

> 

where 𝑠$ and 𝑠> represent standard deviations. Verification of failing/failing to 

reject hypothesis in t-test is shown as following: 

𝑡# < 𝑡�� — fail to reject 𝐻#              𝑝 > 𝛼 — fail to reject 𝐻# 

𝑡# > 𝑡�� — reject 𝐻#               𝑝 < 𝛼 — reject 𝐻# 

Results section will provide the tabular representation of data in which we will 

see the obtained analysis results. 

SIMPLE MOVING AVERAGE (SMA) 

Simple moving average (SMA) is a statistical method which determines the 

average trendline based on averaging all samples and dividing it by the total 

number of periods 𝑝. Mathematically speaking, SMA is defined as following: 

                                                
3 𝑑𝑓: degrees of freedom 
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𝑆𝑀𝐴 =
𝐴$ + 𝐴> + 𝐴= +⋯+ 𝐴X

𝑝  

where 𝐴X number of averaged samples and 𝑝 is the number of periods. 

AUTOREGRESSIVE NEURAL NETWORK (NNAR) 

NNAR stands for “Neural Network Autoregressive” in which the lagged values 

of the time series are the inputs to the neural network. This means that we use 

past period values of the explanatory variable to feed the neural network and 

prediction is obtained by using regression equation. 

We use feed-forward network with one hidden layer and its notation is 

expressed as 𝑁𝑁𝐴𝑅(𝑝, 𝑘) where 𝑝 represents lagged inputs and 𝑘 the 

corresponding number of nodes in a hidden layer. The nnetar()function 

fits an 𝑁𝑁𝐴𝑅(𝑝, 𝑃, 𝑘) model, where 𝑃 represents number of seasons. Since in 

our case we do not have seasonal data, we use non-seasonal time series where 

by default the optimal number of lags are determined according to AIC. AIC is 

the estimator of the statistical model quality for a linear autoregression model 

𝐴𝑅(𝑝). 

The neural network fitted to our climate set data with estimated 𝑁𝑁𝐴𝑅(10, 6) 

model can be written as: 

𝑦� = 𝑓(𝑦��$) + 𝜀� 

where (𝑦��$ = 𝑦��$, 𝑦��>, 𝑦��=, … , 𝑦��$#)� is a vector that contains the lagged 

values of 10 series with 6 hidden nodes in a single layer. The error series 𝜀H is 

considered as homoscedastic and normally distributed, which means that 

there exists same variance on all random variables in the vector sequence, 
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thus there is no heterogeneity between the variances and statistical prediction 

can be estimated easier, because homoscedasticity results in better data 

fitting. The future simulations paths can be done iteratively, by assigning 

randomly a value for error series 𝜀�, either from a normal distribution, or by 

taking the historical values and resampling it.  

If the future path 𝜀∗��$ is a random draw from the error distribution at time 𝑇 +

1, then: 

𝑦∗��$ = 𝑓(𝑦�) +	𝜀∗��$	 

is one possible draw from the forecast distribution for 𝑦��$. If we put 𝑦∗��$ =

(𝑦��$, 𝑦�, 𝑦��$, 𝑦��>, … , 𝑦���)′, we can simulate for the future sample path 

iteratively. For our example, we performed NNAR to obtain the forecast in the 

five to ten years timeframe. 

PERCENTILE RANKING 

In order to estimate the deviation interval from the average values for the 

meteorological parameters, percentiles are used to express the distribution of 

results into 100 parts, each containing 1 % of the result distribution and its 

range goes from 1 ≤ 𝑥 ≤ 100. The given percentile corresponds to the point 

of distribution, that is, a corresponding percentage of result up to that point. 

Percentiles can be obtained using the mathematical formula: 

𝐼 =
𝑃

(100 × 𝑁) 

where 𝐼 represents the position of the particular percentile within the 

distribution, 𝑃 the particular percentile and 𝑁 the total number of results in the 
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distribution (Spahić M, “Weather and Severe Weather, 2015). We will use the 

percentile rank in order to evaluate the persistence of warmer and colder, drier 

and wetter years, respectively. The criterium is defined for temperatures and 

precipitation according to Conrad-Chapman methodology (Chapman, E. H. 

1919; Penzar and Makjanić, DHMZ, 1980) and it is presented in Table 3 for 

temperatures and Table 4 for precipitation. 

For Temperature Percentiles 

ekstremno hladno extremely cold <2 

vrlo hladno very cold 2-9 

hladno cold 10-24 

normalno normal 25-75 

toplo warm 76-90 

vrlo toplo very warm 91-98 

ekstremno toplo extremely warm >98 

Table 3: Conrad-Chapman Percentile Categorization Table for Temperatures 

For Precipitation Percentiles 

ekstremno suho extremely dry <2 

vrlo suho very dry 2-9 

suho dry 10-24 

normalno normal 25-75 

vlažno wet 76-90 

vrlo vlažno very wet 91-98 

ekstremno vlažno extremely wet >98 

Table 4: Conrad-Chapman Percentile Categorization Table for Precipitation 

From the percentile 𝑃 we can calculate the return period 𝑇 expressed in 

number of years from the mathematical formula: 

𝑇 =
100
𝑃 , 𝑖𝑓	𝑃 < 50 

𝑇 =
100

100 − 𝑃 , 𝑖𝑓	𝑃 > 50 
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For instance, if 𝑃 = 98	%, the return period 𝑇 = 50. For the percentile	𝑃 =

98	%, there is probability that the corresponding air temperature/precipitation 

level will appear 2 times on average in the 100-year period or once in a 50-

year period. The same analogy applies for other percentiles. Note that  

𝑃 = 98	% = 𝑃 = 2	% 

because the denominator in both cases is 2. If	𝑃 = 25	% and/or 𝑃 = 	75	%, the 

return period 𝑇 = 4. For the percentile 𝑃 = 25	% and 𝑃 = 	75	% there is 

probability that the corresponding air temperature/precipitation level will 

appear 4 times in 100-year period or twice in a 50-year period.  

RESULTS 

This section heavily provides the comments on the graphical and tabular 

analysis results from the applied abovementioned methods. 

CORRELATION MATRIX FOR THE DATASET – 1942-2017 

Figure 2 represents all numerical variables from our dataset with their 

corresponding coefficients obtained from the correlation test. What we can 

notice is that the annual average air temperature (TAVG) has a strong, almost 

perfect positive correlation (0.8 and above) w.r.t the annual average minimum 

(TMIN) and maximum air temperature (TMAX). This shows us that we can 

predict the second variable by just knowing the first variable, either TAVG, 

TMIN or TMAX. Analytically we can propose the statement that if the increase 

in the average annual minimum and maximum air temperature over the last 75 

years is present, then our annual average air temperature increases and vice 

versa. Because of the almost perfect negative correlation (-0.8 or below) in the 
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average annual minimum air temperature w.r.t the number of cold days (DT32), 

there is a clear insight that the increase of the annual average minimum air 

temperature tends to reduce the number of cold days, but also the number of 

freezing days (DX32) on the annual base, leaving the space for the annual 

average air temperature to increase even more. Contrarily, with lack of the cold 

influences, the number of warm (DX70) and uncomfortable days (DX90) on the 

annual base rise due to the very strong positive correlation between the higher 

average annual maximum air temperature (TMAX), and a perfect positive 

correlation of 1 is established between the average annual minimum air 

temperature (TMIN), meaning that the increase of the average annual minimum 

air temperature is followed by the increase in average annual maximum air 

temperature. Analytically, due to the obvious warming trend, the extreme 

annual minimum air temperature (EMNT) shows that with a decline in number 

of cold and freezing days we tend to get higher temperature values for the 

lowest annual peak, but interestingly the correlation coefficient does not show 

the same result for the extreme annual maximum air temperature (EMXT) as 

no or very weak correlation exists. Even if we move along the timeline (DATE), 

a positive correlation trend is present for most of the given variables. However, 

the precipitation is followed by the negative correlation. This is mostly visible 

in the number of warm and uncomfortable days which could reveal that we 

tend to get less precipitation than usual during warm and uncomfortable days 

and more during cold and frosty days. Also, tracking the timeline (DATE) there 

is a very weak positive correlation that shows us very small or no significant 

increase in the average annual precipitation (PRCP).  
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Figure 2: Correlation matrix for period 1942-2017 

However, the initial correlation analysis can vary with the results from the 

decade to decade, so in the following subsections we represent the initial one 

that is split into three referent climates normal: 1961-1990, 1971-2000, 1981-

2010 and a non-referent 1988-2017. For the first referent normal 1961-1990, 

we do the comparison w.r.t 1942-2017, as our starting point, while the following 

ones are compared w.r.t to its precedence (1971-2000 w.r.t 1961-1990, etc.). 

CORRELATION MATRIX FOR THE REFERENT CLIMATE NORMAL 
1961-1990 

Very little change can be deduced in comparison of 1961-1990 period w.r.t 

1942-2017 analysis. The most obvious one is the perfect positive correlation 
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w.r.t the average annual minimum air temperature (TMIN) which shows us that 

the minimum temperature increase along with the average annual air 

temperature (TAVG) and to lower extent with the average annual maximum air 

temperature (TMAX), as this climate normal indeed is not recorded as the 

period of abnormal highest annual air temperature peak values. However, to 

the lower extent with the average annual maximum air temperature (TMAX) 

and to the higher with the average annual air temperature (TAVG), a negative 

correlation exists in the precipitation levels (PRCP) and to its derivations, such 

as number of rainy days with at least 0.25 mm (DP01) and at least 25.4 mm 

(DP10). This reveals that, like in 1942-2017 analysis, we tend to have less 

precipitation when it is warmer and more when it is colder. Analytically, the 

obvious increasing trend in the average annual minimum air temperature 

cause to reduce the number of freezing days on the annual base (DX32). Due 

to the lack of cold influences, like in 1942-2017, along with the timeline (DATE), 

we see that the average annual air and annual minimum air temperature tend 

to increase, as well as the number of warm days (DX70), while there is a 

difference w.r.t 1942-2017 since the increase is less amplified in the average 

annual maximum air temperature and in the number of uncomfortable days 

(DX90). Figure 3 is given below with the corresponding numerical variables 

analysed for the climate normal 1961-1990 with the corresponding coefficients 

obtained from the correlation test. 
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Figure 3: Correlation matrix for period 1961-1990 

CORRELATION MATRIX FOR THE REFERENT CLIMATE NORMAL 
1971-2000 

The 1971-2000 climate normal w.r.t 1961-1990 analysis shows even more 

changes and signal amplifications. The most obvious one is again the perfect 

positive correlation w.r.t the average annual minimum air temperature (TMIN) 

which shows us that the minimum temperature increase along with the average 

annual air temperature (TAVG), but unlike 1961-1990, even the average annual 

maximum temperature (TMAX), which is the first obvious difference. Negative 

correlation exists again in the precipitation levels (PRCP) and its derivations, 

such as number of rainy days with at least 0.25 mm (DP01) and at least 25.4 
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mm (DP10). This again reveals that, like in 1942-2017 and 1961-1990 analysis, 

we tend to have less precipitation when it is warmer and more when it is colder. 

Analytically, the increasing trend in the average annual minimum air 

temperature and average annual maximum air temperature cause to reduce 

the number of freezing days on the annual base (DX32) and to increase the 

extreme maximum temperature values (EMXT), meaning that the higher 

temperature values for the highest annual peak are obtained in 1971-2000 w.r.t 

1961-1990 normal. The connected relationship is directly responsible to the 

increase in the number of uncomfortable days (DX90). Due to the lack of cold 

influences, like in 1942-2017 and 1961-1990 analyses, along with the timeline 

(DATE), we see that most of the thermic variables tend to increase, while the 

precipitation levels decrease. Figure 4 is given below with the corresponding 

numerical variables analysed for the climate normal 1971-2000 with the 

corresponding coefficients obtained from the correlation test. 
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Figure 4: Correlation matrix for period 1971-2000 

CORRELATION MATRIX FOR THE REFERENT CLIMATE NORMAL 
1981-2010 

The 1981-2010 climate normal w.r.t 1971-2000 analysis shows even stronger 

signal amplifications and here the analysis becomes interesting for the 1988-

2017 non-referent climate normal that shall be the rough first insight for the 

upcoming 1991-2020 normal. Since this is the last referent climate normal, we 

can conclude that the common consistency is in the perfect positive correlation 

w.r.t the average annual minimum (TMIN) and maximum air temperature 

(TMAX) which shows us that the minimum and maximum temperature increase 

along with the average annual air temperature (TAVG). The average annual 
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minimum air temperature has a perfect negative correlation w.r.t the number 

of cold days (DT32) which show us a rapid decline in the number of cold days 

as the average annual air temperature increase. Unlike the previously 

observed normal periods, 1961-1990 and 1971-2000, 1981-2010 shows 

surprisingly a strong positive correlation along the timeline in the precipitation 

levels, especially for the number of days with precipitation >25.4mm (DP10) 

and overall annual precipitation (PRCP) and to lower extent even in the number 

of days with precipitation >0.25mm (DP01). This behavior could be potentially 

linked to the increase of the thermal energy capable to produce stronger 

precipitation episodes, especially during spring and summer. Thermic 

variables, such as number of warm days (DX70) and uncomfortable days 

(DX90) show the positive correlation along the timeline (DATE). Analytically, 

the warming trend obviously continues to strengthen, but the climate trend 

tends to turn a bit wetter than it used to be. With more heat presence, the 

higher probabilities exist for stronger, short-lasting storm systems, leading to 

more precipitation than usual. Figure 5 is given below with the corresponding 

numerical variables analysed for the climate normal 1981-2010 with the 

corresponding coefficients obtained from the correlation test. 
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Figure 5: Correlation matrix for period 1981-2010 

CORRELATION MATRIX FOR THE NON-REFERENT CLIMATE 
NORMAL 1988-2017 

The 1988-2017 climate normal is considered as non-referent since it is not 

recognized by the technical regulations of the WMO. However, this normal can 

be considered as the first insight to the upcoming referent normal 1991-2020. 

The period 1988-2017 only has some changes in the precipitation signals, 

while the rest of the variables are not changed too much. Unlike 1981-2010, 

precipitation signals, especially for the number of days with precipitation 

>25.4mm (DP10) shows first signs of the weak negative correlation along the 

timeline, while the signals for other types of the precipitation, including the 
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annual one is weaker w.r.t 1981-2010 analysis. Such behavior is harder for 

explanation, but the initial assumption is the appearance of the unequal 

precipitation distribution throughout the year due to the extreme weather 

phenomena occurring in the last 20 to 30 years. Like in 1981-2010 analysis, 

we still keep more or less the same wetter pattern as the annual precipitation 

level increases. Figure 6 is given below with the corresponding numerical 

variables analysed for the non-referent climate normal 1988-2017 with the 

corresponding coefficients obtained from the correlation test. 

