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Aim and scope 

Croatian Review of Economic, Business and Social Statistics (CREBSS) is a scientific journal that 

promotes both, statistical science and profession, theory and applications. It focuses 

statistical methods developed and applied in economy, business processes and social 

sciences in a very broad meaning. It targets a very wide audience of statisticians, whether 

they are scientists, professionals, educators or students, influencing modern economy, 

business and society.  

 

About  

The journal does not have article processing charges (APCs) nor article submission charges  

The goal of the CREBSS journal is to demonstrate how statistical science, research design and 

analysis methods play important roles in economy, business and society. The journal targets 

the current issues regarding the official statistics data production, and discusses the broad 

variety of applied statistical problems that might be outcomes of scientific survey research 

design, experimental design or observational study in economy, business and for different 

social issues, respecting the overall turbulent influences caused by the modern ICT and 

software development.  

In this respect, the CREBSS journal fosters the exchange of ideas, experience and knowledge 

among statisticians.  

Papers submitted for publication should be original theoretical, practical and applied 

papers. The journal also publishes case studies describing innovative applications and critical 

reviews of statistical theory.  

The anonymous double-blind peer review by the two independent reviewers is applied to all 

the papers.  

 

Rejection Rate: 30%  

 

Why submit 

The CREBSS journal is a good opportunity for publication of research focusing either on 

statistical theory or on statistical methods applications in economics, business and social 

issues. Areas such as finance and commerce, management, marketing, and also in 

agriculture, industry, construction, engineering, demography, psychology, sociology, law, 

politics, opinion polling, government, education, biomedical and physical sciences, health 

and medicine, pharmaceutics, kinesiology, ecology, environment, tourism, sports, leisure, ICT 

and quality issues are welcome. Statistical data collection, processing, compilation, 

dissemination, and data exploration and analysis, with organizations, regions, countries, or 

persons as possible units or levels of the analysis, all might be of interest. Since any interesting 

topic and applications of statistics are welcome, there are no restrictions to subject matters. 

Papers emphasising current concerns regarding statistical theory and challenging applied 

problems in multi- and cross-discipline issues (such as computational statistics, data mining 

and pattern recognition, simulation modelling, or related to optimization, mathematical 

programming, etc.), resulting with new statistical approaches are of special interest. It is 

expected that papers are methodologically well sounded, and that real life problems are 

treated, showing novel solutions.  

 

Similarity check plagiarism screening system  

The editorial board is participating in a growing community of Similarity Check System's users 

in order to ensure that the content published is original and trustworthy. Similarity Check is a 

medium that allows for comprehensive manuscripts screening, aimed to eliminate plagiarism 

and provide a high standard and quality peer-review process.  

Detailed description of the Similarity Check System can be found at: 

https://www.crossref.org/services/similarity-check/  
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Abstract 
Availability of high-frequency data, in line with IT developments, enables the use of 

more information to estimate not only the variance (volatility), but also higher realized 

moments and entire realized distribution of returns. Old fashion approaches use only 

closing prices and assume that underlying distribution is time-invariant which makes 

traditional forecasting models unreliable. Moreover, time-varying realized moments 

support findings that returns are not identically distributed across trading days. The 

objective of the paper is to find appropriate data-driven distribution of returns using 

high-frequency data. Kernel estimation method is applied to DAX intraday prices, 

which balances between the bias and the variance of the realized moments with 

respect to the bandwidth selection as well as sampling frequency selection. The main 

finding is that Kernel bandwidth is strongly related to the sampling frequency at slow-

time-time scale when applying a two-scale estimator, while the fast-time-time scale 

sampling frequency is held fixed. Realized Kernel density estimation enriches the 

literature by providing the best data-driven proxy of the true but unknown probability 

density function of returns, which can be used as a benchmark in comparison against 

ex-ante or implied driven moments. 
 

Keywords: bandwidth selection, intraday prices, Kernel density, realized moments, 

sampling frequency selection, two-time scale estimator. 
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Introduction 
In the field of quantitative finance, it is very common to assume a probability density 

function (pdf) of underlying asset returns with unknown moments such as variance, 

skewness and kurtosis. These moments are parameters which are estimated frequently 

by many practitioners and academics using different approaches. Forecasting of 

these moments is of special interest to market participants as their future expectations 

are embedded in the current trading activities. Most of existing studies have focused 

on parametric models to compute ex-ante measures of variance, skewness and 
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kurtosis of returns. However, not only moments are unknown, but distribution itself is 

also unobservable, making parametric models partially incoherent. True probability 

density function of underlying asset returns was and will remain one of the major issues. 

The main goal is to find a “true” distribution of returns, i.e. realized ex-post distribution, 

which is data-driven. Appropriate realized distribution is later used to derive realized 

moments of returns, which can be compared to the ex-ante counterparts. Even most 

studies have used simulation techniques to generate the true probability density 

function (Neuberger, 2012); it still lacks attempts for finding appropriate benchmark of 

the true density for comparison purpose. 

 Motivation for finding a realized ex-post distribution, which is closest to the true 

distribution of returns, is availability of the high-frequency data. These intraday 

observations enable us to use as much information as possible to obtain probability 

density function for each trading day separately. Thus, one would expect that pdf 

varies across trading days as its moments are time-varying. Two key issues emerge 

here. First issue refers to the sampling frequency selection and the second issue is 

about density estimation method. The most popular method for density estimation 

among users is Kernel method, especially when dealing with big data such as high-

frequency observations. Kernel method is nonparametric and it does not require 

assumption imposed on the data generating process (DGP). Moreover, the Kernel 

estimator converges to the true DGP with probability one in a certain conditions. This 

brings us to new issues about the choice of the bandwidth and Kernel function. Luckily, 

the choice of the Kernel function has no effect on the results, and therefore a main 

issue remains on bandwidth selection (Marron, Nolan, 1988; Grith, Härdle, Schienle, 

2012). Usually, an optimal bandwidth is chosen to minimize both the bias and the 

variance of the estimator. In line with this minimization problem, different rules where 

proposed in the literature, but many of them give oversmoothed densities (Terrell, 

Scott, 1992; Wand, Jones, 1995; Racine, 2008,). 

 In this study the bandwidth selection is related to the problem of sampling 

frequency selection in obtaining bias adjustment of the realized variance, the first issue 

outlined above. The most well-known high-frequency estimator is the realized 

variance proposed by Andersen and Bollerslev (1998). This estimator is formulated as 

the sum of squared intraday returns, which are equally spaced. Studies showed that 

this estimator is biased when sampling frequency is large (Hansen, Lunde, 2005; Bandi, 

Russell, 2008). This bias is induced by the autocorrelation resulting from non-

synchronous trading, discrete price observations, bid-ask bounce and the influence is 

collectively regarded as a market microstructure noise. Higher sampling frequency will 

lead to a more significant noise problem (Ait-Sahalia et al. 2011). Many bias-corrected 

estimators of realized variance which are robust to microstructure noise where 

proposed (Barndorff-Nielsen et al., 2002; Ait-Sahalia et al., 2005; Oomen, 2006). In this 

paper we utilize two scale realized variance estimator (TSRV) proposed by Zhang et 

al. 2005. Thus, a main objective is to determine if there is a realized density from which 

we can derive consistent and asymptotically unbiased estimate of integrated 

variance such as TSRV. If such density exists, obtained by Kernel estimation method, 

then it can be taken as the benchmark of the true but unknown density of returns. 

Basically, this means that choice of Kernel bandwidth depends on the slow-time-time 

scale sampling frequency, while the fast-time-time scale sampling frequency is held 

fixed when computing TSRV. 

 This paper contributes to the existing literature in a several segments. Previous 

research has not considered benchmarking the true but unknown probability density 

function of returns using intraday prices. This study also enriches the literature on data-

driven approaches for realized density estimation which is free of microstructure noise 
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by usage of Kernel. The obtained findings offer valuable information to market 

participants by pinpointing the appropriate Kernel bandwidth as well as optimal slow-

time-time scale sampling frequency. 

 The rest of the paper is organized into four sections. Section 2 comprehensively 

describes realized measures of moments and highlights their adjustment in the 

presence of microstructure noise. Section 3 presents Kernel density estimation method 

and dependence between bandwidth and slow-time-time scale frequency. Section 

4 presents the obtained empirical results using intraday prices of DAX index. Directions 

for future research as well as final concluding remarks and limitations of present 

research are given in Section 5. 

 

Realized measures of moments 
The concept of realized variance was introduced among the first by Andersen and 

Bollerslev (1998) who have computed the ex-post measure of volatility at a lower 

frequency using data sampled at a higher frequency. Realized variance is defined as 

the sum of squared equidistant intraday returns: 

 

𝑅𝑉𝑡
∆ = ∑ 𝑟𝑡,𝑗

2

𝐽

𝑗=1

= ∑(𝑝𝑡,𝑗 − 𝑝𝑡,𝑗−1)
2

,

𝐽

𝑗=1

                                                  (1) 

 

where  𝑝𝑡,𝑗 is the natural logarithm of the closing price observed at interval 𝑗 for a given 

trading day 𝑡. The length of time interval ∆ measures how frequently data are sampled. 

As the sampling frequency ∆ increases realized variance 𝑅𝑉𝑡 converges to the 

quadratic variation of the semi-martingale process, known as integrated volatility 

(Andersen, Bollerslev, Diebold, Labys, 2001; Barndorff-Nielsen, Shephard, 2002, 2006). 

Realized skewness 𝑅𝑆𝑡 and realized kurtosis 𝑅𝐾𝑡 are obtained in a similar way and 

additionally standardized by the same realized variance: 

 

𝑅𝑆𝑡
∆ =

∑ 𝑟𝑡,𝑗
3𝐽

𝑗=2

(√𝑅𝑉𝑡)
3 =

∑ 𝑟𝑡,𝑗
3𝐽

𝑗=2

(√∑ 𝑟𝑡,𝑗
2𝐽

𝑗=2 )

3  ,                                                    (2) 

 

𝑅𝐾𝑡
∆ =

∑ 𝑟𝑡,𝑗
4𝐽

𝑗=2

𝑅𝑉𝑡
2 =

∑ 𝑟𝑡,𝑗
4𝐽

𝑗=2

(∑ 𝑟𝑡,𝑗
2𝐽

𝑗=2 )
2  .                                                        (3) 

 

 Abovementioned realized measures are all contaminated by the microstructure 

noise, i.e. estimators become biased as sampling frequency increases (Hansen, 

Lunde, 2005; Bandi, Russell, 2008). This bias is induced by the autocorrelation resulting 

from non-synchronous trading, discrete price observations, bid-ask bounce (Aït-

Sahalia et al., 2011). Higher sampling frequency will lead to a more significant noise 

problem. Thus, a reduction of the noise is required. For this reason, a two scale 

estimator of realized variance is proposed and comprehensively discussed by Zhang 

et al. (2005) and Zhang (2011). The major advantage of the two scale realized 

variance TSRV is ability to keep all intraday returns, observed at very high frequency, 

and still having unbiased and consistent estimator of integrated volatility IV. The 

background of TSRV relies on the subsampling and averaging techniques, which are 

also applicable to higher realized moments. 
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 Following Amaya et al. (2013) and Shen et al. (2018), two scale estimators of 

realized moments are: 

 

𝑇𝑆𝑅𝑉𝑡
∆,S =

1

𝑆
∑ ∑ 𝑟𝑡,𝑗,𝑠

2 −
𝑛̅

𝐽
∑ 𝑟𝑡,𝑗

2

𝐽

𝑗=1

  ,                                                          (4) 

𝑛𝑠

𝑗=1

𝑆

𝑠=1
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1
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3  
𝑛𝑠
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𝑆
𝑠=1
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1
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3  
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𝑗=1

𝑆
𝑠=1

(√
1

𝑆
∑ ∑ 𝑟𝑡,𝑗,𝑠
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𝑛̅

𝐽
∑ 𝑟𝑡,𝑗

2𝐽
𝑗=1  

𝑛𝑠
𝑗=1

𝑆
𝑠=1 )

3   ,                        (5) 

 

𝑇𝑆𝑅𝐾𝑡
∆,S =

1

𝑆
∑ ∑ 𝑟𝑡,𝑗,𝑠

4  
𝑛𝑠
𝑗=1

𝑆
𝑠=1
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1

𝑆
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4  
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𝑆
𝑠=1

(
1

𝑆
∑ ∑ 𝑟𝑡,𝑗,𝑠

2 −
𝑛̅

𝐽
∑ 𝑟𝑡,𝑗

2𝐽
𝑗=1  

𝑛𝑠
𝑗=1

𝑆
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2  ,                          (6) 

 

where 𝑆 is the number of subsamples and 𝑛𝑠 is the number of returns within each 

subsample (not necessary equal). First term of 𝑇𝑆𝑅𝑉𝑡
∆,S expression gives the average 

realized variance over  𝑆 subsamples known as average sparse realized variance. The 

second term removes the bias from the average sparse realized variance, where 𝑛̅/𝐽 

is the proportion of average subsample size in total sample size. This way 𝑇𝑆𝑅𝑉𝑡
∆,S 

becomes microstructure free, i.e. it is consistent and asymptotically unbiased estimate 

of integrated variance IV (Zhang et al., 2005; Zhang, 2011). 

 Prior to the calculation of 𝑇𝑆𝑅𝑉𝑡
∆,S as well as  𝑇𝑆𝑅𝑆𝑡

∆,S  and  𝑇𝑆𝑅𝐾𝑡
∆,S respectively, one 

should select ∆  and S. Time interval ∆ is the fast-time-time scale, i.e. the highest 

sampling frequency available at which equally spaced intervals are non-empty. 

According to Arnerić et al. (2019 a) 1 minute fast-time-time scale eliminates zero prices 

and transaction gaps, while the fast-time time scale less than 1 minute is not reliable 

due to not so frequent trading. On the other hand, 𝑆 determines the size of slow-time-

time scale, i.e. sparse sampling frequency (Aït-Sahalia et al., 2005). The optimal slow-

time-time scale can be found by minimizing the mean squared error (MSE) of the 

average RV sampled sparsely. As we know that MSE of an estimator is the sum of the 

squared bias and its own variance, we can use this criterion to balance between the 

bias and the variance, suggested by Zhang et al. (2005). In the study of Zhang et al. 

(2005) it is proposed to search for both optimal time scales when using thick-by-thick 

data. Opposite to that, it is more convenient to keep fast-time-time scale fixed at the 

best available sampling frequency and to search for slow-time-time scale only 

according to Arnerić et al. (2019 b). This approach has practical significance, as it is 

not so computational demanding, and the selection of fast-time-time scale by the 

researchers give themselves opportunity to control the quality of high-frequency data 

due to cleaning and filtering process prior to the analysis.  

Two important conclusions arise here. Firstly, finding optimal slow-time-time scale 

sampling frequency enables bias adjustment of realized measures of moments. 

Secondly, if such moments exist then there should also exist realized density function 

from which the same moments can be recovered. 

 As already mentioned, Kernel method is utilized in this paper to obtain realized 

density estimation. The Kernel method is data-driven with many useful properties, 

explained in the next section. However, as the role of the Kernel bandwidth is the same 

as the role of slow-time-time scale we believe that those two are strongly related, i.e. 

selection of the bandwidth depends on the optimal slow-time-time scale. 
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Kernel density estimation 
Contrary to parametric methods, nonparametric ones, such as Kernel, do not require 

functional form specification. That’s why these methods became popular among 

users, especially when dealing with large data. The univariate Kernel density of 

intraday returns is given as: 

𝑓(𝑟𝑡,𝑗) =
1

𝐽ℎ
∑ 𝐾 (

𝑟𝑡,𝑗− 𝑟𝑡

ℎ
)

𝐽

𝑗=1

,                                                             (7) 

 

where ℎ is the bandwidth or smoothing parameter and 𝐾(∙) is a kernel function. This 

type of estimator in the literature is known as the Rosenblatt-Parzen estimator 

according to Rosenblatt (1956) and Parzen (1962). Assuming that kernel function 𝐾(∙) 

is nonnegative and that lower and upper limits of integration are -∞ and +∞, it has 

following properties: 

 

∫ 𝐾(𝑧)𝑑𝑧 = 1,                                                                      (8) 

 

∫ 𝑧𝐾(𝑧)𝑑𝑧 = 0,                                                                    (9) 

 

∫ 𝑧2𝐾(𝑧)𝑑𝑧 < ∞                                                                (10) 

 

 Appropriate choice of bandwidth is most important for density estimation and it’s 

not so straightforward in practice. Other parameters, like kernel function 𝐾(∙) have 

negligible influence on the final result in finite samples (Marron, Nolan, 1988). Thus, a 

great attention should be given to bandwidth selection as both the bias and the 

variance depend on the same bandwidth. As bandwidth decreases the bias also 

decreases but the variance increases and an optimal bandwidth should minimize 

both bias and variance of the estimator. To achieve this integrated criterion is usually 

used, i.e. integrated mean square error IMSE. Minimizing the IMSE with respect to the 

bandwidth provides a basis for data-driven bandwidth selection. Consequently, 

different approaches exist in the literature. Many approaches use a reference rule-of-

thumb suggested by Silverman (1986) or Scott (2015). The rule-of-thumbs, even 

appealing among users, tend to over-smooth and hide important properties of the 

data (Scott, 2015). Some academics prefer plug-in bandwidths suggested by 

Sheather and Jones (1991). Plug-in bandwidths support the idea of “plugging in” 

estimates of the unknown quantities that appear in formulae for the asymptotically 

optimal bandwidth (Chu et al., 2015). Nevertheless, plug-in rules are not fully 

automatic as they depend on the pilot bandwidth. 

 In small samples, better choices can be made by cross-validation methods, which 

are computationally intensive (Park, Marron, 1992). 

It is now obvious that all proposed bandwidth selectors have advantages and 

disadvantages and if we take a chance to apply them, new issues will always emerge. 