 

Figure 6: Correlation matrix for period 1988-2017 
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LINEAR REGRESSION FOR THE AVERAGE ANNUAL TEMPERATURE 
– 1942-2017 

Figure 7 reveals the scatterplot for the average annual air temperature in 

period 1942-2017. Dark blue line represents the linear regression line, while 

smoothed blue line represents the LOESS4 or the moving regression. The 

moving regression is obtained by approximating the data points of a given 

dataset and fitting them onto the line. Alternating red and blue circles 

represents years that are warmer and colder than average respectively. The 

stronger opacity the circle has, the more temperature deviation is present from 

the climate average, in this case from 1942-2017 period. Orange line 

represents the 1961-1990 climate normal, red 1971-2000, firebrick 1981-2010 

normal, while dark red represents the overall observed period 1942-2017. 

 

Figure 7: Scatterplot for the average annual temperature in Sarajevo, BiH. Period 1942-2017 

As we can see from Figure 7, in the recent era there has been more years that 

were warmer than cooler from the average, which is not the case with the 20th 

                                                
4 LOESS – Locally estimated scatterplot smoothing 
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century climate when it was noticeably cooler than average. At least 10 years 

from the 21st century are considered as the warmest years ever recorded or 

2/15 of the overall observed period. Only one out of 17 years of the 21st century 

(2005) is cooler than average which clearly verifies the presence of the 

warming trend. However, comparing 1942-2017 observed period with 1961-

1990, 1971-2000 and 1981-2010 normal, we obtain that there are 31 years 

above all above-mentioned averages, from which at least half of them appear 

after the mid-1980s. Ten are around the averages, while the rest are cooler 

than all averages. The coldest average annual temperature occurred in 1956 

with 8.8 ºC, and the warmest in 2014 with 12.4 ºC. Due to the obvious warming 

trend starting from the mid-1980s, we can hypothesize that there is a presence 

in the warming trend. 

 

Figure 8: Contour plot for the average annual temperature in Sarajevo, BiH.  

Period 1942-2017 

Figure 8 represents the contour plot for the overall period of observation. We 

notice that the moving regression starts to increase from the mid-1970s and 
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amplifies in the early 2000s, verifying the presence of the warming trend in the 

21st century, with a potentially newly established average (closed contour). 

Table 5 shows the regression statistical results (goodness of fit) for period 

1942-2017. 

SUMMARY OUTPUT  
  

Regression Statistics 

Multiple R 0,5136866 
R Square 0,26387392 

Adjusted R Square 0,25392627 
Standard Error 0,68924822 

Observations 76 

Table 5: Goodness of fit/regression statistical results for annual average temperature.  
Period 1942-2017 

From Table 5 we can conclude that only 26.38 % of values fit our model, that 

is 26.38 % of the y-values variation around the mean µ are explained by the x-

values. The estimated standard deviation for the mean µ is 0.689, so according 

to formula 𝜇 ± 𝜎 we can evaluate if the specific event can be evaluated as an 

extreme. An extreme event is considered if 𝜎 ≥ 2, that is if the mean exceeds 

at least two standard deviations, or mathematically 𝜇 ± 2𝜎 (Chapman E. H, 

1919; Spahić M, 2002).  

The extreme boundaries for the average annual temperature are defined in 

Table 6. The obtained results are rounded to the nearest tens and calculated 

for the upper bound limit. 

Period Non-Extreme: 𝜇 ± 𝜎 Extreme: 𝜇 ± 2𝜎 
1942 – 2017 11.0 ºC 11.7 ºC 

Table 6: Allowed non-extreme and extreme boundaries for average annual temperature. 
Period 1942-2017 

The finer picture is given in the subsections that includes the climate normal 

periods 1961-1990, 1971-2000, 1981-2010 and a non-referent 1988-2017. 
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LINEAR REGRESSION FOR THE AVERAGE ANNUAL 
TEMPERATURE – 1961-1990 

Figure 9 reveals the scatterplot for the average annual temperature for the 

climate normal 1961-1990. The dark red colour line on the graph represents 

the overall observed period 1942-2017, while orange, red and firebrick 

represent average values for 1961-1990, 1971-2000 and 1981-2010 climate 

normal respectively. Smoothed blue line represents the moving regression and 

dark blue the linear regression line. Comparing it to 1942-2017 observed 

period, only 5 years are above the all average (1961, 1977, 1979, 1990), while 

others are below the threshold. Comparing it to 1961-1990, 1971-2000 and 

1981-2010 normal, the 1970s and early 1980s are cooler than average, except 

1977, 1979, 1982 and 1987), which tells us that the warming trend was not 

intensive before the mid-1980s.  

 

Figure 9: Scatterplot for the average annual temperature in Sarajevo, BiH. Period 1961-1990 

Thermic contour plot (Figure 10) shows a slight decline at the beginning of the 

1960s with the stagnation period in-between before amplifying up in the mid-

1980s for the moving regression. The regression line shows a slight increase 
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like the moving regression, mainly due to the warmer 1980s than 1970s or 

1960s.  

 

Figure 10: Contour plot for the average annual temperature in Sarajevo, BiH.  
Period 1961-1990 

Table 7 shows the regression statistical results (goodness of fit) for period 

1961-1990. 

SUMMARY OUTPUT  

  

Regression Statistics 

Multiple R 0,353915 
R Square 0,125256 

Adjusted R Square 0,094015 
Standard Error 0,454035 

Observations 30 

Table 7: Goodness of fit/regression statistical results for annual average temperature.  
Period 1961-1990 

From Table 7 we can conclude that only 12.52 % of values fit our model, that 

is 12.52 % of the y-values variation around the mean µ are explained by the x-

values. The estimated standard deviation for the mean µ is 0.454, so like in the 

previous scenario, according to formula 𝜇 ± 𝜎 we can evaluate if the specific 

event can be evaluated as an extreme.  
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The extreme boundaries for the average annual temperature are defined in 

Table 8. The obtained results are rounded to the nearest tens and calculated 

for the upper bound limit. 

Period Non-Extreme: 𝜇 ± 𝜎 Extreme: 𝜇 ± 2𝜎 
1961 – 1990 10.4 ºC 10.8 ºC 

Table 8: Allowed non-extreme and extreme boundaries for average annual temperature. 
Period 1961-1990 

LINEAR REGRESSION FOR THE AVERAGE ANNUAL 
TEMPERATURE – 1971-2000 

Figure 11 reveals the scatterplot for the average annual temperature for the 

climate normal 1971-2000. Comparing it to 1942-2017 observed period, 9 

years are above the all average (1977, 1979, 1982, 1990, 1992, 1993, 1994, 

1999, 2000), while others are below the threshold. Comparing it to 1961-1990, 

1971-2000 and 1981-2010 normal, the 1970s and early 1980s are cooler than 

average, except 1977, 1979, 1982 and 1987), which tells us that the warming 

trend was not intensive before the mid-1980s.  

 

Figure 11: Scatterplot for the average annual temperature in Sarajevo, BiH.  
Period 1971-2000 
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Thermic contour plot (Figure 12) reveals a slight increase after the mid-1980s 

with the amplification in the 1990s for the moving regression. The regression 

line shows higher increase w.r.t 1961-1990 normal. 

 

Figure 12: Contour plot for the average annual temperature in Sarajevo, BiH.  
Period 1971-2000 

Table 9 shows the regression statistical results (goodness of fit) for period 

1971-2000. 

SUMMARY OUTPUT  

  

Regression Statistics 

Multiple R 0,504493 

R Square 0,254513 
Adjusted R Square 0,227889 

Standard Error 0,532487 

Observations 30 

Table 9: Goodness of fit/regression statistical results for annual average temperature.  
Period 1971-2000 

From Table 9 we can conclude that 25.45 % of values fit our model, that is 

25.45 % of the y-values variation around the mean µ are explained by the x-

values. The estimated standard deviation for the mean µ is 0.532, so like in the 
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previous scenarios, according to formula 𝜇 ± 𝜎 we can evaluate if the specific 

event can be evaluated as an extreme. 

The extreme boundaries for the average annual temperature are defined in 

Table 10. The obtained results are rounded to the nearest tens and calculated 

for the upper bound limit. 

Period Non-Extreme: 𝜇 ± 𝜎 Extreme: 𝜇 ± 2𝜎 
1971 – 2000 10.7 ºC 11.2 ºC 

Table 10: Allowed non-extreme and extreme boundaries for average annual temperature. 
Period 1971-2000 

LINEAR REGRESSION FOR THE AVERAGE ANNUAL 
TEMPERATURE – 1981-2010 

Figure 13 reveals the scatterplot for the average annual temperature for the 

climate normal 1981-2010. Comparing it to 1942-2017 observed period, 11 

years are above the all average (1990, 1992, 1994, 2000, 2001, 2002, 2003, 

2007, 2008, 2009, 2010), while others are below the threshold. Comparing it 

to 1961-1990, 1971-2000 and 1981-2010 normal, the early 1980s are cooler 

than average, except 1982, but 1990s and 2000s are mostly above average, 

except 1991, 1995, 1996, 1997 and 2005, which tells us that the warming trend 

started from the mid-1980s and amplified into the 1990s and 2000s.  
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Figure 13: Scatterplot for the average annual temperature in Sarajevo, BiH. Period 1981-
2010 

Thermic contour plot (Figure 14) reveals a slight decline after the early-1990s 

before amplifying it in the mid-1990s for the moving regression, with potentially 

new average being established (closed contour). The regression line shows a 

much sharper increase w.r.t 1961-1990 and 1971-2000. 

 

Figure 14: Contour plot for the average annual temperature in Sarajevo, BiH. Period 1981-
2010 
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Table 11 shows the regression statistical results (goodness of fit) are shown 

for period 1981-2010. 

SUMMARY OUTPUT  

  

Regression Statistics 

Multiple R 0,5723248 
R Square 0,3275557 

Adjusted R Square 0,3035399 
Standard Error 0,5663037 

Observations 30 

Table 11: Goodness of fit/regression statistical results for annual average temperature.  
Period 1981-2010 

From Table 11 we can conclude that 32.75 % of values fit our model, that is 

32.75 % of the y-values variation around the mean µ are explained by the x-

values. The estimated standard deviation for the mean µ is 0.56, so like in the 

previous scenarios, according to formula 𝜇 ± 𝜎 we can evaluate if the specific 

event can be evaluated as an extreme. 

The extreme boundaries for the average annual temperature are defined in 

Table 12. The obtained results are rounded to the nearest tens and calculated 

for the upper bound limit. 

Period Non-Extreme: 𝜇 ± 𝜎 Extreme: 𝜇 ± 2𝜎 
1981 – 2010 11.1 ºC 11.6 ºC 

Table 12: Allowed non-extreme and extreme boundaries for average annual temperature. 
Period 1981-2010 

LINEAR REGRESSION FOR THE NON-REFERENT AVERAGE 
ANNUAL TEMPERATURE – 1988-2017 

Figure 15 reveals the scatterplot for the average annual temperature for the 

non-referent climate normal 1988-2017. Comparing it to 1942-2017 observed 

period, majority (18 of them) are above the average (1990, 1992, 1994, 

consecutively 2000-2003 and 2007-2017), while others are below the 

threshold. Comparing it to 1961-1990, 1971-2000 and 1981-2010 normal, the 
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1990s are close to average, except 1991, 1996 and 1997, which can clearly 

tell us that the warming trend is present from the late 1980s into the early 

1990s, with the further amplification during the 2000s.  

 

Figure 15: Scatterplot for the average annual temperature in Sarajevo, BiH.  

Thermic contour plot (Figure 16) shows sharp incline after the mid-2000s for 

the moving regression. The regression line shows a much sharper increase 

w.r.t 1961-1990, 1971-2000 and 1981-2010. 
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Figure 16: Contour plot for the average annual temperature in Sarajevo, BiH. Period 1988-
2017 

Table 13 shows the regression statistical results (goodness of fit) for period 

1988-2017. 

SUMMARY OUTPUT  

  

Regression Statistics 

Multiple R 0,641095 

R Square 0,411003 
Adjusted R Square 0,389967 

Standard Error 0,577657 

Observations 30 

Table 13: Goodness of fit/regression statistical results for annual average temperature.  
Period 1988-2017 

From Table 13 we can conclude that 41.10 % of values fit our model, that is 

41.10 % of the y-values variation around the mean µ are explained by the x-

values. The estimated standard deviation for the mean µ is 0.56, so like in the 

previous scenarios, according to formula 𝜇 ± 𝜎 we can evaluate if the specific 

event can be evaluated as an extreme. 

The extreme boundaries for the average annual temperature are defined in 

Table 14. The obtained results are rounded to the nearest tens and calculated 

for the upper bound limit. 

Period Non-Extreme: 𝜇 ± 𝜎 Extreme: 𝜇 ± 2𝜎 
1988 – 2017 11.5 ºC 12.0 ºC 

Table 14: Allowed non-extreme and extreme boundaries for average annual temperature. 
Period 1988-2017 

LINEAR REGRESSION FOR THE AVERAGE ANNUAL MINIMUM 
TEMPERATURE – 1942-2017 

Figure 17 reveals the scatterplot for the average annual minimum air 

temperature in period 1942-2017. Dark blue line represents the linear 

regression line, while smoothed blue line represents the LOESS or the moving 
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regression. The moving regression is obtained by approximating the data 

points of a given dataset and fitting them onto the line. Alternating red and blue 

circles represents warmer and colder than average conditions, respectively. 

The stronger opacity the circle has, the more temperature deviation is present 

from the climate average, in this case from 1942-2017 period. Orange line 

represents the 1961-1990 climate normal, red 1971-2000, firebrick 1981-2010 

normal, while dark red represents the overall observed period 1942-2017. 