However, the purpose of this paper is not to pinpoint which of them is most 

appropriate, but to select a bandwidth at which realized density is rescaled to have 

the variance equal to  𝑇𝑆𝑅𝑉𝑡
∆,S. 
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Application to DAX index 
For the purpose of the analysis four trading days were chosen randomly during year 

2018, i.e. July 20, August 17, September 21 and December 21. There is no special 

reason why this research is restricted to four dates only, but it is enough to illustrate the 

issue we are dealing with as well as to confirm that entire density function is not time-

invariant. Therefore, this is to check if all realized measures of moments are time-

varying and to find which of them vary the most. Number of intraday DAX prices across 

dates ranges from 515 to 519 within official trading hours of Frankfurt Stock Exchange. 

These prices are observed with the sampling frequency of 1 minute which is the best 

available after cleaning and filtering process. 

 To illustrate research problem more clearly one trading day is chosen, i.e. July 20, 

2018. For this trading day different Kernel densities are obtained with respect to 

arbitrarily chosen bandwidths but fixed sampling frequency of 1 minute (left top panel 

of Figure 1). Contrary to that for every fixed value of the bandwidth, a different Kernel 

densities are also obtained due to different sampling frequency selection, i.e. 1, 5 or 

10 minutes (other panels of Figure 1). The same results are obtained for other trading 

day but not presented here to preserve the space. Nevertheless, it is more convenient 

to fix the highest sampling frequency at 1 minute and search for optimal bandwidth 

then opposite. The main reason for this is to keep all available data and still apply 

Kernel method to estimate the density of returns, which bring us to the issue of 

bandwidth selection. 

 

 
Figure 1 Different Kernel densities with respect to arbitrarily selected bandwidths and 

different sampling frequencies at July 20, 2018 
Source: Author calculation according to data provided by Thomson Reuters Tick History 

 

 As discussed in previously two sections, finding an optimal slow-time time scale 

frequency will lead us to the appropriate bandwidth, i.e. a bandwidth at which 
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realized Kernel density is rescaled to have the variance equal to 𝑇𝑆𝑅𝑉𝑡
∆,S which is 

asymptotically unbiased and consistent. The same realized Kernel density is latter used 

to extract realized measures of higher moments such as realized skewness and 

realized kurtosis. Results are given in Table 1 and realized densities are plotted on the 

Figure 2. 

 

Table 1 Selection of slow-time-time scale frequencies, Kernel bandwidths and 

estimation of realized measures of moments 

Dates in 2018 
High-scale 

observations 

Slow-time-

time scale 
Bandwidth 

Realized 

variance 

Realized 

skewness 

Realized 

kurtosis 

July 20 515 8 min 0.011016 0.000121 -0.00045 2.986069 

August 17 519 9 min 0.006649 0.000044 -0.00122 2.895766 

September 21 515 8 min 0.005597 0.000031 -0.19945 3.999873 

December 21 517 7 min 0.010423 0.000108 -0.21608 5.007762 

Source: Author calculation according to data provided by Thomson Reuters Tick History 

 

 
Figure 2 Realized pdf’s with bandwidths at which realized Kernel density is rescaled 

to have the variance equal to two-times scale estimator for each trading day 
Source: Author calculation according to data provided by Thomson Reuters Tick History 
 

 Results from Table 1 clearly indicate that slow-time-time scale frequency on 

average is 8 minutes and doesn’t vary much across trading days. However, the 

bandwidths are significantly different and realized measures of moments correspond 

to plotted densities on the Figure 2. All densities are negatively skewed with kurtosis 

approximately equal to or greater than 3. These findings support expectation about 

time-varying realized moments, i.e. returns are not identically distributed across trading 

day and unlikely Gaussian.  

 

Conclusion 
Proposed approach has scientific as well as practical contribution. Namely, scientific 

contribution is related to the main finding that Kernel bandwidth is strongly related to 

the sampling frequency at slow-time-time scale when applying TSRV estimator, while 

the fast-time-time scale sampling frequency is held fixed at 1 minute. Practical 

contribution is related to the finding that DAX index intraday returns should be 

sampled approximately every 8 minutes at the slow-time-time scale which is of special 
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interest to market participants. Namely, if returns of DAX index are sampled every 8 

minutes then an appropriate realized density can be found and rescaled for each 

trading day using Kernel method. This approach enables to recover the “true” density 

of returns along with the realized moments. It is necessary to emphasize that these 

moments are robust to microstructure noise. 

 Moreover, it is recommended to keep fast-time-time scale fixed at the best 

available sampling frequency and to search for slow-time-time scale only. This 

approach is not so computational demanding and the selection of fast-time-time 

scale by the researchers give themselves opportunity to control the quality of high-

frequency data due to cleaning and filtering process prior to the analysis. 

 Empirical findings indicate that appropriate bandwidths are significantly different 

across trading days even slow-time-time scale frequency is stable. All realized 

measures of moments are time-varying as well as realized densities. Kurtosis varies the 

most. This can be explained in relation to fat-tails phenomenon of underlying 

distribution as kurtosis controls the thickness of the left and right tail. This type of 

information should not be ignored, and it is of special interest to market participants 

as their future expectations are embedded in the current trading activities.  

 Limitation of this research is that considers density of returns estimation of a single 

stock index, but not multiple market indices. DAX index is chosen as a representative 

one among developed European markets. However, in emerging markets trading 

within a day is not so frequent and lack of intraday and synchronized observations 

would be a great challenge. Accordingly, further research will consider more market 

indices for comparison purpose. 
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Abstract 
In the most developed countries the first estimate Gross Domestic Product (GDP) is 

available 30 days after the end of the referent quarter. In this paper, possibilities of 

creating an econometric model for making short-term forecast B&H GDP have been 

explored. The database consists of more than 100 daily, monthly and quarterly time 

series for the period 2006q1-2016q4. The aim of this study was to estimate and validate 

different factor model. Due to the length limit of the series, we included in the factor 

analysis 12 time series which had a correlation coefficient with a quarterly GDP at 

absolute value greater than 0.8. Principal component analysis (PCA) and the 

orthogonal varimax rotation of the initial solution were applied. From the set of the 

series 3 principal components are extracted, which together explain 73.34% of the 

total variability of the given set of series. The final choice of the model for forecasting 

quarterly B&H GDP was selected based on a comparative analysis of the predictive 

efficiency of the analyzed models for in-sample period and for out-of-sample period. 

The unbiasedness and efficiency of individual forecast were tested using the Mincer-

Zarnowitz regression, while a comparison of the accuracy forecast of two models was 

tested by the Diebold-Mariano test. We have examined the justification of a 

combination of two forecasts using the Granger-Ramanathan regression. A factor 

model involving three factors has shown to be the most efficient factor model in the 

forecasts quarterly B&H GDP.  
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Introduction 
Generaly, the country's Gross Domestic Product (GDP) serves as the basis for the 

creation and adoption economic development policies. Within one country, there 

are different interest groups which need timely and reliable forecast for trends in GDP. 

Miscalculation of GDP forecast leads to unreliable and wrong decisions and policies 

that can have immeasurable consequences for a country's economy such as: an 

inadequate choice of a set of policy mix of state governments, an unprofitable 

investment of private enterprises as well as an inadequate personal consumption. 

Therefore, assessing the current state of a country's economic activities and 

forecasting future economic developments is a vital component in a country's policy-

making process. Over the past 40 years, with the development of economic theory 

and practice, numerous econometric GDP forecasting models have been 

developed. When using the classic bridge model in GDP forecasting, a problem arises 

when the necessary information is contained in a large number of series, and therefore 

the need for their inclusion in the model arises. Estimating all the model parameters 

may be impossible, whereas omitting relevant batches from the model may lead to 

misspecification and/or reduction of the prediction efficiency of the model itself. The 

solution to this problem is to use Principal Components Analysis (PCA). Thanks to the 

pioneering work of Stock, Watson (1989), factor analysis has been used as a 

convenient tool for current and short-term forecasting in recent years. In the papers 

Stock, Watson (2002a, 2002b) used static principal components. 

 As an alternative to static principal components, Forni et al. (2000) considered a 

dynamic factor estimation approach using generalized principal components where 

the weight of each observation is proportional to its signal-to-noise ratio. They used 

non-parametric techniques in factor estimation taking into account the limitations of 

the dynamic factor structure. Considering the fact that the findings in Buss (2010) 

indicate that static component analysis is a more efficient, simpler and more robust 

technique, a static approach is used in the paper. The approach of building a factor 

model involves two stages. In the first stage, the factors are extracted, and then in the 

second stage, a linear regression assessment performed for the dependent variable 

where the factor scores are predictor variables.  

 The present study expands existing knowledge about forecasting GDP of B&H. In 

particular, the problem of selecting a subset of factor bridge models by using model 

selection information criteria and comparison of estimated models for forecasting 

purposes is considered. This paper is the first study that analyses and compares a 

forecasting GDP of B&H using factor bridge models in two different time periods. A 

two-criteria approach is suggested, while in the most other papers one-criteria 

approach has been used. In this respect, firstly, statistical tests were conducted on 

historical data that ensure proper fit (in-sample validation). Secondly, statistical tests 

of the model's ability to allow the evaluation of the forecasting of future GDP of B&H 

(out-of-sample validation) were conducted. Compared to ARIMA model and 

classical bridge models, factor bridge model has the advantage of exploiting a large 

amount of information, as well as being able to evaluate the impact of broad groups 

of variables to GDP. 

 The first part of the paper provides an overview of the empirical literature, the 

second part describes the methodology and data used, while the third part presents 

the research results and provides directions for future research. 
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Literature review 
Schumacher, Breitung (2008) studied a factor model for the short-term forecasting of 

GDP growth using a large number of monthly and quarterly real-time time series for 

the German economy. Giannone, Reichlin, Small (2008) have developed a formal 

method for the evaluating the marginal impact of the published monthly data on 

current-quarter forecasts of real US GDP growth rates. The econometric model used in 

this analysis was a dynamic factor model where the factors were evaluated in two 

stages: the principal components were first calculated and then the Kalman filter was 

used. Buss (2010) showed that a small static factor-augmented vector autoregression 

(FAVAR) model improves the performance of current vector autoregression (VAR) 

model forecasts along a business cycle (between business cycle phases), while 

dynamic factor VAR models fail to detect detect the timing and depth of the 

recession regardless of autoregressive moving average (ARMA) specifications. The 

choice between static and dynamic factor models in terms of current and future GDP 

forecasts is mixed. To predict German GDP growth, Marcellino, Schumacher (2010) 

combined a factor model based on a large set of macroeconomic variables and a 

mixed-frequency data sampling (MIDAS) model which considers the unbalanced 

database that appears in publications with lags of high and low frequency indicators. 

The paper concludes that factor models for estimation do not differ significantly, and 

the best estimates are given by simple MIDAS with a single factor lag. The results of this 

study showed that there is no systematic difference between the static and dynamic 

factor models in current forecasts.  

 Jovanovic, Petrovska (2010) evaluated the forecasting performance of six different 

models for short-term forecasting of Macedonian GDP. Comparisons were made 

based on root-mean-square error and the mean absolute error of the forecasts made 

one quarter ahead. The results showed that the static factor model outperforms other 

models and provides evidence that information from a large data set can improve 

forecasts. Liebermann (2011) conducted a fully-fledged real-time nowcasting of real 

GDP growth in the US using the Giannone, Reichlin, Small (2008) factor model. The 

paper showed that the precision of the nowcasts increases with the release of new 

information.  The continuous updating of the model provides a more precise forecast 

of current quarter GDP growth relative to the Survey of Professional Forecasters (SPF). 

D'Agostino, Gambetti, Giannone (2011) used a dynamic factor model that forecasts 

recent past and current quarterly GDP of Ireland using timely data from a panel of 35 

indicators. The results of the study indicate that the performance of the factor model 

outperforms those of the standard benchmark model.  

 Yiu, Chow (2011) applied the factor model proposed by Giannone, Reichlin, Small 

(2008) on a large data set for the current-quarter forecast of China's GDP growth rate. 

The data set contained 189 indicator series of several categories. The identified factor 

model generated out-of-sample nowcasts for China's GDP with smaller mean-squared 

forecast errors compared to those of the random walk benchmark model. Godbout, 

Lombardi (2012) evaluated the relative performance of the factor model across a 

variety of samples including the 2008 financial crisis. They constructed a factor model 

to forecast the GDP of Japan and its components using 38 series of data (including 

daily, monthly and quarterly variables) from 1991 to 2010. They have concluded that 

factor models perform well at tracking GDP movements and anticipating turning 

points. In the case of most GDP components, factor models produced less forecast 

errors than the AR model or indicator model based on PMIs (Purchasing Managers' 

Indicators).  

 Aastveit, Trovik (2012) used dynamic factor model which considers new information 

immediately after its publication. They used a panel of 148 non-synchronous variables 



  

 

 

13 

Croatian Review of Economic, Business and Social Statistics (CREBSS) 

UDK: 33;519,2; DOI: 10.1515/crebss; ISSN 1849-8531 (Print); ISSN 2459-5616 (Online) 

 

 

Vol. 6, No. 1, 2020, pp. 10-26 

 

and found that the financial data mostly contribute to the precision of Norway's 

current-quarter GDP forecasts, and the Oslo Stock Exchange data particularly. In 

addition to financial data, they found that labor market data and industrial 

production index favorably contribute to the accuracy of current forecasts. Siliverstovs 

(2012) evaluated forecasting performance of a large-scale factor model developed 

in Siliverstovs, Kholodilin (2012) in a genuine ex ante forecasting. In the paper, a 

forecast of GDP growth in Switzerland in real time using real-time data vintages 

collected at weekly frequency was performed. According to the results of the 

research, the factor model gives more precise out-of-sample nowcasts than the 

benchmark naïve model. Shahini, Haderi (2013) tested four different groups of models 

to forecast Albania's quarterly GDP growth. The paper used quarterly data from 2003 

to 2013. Their results showed that the group of VAR model yielded the best GDP 

forecasting results, followed by the bridge model group and finally the ARIMA model 

group.  

 Kunovac, Špalat (2014) tested the extent to which available monthly economic 

indicators help in flash estimate of Croatia's GDP. A factor model was used in the 

paper. Model score estimates indicate that the factor models based on the dynamics 

of a large set of variables give better forecasts than benchmark models. Different 

factor models specifications produced very similar forecast performances. However, 

an important conclusion of the paper is that by combining the information available 

in certain models, when performing fast assessment, more accurate forecasts are 

obtained. Dias, Pinheiro, Rua (2015) evaluated the relative performance of several 

factor models to forecast Portugal's GDP growth using a large set of monthly series. 

Considering the relatively long out-of-sample period, they evaluated the behavior of 

different models in relation to the pre-crisis period as well as during the economic and 

financial crisis at the end of 2008. They concluded that factor models significantly 

outperform univariate autoregressive models for current and short-term forecasting a 

quarter ahead, while at longer horizons the forecast advantages of factor models are 

significantly smaller. 

 

Research Methodology 
Data 
The data collected contains a large number of daily, monthly, quarterly and annual 

time series such as: economic statistics (prices, national accounts, foreign trade), 

business statistics (construction, industry, investment, ...), financial data and other type 

of data. In accordance to the subject of the paper, the target variable for forecasting 

is B&H's quarterly GDP. The paper uses quarterly GDP data of B&H starting from I 

quarter of 2006 to IV quarter of 2016. The use of quarterly frequencies is determined 

by the availability of official data. B&H quarterly time series is built by using the latest 

published quarterly data of the Agency for Statistics of Bosnia and Herzegovina 

(BHAS). The database created, in addition to data on B&H's quarterly GDP, also 

consists of a large number of indicators of economic activity in B&H (110 series). The 

series which exhibited non-stactionary behavior were transformed into stationary ones 

using appropriate transformations. All monthly indicators that were able to provide 

information within 60 days of the last quarter were taken into account. The analysis of 

available indicators is limited to volume or quantity indicators. 

 The paper analyses the GDP of B&H at current prices according to the production 

approach. Figure 1 shows the movement of B&H's quarterly GDP (in 000 BAM) at 

current prices for the period 2006-2016 year. 
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Figure 1 Line graph of B&H’s quarterly GDP 

Source: Authors' creation. 

 

 The graph shows that the quarterly series of GDP of B&H is not stationary, that is, 

there is a growing trend, that it follows the seasonal pattern and that there is an 

increase in variance in the observed periods. Furthermore, with the B&H GDP quarterly 

series, there are some deviations in the pattern of behavior in the period 2007-2009 

indicating the presence of outliers or structural break during the indicated period. 

According to Stock, Watson (2002b) there was no extreme outliers. After graphical 

outlier detection, TRAMO / SEATS automatic outlier detection and correction 

procedure was used. The above technique did not confirm the presence of outliers in 

the quarterly series of GDP of B&H. 

 According to the Agency for Statistics of Bosnia and Herzegovina (BHAS), B&H's 

annual GDP grew by more than 170% in period 2000-2016. The lowest value of B&H's 

annual GDP was 10.71 billion BAM in 2000, while the highest recorded value of B&H 

GDP was 29.90 billion BAM in 2016. The average annual value of B&H GDP in the 

observed period was 21.21 billion BAM with a standard deviation of 6.62 billion BAM. 

Annual GDP growth rates in 2014, 2015 and 2016 were 2.17%, 4.49%, and 4.59%, 

respectively. The lowest quarterly GDP of B&H was 2.53 billion BAM in 2000q1, while the 

highest quarterly GDP value of 8.23 billion BAM was recorded in 2016q3. The average 

quarterly GDP of B&H in the observed period was 5.35 billion BAM with standard 

deviation of 1.63 billion BAM. Quarterly GDP growth rates (compared to the same 

quarter last year) in the four quarters of 2016 were 4.08%, 3.98%, 4.66% and 5.63%, 

respectively. Before testing the stationarity of the series, stabilization of variance was 

done by logarithmizing the series of quarterly GDP of B&H. The results of unit root tests 

for the logQGDP series are given in Table 1. The results of unit root tests of other time 

series are available upon request. 

 The results in Table 1 confirm that the logQGDP series is not stationary and that, at 

the significance level of 5%, the null hypothesis of the existence of a unit root cannot 

be rejected. Therefore, in order to achieve stationarity, its transformation was done. 