 

Figure 17: Scatterplot for the average annual minimum temperature in Sarajevo, BiH. 
Period 1942-2017 

As we can see from Figure 17, in the recent era there has been more years 

that were warmer than cooler from the average, which is not the case with the 

20th century climate when it was noticeably cooler than average. Only one out 

of 17 years of the 21st century (2005) is cooler than all above-mentioned 

climate normal which verifies the presence of the warming trend, even in the 

annual average minimum temperature. However, comparing 1942-2017 

observed period with 1961-1990, 1971-2000 and 1981-2010 normal, we obtain 

that there are 23 years above all above-mentioned normal, from which at least 
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half of them appear after the mid-1980s. Seventeen of them are around the 

averages, while the rest are cooler than all averages. The coldest average 

annual minimum temperature occurred in 1956 with 13.8 ºC, and the warmest 

in 2014 with 17.4 ºC. As it was the case with the annual average air 

temperature, it is expected that due to the obvious warming trend starting from 

the mid-1980s we can hypothesize that there is a presence in the warming 

trend as the average annual air temperature is dependent on the average 

annual minimum air temperature. 

 

Figure 18: Contour plot for the average annual minimum temperature in Sarajevo, BiH.  
Period 1942-2017 

Figure 18 represents the contour plot for the overall period of observation. We 

notice that the moving regression starts to increase from the mid-1970s and 

amplifies in the early 2000s, verifying the presence of the warming trend in the 

21st century, with a potentially newly established average (closed contour). 

Table 15 shows the regression statistical results (goodness of fit) for period 

1942-2017. 
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SUMMARY OUTPUT  

  

Regression Statistics 

Multiple R 0,53145 

R Square 0,282439 
Adjusted R Square 0,272742 

Standard Error 0,609652 

Observations 76 

Table 15: Goodness of fit/regression statistical results for annual average minimum 
temperature. Period 1942-2017 

From Table 15 we can conclude that 28.24 % of values fit our model, that is 

28.24 % of the y-values variation around the mean µ are explained by the x-

values. The estimated standard deviation for the mean µ is 0.609 so like in the 

previous scenarios, according to formula 𝜇 ± 𝜎 we can evaluate if the specific 

event can be evaluated as an extreme. 

The extreme boundaries for the average annual temperature are defined in 

Table 16. The obtained results are rounded to the nearest tens and calculated 

for the upper bound limit. 

Period Non-Extreme: 𝜇 ± 𝜎 Extreme: 𝜇 ± 2𝜎 
1988 – 2017 5.8 ºC 6.4 ºC 

Table 16: Allowed non-extreme and extreme boundaries for average minimum temperature. 
Period 1942-2017 

Like for the average annual temperature, the broader picture is given in the 

subsections that includes the climate normal periods 1961-1990, 1971-2000, 

1981-2010 and a non-referent 1988-2017. 

LINEAR REGRESSION FOR THE AVERAGE ANNUAL MINIMUM 
TEMPERATURE – 1961-1990 

Figure 19 reveals the scatterplot for the average annual minimum temperature 

for the climate normal 1961-1990. Comparing it to 1942-2017 observed period, 

11 years are above the average (1961, 1966, 1972, 1974, 1975, 1977, 1979, 

1982, 1987-1990), while others are below the threshold. Comparing it to 1961-
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1990, 1971-2000 and 1981-2010 normal, 14 are below the average (1962-

1965, 1967, 1969-1971, 1973, 1976, 1978, 1980, 1981, 1985) with 13 of them 

being around average (1961, 1966, 1968, 1972, 1974-1975, 1983-1984, 1987-

1989) which tells us that the warming trend was not amplified for the specific 

climate normal.  

 

Figure 19: Scatterplot for the average minimum temperature in Sarajevo, BiH.  
Period 1961-1990 

Figure 20 represents the contour plot for the climate normal 1961-1990. We 

notice that the moving regression starts to decline during the mid-1960s, rise 

in the 1970s, slightly decline in the early 1980s before amplifying up in the mid-

1980s. Such case tells us that our regression line goes up, mainly due to the 

warmer mid-1980s. 
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Figure 20: Contour plot for the average annual minimum temperature in Sarajevo, BiH.  
Period 1961-1990 

Table 17 shows the regression statistical results (goodness of fit) for period 

1961-1990. 

SUMMARY OUTPUT  

  

Regression Statistics 

Multiple R 0,34999387 
R Square 0,1224571 

Adjusted R Square 0,0911163 
Standard Error 0,4055056 

Observations 30 

Table 17: Goodness of fit/regression statistical results for annual average minimum 
temperature. Period 1961-1990 

From Table 17 we can conclude that only 12.24 % of values fit our model, that 

is 12.24 % of the y-values variation around the mean µ are explained by the x-

values. The estimated standard deviation for the mean µ is 0.405 so like in the 

previous scenarios, according to formula 𝜇 ± 𝜎 we can evaluate if the specific 

event can be evaluated as an extreme. 
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The extreme boundaries for the average annual temperature are defined in 

Table 18. The obtained results are rounded to the nearest tens and calculated 

for the upper bound limit. 

Period Non-Extreme: 𝜇 ± 𝜎 Extreme: 𝜇 ± 2𝜎 
1961 – 1990 5.2 ºC 5.6 ºC 

Table 18: Allowed non-extreme and extreme boundaries for average minimum temperature. 
Period 1961-1990 

LINEAR REGRESSION FOR THE AVERAGE ANNUAL MINIMUM 
TEMPERATURE – 1971-2000 

Figure 21 reveals the scatterplot for the average annual minimum temperature 

for the climate normal 1971-2000. Comparing it to 1942-2017 observed period, 

7 years are above the averages (1977, 1979, 1982, 1990, 1992, 1994, 2000), 

while others are below the thresholds. Comparing it to 1961-1990, 1971-2000 

and 1981-2010 normal, there is 12 years that are cooler than average (1971, 

1973, 1976, 1980, 1981, 1983-1986, 1991, 1997, 1999), with 11 of them being 

around average (1972, 1974, 1975, 1987-1989, 1993), which tells us that the 

warming trend was not amplified for the specific climate normal.  

 

Figure 21: Scatterplot for the average annual minimum temperature in Sarajevo, BiH.  
Period 1971-2000 
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Figure 22 represents the contour plot for the climate normal 1971-2000. We 

notice that the moving regression starts to incline in the mid-1980s. Such case 

tells us that our regression line goes up, mainly due to the warmer mid-1980s, 

although the significant rise has not been observed. 

 

Figure 22: Contour plot for the average annual minimum temperature in Sarajevo, BiH.  
Period 1971-2000 

Table 19 shows the regression statistical results (goodness of fit) for period 

1971-2000. 

SUMMARY OUTPUT  

  

Regression Statistics 

Multiple R 0,3771921 
R Square 0,1422739 

Adjusted R Square 0,1116408 
Standard Error 0,4605136 

Observations 30 

Table 19: Goodness of fit/regression statistical results for annual average minimum 
temperature. Period 1971-2000 

From Table 19 we can conclude that only 14.22 % of values fit our model, that 

is 14.22 % of the y-values variation around the mean µ are explained by the x-

values. The estimated standard deviation for the mean µ is 0.46 so like in the 
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previous scenarios, according to formula 𝜇 ± 𝜎 we can evaluate if the specific 

event can be evaluated as an extreme. 

The extreme boundaries for the average annual temperature are defined in 

Table 20. The obtained results are rounded to the nearest tens and calculated 

for the upper bound limit. 

Period Non-Extreme: 𝜇 ± 𝜎 Extreme: 𝜇 ± 2𝜎 
1971 – 2000 5.5 ºC 6.2 ºC 

Table 20: Allowed non-extreme and extreme boundaries for average minimum temperature. 
Period 1971-2000 

LINEAR REGRESSION FOR THE AVERAGE ANNUAL MINIMUM 
TEMPERATURE – 1981-2010 

Figure 23 reveals the scatterplot for the average annual minimum temperature 

for the climate normal 1981-2010. Comparing it to 1942-2017 observed period, 

12 years are above the all averages, out of which 7 of them are in the 21st 

century (1982, 1990, 1992, 1994, 2000-2002, 2004, 2007-2010), while others 

are below the thresholds. Comparing it to 1961-1990, 1971-2000 and 1981-

2010 normal, there are only 5 years that are cooler than average (1981, 1985, 

1991, 1997, 2005), with 13 of them being around average (1972, 1974, 1975, 

1987-1989, 1993), which tells us that the warming trend has started to appear 

in the early 1990s before amplifying in the early 2000s.  
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Figure 23: Scatterplot for the average annual minimum temperature in Sarajevo, BiH.  
Period 1981-2010 

Figure 22 represents the contour plot for the climate normal 1981-2010. We 

notice that the moving regression starts to incline since the early 1980s and 

accelerates during the early 2000s.  

 

Figure 24: Contour plot for the average annual minimum temperature in Sarajevo, BiH.  
Period 1981-2010 

Table 21 shows the regression statistical results (goodness of fit) for period 

1981-2010. 
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SUMMARY OUTPUT  

  

Regression Statistics 

Multiple R 0,6148688 

R Square 0,3780636 
Adjusted R Square 0,3558516 

Standard Error 0,5069375 

Observations 30 

Table 21: Goodness of fit/regression statistical results for annual average minimum 
temperature. Period 1981-2010 

From Table 21 we can conclude that 37.80 % of values fit our model, that is 

37.80 % of the y-values variation around the mean µ are explained by the x-

values. The estimated standard deviation for the mean µ is 0.506 so like in the 

previous scenarios, according to formula 𝜇 ± 𝜎 we can evaluate if the specific 

event can be evaluated as an extreme. 

The extreme boundaries for the average annual temperature are defined in 

Table 22. The obtained results are rounded to the nearest tens and calculated 

for the upper bound limit. 

Period Non-Extreme: 𝜇 ± 𝜎 Extreme: 𝜇 ± 2𝜎 
1981 – 2010 5.8 ºC 6.3 ºC 

Table 22: Allowed non-extreme and extreme boundaries for average minimum temperature. 
Period 1981-2010 

LINEAR REGRESSION FOR THE AVERAGE ANNUAL MINIMUM 
TEMPERATURE – 1988-2017 

Figure 25 reveals the scatterplot for the average annual minimum temperature 

for the non-referent climate normal 1988-2017. Smoothed blue line represents 

the moving regression and dark blue the linear regression line. Comparing it 

to 1942-2017 observed period, 12 years are above the all averages, out of 

which 7 of them are in the 21st century (1982, 1990, 1992, 1994, 2000-2002, 

2004, 2007-2010), while others are below the thresholds. Comparing it to 

1961-1990, 1971-2000 and 1981-2010 normal, there are only 5 years that are 
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cooler than average (1981, 1985, 1991, 1997, 2005), with 13 of them being 

around average (1972, 1974, 1975, 1987-1989, 1993), which possibly tells us 

that the warming trend has started to appear in the early 1990s before 

amplifying up in the early 2000s. 

 

Figure 25: Scatterplot for the average annual minimum temperature in Sarajevo, BiH.  
Period 1988-2017 

Figure 22 represents the contour plot for the non-referent climate normal 

1988-2017. We notice that the moving regression rapidly inclines since the 

starting point with the potentially newly established average value (closed 

contour) in the early 2010s.  
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Figure 26: Contour plot for the average annual minimum temperature in Sarajevo, BiH.  
Period 1988-2017 

Table 23 shows the regression statistical results (goodness of fit) for period 

1988-2017. 

SUMMARY OUTPUT  

  

Regression Statistics 

Multiple R 0,6314449 
R Square 0,3987227 

Adjusted R Square 0,3772485 
Standard Error 0,5328457 

Observations 30 

Table 23: Goodness of fit/regression statistical results for annual average minimum 
temperature. Period 1988-2017 

From Table 23 we can conclude that 39.87 % of values fit our model, that is 

39.87 % of the y-values variation around the mean µ are explained by the x-

values. The estimated standard deviation for the mean µ is 0.532 so like in the 

previous scenarios, according to formula 𝜇 ± 𝜎 we can evaluate if the specific 

event can be evaluated as an extreme. 
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The extreme boundaries for the average annual temperature are defined in 

Table 24. The obtained results are rounded to the nearest tens and calculated 

for the upper bound limit. 

Period Non-Extreme: 𝜇 ± 𝜎 Extreme: 𝜇 ± 2𝜎 
1988 – 2017 6.2 ºC 6.7 ºC 

Table 24: Allowed non-extreme and extreme boundaries for average minimum temperature. 
Period 1988-2017 

LINEAR REGRESSION FOR THE AVERAGE ANNUAL MAXIMUM 
TEMPERATURE – 1942-2017 

Figure 27 reveals the scatterplot for the average annual maximum air 

temperature in period 1942-2017. Dark blue line represents the linear 

regression line, while smoothed blue line represents the LOESS or the moving 

regression. The moving regression is obtained by approximating the data 

points of a given dataset and fitting them onto the line. Alternating red and blue 

circles represents years that are warmer and colder than average respectively. 

The stronger opacity the circle has, the more temperature deviation is present 

from the climate average, in this case from 1942-2017 period. Orange line 

represents the 1961-1990 climate normal, red 1971-2000, firebrick 1981-2010 

normal, while dark red represents the overall observed period 1942-2017. 
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Figure 27: Scatterplot for the average annual maximum temperature in Sarajevo, BiH.  
Period 1942-2017 

As we can see from Figure 27 in the recent era there has been more years that 

were warmer than cooler from the average, which is not the case with the 20th 

century climate when it was noticeably cooler than average, which also was 

the case with other thermic parameters. As it was the case with the average 

annual minimum temperature, only one out of 17 years of the 21st century 

(2005) is cooler than all above-mentioned climate normal which verifies the 

presence of the warming trend, even in the annual average minimum 

temperature. However, comparing 1942-2017 observed period with 1961-

1990, 1971-2000 and 1981-2010 normal, we obtain that there are 28 years 

above all averages, from which at least half of them appear after the mid-1980s. 

Twenty are around the averages, while 25 are cooler than all averages. The 

coldest average annual maximum temperature occurred in 1956 with 8.8 ºC, 

and the warmest in 2014 with 12.4 ºC. As it was the case with the annual 

average air temperature, it is expected that due to the obvious warming trend 

starting from the mid-1980s we can hypothesize that there is a presence in the 
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warming trend as the average annual air temperature is dependent on the 

average annual maximum air temperature. 

Figure 28 represents the contour plot for the overall period of observation. We 

notice that the moving regression starts to increase from the mid-1970s and 

amplifies in the early 2000s, verifying the presence of the warming trend in the 

21st century, with potentially new established average (closed contour). 

 

Figure 28: Contour plot for the average annual maximum temperature in Sarajevo, BiH.  
Period 1942-2017 

Table 25 shows the regression statistical results (goodness of fit) for period 

1942-2017. 