According to Mladenovic, Nojkovic (2012), the level of ordinary and seasonal 

integration was determined on the basis of analysis of variance assessment, 

evaluation of ordinary and partial autocorrelation function and application of unit 

root tests. In practice, the values of ordinary integration (d) and seasonal integration 

(D) are usually not greater than order 1. To determine the preliminary combination of 

their value, a variance assessment of the following series is used: ,tY (1 ) ,tL Y− (1 ) ,s

tL Y−

(1 )(1 )s

tL L Y− − . The series with the lowest variance rating represents the optimal 
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combination of values d and D. The series (1 )(1 )s

tL L Y− −  was given the lowest 

variance rating. The results of the unit root tests in Table 2 confirm that usually the 

seasonally differentiated logQGDP series follow a stationary pattern and that at the 

risk of error of 5%, the null hypothesis of unit root existence is rejected. 

 
Table 1 Unit root test results for the logQGDP series 

Test 
logQGDP 

Without  C,T C C,T 

ADF 
t=2.16 (4) 

(p-value=0.9922) 

t=-1.88 (4) 

(p-value =0.3393) 

t=-1.05 (4) 

(p-value =0.9282) 

PP 
t=2.80 (12) 

(p-value =0.9986) 

t=-1.82 (13) 

(p-value =0.33693) 

t=-4.25 (16) 

(p-value =0.0065) 

DF-GLS (ERS) /// t=0.34 (4) t=-0.89  (4) 
*** Logs in unit root tests were determined automatically using the SIC criteria (ADF test and DF-GLS test) and the 

Newey-West method (PP test). The number in parentheses behind the test statistic is the number of logs. 
Source: Authors' creation. 

 

Table 2 Results of unit root tests for seasonally and naturally differentiated logQGDP 

series 

Test 
Seasonally and naturally differentiated logQGDP  

Without C,T C C,T 

ADF 
t=-9.23 (0) 

(p-value=0.0000) 

t=-9.16 (0) 

(p-value =0.0000) 

t=-9.09 (0) 

(p-value =0,0000) 

PP 
t=-9.42 (2) 

(p-value =0.0000) 

t=-9.34 (2) 

(p-value =0.0000) 

t=-9.26 (2) 

(p-value =0.0000) 

DF-GLS (ERS) /// t=-7,77 (0) t=-8.31 (0) 
Logs in unit root tests were determined automatically using the SIC criteria (ADF test and DF-GLS test) and the 

Newey-West method (PP test). The number in parentheses behind the test statistic is the number of logs. 

Source: Authors' creation. 

 

 For the sake of comparability all the series have been converted into quarterly base 

series with base in 2010. Namely, series of monthly indices (e.g. industrial production 

index) were recalculated into series of quarterly indices as the average of three 

corresponding monthly indices for the observed quarter and then converted into 

series of quarterly indices with the base in 2010. Quarterly values of interval time series 

having a cumulative property (e.g. monetary aggregate M2) were taken at the end 

of the observed quarter. The quarterly interval time series thus obtained were 

converted into quarterly index series with a base in 2010. Current time series, which do 

not have a cumulative feature (e.g. the BIFX30 market index), are converted into 

quarterly series as a quarterly average for the quarter for the observed quarter. The 

quarterly time-series were then converted into quarterly index series with the base in 

2010. Potential predictor series which have a high degree of correlation with the 

quarterly GDP index of B&H are selected as suitable for model construction and sorted 

by degree of correlation (Appendix). 

 

Methods  
Considering the large data set that describes the information available, in the context 

of factor analysis, it starts from the assumption that there is a small number of 

combinations of original series that describe the behavior of the data set and explain 

the large amount of variability of the data set itself. With factor analysis, it tends to 

approximate the available set of original series (variables) to a set which possesses the 

same amount of information as the original space but a smaller number of dimensions 
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that describe it. In dimensionality reduction of space from m dimensions of the original 

set, k (k ≤ m) is extracted by linear combinations of latent series (variables) that explain 

the total variance in a significant proportion. 

 In accordance with the methodology of Giannone, Reichlin, Small (2008), a factor 

model was created in which factor scores were included as the regression variables. 

It is a multiple linear regression model (OLS) in which factor scores are used as a 

predictor of the time series. The model construction process was conducted in four 

stages: model identification, model parameter estimation, model evaluation and 

forecasting. The choice of predictor variables in the regression model was made on 

the basis of forward methods. It is very important to note that the procedure is 

repeated before each current forecast. Also, it should be noted that factors can 

change over time as well as the number of factors extracted. The regression 

parameters were evaluated by the OLS method.  

 In light of the diagnostic checkings, the performance of the selected model is 

expected to be stable in order to avoid re-modeling. In determining the major 

components (factors), a very large number of different variables of interest grouped 

into three groups can be used: a) financial variables, b) variables derived from surveys, 

and c) variables related to real economic activity.  

 The choice of series (predictor variables) was based on previous research such as: 

Stock, Watson (2002b), Angelini et al. (2010), Schumacher, Breitung (2008), Giannone 

et al. (2008), Marcellino, Schumacher (2010), Kuzin et al. (2012), Buss (2010), Bańbura 

et al. (2011), D'Agostino et al. (2011), Yiu, Chow (2011), Godbout, Lombardi (2012), 

Aastveit, Trovik (2012), Dias et al. (2015), Schumacher, Breitung (2006), Cheung,  

Demers (2007), Jovanovic, Petrovska (2010), Godbout, Lombardi (2012), Dimitris 

(2013), Kunovac, Špalat (2014). 

 

Results and Discussion 
In line with previous empirical research, the paper considered 110 potential series that 

can be used in factor models. For more information about the variables see Abdić 

(2018). According to Kuzin et al. (2012) all considered variables were stationaried. 

Before conducting factor analysis, the suitability of stationary time series for factor 

analysis was examined. According to Kinnear-Gray's criterion, a set of series is suitable 

for factor analysis if each selected series with at least one of the remaining series has 

a simple linear correlation coefficient at an absolute value larger than 0.3. The 

Appendix provides a list of the set of selected time series. Only 12 series were included 

in the analysis, which had a transformed correlation coefficient of quarterly GDP at an 

absolute value greater than 0.3. Observing the values of the correlation coefficients, 

it was concluded that the selected set of stationary series is suitable for factor analysis.  

 The Kaiser-Meyer-Olkin measure of sample adequacy indicates the suitability of the 

selected set of series for factor analysis (KMO = 0.695). Confirmation of the previous 

was also obtained by conducting a Bartlett test of sphericity on the selected set of 

series (2=308.38; p-value = 0.000). This paper analyzes the common components since 

it takes into account the total variance of the starting series. Kaiser's eigenvalue 

criterion suggests that 3 common components need to be extracted and therefore, 

3 components have been extracted and they together explain 73.34% of the total 

variability of a given batch set. The first component explains 40.91%, the second 

component explains 20.25% and the third component accounts for 12.18% of the total 

variability of the initial set of manifest series. To obtain a simpler factor structure, 

orthogonal varimax factor rotation was applied. There are two reasons for its use: it 

results in the simplification of the components in the factor structure matrix and ensures 
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the non-collinearity of the principal components that will be used in the factor models 

as a variable regressor.  

 The factor loadings of 12 stationary series after applying the rotation with the 

varimax method are given in Table 3. Factor loads with an absolute value greater than 

0.6 are bolded. After the rotation of the components, a simple arrangement of factor 

loadings of the manifest series was obtained. Furthermore, an interpretation of the 

obtained components was made on the basis of the factor structure matrix. 

Component 1 is called “trade indices”, component 2 is called “production indices” 

and component 3 is called “financial sector indices”. After performing the component 

analysis, three new series, component scores, were created, which were used instead 

of the 12 initial series. Component scores were evaluated by regression method. The 

selection of component scores in the regression factor model was performed by the 

forward method in the IBM SPSS Statistics 22 software package. 

 

Table 3 Factor loadings after orthogonal rotation 

Manifest series 
Component 

1 2 3 

sddlogV6 0.885 -0.130 -0.011 

sddlogV5 0.827 0.281 0.043 

sddlogV8 0.741 0.169 0.366 

sddlogV12 0.700 0.392 0.062 

sddlogV10 0.690 0.515 0.046 

sddlogV29 0.383 0.865 -0.007 

sddlogV24 -0.045 0.853 0.112 

sddlogV4 0.440 0.780 0.038 

sddlogV343 0.112 0.043 0.871 

sddlogV311 0.083 0.185 0.865 

sddlogV345 0.153 0.112 0.844 

sddlogV319 -0.086 -0.324 0.521 

Source: Authors' creation. 

 

 The following 4 models were proposed as initial factor bridge model (FBM), based 

on the statistical significance of the model parameters: 

1) FBM1: 0 1t t tsddlogKBDP PCA1  = + +  

2) FBM2: 0 1t t tsddlogKBDP PCA2  = + +  

3) FBM4: 0 1 2t t t tsddlogKBDP PCA1 PCA2   = + + +  

4) FBM5: 0 1 2 3t t t t tsddlogKBDP PCA1 PCA2 PCA3    = + + + +  

 In the Eviews 8 software package, using the LS method, the parameters of the four 

specified FBM models were evaluated. The summaries of all models are given in Table 

4. In the four models evaluated, it can be concluded from the graphical 

representation of the line diagram of the residuals and the histogram of the residuals 

that the residuals do not violate the assumption of stationarity and normality. The 

Jarque-Bera test confirmed that residues were normal (due to the limited scope of 

work, empirical test statistics are not provided). The correlograms of the SACF and 

SPACF residuals showed that for the first 16 logs, all sample autocorrelations fall within 

the 95% confidence limit and indicate that the residuals are random. The Ljung-Box 

residual test from the estimated models confirmed that the autocorrelations among 

the residuals were zero for the first 16 logs, indicating that the models provided an 



  

 

 

18 

Croatian Review of Economic, Business and Social Statistics (CREBSS) 

UDK: 33;519,2; DOI: 10.1515/crebss; ISSN 1849-8531 (Print); ISSN 2459-5616 (Online) 

 

 

Vol. 6, No. 1, 2020, pp. 10-26 

 

adequate description of the data. Also, Breusch-Godfrey LM test confirmed that there 

are no higher order autocorrelations among residuals. Furthermore, the results of the 

Breusch-Pagan-Godfrey test confirmed that there is no heteroskedasticity of the 

residuals. In Table 4, we can see that from the aspect of parsimony, the FBM1 and 

FBM2 models are the most economical because at the significance level of 5% they 

have one statistically significant coefficient. On the basis of the standard regression 

error, the adjusted coefficient of determination and the information criteria values, 

FBM5 is preferred. However, on the basis of the statistical significance of the estimated 

coefficients, the FBM4 model can be selected as the most appropriate model. 

Analyzing the Q statistic of residual correlograms for logs 4, 8 and 12, it can be seen 

that for all models the residuals are uncorrelated at the significance level of 5%. 

However, the empirical p-values of the Q statistics at all logs are largest for the FBM4 

model. Therefore, based on Q statistics, FBM4 is preferred. 

 

Table 4 Summary results of four FBM models 

Variable 
Model 

FBM1 FBM2 FBM4 FBM5 

PCA1 
0.016884*** 

(0.004268) 
/// 

0.016345*** 

(0.003567) 

0.016480*** 

(0.003299) 

PCA2 /// 
0.013866*** 

(0.004553) 

0.013213*** 

(0.003530) 

0.013209*** 

(0.003264) 

PCA3 /// /// /// 
0.007907*** 

(0.003250) 

SSR 0.008967 0.007557 0.006571 0.006821 

Standard 

regression error 

(S.E.) 

0.025337 0.027316 0.021160 0.019566 

AIC/ 

BIC 

-4.481355/ 

-4.435098 

-4.330945/ 

-4.284688 

-4.811040/ 

-4.718525 

-4.938305/ 

-4.799832 

Adjusted 
2R  0.3230 0.2131 0.5278 0.5963 

Ljung-Box residual 

statistics  

(p-value) 

Q(4)=3.0053 

(p=0.557) 

Q(8)=4.2448 

(p=0.834) 

Q(12)=9.0771 

(p=0.696) 

Q(4)=1.9676 

(p=0.742) 

Q(8)=3.1033 

(p=0.928) 

Q(12)=6.0825 

(p=0.912) 

Q(4)=1.0045 

(p=0.909) 

Q(8)=1.5430 

(p=0.992) 

Q(12)=2.7184 

(p=0.997) 

Q(4)=2.2701 

(p=0.686) 

Q(8)=2.7151 

(p=0.951) 

Q(12)=3.9325 

(p=0.985) 
*,**,*** Coefficient significant at the level of 10%, 5%, 1%, respectively. Standard errors are in parentheses. 

Source: Authors' creation. 

 

 The final selection of the FBM model for forecasting B&H's quarterly GDP was 

selected on the basis of a comparative analysis of the predictive effectiveness of the 

mentioned models for the in-sample period (2006q1-2014q4) and the out-of-sample 

period (2015q1-2016q4). The following is a comparison of FBM4 and FBM5 within the 

sample. Figure 2 provides a graphical representation of B&H's quarterly GDP, 

projected values of B&H's quarterly GDP based on the FBM4 and FBM5 models, and a 

forecast error for the in-sample period 2006q1-2014q4.  

 The graphs look almost identical and the projected values relatively accurately 

reflect trends in B&H's quarterly GDP. The FBM5 model has a lower average value of 

forecast errors and a smaller standard deviation of forecast errors. Based on the 

Jarque-Bera test, at the significance level of 5%, the hypothesis that the forecast errors 

of both models are normally distributed cannot be rejected. Based on the correlation 

charts of the SACF and SPACF forecast errors of the FBM4 model and FBM5 model, it 

appears that the forecast errors in both FBM4 and FBM5 model follow the Gaussian 
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white noise process. In both models, the Ljung-Box test confirms that the first 16 logs of 

autocorrelation are zero among forecast errors, indicating that forecast errors are 

random. 
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 Figure 2 Quarterly GDP of B&H, forecast values of quarterly GDP of B&H and 

forecasting errors for the in-sample period FBM4 model (left) and FBM5 model (right) 
Source: Authors' creation. 

 

  
Figure 3 Correlograms of SACF and SPACF forecast errors for the in-sample period 

FBM4 models (left) and FBM5 models (right) 
Source: Authors' creation. 

 

 Regression of the forecast errors of an individual FBM model at a constant verified 

the statistical significance of the forecast errors. Based on the t-test, at the significance 

level of 5%, it can be concluded that there are no statistically significant errors in the 

FBM4 model forecasts (t = -1.33; p-value = 0.1920) and in the FBM5 model forecasts (t 

=-1.45; p-value=0.1569). In other words, there is no systematic error in the forecasts of 

these models. The impartiality and efficiency of the forecasts were tested using 

Mincer-Zarnowitz regression. In Tables 5 and Table 6, the Mincer-Zarnowitz regression 

results for the FBM4 and FBM5 models are given. 

 The results of the Wald joint test (F=1.5403; p-value = 0.2313) confirm that in-sample 

period forecasts obtained on the basis of the FBM4 model with 95% confidence are 

unbiased and effective. The situation with FBM5 is similar. The Wald joint test (F=1.7328; 

p-value =0.1946) confirms that in-sample period forecasts obtained from the FBM5 

model with 95% confidence are unbiased and effective. 
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Table 5 Mincer-Zarnowitz Quarterly GDP regression results of forecasted in-sample 

period (FBM4 Model) 
Variable Coefficient Standard error t-stat p-value 

C 266,041.4 263,448.6 1.01 0.3209 

QGDP_FBM4 0.953906 0.040700 23.44 0.0000 

Source: Authors' creation. 

 

Table 6 Mincer-Zarnowitz Quarterly GDP regression results of forecasted in-sample 

period (FBM5 Model) 
Variable Coefficient Standard error t-stat p-value 

C 237,910.3 232,840.5 1.02 0,3153 

QGDP_FBM5 0.958439 0.035978 26.64 0.0000 

Source: Authors' creation. 

 

 The accuracy of the forecasts of the two models is compared below. The following 

graphs show the forecast values of the B&H quarterly GDP series with interval limits of 

2 standard errors. 
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Figure 4 Forecasted values of the B&H quarterly GDP series for the in-sample period 

(FBM4 model) 
Source: Authors' creation. 
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Figure 5 Forecasted values of the B&H quarterly GDP series for the in-sample period 

(FBM5 model) 
Source: Authors' creation. 
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 The FBM5 model has better individual metrics of estimating the accuracy of 

forecasts (except for the bias proportion, variance proportion and covariance 

proportion). The root-mean-square error in FBM4 is 131,615.6 while the root-mean-

square error in FBM5 is 117,151.9. The differential of squared loss function has a mean 

value of 3.60E+09 with a standard deviation of 1.85E+10. The differential of squares of 

forecasting errors follows the white noise process. The Ljung-Box test confirms that the 

first 16 logs of the autocorrelation of the forecasting error squared differential are zero 

(Q=6.7770; p-value=0.977). However, based on the Jarque-Bera test, at the 

significance level of 5%, we reject the null hypothesis that the mean squared error is 

normally distributed (JB=47.7264; p-value=0.0000). The comparison of the forecasting 

accuracy of the two models mentioned above was tested by the Wilcoxon signed-

rank test. Based on this test, it can be concluded that differential of the mean squared 

forecasting errors ( )3.60 09d E= +  is statistically not significantly different from zero (z=-

0.126; p-value=0.900). Therefore, it can be concluded that there is no statistically 

significant difference in the accuracy of forecasts using the two models mentioned. 

However, more efficient forecasts are given by FBM5 as it has a smaller mean forecast 

error. 

 Below, we examined the justification of a combination of the two considered 

forecasts using the Granger-Ramanathan regression. The coefficient of the linear 

correlation of the forecasts is r=0.9971, which means that there is a positive and almost 

perfect correlation between them. Table 7 shows the results of the regression 

estimation of the unconditional combination of forecasts of FBM4 and FBM5 model for 

B&H quarterly GDP. 

 

Table 7 Regression results of unconditional combination of FBM4 model forecasts and 

FBM56 model forecasts 
Variable Coefficient Standard error t-stat p-value 

C 241,774.9 237.073.1 1.02 0.3165 

QGDP_FBM4ALL -0.103218 0.378848 -0.27 0.7873 

QGDP_FBM5ALL 1.061076 0.378485 2.80 0.0091 

Source: Authors' creation. 