SUMMARY OUTPUT  

  

Regression Statistics 

Multiple R 0,4649126 

R Square 0,2161437 
Adjusted R Square 0,2055511 

Standard Error 0,8351127 

Observations 76 

Table 25: Goodness of fit/regression statistical results for annual average maximum 
temperature. Period 1942-2017 
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From Table 25 we can conclude that 21.61 % of values fit our model, that is 

21.61 % of the y-values variation around the mean µ are explained by the x-

values. The estimated standard deviation for the mean µ is 0.835 so like in the 

previous scenarios, according to formula 𝜇 ± 𝜎 we can evaluate if the specific 

event can be evaluated as an extreme. 

The extreme boundaries for the average annual temperature are defined in 

Table 26. The obtained results are rounded to the nearest tens and calculated 

for the upper bound limit. 

Period Non-Extreme: 𝜇 ± 𝜎 Extreme: 𝜇 ± 2𝜎 
1942 – 2017 16.3 ºC 17.2 ºC 

Table 26: Allowed non-extreme and extreme boundaries for average maximum temperature. 
Period 1942-2017 

LINEAR REGRESSION FOR THE AVERAGE ANNUAL MAXIMUM 
TEMPERATURE – 1961-1990 

Figure 29 reveals the scatterplot for the average annual minimum temperature 

for the climate normal 1961-1990. Comparing it to 1942-2017 observed period, 

only 3 years are above the average (1961, 1977, 1990), while others are below 

the threshold. Comparing it to 1961-1990, 1971-2000 and 1981-2010 normal, 

14 are below the average (1962-1965, 1969-1971, 1973-1974, 1976, 1978, 

1980, 1984), with 13 of them being around average (1966, 1968, 1972, 1979, 

1981-1983, 1987-1989) which tells us that the warming trend was not intensive 

for the specific climate normal.  
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Figure 29: Scatterplot for the average annual maximum temperature in Sarajevo, BiH.  
Period 1961-1990 

Figure 30 represents the contour plot for the climate normal 1961-1990. We 

notice that the moving regression starts to decline during the mid-1960s, rise 

in the 1970s and amplifies up in the mid-1980s. Such case tells us that our 

regression line goes up, mainly due to the warmer mid-1980s, with potentially 

new average being established (closed contour).  

 

Figure 30: Contour plot for the average annual maximum temperature in Sarajevo, BiH.  
Period 1961-1990 
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Table 27 shows the regression statistical results (goodness of fit) for period 

1961-1990. 

SUMMARY OUTPUT  

  

Regression Statistics 

Multiple R 0,31458 
R Square 0,098961 

Adjusted R Square 0,066781 
Standard Error 0,570752 

Observations 30 

Table 27: Goodness of fit/regression statistical results for annual average maximum 
temperature. Period 1961-1990 

From Table 27 we can conclude that only 9.89 % of values fit our model, that 

is 9.89 % of the y-values variation around the mean µ are explained by the x-

values. The estimated standard deviation for the mean µ is 0.57 so like in the 

previous scenarios, according to formula 𝜇 ± 𝜎 we can evaluate if the specific 

event can be evaluated as an extreme. 

The extreme boundaries for the average annual temperature are defined in 

Table 28. The obtained results are rounded to the nearest tens and calculated 

for the upper bound limit. 

Period Non-Extreme: 𝜇 ± 𝜎 Extreme: 𝜇 ± 2𝜎 
1961 – 1990 15.6 ºC 16.1 ºC 

Table 28: Allowed non-extreme and extreme boundaries for average maximum temperature. 
Period 1961-1990 

LINEAR REGRESSION FOR THE AVERAGE ANNUAL MAXIMUM 
TEMPERATURE – 1971-2000 

Figure 31 reveals the scatterplot for the average annual minimum temperature 

for the climate normal 1971-2000. Comparing it to 1942-2017 observed period, 

8 years are above the average (1977, 1990, 1992-1994, 1998-2000), while 

others are below the thresholds. Comparing it to 1961-1990, 1971-2000 and 

1981-2010 normal, there is 9 years that are cooler than average (1971, 1973-



 

 72 

1976, 1978-1980, 1984, 1991, 1996), with 10 of them being around average 

(1972, 1979, 1983, 1985-1989, 1995), which tells us that the warming trend 

was not intensive for the specific climate normal.  

 

Figure 31: Scatterplot for the average annual maximum temperature in Sarajevo, BiH.  
Period 1971-2000 

Figure 32 represents the contour plot for the climate normal 1971-2000. We 

notice that the moving regression gradually rise since the early 1970s and 

amplifies up in the mid-1990s and early 2000s. Such case tells us that our 

regression line goes up and there is an existence of the warming trend. 
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Figure 32: Contour plot for the average annual maximum temperature in Sarajevo, BiH.  
Period 1971-2000 

Table 29 shows the regression statistical results (goodness of fit) for period 

1971-2000. 

SUMMARY OUTPUT  

  

Regression Statistics 

Multiple R 0,552792 

R Square 0,305579 
Adjusted R Square 0,280778 

Standard Error 0,655911 

Observations 30 

Table 29: Goodness of fit/regression statistical results for annual average maximum 
temperature. Period 1971-2000 

From Table 29 we can conclude that 30.55 % of values fit our model, that is 

30.55 % of the y-values variation around the mean µ are explained by the x-

values. The estimated standard deviation for the mean µ is 0.655 so like in the 

previous scenarios, according to formula 𝜇 ± 𝜎 we can evaluate if the specific 

event can be evaluated as an extreme. 



 

 74 

The extreme boundaries for the average annual temperature are defined in 

Table 30. The obtained results are rounded to the nearest tens and calculated 

for the upper bound limit. 

Period Non-Extreme: 𝜇 ± 𝜎 Extreme: 𝜇 ± 2𝜎 
1971 – 2000 15.9 ºC 16.6 ºC 

Table 30: Allowed non-extreme and extreme boundaries for average maximum temperature. 
Period 1971-2000 

LINEAR REGRESSION FOR THE AVERAGE ANNUAL MAXIMUM 

TEMPERATURE – 1981-2010 

Figure 33 reveals the scatterplot for the average annual minimum temperature 

for the climate normal 1971-2000. Comparing it to 1942-2017 observed period, 

13 years are above the average (1990, 1992-1994, 1999-2003, 2007-2010), 

while others are below the threshold. Comparing it to 1961-1990, 1971-2000 

and 1981-2010 normal, 11 years are cooler than average (1981, 1983, 1985-

1989, 1995, 1997, 2004, 2006), with only 4 of them being around average 

(1984, 1991, 1996, 2005), which tells us that the warming trend was not 

intensive for the specific climate normal, especially before the 1990s, but starts 

to show the first trends towards warming in the late 1990s, since 8 out of 13 

years are from the 21st century and are noticeably warmer w.r.t all averages.  
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Figure 33: Scatterplot for the average annual maximum temperature in Sarajevo, BiH.  
Period 1981-2010 

Figure 34 represents the contour plot for the climate normal 1971-2000. We 

notice that the moving regression gradually rise since the early 1970s and 

amplifies up in the mid-1990s and early 2000s. Such case tells us that our 

regression line goes up and there is an existence of the warming trend, with 

potentially new average being established (closed contour). 

 

Figure 34: Contour plot for the average annual maximum temperature in Sarajevo, BiH.  
Period 1981-2010 
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Table 31 shows the regression statistical results (goodness of fit) for period 

1981-2010. 

SUMMARY OUTPUT  

  

Regression Statistics 

Multiple R 0,478804 
R Square 0,229253 

Adjusted R Square 0,201726 
Standard Error 0,690719 

Observations 30 

Table 31: Goodness of fit/regression statistical results for annual average maximum 
temperature. Period 1981-2010 

From Table 31 we can conclude that 22.92 % of values fit our model, that is 

22.92 % of the y-values variation around the mean µ are explained by the x-

values. The estimated standard deviation for the mean µ is 0.69 so like in the 

previous scenarios, according to formula 𝜇 ± 𝜎 we can evaluate if the specific 

event can be evaluated as an extreme. 

The extreme boundaries for the average annual temperature are defined in 

Table 32. The obtained results are rounded to the nearest tens and calculated 

for the upper bound limit. 

Period Non-Extreme: 𝜇 ± 𝜎 Extreme: 𝜇 ± 2𝜎 
1981 – 2010 16.4 ºC 17.1 ºC 

Table 32: Allowed non-extreme and extreme boundaries for average maximum temperature. 
Period 1981-2010 

LINEAR REGRESSION FOR THE NON-REFERENT AVERAGE 
ANNUAL MAXIMUM TEMPERATURE – 1988-2017 

Figure 35 reveals the scatterplot for the average annual minimum temperature 

for the non-referent climate normal 1988-2017. Comparing it to 1942-2017 

observed period, majority of years (19 of them) are above the average (1990, 

1992-1994, 1999-2003, 2007-2017), while others are below the threshold. 

Comparing it to 1961-1990, 1971-2000 and 1981-2010 normal, only 3 years 



 

 77 

are cooler than average (1991, 1996, 2005), and 6 being around average 

(1988, 1989, 1995, 1997, 2004, 2006), which tells us that the warming trend 

was intensive for the specific climate normal, especially after the 1990s, and 

show the strong trends towards warming in the early 2000s, since 16 out of 19 

years are from the 21st century and are noticeably warmer w.r.t all averages. 

 

Figure 35: Scatterplot for the average annual maximum temperature in Sarajevo, BiH.  
Period 1988-2017 

Figure 36 represents the contour plot for the non-referent climate normal 

1988-2017. We notice that the moving regression gradually surges up in the 

mid-1990s and especially early 2000s. Such case tells us that our regression 

line goes up and there is a clear existence of the warming trend, with potentially 

new average being established (closed contour). 
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Figure 36: Contour plot for the average annual maximum temperature in Sarajevo, BiH.  
Period 1988-2017 

Table 33 shows the regression statistical results (goodness of fit) for period 

1988-2017. 

SUMMARY OUTPUT  

  

Regression Statistics 

Multiple R 0,59249 

R Square 0,351044 
Adjusted R Square 0,327867 

Standard Error 0,698094 

Observations 30 

Table 33: Goodness of fit/regression statistical results for average annual maximum 
temperature. Period 1988-2017 

From Table 33 we can conclude that 35.10 % of values fit our model, that is 

35.10 % of the y-values variation around the mean µ are explained by the x-

values. The estimated standard deviation for the mean µ is 0.698 so like in the 

previous scenarios, according to formula 𝜇 ± 𝜎 we can evaluate if the specific 

event can be evaluated as an extreme. 
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The extreme boundaries for the average annual temperature are defined in 

Table 34. The obtained results are rounded to the nearest tens and calculated 

for the upper bound limit. 

Period Non-Extreme: 𝜇 ± 𝜎 Extreme: 𝜇 ± 2𝜎 
1988 – 2017 16.8 ºC 17.5 ºC 

Table 34: Allowed non-extreme and extreme boundaries for average annual maximum 
temperature. Period 1988-2017 

LINEAR REGRESSION FOR THE AVERAGE PRECIPITATION –  
1942-2017 

Figure 37 reveals the scatterplot for the average annual rainfall in period 1942-

2017. Dark blue line represents the linear regression line, while smoothed blue 

line represents the LOESS or the moving regression. The moving regression 

is obtained by approximating the data points of a given dataset and fitting them 

onto the line. Alternating yellow and green circles represents years that are 

drier and wetter than average respectively. The stronger opacity the circle has, 

the more temperature deviation is present from the climate average, in this 

case from 1942-2017 period. Orange line represents the 1961-1990 climate 

normal, red 1971-2000, firebrick 1981-2010 normal, while dark red represents 

the overall observed period 1942-2017.  
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Figure 37: Scatterplot for the average annual precipitation in Sarajevo, BiH. Period 1942-
2017 

As we can see from Figure 37, there exist a divergence between the drier and 

wetter years which consequently affects the trend line, as the precipitation is 

always harder for prediction due to its discontinuity. From the graph we can 

conclude that the driest year occurred in 1982 with 625 mm of annual 

precipitation, while the wettest in 1999 with 1248.9 mm. 

Figure 38 reveals the contour plot for the overall period of observation. Due to 

the nature of precipitation discontinuity, we tend to get the variabilities in the 

trend, depending from decade to decade. We can conclude that, analytically 

expected, there is an increase in the annual precipitation, but not as nearly as 

it was the case with the temperatures. 

 

Figure 38: Contour plot for the average annual precipitation in Sarajevo, BiH.  
Period 1942-2017 

Table 35 shows the regression statistical results (goodness of fit) for period 

1942-2017. 
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SUMMARY OUTPUT  

  

Regression Statistics 

Multiple R 0,158702 

R Square 0,025186 
Adjusted R Square 0,012013 

Standard Error 144.7505 

Observations 76 

Table 35: Goodness of fit/regression statistical results for annual precipitation. Period 1942-
2017 

From Table 35 we can conclude that only 2.51 % of values fit our model, that 

is 2.51 % of the y-values variation around the mean µ are explained by the x-

values. The estimated standard deviation for the mean µ is 144.75 so like in 

the previous scenarios, according to formula 𝜇 ± 𝜎 we can evaluate if the 

specific event can be evaluated as an extreme.  

The extreme boundaries for the average annual temperature are defined in 

Table 34. The obtained results are rounded to the nearest tens and calculated 

for the upper bound limit. 

Period Non-Extreme: 𝜇 ± 𝜎 Extreme: 𝜇 ± 2𝜎 
1942– 2017 1072.9 mm 1217.7 mm 

Table 36: Allowed non-extreme and extreme boundaries for average annual precipitation.  
Period 1942-2017 

LINEAR REGRESSION FOR THE AVERAGE PRECIPITATION –  
1961-1990 

Figure 39 reveals the scatterplot for the average annual precipitation for the 

climate normal 1961-1990. Comparing it to 1942-2017 observed period, there 

are 12 drier years (1961, 1967, 1971-1973, 1982-1985, 1990), some of them 

being extremely dry (1961, 1982, 1990), while others are wetter than average. 

Comparing it to 1961-1990, 1971-2000 and 1981-2010 normal, there is no 

significant difference as the averages are really close to each other 

(approximately by 5 to 20 mm difference).  
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Figure 39: Scatterplot for the average annual precipitation in Sarajevo, BiH.  