 

 The results indicate that the intercept (t=1.02; p-value=0.3165) and the parameter 

used in the FBM4 model forecasts (t=-0.27; p-value=0.7873), at the significance level 

of 5%, are not statistically significantly different from zero. The parameter used in the 

FBM5 model forecasts (t=2.80; p-value=0.0091), at the significance level of 5%, is 

statistically significantly different from zero. Based on the results of the Wald joint test 

(F=0.6831; p-value=0.5133) with the same significance level, the null hypothesis: 

( ) ( )1 2, 0,1  =  cannot be rejected and we conclude that the FBM5 model has an 

advantage over the FBM4 model. In addition to comparing FBM4 and FBM5 for the in-

sample period, they were also compared for the out-of-sample period. Figure 6 shows 

B&H quarterly GDP, forecasted B&H quarterly GDP values based on the FBM4 and 

FBM5 models and forecast errors. 

 The graphs are almost identical and the forecasted values relatively accurately 

reflect the trends in B&H's quarterly GDP. The mean values of the forecast errors are 

significantly lower than the in-sample period. Also, the standard deviations of the 

forecast errors are significantly lower than those the in-sample period. The mean error 

values of the FBM4 and FBM5 forecasts are positive, with the average of the FBM5 

model forecast errors being lower. Based on the Jarque-Bera test, at the significance 

level of 5%, the hypothesis that the forecast errors of both models are naturally 
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distributed cannot be rejected. The correlations of the SACF and SPACF forecast errors 

of FBM4 and FBM5 show that the forecast errors of FBM4 and FBM5 follow the white 

noise process. The Ljung-Box test confirms that autocorrelations among forecast errors 

are zero in both FBM4 (Q=2.2380; p-value=0.946) and FBM5 (Q=2.0169; p-value= 0.959). 
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Figure 6 Quarterly GDP of B&H, projected values of quarterly GDP of B&H and 

forecast errors in the out-of-sample period FBM4 model (left) and FBM5 (right) 
Source: Authors' creation. 

 

 Following the same procedure as in the in-sample period, it can be concluded that 

there are no statistically significant errors in the forecasts of the analyzed models, that 

the forecasts outside the sample obtained on the basis of both models are unbiased 

and efficient at the significance level of 5%, and that the differential of the mean 

squared prediction error follows the white noise process. Alos, it can be concluded 

that the autocorrelation among forecast errors is zero, that the mean squared 

prediction error is normally distributed, that the mean value of the squared prediciton 

errors is not statistically significantly different from zero, meaning that there is no 

statistically significant difference in the accuracy of the forecasts using the two models 

listed. However, FBM4 provides more efficient forecasts because it has a lower 

forecast error. Finally, based on the above, it can be concluded that FBM5 is the most 

representative and effective factor model in B&H's quarterly GDP forecasts: 

− FBM5 is the most parsimony according to the AIC/BIC criterion, 

− FBM5 has the lowest standard regression error, 

− FBM5 has the best predictive performance within the sample period, 

− FBM5 provides the best approximation of B&H GDP trends, 

− FBM5 has the smallest root mean square error, 

− FBM5 has the lowest mean absolute error, 

− FBM5 has the lowest mean percentage error, 

− FBM5 has the lowest Theil coefficient of inequality, 

− FBM5 has the highest covariance proportion. 

 FBM5 was used to forecast B&H's quarterly GDP in 2017. The main assumption is that 

the underlying patterns in the time series will remain the same as predicted in the 

model in the future. 
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Table 8 Tabular overview of QGDP B&H forecast values (in 000 BAM) for the year 

2017 by FBM5 model 

Quarters 

Lower Limit 

Confidence 

Interval 

Forecasted 

value 

Upper Limit 

Confidence 

Interval 

Forecasted 

value (BHAS) 

2017q1 6,790,000.00 7,068,551.32 7,360,000.00 7,074,334.00 

2017q2 7,660,000.00 7,979,246.35 8,310,000.00 7,891,752.00 

2017q3 8,480,000.00 8,827,772.78 9,919,000.00 8,706,847.00 

2017q4 7,690,000.00 8,002,721.52 8,320,000.00 n.a. 
*** The lower and upper limit confidence intervals were determined with a 95% confidence level. 

Source: Authors' creation. 

 

 Using FBM5, it was calculated that in the first quarter of 2017, B&H GDP will amount 

to 7.07 billion BAM. Based on this model, GDP is projected to grow by 5.96% in the first 

quarter of 2017 compared to the previous quarter, which is 3.46 percentage points 

higher than the average growth rate in the first quarter for the last 5 years. 

 

Conclusions  
In line with previous empirical research, 110 potential series that could be used in 

factor models were considered. Different criteria were used when selecting manifest 

series suitable for factor analysis. Principal component analysis and orthogonal 

varimax rotation of the initial solution was applied. Three common components were 

extracted, which together explained 73.34% of the total variability of a given set of 

batches. After factor extraction, factor scores that were used in the factor model were 

evaluated as a predictor of the time series. When identifying and evaluating the 

regression model, the selection of the predictor variables (factor scores) in the 

regression model was made on the basis of the forward method. The intention was to 

reduce as many series as possible to a number of common factors with the use of 

factor analysis. Factor models which had the best performance based on multiple 

criteria were selected for forecasting. The final choice of the factor model for 

forecasting B&H's quarterly GDP was selected based on a comparative analysis of the 

predictive efficiency of the model for the in-sample period. The FBM5 factor model, 

which includes three major components, has proven to be the most effective factor 

model in B&H's quarterly GDP forecasts. The results of this empirical research have 

contributed to a better understanding of B&H’s GDP and the creation of assumptions 

for modelling its short-term prediction, as well as to identify the key drivers of economic 

growth. Furthermore, the expected scientific contribution of the paper is reflected in 

the fact that this is the first scientific research conducted in B&H that included factor 

models. The results of this research are evident in the creation of a reliable and 

efficient model for the short-term forecast of B&H’s GDP whose forecasts will be 

available no later than 60 days from the end of the observed quarter. In addition, this 

model has been used to produce quarterly forecasts of B&H’s GDP that will allow 

policymakers at all levels of government, as well as, businessmen and investors on all 

markets to use this information to make more adequate political and managerial 

decisions and to construct investment and financial strategies and policies, but also 

for those planning personal spending. Exploiting a lot of information can lead to more 

precise forecasts. This is of great benefit to economic policy makers because it is 

possible to evaluate the impact of huge numbers of variables (both aggregated and 

disaggregated, soft and hard) from a large number of sources (The Central Bank of 

B&H and Agency for statistics of B&H) adjust the policy mix accordingly. 
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 The paper showed that using factor models, adequate estimates of B&H’s GDP can 

be made. However, there are limitations to the use of the factor bridge models. Static 

PCA is based on the restrictive assumption of serial independence of idiosyncratic 

components. This assumption is often too strong for economic data. In addition, the 

question of the appropriate method of factor estimation and factor rotation arises, 

and there is uncertainty regarding the correct choice of the number of factors in 

empirical applications. Furthermore, the unavailability and inadequacy of the 

required data for a number of series of real economic activity during the 

aforementioned research period was a significant limitation for model creation. 

Therefore, in order to improve all the models created, access to all the data about 

the trends in B&H’s economy is necessary. First of all, this applies to: the producer price 

index of the industry in the domestic market, average consumer prices, consumer 

price index, foreign trade, investment, construction, tourism, population and labor 

market data, etc. Also, it would be interesting to include time series on the expenditure 

side of GDP in the research, the GDP of the EU or GDP of the countries with which B&H 

has the highest trade-to-GDP ratio, and international variables (e.g., oil prices, euro 

area prices, investment, foreign trade and output). Lastly, it would be useful to 

examine the justification of nonlinear combinations of two or more models. 
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APPENDIX A1 Predictor variable with the highest degree of correlation with the index of QGDPB&H 

Variable 

label 

Variable name 

(all variables are converted into quarterly index (2010=100)) 

Correlation with 

QGDP index 

(2010=100) 

V5 Retail sale of automotive fuel in specialised stores 0.9433 

V24 Non - durable consumer goods 0.8977 

V6 Retail sale of food, beverages and tobacco in n.s. 0.8930 

V3 Gyro clearing 0.8913 

V29 Processing industry 0.8859 

V10 Retail sale of other household appliances in specialized stores 0.8626 

V8 Other retail sale in n.s. 0.8496 

V309 Retail 0.8406 

V343 Claims on other sectors of the domestic economy 0.8401 

V4 Total industrial production 0.8378 

V326 Total deposits 0.8313 

V328 Long-term loan 0.8274 

V325 Other depostis 0.8190 

V323 Monetary aggregate M2 0.8161 

V311 Total loans 0.8143 

V322 QM 0.8113 

V319 Other deposits in foreign currency 0.8100 

V40 Chemicals and chemical products manufacturing 0.8094 

V324 Transferable deposits 0.8082 

V357 The total financial sector liabilities 0.8074 

V345 Total assets of the banking sector 0.8069 

V12 Retail sale of other goods in s.s. 0.8055 

V318 Transferable deposits in foreign currency 0.8036 

V30 Manufacture of food products 0.7933 

All correlations are significant at the 0.01 level (2-tailed).  