Period 1961-1990 

Figure 40 represents the contour plot for the 1961-1990 normal. We notice that 

the moving regression shows the variability signals, mainly because of two 

extremely dry years that occurred in 1961, 1982 and 1990 and a very wet one 

in 1978, hence our regression line goes down and there is an existence of the 

drier trend on the graph. 

 

Figure 40: Contour plot for the average annual precipitation in Sarajevo, BiH.  
Period 1961-1990 
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Table 37 shows the regression statistical results (goodness of fit) for period 

1961-1990. 

SUMMARY OUTPUT  

  

Regression Statistics 

Multiple R 0,227292 
R Square 0,051662 

Adjusted R Square 0,017792 
Standard Error 135.8969 

Observations 30 

Table 37: Goodness of fit/regression statistical results for annual precipitation. Period 1961-
1990 

From Table 37 we can conclude that only 5.16 % of values fit our model, that 

is 5.16 % of the y-values variation around the mean µ are explained by the x-

values. The estimated standard deviation for the mean µ is 135.89 so like in 

the previous scenarios, according to formula 𝜇 ± 𝜎 we can evaluate if the 

specific event can be evaluated as an extreme. 

The extreme boundaries for the average annual temperature are defined in 

Table 38. The obtained results are rounded to the nearest tens and calculated 

for the upper bound limit. 

Period Non-Extreme: 𝝁 ± 𝝈 Extreme: 𝝁 ± 𝟐𝝈 
1961– 1990 1072.9 mm 1217.7 mm 

Table 38: Allowed non-extreme and extreme boundaries for average annual precipitation.  
Period 1961-1990 

LINEAR REGRESSION FOR THE AVERAGE PRECIPITATION – 1971-
2000 

Figure 41 reveals the scatterplot for the average annual precipitation for the 

climate normal 1971-1990. Comparing it to 1942-2017 observed period, there 

are 15 drier years (1971-1973, 1975, 1982-1985, 1988, 1990, 1992-1994, 

1997, 2000), some of them being extremely dry (1982, 1990), while others are 

wetter than average. Comparing it to 1961-1990, 1971-2000 and 1981-2010 
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normal, again, there is no significant difference as the averages are really close 

to each other (approximately by 5 to 20 mm difference). 

 

Figure 41: Scatterplot for the average annual precipitation in Sarajevo, BiH. Period 1971-
2000 

Figure 42 represents the contour plot for the 1971-2000 normal. We notice that 

the moving regression shows the variability signals like in 1961-1990, mainly 

because of three extremely dry years that occurred in 1961, 1982 and 1990 

and a wet year in 1978. Our regression line for 1971-2000 climate normal 

shows a very slight increase in the precipitation rate. This is a difference from 

the 1961-1990 contour plot observation that has a decline trend.  
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Figure 42: Contour plot for the average annual precipitation in Sarajevo, BiH.  
Period 1971-2000 

Table 39 shows the regression statistical results (goodness of fit) for period 

1971-2000. 

SUMMARY OUTPUT  

  

Regression Statistics 

Multiple R 0,039477 
R Square 0,001558 

Adjusted R Square -0.0341 
Standard Error 153.2094 

Observations 30 

Table 39: Goodness of fit/regression statistical results for annual precipitation.  
Period 1971-2000 

From Table 39 we can conclude that almost none of values (0.15 %) fit our 

model, that is 0.15 % of the y-values variation around the mean µ are explained 

by the x-values. The estimated standard deviation for the mean µ is 153.2 so 

like in the previous scenarios, according to formula 𝜇 ± 𝜎 we can evaluate if 

the specific event can be evaluated as an extreme. 
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The extreme boundaries for the average annual temperature are defined in 

Table 40. The obtained results are rounded to the nearest tens and calculated 

for the upper bound limit. 

Period Non-Extreme: 𝜇 ± 𝜎 Extreme: 𝜇 ± 2𝜎 
1971– 2000 1067.9 mm 1221.1 mm 

Table 40: Allowed non-extreme and extreme boundaries for average annual precipitation.  
Period 1971-2000 

LINEAR REGRESSION FOR THE AVERAGE PRECIPITATION –  
1981-2010 

Figure 43 reveals the scatterplot for the average annual precipitation for the 

climate normal 1981-2010. Comparing it to 1942-2017 observed period, there 

are 15 drier years (1982-1985, 1988, 1990, 1992-1994, 1997, 2000, 2003, 

2008), some of them being extremely dry (1982, 1990, 2000, 2003), while 

others are wetter than average. Comparing it to 1961-1990, 1971-2000 and 

1981-2010 normal, again, there is no significant difference as the averages are 

really close to each other (approximately by 5 to 20 mm difference). 

 

Figure 43: Scatterplot for the average annual precipitation in Sarajevo, BiH.  
Period 1981-2010 
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Figure 44 represents the contour plot for the 1981-2010 normal. We notice that 

the moving regression shows the increasing signals, which is completely 

different from the representations w.r.t 1961-1990 and 1971-2000 periods and 

variability of the moving regression is reduced. Our regression line shows an 

increase in the precipitation rate with a potentially new established average in 

the early 2000s (closed contour). Along with the temperatures we can also see 

an increase in the precipitation rate. If we verify the significant differences in 

the averages for the precipitation rate and the annual average temperature, we 

can say that there is a climate change influence, since the rise in the 

temperature there is more heat energy that tends to produce more 

precipitation. 

 

Figure 44: Contour plot for the average annual precipitation in Sarajevo, BiH.  
Period 1981-2010 

Table 41 shows the regression statistical results (goodness of fit) for period 

1981-2010. 

SUMMARY OUTPUT  

  

Regression Statistics 
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Multiple R 0,4197798 

R Square 0,1762151 
Adjusted R Square 0,1467942 

Standard Error 146.77069 

Observations 30 

Table 41: Goodness of fit/regression statistical results for annual precipitation. Period 1981-
2010 

From Table 41 we can conclude that 17.62 % of values fit our model, that is 

17.62 % of the y-values variation around the mean µ are explained by the x-

values. The estimated standard deviation for the mean µ is 153.2 so like in the 

previous scenarios, according to formula 𝜇 ± 𝜎 we can evaluate if the specific 

event can be evaluated as an extreme. 

The extreme boundaries for the average annual temperature are defined in 

Table 42. The obtained results are rounded to the nearest tens and calculated 

for the upper bound limit. 

Period Non-Extreme: 𝝁 ± 𝝈 Extreme: 𝝁 ± 𝟐𝝈 
1981– 2010 1081.8 mm 1228.5 mm 

Table 42: Allowed non-extreme and extreme boundaries for average annual precipitation.  
Period 1981-2010 

LINEAR REGRESSION FOR THE AVERAGE PRECIPITATION – 1988-
2017 

Figure 45 reveals the scatterplot for the average annual precipitation for the 

non-referent climate normal 1988-2017. Comparing it to 1942-2017 observed 

period, there are 12 drier years (1988, 1990, 1992-1994, 1997, 2000, 2003, 

2008, 2011, 2015), some of them being extremely dry (1990, 2000, 2011), 

while others are wetter than average. Comparing it to 1961-1990, 1971-2000 

and 1981-2010 normal, again, there is no significant difference as the averages 

are really close to each other (approximately by 5 to 20 mm difference). 
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Figure 45: Scatterplot for the average annual precipitation in Sarajevo, BiH.  
Period 1988-2017 

Figure 46 represents the contour plot for the 1988-2017 normal. We notice that 

the moving regression shows the increasing signals with the peak in the early 

2000s when it starts going down, which is completely different from the 

representations w.r.t 1961-1990 and 1971-2000 periods. Again we see that the 

variability increases. Our regression line shows an increase in the precipitation 

rate with a potentially new established average in the early 2000s (closed 

contour). Analytically, the last two averages show the potentials that there 

exists a significant difference w.r.t 1961-1990 period. This part will be shown 

in ANOVA section. 
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Figure 46: Contour plot for the average annual precipitation in Sarajevo, BiH.  
Period 1988-2017 

Table 43 shows the regression statistical results (goodness of fit) for period 

1988-2017. 

SUMMARY OUTPUT  

  

Regression Statistics 

Multiple R 0,4197798 

R Square 0,1762151 
Adjusted R Square 0,1467942 

Standard Error 146.77069 

Observations 30 

Table 43: Goodness of fit/regression statistical results for annual precipitation.  
Period 1988-2017 

From Table 43 we can conclude that 17.62 % of values fit our model, that is 

17.62 % of the y-values variation around the mean µ are explained by the x-

values. The estimated standard deviation for the mean µ is 153.2 so like in the 

previous scenarios, according to formula 𝜇 ± 𝜎 we can evaluate if the specific 

event can be evaluated as an extreme. 
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The extreme boundaries for the average annual temperature are defined in 

Table 42. The obtained results are rounded to the nearest tens and calculated 

for the upper bound limit. 

Period Non-Extreme: 𝜇 ± 𝜎 Extreme: 𝜇 ± 2𝜎 
1988– 2017 1081.8 mm 1228.5 mm 

Table 44: Allowed non-extreme and extreme boundaries for average annual precipitation.  
Period 1988-2017 

ANOVA AND t-TEST FOR AVERAGE ANNUAL TEMPERATURE 

ANOVA was performed on the climate normal 1961-1990, 1971-2000, 1981-

2010 and 1988-2017 (as a first insight to upcoming 1991-2020) to detect 

whether there is a significant difference between the averages.  

Consider 1961-1990 as 𝜇$, 1971-2000 as 𝜇>, 1981-2010 as 𝜇= and 1988-2017 

as 𝜇j. The null hypothesis states that there are no significant differences 

between the sample means. 

𝐻# = 𝜇$ = 𝜇> = 𝜇= = 𝜇j = 0 

The alternative hypothesis states that there is at least one mean difference 

𝐻$ = 𝜇H ≠ 0: 𝑓𝑜𝑟	𝑎𝑡	𝑙𝑒𝑎𝑠𝑡	𝑜𝑛𝑒	𝑖 

For all ANOVA comparisons, we will use the abovementioned hypotheses.  

The following results are obtained and shown in the following tables: 

Average 1961-1990   Average 1971-2000       

Mean 9,9 Mean 10,16333333 
Standard Error 0,085816852 Standard Error 0,110639035 
Median 9,8 Median 10,1 
Mode 9,5 Mode 10,6 
Standard Deviation 0,462137889 Standard Deviation 0,605994955 
Sample Variance 0,213571429 Sample Variance 0,367229885 
Kurtosis -0,127437149 Kurtosis 0,485388327 
Skewness 0,53167663 Skewness 0,671039834 
Range 1,9 Range 2,5 
Minimum 9,1 Minimum 9,1 
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Maximum 11 Maximum 11,6 
Sum 287,1 Sum 304,9 
Count 29 Count 30 
Confidence Level (95,0%) 0,175787852 Confidence Level 

(95,0%) 
0,226282235 

 

Average 1981-2010    Average 1988-2017       

Mean 10,55666667 Mean 10,93 
Standard Error 0,123891251 Standard Error 0,13503086 
Median 10,55 Median 10,9 
Mode 10,6 Mode 11,6 
Standard Deviation 0,67858033 Standard Deviation 0,73959448 
Sample Variance 0,460471264 Sample Variance 0,547 
Kurtosis -0,86107228 Kurtosis -0,9293841 
Skewness 0,485657728 Skewness -0,1203174 
Range 2,3 Range 2,8 
Minimum 9,6 Minimum 9,6 
Maximum 11,9 Maximum 12,4 
Sum 316,7 Sum 327,9 
Count 30 Count 30 
Confidence Level (95,0%) 0,25338606 Confidence Level 

(95,0%) 
0,27616912 

Table 45: Descriptive Statistics for the average annual temperature 

Performing single factor ANOVA analysis, the following result is obtained: 

Anova: Single Factor 
    

     

SUMMARY 
    

Groups Count Sum Average Variance 
1961-1990 29 287,1 9,9 0,213571429 
1971-2000 30 304,9 10,1633333 0,367229885 
1981-2010 30 316,7 10,5566667 0,460471264 
1988-2017 30 327,9 10,93 0,547 

Table 46: Summary of a Single Factor ANOVA Analysis for the average annual temperature 

ANOVA 
      

Source of 
Variation 

SS df MS F P-value F crit 

Between 
Groups 

18,08526331 3 6,0284211 15,12156756 2,3249E-08 2,683499 

Within 
Groups 

45,84633333 115 0,39866377 
   

       

Total 63,93159664 118         

Table 47: Analysis of a Single Factor ANOVA for the average annual temperature 

After we obtained the ANOVA results, we compare the pivotal parameters, 𝐹 

and 𝐹�� to determine whether the hypothesis will be rejected or failed to reject. 
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We use	𝛼 = 0.05 as our critical value. In this case, 𝐹 = 15.1215 and 𝐹�� = 2.6834, 

hence the hypothesis is rejected, since 𝐹 > 𝐹��. This means that the sample 

means are not the same, meaning that we have a significant difference for at 

least one mean. The obtained results of F-test are shown in the following tables: 

F-Test Two-Sample for Variances 
 

   

  1961-1990 1971-2000 
Mean 9,9 10,1633333 
Variance 0,213571429 0,36722989 
Observations 29 30 
df 28 29 
F 0,581574205 

 

P(F<=f) one-tail 0,077663203 
 

F Critical one-tail 0,533279793   

Table 48: F-test analysis between the averages w.r.t 1961-1990 and 1971-2000 

We start with 1961-1990 comparison with corresponding averages. Since 𝑝 >

𝛼, we conclude that there is no significant difference between the compared 

means. The following sample, hence, is not taken into consideration for the 

verification of the significance with t-test. 

F-Test Two-Sample for Variances 
 

   

 
1961-1990 1981-2010 

Mean 9,9 10,5566667 
Variance 0,213571429 0,46047126 
Observations 29 30 
df 28 29 
F 0,463810546 

 

P(F<=f) one-tail 0,022641975 
 

F Critical one-tail 0,533279793   

Table 49: F-test analysis between the averages w.r.t 1961-1990 and 1981-2010 

Since 𝑝 < 𝛼, there is a significant difference between the sample means. 

Satisfied by the F-test to detect the significance, a corresponding example is 

taken further on to the t-test for significance verification. 

F-Test Two-Sample for Variances 
 

   

  1961-1990 1988-2017 
Mean 9,9 10,93 
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Variance 0,213571429 0,547 
Observations 29 30 
df 28 29 
F 0,390441369 

 

P(F<=f) one-tail 0,007420781 
 

F Critical one-tail 0,533279793   

Table 50: F-test analysis between the averages w.r.t 1961-1990 and 1988-2017 

Since 𝑝 < 𝛼, there is a significant difference between the sample means. 

Satisfied by the F-test to detect the significance, a corresponding example is 

taken further on to the t-test for significance verification. 

F-Test Two-Sample for Variances 
 

   

  1971-2000 1981-2010 
Mean 10,16333333 10,5566667 
Variance 0,367229885 0,46047126 
Observations 30 30 
df 29 29 
F 0,797508799 

 

P(F<=f) one-tail 0,273132923 
 

F Critical one-tail 0,537399965   

Table 51: F-test analysis between the averages w.r.t 1971-2000 and 1981-2010 

Now, we compare 1971-2000 climate normal with corresponding averages. 

Since 𝑝 > 𝛼, there is no significant difference between the compared means. 

The following example, hence, is not taken into consideration for the 

verification of the significance with t-test. 

F-Test Two-Sample for Variances 
 

   

  1971-2000 1988-2017 
Mean 10,16333333 10,93 
Variance 0,367229885 0,547 
Observations 30 30 
df 29 29 
F 0,671352624 

 

P(F<=f) one-tail 0,144521305 
 

F Critical one-tail 0,537399965   

Table 52: F-test analysis between the averages w.r.t 1971-2000 and 1988-2017 

Since 𝑝 > 𝛼, there is no significant difference between the compared means. 

The following example, hence, is not taken into consideration for the 

verification of the significance with t-test. Unlike 1961-1990, the conclusion is 
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that the period 1971-2000 shows no significant differences w.r.t other annual 

means. 

F-Test Two-Sample for Variances 
 

   

  1981-2010 1988-2017 
Mean 10,55666667 10,93 
Variance 0,460471264 0,547 
Observations 30 30 
df 29 29 
F 0,841812183 

 

P(F<=f) one-tail 0,322974141 
 

F Critical one-tail 0,537399965   

Table 53: F-test analysis between the averages w.r.t 1981-2010 and 1988-2017 

Now, we compare 1981-2010 climate normal with corresponding averages. 

Since 𝑝 > 𝛼, there is no significant difference between the compared means. 

The following example, hence, is not taken into consideration for the 

verification of the significance with t-test. 

The significant differences between the sample means are found. We will 

perform t-test to prove the significant differences between the sample means. 

Our samples have different variances and hence we use the t-test assuming 

unequal variances. The following results are obtained and shown in the 

following tables: 

t-Test: Two-Sample Assuming Unequal Variances 
 

   

  1961-1990 1981-2010 
Mean 9,9 10,55666667 
Variance 0,213571429 0,460471264 
Observations 29 30 
Hypothesized Mean Difference 0 

 

df 51 
 

t Stat -4,357147196 
 

P(T<=t) one-tail 3,19105E-05 
 

t Critical one-tail 1,67528495 
 

P(T<=t) two-tail 6,38211E-05 
 

t Critical two-tail 2,00758377   

Table 54: t-test significance proof for 1961-1990 w.r.t 1981-2010 annual average 
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In the following case, 𝑝 < 𝛼 and 𝑡 < 𝑡��, hence we conclude that there is a 

significant difference between the sample means 1961-1990 and 1981-2010. 

Quod erat demonstrandum (q.e.d). 

t-Test: Two-Sample Assuming Unequal Variances 
 

   

  1961-1990 1988-2017 
Mean 9,923333333 10,93 
Variance 0,22254023 0,547 
Observations 30 30 
Hypothesized Mean Difference 0 

 

df 49 
 

t Stat -6,285367148 
 

P(T<=t) one-tail 4,24361E-08 
 

t Critical one-tail 1,676550893 
 

P(T<=t) two-tail 8,48722E-08 
 

t Critical two-tail 2,009575237   

Table 55: t-test significance proof for 1961-1990 w.r.t 1988-2017 annual average 

We obtained the similar scenario. Since 𝑝 < 𝛼 and 𝑡 < 𝑡��, hence we conclude 

that there is a significant difference between the sample means 1961-1990 

w.r.t 1988-2017. Quod erat demonstrandum (q.e.d). 

ANOVA AND t-TEST FOR AVERAGE ANNUAL MAXIMUM 
TEMPERATURE 

The same steps are repeated for the average annual maximum temperature. 

The following results are obtained and shown in the following tables: 

TMAX 1961-1990 TMAX 1971-2000     

Mean 15,03 Mean 15,31 
Standard Error 0,107868588 Standard Error 0,141205809 
Median 15,1 Median 15,25 
Mode 15,1 Mode 15,1 
Standard Deviation 0,590820587 Standard Deviation 0,773416068 
Sample Variance 0,349068966 Sample Variance 0,598172414 
Kurtosis 0,357867974 Kurtosis 0,506749592 
Skewness 0,305817559 Skewness 0,560976645 
Range 2,6 Range 3,4 
Minimum 13,9 Minimum 13,9 
Maximum 16,5 Maximum 17,3 
Sum 450,9 Sum 459,3 
Count 29 Count 30 
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TMAX 1981-2010 TMAX 1988-2017     

Mean 15,74 Mean 16,1666667 
Standard Error 0,14114475 Standard Error 0,15546248 
Median 15,65 Median 16,15 
Mode 15,3 Mode 15,5 
Standard Deviation 0,77308161 Standard Deviation 0,85150307 
Sample Variance 0,59765517 Sample Variance 0,72505747 
Kurtosis -0,5885147 Kurtosis -0,8631642 
Skewness 0,2960423 Skewness -0,381686 
Range 2,8 Range 2,9 
Minimum 14,5 Minimum 14,5 
Maximum 17,3 Maximum 17,4 
Sum 472,2 Sum 485 
Count 30 Count 30 

Table 56: Descriptive Statistics for the average annual maximum temperature 

Performing single factor ANOVA analysis, the following result is obtained: 

Anova: Single Factor 
    

     

SUMMARY 
    

Groups Count Sum Average Variance 
1961-1990 30 450,9 15,03 0,34906897 
1971-2000 30 459,3 15,31 0,59817241 
1981-2010 30 472,2 15,74 0,59765517 
1988-2017 30 485 16,1666667 0,72505747 

Table 57: Summary of a Single Factor ANOVA Analysis for the average annual maximum 
temperature 

ANOVA 
      

Source of 
Variation 

SS df MS F P-value F crit 

Between 
Groups 

22,315 3 7,43833333 13,1074608 1,97758
E-07 

2,682809
407 

Within Groups 65,8286667 116 0,56748851 
   

       

Total 88,1436667 119 
    

Table 58: Analysis of a Single Factor ANOVA for the average annual maximum temperature 

After we obtained the ANOVA results, we compare the pivotal parameters, 𝐹 

and 𝐹�� to determine whether the hypothesis will be rejected or failed to reject. 

We use	𝛼 = 0.05 as our critical value. In this case, 𝐹 = 13.1074 and 𝐹�� = 

2.6828, hence the hypothesis is rejected, since 𝐹 > 𝐹��. This means that the 

sample means are not the same, meaning that we have a significant difference 
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for at least one mean. The obtained results of F-test are shown in the following 

tables: 

F-Test Two-Sample for Variances 
 

   

  1961-1990 1971-2000 
Mean 15,03 15,31 
Variance 0,349068966 0,598172414 
Observations 30 30 
df 29 29 
F 0,583559117 

 

P(F<=f) one-tail 0,076454901 
 

F Critical one-tail 0,537399965   

Table 59: F-test analysis between the maximum annual averages w.r.t 1961-1990  
and 1971-2000 

We start with 1961-1990 comparison with corresponding averages. Since 𝑝 >

𝛼, we conclude that there is no significant difference between the compared 

means. The following sample, hence, is not taken into consideration for the 

verification of the significance with t-test. 

F-Test Two-Sample for Variances 
   

  1961-1990 1981-2010 
Mean 15,03 15,74 
Variance 0,34906897 0,597655172 
Observations 30 30 
df 29 29 
F 0,58406416 

 

P(F<=f) one-tail 0,07678135 
 

F Critical one-tail 0,53739996   

Table 60: F-test analysis between the maximum annual averages w.r.t 1961-1990  
and 1981-2010 

Since 𝑝 > 𝛼, we conclude that there is no significant difference between the 

compared means. The following sample, hence, is not taken into consideration 

for the verification of the significance with t-test. 

F-Test Two-Sample for Variances    

  1961-1990 1988-2017 
Mean 15,03 16,1666667 
Variance 0,34906897 0,72505747 

Observations 30 30 
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df 29 29 
F 0,48143627 

 

P(F<=f) one-tail 0,0267769 
 

F Critical one-tail 0,53739996   

Table 61: F-test analysis between the maximum annual averages w.r.t 1961-1990  
and 1988-2017 

Now, we compare 1971-2000 climate normal with corresponding averages. 

Since 𝑝 < 𝛼, there is a significant difference between the sample means. 

Satisfied by the F-test to detect the significance, a corresponding example is 

taken further on to the t-test for significance verification. 

F-Test Two-Sample for Variances 
 

   

  1971-2000 1981-2010 
Mean 15,31 15,74 
Variance 0,598172414 0,597655172 
Observations 30 30 
df 29 29 
F 1,000865451 

 

P(F<=f) one-tail 0,499078723 
 

F Critical one-tail 1,860811435   

Table 62: F-test analysis between the maximum annual averages w.r.t 1971-2000  
and 1981-2010 

Since 𝑝 > 𝛼, we conclude that there is no significant difference between the 

compared means. The following sample, hence, is not taken into consideration 

for the verification of the significance with t-test. 

F-Test Two-Sample for Variances    

  1971-2000 1988-2017 
Mean 15,31 16,16666667 
Variance 0,59817241 0,725057471 
Observations 30 30 
df 29 29 
F 0,825 

 

P(F<=f) one-tail 0,3039266 
 

F Critical one-tail 0,53739996   

Table 63: F-test analysis between the maximum annual averages w.r.t 1971-2000  
and 1988-2017 
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Since 𝑝 > 𝛼, we conclude that there is no significant difference between the 

compared means. The following sample, hence, is not taken into consideration 

for the verification of the significance with t-test. 

F-Test Two-Sample for Variances    

  1981-2010 1988-2017 
Mean 15,74 16,1666667 
Variance 0,59765517 0,72505747 
Observations 30 30 
df 29 29 
F 0,82428662 

 

P(F<=f) one-tail 0,3031213 
 

F Critical one-tail 0,53739996   

Now, we compare 1981-2010 climate normal with corresponding averages. 

Since 𝑝 > 𝛼, we conclude that there is no significant difference between the 

compared means. The following sample, hence, is not taken into consideration 

for the verification of the significance with t-test. Unlike with annual average 

temperature, only one significant difference between the sample means is 

found. We will perform t-test to prove the significant difference between the 

sample means. Our sample has different variances between two means and 

hence we use the t-test assuming unequal variances. The following result is 

obtained and shown in the following tables: 

t-Test: Two-Sample Assuming Unequal Variances    

  1961-1990 1988-2017 
Mean 15,03 16,1666667 
Variance 0,349068966 0,72505747 
Observations 30 30 
Hypothesized Mean Difference 0 

 

df 52 
 

t Stat -6,007116419 
 

P(T<=t) one-tail 9,3812E-08 
 

t Critical one-tail 1,674689154 
 

P(T<=t) two-tail 1,87624E-07 
 

t Critical two-tail 2,006646805   

Table 64: t-test significance proof for 1961-1990 w.r.t 1988-2017 annual maximum average 
temperature 
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In the following case, 𝑝 < 𝛼 and 𝑡 < 𝑡��, hence we conclude that there is a 

significant difference between the sample means 1961-1990 and 1981-2010. 

Quod erat demonstrandum (q.e.d). 

ANOVA AND t-TEST FOR AVERAGE ANNUAL MINIMUM 
TEMPERATURE 

The same steps are repeated for the average annual minimum temperature. 

The following results are obtained and shown in the following tables: 

TMIN 1961-1990 TMIN 1971-2000     

Mean 4,83333333 Mean 5,03 
Standard Error 0,07765727 Standard Error 0,08920466 
Median 4,8 Median 5 
Mode 4,4 Mode 5,1 
Standard Deviation 0,42534638 Standard Deviation 0,48859404 
Sample Variance 0,18091954 Sample Variance 0,23872414 
Kurtosis -0,9794863 Kurtosis 0,68912098 
Skewness 0,34002164 Skewness 0,76309597 
Range 1,5 Range 2,1 
Minimum 4,1 Minimum 4,3 
Maximum 5,6 Maximum 6,4 
Sum 145 Sum 150,9 
Count 30 Count 30 

 

TMIN 1981-2010 TMIN 1988-2017     

Mean 5,36333333 Mean 5,68333333 
Standard Error 0,11531898 Standard Error 0,1232774 
Median 5,25 Median 5,6 
Mode 6,4 Mode 6,4 
Standard Deviation 0,63162807 Standard Deviation 0,67521814 
Sample Variance 0,39895402 Sample Variance 0,45591954 
Kurtosis -0,7395149 Kurtosis -0,5459814 
Skewness 0,59601432 Skewness 0,27533942 
Range 2,2 Range 2,7 
Minimum 4,4 Minimum 4,6 
Maximum 6,6 Maximum 7,3 
Sum 160,9 Sum 170,5 
Count 30 Count 30 

Table 65: Descriptive Statistics for the average annual minimum temperature 

Performing single factor ANOVA analysis, the following result is obtained: 
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Anova: Single Factor 
   

     

SUMMARY 
    

Groups Count Sum Average Variance 
1961-1990 30 145 4,83333333 0,18091954 
1971-2000 30 150,9 5,03 0,23872414 
1981-2010 30 160,9 5,36333333 0,39895402 
1988-2017 30 170,5 5,68333333 0,45591954 

Table 66: Summary of a Single Factor ANOVA Analysis for the average annual minimum 
temperature 

ANOVA 
      

Source of 
Variation 

SS df MS F P-value F crit 

Between 
Groups 

12,61825 3 4,20608333 13,2005537 1,7863E-07 2,68280941 

Within 
Groups 

36,961 116 0,31862931 
   

       

Total 49,57925 119         

Table 67: Analysis of a Single Factor ANOVA for the average annual minimum temperature 

After we obtained the ANOVA results, we compare the pivotal parameters, 𝐹 

and 𝐹�� to determine whether the hypothesis will be rejected or failed to reject. 

We use	𝛼 to be 0.05 as our critical value. In this case, 𝐹 = 13.2005 and 𝐹�� = 

2.6828, hence the hypothesis is rejected, since 𝐹 > 𝐹��. This means that the 

sample means are not the same, meaning that we have a significant difference 

for at least one mean. The obtained results of F-test are shown in the following 

tables: 

F-Test Two-Sample for Variances    

 
1961-1990 1971-2000 

Mean 4,83333333 5,03 
Variance 0,18091954 0,23872414 
Observations 30 30 
df 29 29 
F 0,75786027 

 

P(F<=f) one-tail 0,22996604 
 

F Critical one-tail 0,53739996   

Table 68: F-test analysis between the annual minimum averages w.r.t 1961-1990  
and 1971-2000 

We start with 1961-1990 comparison with corresponding averages. Since 𝑝 >

𝛼, we conclude that there is no significant difference between the compared 
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means. The following sample, hence, is not taken into consideration for the 

verification of the significance with t-test. 

F-Test Two-Sample for Variances    

  1961-1990 1981-2010 
Mean 4,83333333 5,36333333 
Variance 0,18091954 0,39895402 
Observations 30 30 
df 29 29 

F 0,45348469 
 

P(F<=f) one-tail 0,01855005 
 

F Critical one-tail 0,53739996   

Table 69: F-test analysis between the annual minimum averages w.r.t 1961-1990  
and 1981-2010 

Since 𝑝 < 𝛼, there is a significant difference between the sample means. 

Satisfied by the F-test to detect the significance, a corresponding example is 

taken further on to the t-test for significance verification. 

F-Test Two-Sample for Variances    

  1961-1990 1988-2017 
Mean 4,83333333 5,68333333 
Variance 0,18091954 0,45591954 
Observations 30 30 
df 29 29 
F 0,3968234 

 

P(F<=f) one-tail 0,00763846 
 

F Critical one-tail 0,53739996   

Table 70: F-test analysis between the annual minimum averages w.r.t 1961-1990  
and 1981-2010 

Since 𝑝 < 𝛼, there is a significant difference between the sample means. 

Satisfied by the F-test to detect the significance, a corresponding example is 

taken further on to the t-test for significance verification. 

F-Test Two-Sample for Variances    

  1971-2000 1981-2010 
Mean 5,03 5,36333333 
Variance 0,23872414 0,39895402 
Observations 30 30 
df 29 29 
F 0,59837506 
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P(F<=f) one-tail 0,08635961 
 

F Critical one-tail 0,53739996   

Table 71: F-test analysis between the annual minimum averages w.r.t 1971-2000  
and 1981-2010 

Now, we compare 1971-2000 climate normal with corresponding averages. 

Since 𝑝 > 𝛼, we conclude that there is no significant difference between the 

compared means. The following sample, hence, is not taken into consideration 

for the verification of the significance with t-test. 

F-Test Two-Sample for Variances    

  1971-2000 1988-2017 
Mean 5,03 5,68333333 
Variance 0,23872414 0,45591954 
Observations 30 30 
df 29 29 
F 0,52361024 

 

P(F<=f) one-tail 0,04339482 
 

F Critical one-tail 0,53739996   

Table 72: F-test analysis between the annual minimum averages w.r.t 1971-2000  
and 1988-2017 

Since 𝑝 < 𝛼, there is a significant difference between the sample means. 

Satisfied by the F-test to detect the significance, a corresponding example is 

taken further on to the t-test for significance verification. 

F-Test Two-Sample for Variances    

  1981-2010 1988-2017 
Mean 5,36333333 5,68333333 
Variance 0,39895402 0,45591954 
Observations 30 30 
df 29 29 
F 0,87505357 

 

P(F<=f) one-tail 0,36085876 
 

F Critical one-tail 0,53739996   

Table 73: F-test analysis between the annual minimum averages w.r.t 1981-2010  
and 1988-2017 

Now, we compare 1981-2010 climate normal with corresponding average. 

Since 𝑝 > 𝛼, we conclude that there is no significant difference between the 
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compared means. The following sample, hence, is not taken into consideration 

for the verification of the significance with t-test. 

Unlike with annual average maximum temperature, three significant 

differences between the sample means are found. We will perform t-test to 

prove the significant difference between the sample means. Our sample has 

different variances between two means and hence we use the t-test assuming 

unequal variances. The following result is obtained and shown in the following 

tables: 

t-Test: Two-Sample Assuming Unequal Variances    

  1961-1990 1981-2010 
Mean 4,83333333 5,36333333 
Variance 0,18091954 0,39895402 
Observations 30 30 
Hypothesized Mean Difference 0 

 

df 51 
 

t Stat -3,8121488 
 

P(T<=t) one-tail 0,00018632 
 

t Critical one-tail 1,67528495 
 

P(T<=t) two-tail 0,00037264 
 

t Critical two-tail 2,00758377   

Table 74: t-test significance proof for 1961-1990 w.r.t 1981-2010 annual minimum average 
temperature 

In the following case, 𝑝 < 𝛼 and 𝑡 < 𝑡��, hence we conclude that there is a 

significant difference between the sample means 1961-1990 and 1981-2010. 

Quod erat demonstrandum (q.e.d). 

t-Test: Two-Sample Assuming Unequal Variances 
   

  1961-1990 1988-2017 
Mean 4,83333333 5,68333333 
Variance 0,18091954 0,45591954 
Observations 30 30 
Hypothesized Mean Difference 0 

 

df 49 
 

t Stat -5,8339768 
 

P(T<=t) one-tail 2,1067E-07 
 

t Critical one-tail 1,67655089 
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P(T<=t) two-tail 4,2134E-07 
 

t Critical two-tail 2,00957524   

Table 75: t-test significance proof for 1961-1990 w.r.t 1988-2017 annual minimum average 
temperature 

Since 𝑝 < 𝛼 and 𝑡 < 𝑡��, hence we conclude that there is a significant 

difference between the sample means 1961-1990 and 1981-2010. Quod erat 

demonstrandum (q.e.d). 

t-Test: Two-Sample Assuming Unequal Variances    

  1971-2000 1988-2017 
Mean 5,03 5,68333333 
Variance 0,23872414 0,45591954 
Observations 30 30 
Hypothesized Mean Difference 0 

 

df 53 
 

t Stat -4,293529 
 

P(T<=t) one-tail 3,7606E-05 
 

t Critical one-tail 1,67411624 
 

P(T<=t) two-tail 7,5211E-05 
 

t Critical two-tail 2,005746   

Table 76: t-test significance proof for 1971-2000 w.r.t 1988-2017 annual minimum average 

temperature 

Since 𝑝 < 𝛼 and 𝑡 < 𝑡��, hence we conclude that there is a significant 

difference between the sample means 1961-1990 and 1981-2010. Quod erat 

demonstrandum (q.e.d). 

ANOVA AND t-TEST FOR AVERAGE ANNUAL PRECIPITATION 

The same steps are repeated for the average annual precipitation. The 

following results are obtained and shown in the following tables: 

PRCP 1961-1990 PRCP 1971-2000     

Mean 932,083333 Mean 914,763333 
Standard Error 25,0349857 Standard Error 27,5070175 
Median 945,2 Median 893,7 
Mode #N/A Mode #N/A 
Standard Deviation 137,122264 Standard Deviation 150,66214 
Sample Variance 18802,5152 Sample Variance 22699,0803 
Kurtosis -0,1043457 Kurtosis -0,2523782 
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Skewness -0,5351431 Skewness 0,16576822 
Range 544,6 Range 623,9 
Minimum 625 Minimum 625 
Maximum 1169,6 Maximum 1248,9 
Sum 27962,5 Sum 27442,9 
Count 30 Count 30 

 

PRCP 1981-2010 PRCP 1988-2017 
    

Mean 935,096667 Mean 947,293333 
Standard Error 29,0102715 Standard Error 28,7233807 
Median 923,65 Median 949 
Mode #N/A Mode #N/A 
Standard Deviation 158,895801 Standard Deviation 157,324435 
Sample Variance 25247,8755 Sample Variance 24750,9779 
Kurtosis -0,5358706 Kurtosis -0,7664223 
Skewness -0,0184581 Skewness -0,1028505 
Range 623,9 Range 617 
Minimum 625 Minimum 631,9 
Maximum 1248,9 Maximum 1248,9 
Sum 28052,9 Sum 28418,8 
Count 30 Count 30 

Table 77: Descriptive Statistics for the average annual precipitation 

Performing single factor ANOVA analysis, the following result is obtained: 

Anova: Single Factor 
   

     

SUMMARY 
    

Groups Count Sum Average Variance 
1961-1990 30 27962,5 932,083333 18802,5152 
1971-2000 30 27442,9 914,763333 22699,0803 
1981-2010 30 28052,9 935,096667 25247,8755 
1988-2017 30 28418,8 947,293333 24750,9779 

Table 78: Summary of a Single Factor ANOVA Analysis for the average annual precipitation 

ANOVA 
      

Source of 
Variation 

SS df MS F P-value F crit 

Between 
Groups 

16206,0802 3 5402,02675 0,23615302 0,8710057 2,68280940 

Within 
Groups 

2653513,02 116 22875,1122 
   

       

Total 2669719,1 119         

Table 79: Analysis of a Single Factor ANOVA for the average annual precipitation 
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After we obtained the ANOVA results, we compare the pivotal parameters, 𝐹 

and 𝐹�� to determine whether the hypothesis will be rejected or failed to reject. 

We use	𝛼 = 0.05 as our critical value. In this case, 𝐹 = 0.23615 and 𝐹�� = 2.6828, 

hence the hypothesis is failed to reject, since 𝐹 < 𝐹��. This means that the 

sample means are the same, meaning that we do not have a significant 

difference for at least one mean. The obtained results of F-test are shown in 

the following tables without need to use the t-test for the significance 

verification, since all of the hypotheses are rejected. 

F-Test Two-Sample for Variances 
 

   

  PRCP 1961-1990 PRCP 1971-2000 
Mean 932,083333 914,7633333 
Variance 18802,5152 22699,08033 
Observations 30 30 
df 29 29 
F 0,82833819 

 

P(F<=f) one-tail 0,30769847 
 

F Critical one-tail 0,53739996   

Table 80: F-test analysis between the annual precipitation averages w.r.t 1961-1990  
and 1971-2000 

F-Test Two-Sample for Variances 
 

   

  PRCP 1961-1990 PRCP 1981-2010 
Mean 932,0833333 935,096667 
Variance 18802,51523 25247,8755 
Observations 30 30 
df 29 29 
F 0,744716728 

 

P(F<=f) one-tail 0,216101764 
 

F Critical one-tail 0,537399965   

Table 81: F-test analysis between the annual precipitation averages w.r.t 1961-1990  
and 1981-2010 
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F-Test Two-Sample for Variances    

  PRCP 1961-1990 PRCP 1988-2017 
Mean 932,083333 947,293333 
Variance 18802,5152 24750,9779 
Observations 30 30 
df 29 29 
F 0,75966757 

 

P(F<=f) one-tail 0,23189204 
 

F Critical one-tail 0,53739996   

Table 82: F-test analysis between the annual precipitation averages w.r.t 1961-1990  
and 1988-2017 

F-Test Two-Sample for Variances 
 

   

  PRCP 1971-2000 PRCP 1981-2010 
Mean 914,763333 935,0966667 
Variance 22699,0803 25247,87551 
Observations 30 30 
df 29 29 
F 0,89904912 

 

P(F<=f) one-tail 0,38820032 
 

F Critical one-tail 0,53739996   

Table 83: F-test analysis between the annual precipitation averages w.r.t 1971-1990  
and 1981-2010 

F-Test Two-Sample for Variances 
 

   

  PRCP 1971-2000 PRCP 1988-2017 
Mean 914,7633333 947,293333 
Variance 22699,08033 24750,9779 
Observations 30 30 
df 29 29 
F 0,917098324 

 

P(F<=f) one-tail 0,408664312 
 

F Critical one-tail 0,537399965   

Table 84: F-test analysis between the annual precipitation averages w.r.t 1971-1990  
and 1988-2017 

F-Test Two-Sample for Variances    

  PRCP 1981-2010 PRCP 1988-2017 
Mean 935,096667 947,293333 
Variance 25247,8755 24750,9779 
Observations 30 30 
df 29 29 
F 1,02007588 

 

P(F<=f) one-tail 0,47884175 
 

F Critical one-tail 1,86081144   

Table 85: F-test analysis between the annual precipitation averages w.r.t 1981-2010  
and 1988-2017 
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SIMPLE MOVING AVERAGE FOR THE AVERAGE ANNUAL 

TEMPERATURE 

Figure 47 shows the simple moving average (SMA) representing the annual 

average temperature, taking 1942 to 2017 as an observed period. For the lag, 

we used backtracking over 40 years (1977-2017), since we hypothesized 

previously that the warming trend has started to strengthen since the mid 

1970s. 

 

Figure 47: Simple moving average for the average annual temperature using the lag  
period 1977-2017 

What we can conclude from Figure 47 is that the average annual temperature 

has an inclining trend (dash-line) and over the last 40 years the SMA shows an 

increase of 0.9 ºC (from 10.0 to 10.9 ºC). Since we previously prove with 

ANOVA and the t-test that there exists a significant difference between 1961-

1990 and 1988-2017 average, we can consider this increase as a significant 

w.r.t 1961-1990, as we do not expect greater deviations in our variances and 

F values from the existing ones. However, there is no significance w.r.t other 

annual averages, since we prove the corresponding averages with ANOVA.  
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SIMPLE MOVING AVERAGE FOR THE AVERAGE ANNUAL 

MAXIMUM TEMPERATURE 

Figure 48 shows the simple moving average (SMA) representing the annual 

average maximum temperature, taking 1942 to 2017 as an observed period. 

Again, for the lag we used backtracking over 40 years (1977-2017), since we 

hypothesized previously that the warming trend has started to strengthen since 

the mid 1970s. 

 

Figure 48: Simple moving average for the average annual maximum temperature using the 
lag period 1977-2017 

What we can conclude from Figure 48 is that the average annual temperature 

has an inclining trend (dash-line) and over the last 40 years the SMA shows an 

increase of 0.8 ºC (from 15.1 to 15.9 ºC). Since we previously detect with 

ANOVA and prove with the t-test that there exists a significant difference 

between 1961-1990 and 1988-2017 average, we can consider this increase as 

a significant w.r.t 1961-1990, as we do not expect greater deviations in our 

variances and F values from the existing ones. However, there is no 

significance w.r.t other annual averages. 
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SIMPLE MOVING AVERAGE FOR THE AVERAGE ANNUAL 

MINIMUM TEMPERATURE 

Figure 49 shows the simple moving average (SMA) representing the annual 

average minimum temperature, taking 1942 to 2017 as an observed period. 

Again, for the lag we used backtracking over 40 years (1977-2017), since we 

hypothesized previously that the warming trend has started to strengthen since 

the mid 1970s. 

 

Figure 49: Simple moving average for the average annual minimum temperature using the 
lag period 1977-2017 

What we can conclude from Figure 49 is that the average annual temperature 

has an inclining trend (dash-line) and over the last 40 years the SMA shows an 

increase of 0.7 ºC (from 4.8 to 5.5 ºC). Since we previously prove with ANOVA 

and the t-test that there exists a significant difference between 1961-1990 and 

1988-2017 average, we can consider this increase as a significant w.r.t 1961-

1990, as we do not expect greater deviations in our variances and F values 

from the existing ones. However, there is no significance w.r.t other annual 

averages. 
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SIMPLE MOVING AVERAGE FOR THE ANNUAL PRECIPITATION 

Figure 50 shows the simple moving average (SMA) representing the annual 

precipitation, taking 1942 to 2017 as an observed period.  

 

Figure 50: Simple moving average for annual precipitation rate using the  
lag period 1977-2017 

What we can conclude from Figure 50 is that the annual precipitation shows 

no significant difference (dash-line) over the last 40 years and that was also 

verified by ANOVA as we did not find any significant differences between the 

averages.  

PERCENTILE RANKS 

The corresponding percentile ranking for period 1942-2017 are given in Table 

86 for analyzed variables and are evaluated year-by-year with Conrad-

Chapman percentile categorization with the calculation performed in R and 

Excel.  
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Year TAVG TAVG 
Percentile 

TMAX TMAX 
Percentile 

TMIN TMIN 
Percentile 

PRCP PRCP 
Percentile 

1942 9.3 5 14.6 17 4.0 2 814.5 25 
1943 10.7 71 16.1 73 5.4 66 882.3 40 
1944 9.6 17 14.5 11 4.7 28 1111.9 90 
1945 10.3 52 15.8 62 4.7 26 801.9 22 
1946 11.0 78 16.8 87 5.2 55 708.8 6 
1947 10.5 58 15.9 66 5.1 49 901.6 45 
1948 10.1 60 15.3 46 4.8 34 806.0 24 
1949 9.6 17 15.0 32 4.2 4 899.9 43 
1950 11.6 91 17.3 97 5.9 83 726.9 9 
1951 11.6 91 16.5 80 6.6 98 821.0 27 
1952 10.7 71 16.2 77 5.2 55 1020.7 71 
1953 10.1 60 15.5 54 4.8 34 660.1 3 
1954 9.3 5 14.4 8 4.3 6 907.6 47 
1955 9.9 36 14.4 8 5.3 60 1184.0 98 
1956 8.8 <2 13.8 <2 3.8 <2 764.9 11 
1957 10.1 60 14.7 24 5.4 66 793.1 32 
1958 10.4 56 15.5 72 5.3 60 974.9 74 
1959 9.8 28 14.6 17 5.0 43 1159.0 95 
1960 10.6 63 15.3 46 5.8 80 837.9 43 
1961 10.7 71 16.1 73 5.3 60 724.4 8 
1962 9.4 8 14.3 6 4.5 17 988.0 63 
1963 9.7 40 14.7 24 4.7 26 1110.4 90 
1964 9.4 8 14.2 4 4.5 17 1013.3 69 
1965 9.5 11 14.9 47 4.1 3 943.3 68 
1966 10.3 52 15.3 46 5.3 60 1038.8 75 
1967 9.8 28 15.2 41 4.4 10 863.1 37 
1968 9.9 35 15.1 36 4.8 34 1053.2 78 
1969 9.5 11 14.6 17 4.4 10 1071.7 83 
1970 9.6 17 14.8 28 4.5 17 1033.9 73 
1971 9.6 17 14.8 28 4.4 10 786.7 15 
1972 10.1 43 15.1 36 5.1 49 843.4 32 
1973 9.6 17 14.6 17 4.6 21 802.9 22 
1974 9.8 28 14.7 24 5.0 43 1024.8 72 
1975 10.0 39 15.0 32 5.1 49 844.6 33 
1976 9.1 2 14.0 3 4.3 6 1006.1 67 
1977 10.7 71 15.9 66 5.5 72 1099.4 87 
1978 9.2 3 13.9 2 4.5 17 1169.6 96 
1979 10.6 63 15.5 55 5.6 77 947.1 56 
1980 9.5 11 14.6 17 4.4 10 1002.9 65 
1981 9.9 35 15.3 46 4.7 26 929.9 50 
1982 10.6 63 15.7 60 5.5 72 625.0 <2 
1983 10.1 43 15.3 46 4.8 34 795.4 20 
1984 9.7 40 14.5 11 4.8 34 888.1 41 
1985 9.8 28 15.1 36 4.4 10 860.0 36 
1986 9.9 35 15.1 36 4.8 34 917.4 48 
1987 10.3 52 15.4 68 5.1 49 964.3 59 
1988 10.3 52 15.5 72 5.1 49 881.4 39 
1989 10.2 48 15.2 41 5.2 55 1101.5 88 
1990 11.0 78 16.5 97 5.6 77 631.9 <2 
1991 9.6 17 14.5 11 4.7 26 1053.0 78 
1992 10.8 76 16.2 77 5.5 72 778.5 14 
1993 10.6 63 16.0 70 5.1 49 787.4 16 
1994 11.6 91 16.8 87 6.4 94 824.1 28 
1995 10.1 43 15.1 36 5.0 43 1091.1 85 
1996 9.8 28 14.7 24 4.9 40 1068.1 82 
1997 9.9 35 15.3 46 4.6 21 849.0 35 
1998 10.3 52 15.8 62 4.9 40 899.3 43 
1999 10.6 63 15.9 66 5.4 66 1248.9 >98 
2000 11.6 91 17.3 >98 5.9 83 721.1 7 
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2001 10.7 71 15.9 66 5.5 72 1141.9 92 
2002 11.5 86 16.5 97 6.4 94 967.1 60 
2003 10.7 71 16.1 73 5.3 60 791.0 31 
2004 10.6 63 15.6 59 5.6 77 1047.5 76 
2005 9.7 40 14.6 17 4.7 26 1152.5 94 
2006 10.5 58 15.5 72 5.4 66 960.9 58 
2007 11.7 96 16.9 90 6.4 94 996.2 64 
2008 11.9 >98 17.2 95 6.6 98 835.3 30 
2009 11.5 86 16.6 83 6.4 94 1058.0 80 
2010 11.2 81 16.1 73 6.2 88 1187.1 >98 
2011 11.2 81 16.8 87 5.6 77 692.0 4 
2012 11.6 91 17.3 >98 5.9 83 928.1 50 
2013 11.8 >98 17.1 94 6.4 94 931.7 52 
2014 12.4 >98 17.4 >98 7.3 >98 1082.7 84 
2015 11.4 83 16.7 84 6.1 86 766.3 12 
2016 11.6 91 16.9 90 6.3 90 1008.1 68 
2017 11.5 85 17.0 92 6.1 86 937.1 67 

Table 86: Percentile ranking for the analyzed variables. Period 1942-2017 

The corresponding normal distribution graphs for the analyzed variables are 

given from Figure 50 to Figure 54 representing the frequencies of values 

appearing over the last 75 years. 

 

Figure 51: Gaussian Curve for the average annual temperature frequency. Period 1942-2017 
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Figure 52: Gaussian Curve for the average maximum temperature frequency.  
Period 1942-2017 

 

Figure 53: Gaussian Curve for the average minimum temperature frequency.  
Period 1942-2017 
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Figure 54: Gaussian Curve for the average precipitation frequency. Period 1942-2017 

PREDICTIONS 

AUTOREGRESSIVE NEURAL NETWORK 

A simulation of 10 possible future sample paths are shown for our variables 

(TAVG, TMIN, TMAX, PRCP). Each sample path covers the next 10 years. 

Figure 55 to 59 reveals the obtained model and forecast results. First, we 

started with the average annual temperature. 

 

Figure 55: Future sample paths for the average annual temperature. Period 2018-2027 



 

 118 

 

Figure 56: NNAR(10,6) prediction for the average annual temperature. Period 2018-2027 

The obtained forecast values for the next 10 periods are shown in Table 87. 

Period of observation/Year Forecasted temperature value (ºC)  
77 – 2018 11.3 
78 – 2019  12.2 
79 – 2020 11.8 
80 – 2021 11.9 
81 – 2022 11.8 
82 – 2023 11.5 
83 – 2024 11.6 
84 – 2025  12.0 
85 – 2026  11.7 
86 – 2027 12.0 

Table 87: NNAR(10,6) obtained forecast for average annual temperature for h = 10 interval. 
Period 2018-2027 

By the time when we write this report, 2018 was not included in our analysis. 

Our forecasted value for this year was 11.3 ºC, while the actual was 11.4 ºC, 

giving us difference of 0.1 ºC above the predicted term (Meteorološki 

godišnjak, FHMZ, 2018). This shows us that NNAR performed very well, 

delivering very accurate result. 

Next, we analyzed the average annual maximum (TMAX) and average annual 

minimum (TMIN) temperature with obtained forecast for the next 10 periods. 
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Figure 57: Future sample paths for the average annual maximum temperature.  
Period 2018-2027 

 

Figure 58: NNAR(10,6) prediction for the average annual maximum temperature.  
Period 2018-2027 
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The obtained forecast values for the next 10 periods are shown in Table 88. 

Period of observation/Year Forecasted temperature value (ºC)  
77 – 2018 17.1 
78 – 2019  17.2 
79 – 2020 17.0 
80 – 2021 17.0 
81 – 2022 16.8 
82 – 2023 17.1 
83 – 2024 17.0 
84 – 2025  17.2 
85 – 2026  17.0 
86 – 2027 17.0 

Table 88: NNAR(10,6) obtained forecast for average annual maximum temperature for h = 10 

interval. Period 2018-2027 

Our forecasted value for the average annual maximum temperature this year 

was 17.1 ºC, while the actual was 17.2 ºC, giving us difference of -0.1 ºC below 

the predicted term (Meteorološki godišnjak, FHMZ, 2018). This shows us that 

NNAR performed again very well, delivering very accurate result. 

 

Figure 59: Future sample paths for the average annual minimum temperature. Period 2018-
2027 
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Figure 60: NNAR(10,6) prediction for the average annual minimum temperature. 
Period 2018-2027 

The obtained forecast values for the next 10 periods are shown in Table 89. 

Period of observation/Year Forecasted temperature value (ºC)  
77 – 2018 6.25 
78 – 2019  6.28 
79 – 2020 6.58 
80 – 2021 6.47 
81 – 2022 6.32 
82 – 2023 6.32 
83 – 2024 6.30 
84 – 2025  6.45 
85 – 2026  6.63 
86 – 2027 6.45 

Table 89: NNAR (10,6) obtained forecast for average annual minimum temperature for h = 10 
interval. Period 2018-2027 

Our forecasted value for average annual minimum temperature in 2018 was 

6.25 ºC, while the actual was 7.2 ºC, giving us difference of -0.95 ºC below the 

predicted term (Meteorološki godišnjak, FHMZ, 2018). This shows us that 

NNAR performed less precise w.r.t average annual and maximum temperature, 

hence the results are less accurate. 
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Figure 61: Future sample paths for the annual precipitation. Period 2018-2027 

 

Figure 62: NNAR(10,6) prediction for the annual precipitation. Period 2018-2027 

The obtained forecast values for the next 10 periods are shown in Table 90. 

Period of observation/Year Forecasted precipitation value (mm)  
77 – 2018 1025 
78 – 2019  855 
79 – 2020 1109 
80 – 2021 929 
81 – 2022 825 
82 – 2023 806 
83 – 2024 1071 
84 – 2025  866 
85 – 2026  882 
86 – 2027 960 

Table 90: NNAR (10,6) obtained forecast for average annual precipitation for h = 10 interval. 
Period 2018-2027 
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Our forecasted value for annual precipitation rate in 2018 was 1025 mm, while 

the actual was 1043.3 mm, giving us difference of -18.3 mm below the 

predicted term (Meteorološki godišnjak, FHMZ, 2018). This shows us that 

NNAR performed rather well for such complicated variable due to its 

discontinuity and delivered accurate results. 

DISCUSSION 

During our deep data and statistical analysis of our four variables, we can 

conclude that Sarajevo is experiencing a severe warming trend in which the 

average annual, maximum and minimum temperatures started increasing 

since the mid-1970s, with the further intensification in the 21st century when 

most of the very or extreme warm years have occurred. Previously inspected, 

the warming trend is existent in the 21st century, showing us a concerning 

result that out of 18 years, 17 of them were warmer, in which 2014 was 

significantly warmer than average and so far, the warmest year on record. 

Percentile rank reveals that the years after 2007 are constantly warmer than 

average which previously was not the case and confirms the warming trend 

persistence. The initially set hypothesis in introduction part are proved and we 

show that there exists a significant difference between the annual averages. 

This reveals the clear signs of thermic parameter changes, while, as expected, 

the precipitation levels remain unchanged over the last 75 years, but with some 

variations visible from decade to decade due to the discontinuous nature of 

the precipitation data, with more present sharp shifts between prolonged spells 

of very dry and very wet periods, often followed by deluge or severe drought, 

respectively, showing us present extreme weather influences that became 
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more probable since the early 2000s. Most of our thermic parameters show 

the increase for more than 1 ºC over the last 50 years, proving that the warming 

trend is intense in our city and our NNAR forecasts show more or less the same 

results that used to occur during 2010s with some surprising results obtained 

for the first analyzed year compared to the data from the Federal 

Hydrometeorological Service of BiH (FHMZ BiH). If we make the assumption 

of further deforestation happening in our city, consequently leading to less 

green areas, it is expected that the thermic values will increase even more, 

leading to more number of warm and uncomfortable days, followed by 

uncomfortable, tropical nights during summer which could shape our climate 

into the Mediterranean type. The next iteration of this project planned for the 

further research should include more variables, especially the analysis of warm 

and uncomfortable days, as well as tropical nights, but also the deeper insight 

into precipitation levels, which could reveal more clearer picture of the climate 

change persistence in our country, but also the extreme weather occurrences 

that we are facing over the last 20 years. 
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