Other series and their correlation coefficients are available upon request. 

Source: Authors' calculations. 
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Abstract 
Accurate weather forecast is the basis for the valuation of weather derivatives, 

securities that partially compensate financial loss to holders in case of, from their 

perspective, adverse outside temperature. Paper analyses precision of two forecast 

models of average daily temperature, Ornstein-Uhlenbeck process (O-U process) and 

Generalized autoregressive conditional heteroskedastic model (GARCH model) and 

presumes GARCH model to be the more accurate one. Temperature data for the 

period 2000-2017 were taken from the DHMZ database for Maksimir station and used 

as the basis for 2018 forecast. Forecasted values were compared to the available 

actual data for 2018 with MAPE and RMSE methods. GARCH model provides more 

accurate forecasts than O-U process by both methods. RMSE stands at 3.75 °C versus 

4.53 °C for O-U process and MAPE is 140.66 % versus 144.55 %. Artificial intelligence and 

supercomputers can be used for possible improvements in forecasting accuracy to 

allow for additional data to be included in forecasting process, such as up-to-date 

temperatures and more complex calculations. 
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Introduction 
Paper discusses the accuracy of two statistical prognostic models applied to the 

forecast of daily average air temperature in the City of Zagreb. Variability of daily air 
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temperature is a major factor in determining the price of weather derivatives, 

securities that represent sort of a bet on future meteorological conditions in certain 

area. 

Main purpose of the paper is to determine the more accurate prognostic model of 

the two observed: Ornstein-Uhlenbeck process (O-U process) and the Generalized 

autoregressive conditional heteroskedastic model (GARCH) by discovering the one 

whose deviation of forecasted to actual values is the smallest. Successful forecast of 

temperature trends in the future is the basis for accurately constructed derivative that 

ensures the highest expected revenue for the derivative provider. Calculation and 

comparison of root mean square error (RMSE) and mean absolute percentage error 

(MAPE) will draw conclusions which of two mentioned models is more accurate one, 

with GARCH model being the more likely one before the results and analysis of the 

data because of better ability to capture the daily temperature jumps. 

Paper is divided into five sections. After the introduction, section two provides 

literature review on weather derivatives forecasting and past examples of such 

analysis. Section three describes the basic principles and assumptions of two 

forecasting models. Section four discusses the accuracy of air temperature 

forecasting with selected models, finds the most accurate one and gives insight on 

possible improvements in air temperature forecasting. Section five concludes. 

 

Literature review 
Individuals can buy and sell call and put options with weather derivatives as 

underlying assets. Call option entitles its owner to buy the underlying asset from the 

provider at a predetermined price for a contractual period in exchange for a 

premium (Orsag, 2011). If the buyer has optimistic presumptions on the development 

of adverse weather which can make the price of derivatives go high, they opt to buy 

call options because of the capital gain caused by the fixed price the provider has to 

offer to the buyer. Put option, on the other hand, is again a right but not an obligation 

of the buyer of an option to sell the underlying asset at a fixed price (Orsag, 2011). It is 

usually contracted if the buyer has negative expectations on the development of 

adverse temperature which then causes the reduction of the derivative price. 

Buyers also contract future contracts on weather derivatives, which means that 

they arrange to buy or sell the option for a predetermined price on a specified future 

date. Those kinds of contracts are interesting for the parties whose businesses usually 

depend on seasonality, such as construction business or tourism companies.  

Weather derivatives are used more and more often since their aim is to diminish the 

potential loss for a company on a similar but much more accessible way compared 

to insurance contract. By assuming that even a small change of certain event can 

affect the business of the company, weather derivatives can be contracted for less 

significant changes in temperature or precipitation compared to insurance policies. 

Weather derivatives therefore cover low-risk/high-probability events, while insurance 

covers high-risk/low-probability events (Lazibat Županić, 2010). If, for example, there 

was an above average temperature during the heating season, companies would be 

able to obtain the amount contracted with the insurance policy in the case of 

extremely high temperatures, when energy companies become significantly affected 

by such weather. Weather derivatives, on the other hand, assume that even a small 

change in daily air temperature can affect revenues of the company so the 

contracted amount can be paid even when the air temperature deviates only a few 

degrees (three to five degrees Celsius) to the expected value. 

Weather derivatives and their valuation became popular in modern literature at 

the end of the 20th century when the first such instrument was introduced and 
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contracted between two USA based energy companies, as mentioned and 

explained in Considine (2000). 

Since its inceptions at the start of the century, weather derivatives have developed 

into a liquid market paper with different versions of derivative contracts, such as swap 

contracts, futures/forwards or options on forward contracts with the two latter being 

the most described and observed ones in Lazibat and Županić (2010), Baković et al. 

(2011) and Till (2015) among others. All these contract types must define the weather 

index which is the starting point in weather derivatives valuation. Alaton et al. (2002), 

Cambell and Diebold (2005) and Cao and Li (2003) focus on defining heating degree 

day (HDD) and cooling degree day (CDD) indices which presents a starting point in 

weather derivatives valuation. Based on the value of the index, monetary value of 

each degree Celsius is calculated and the monetary value of weather derivative 

evaluated. 

Temperature forecasting is not an easy task. Models chosen for the forecasting 

process have a documented history of application in many areas of stochastic 

modelling. Literature knows many forms of O-U processes. Models used in temperature 

forecasting vary from more simple equations in Alaton et al. (2002) or Benth and Benth 

(2005) to more complex ones in Alexandridis and Zapranis (2007). Combination of all 

available models lead to the more simplified notation of the model in this work. 

GARCH model can be found in many scientific articles, most of which cover the topics 

of stochastic modelling with moving averages or reverting processes. Most relevant 

were adapted based on the equations from Cambell and Diebold (2005), Buizza and 

Taylor (2004) and Gilks et al. (1996). 

Some authors suggest using different methods than those selected, such as Gilks 

(1996) using Markov Chains or Alexandridis and Zapranis (2007) with neural works 

together with Berliner (2001) which uses Ensemble forecasting. All mentioned try to 

explain some other weather phenomena, even more stochastic than temperature, 

and are therefore omitted from this work. 

 

Methodology 
Characteristics of weather derivatives 
Solid weather conditions, along with adverse ones, affect almost every economic 

activity and can cause significant financial loss to the economy. Hail or dry periods 

damage the agriculture, warm winters hurt energy sector, while cold or rainy summers 

strike tourism. Due to the high unpredictability of the weather and air temperature 

forecasting, it is necessary to explain weather derivatives as an instrument of 

protection against the variability of the weather, specifically air temperature as one 

of the key characteristics of the weather. 

Weather derivatives are financial derivatives (forward contracts and options on 

forward contracts) whose payment depends on future weather conditions. They 

insure industries against the adverse impact of weather with help of weather index 

calculated as the deviation of current air temperature from the selected reference 

point (Baković et al., 2011). 

Weather index refers to the difference between the daily average air temperature 

from a certain temperature reference value set by the derivative provider. Value of 

the reference temperature is usually set at 65 Fahrenheit (Schiller et al., 2012), 

corresponding to 18 °C. Derivative buyer bets that an unfavourable development of 

air temperature will occur to his business for a contractual period. If the buyer's 

forecast turns out to be correct, the provider will pay him a predetermined fee. 
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Meteorological Station Maksimir measures the mean daily temperature in Zagreb 

as an arithmetic mean of hourly temperatures, same as in Dall'Amico and Hornsteiner 

(2006). Arithmetic mean of the daily temperature (𝑇̅) is thus given by the expression: 

𝑇̅ =
1

24 ℎ
 ∫ 𝑇 𝑑𝑡, (1) 

where 𝑇 represents the air temperature at the beginning or end of each hour in one 

day, while 24 ℎ stands for the hours in one day (24 hours).  

Daily average temperature (𝑇𝑡) is a vital part in constructing weather index. Many 

authors, including Alaton et al. (2002) and Considine (2000), mention two types of 

weather indices related to air temperature. These are: heating degree day (HDD) and 

cooling degree day (CDD). Heating degree day index is defined as: 

𝐻𝐷𝐷 =  ∑ max(𝑇𝑟𝑒𝑓 − 𝑇𝑡; 0),

𝑇2

𝑇1

 (2) 

where 𝑇𝑟𝑒𝑓 refers to the reference temperature which is usually set at 18°C, and 𝑇𝑡 is 

the daily average temperature according to the data collected from the 

meteorological station. HDD index is associated with colder weather (usually winter) 

that requires the use of heating in homes (H in HDD stands for heating) (Till, 2015). 

Cooling degree day on the other hand, is defined as: 

𝐶𝐷𝐷 =  ∑ max(𝑇𝑡 − 𝑇𝑟𝑒𝑓; 0),

𝑇2

𝑇1

 (3) 

For the CDD index, which is used during the summer months, it is assumed that the 

daily average temperature will be higher than the reference temperature, which 

switches the factors in the equation. It was named CDD index because of cooling (C 

in CDD stands for cooling) - most people use cooling during warm days, or those 

whose average daily temperature is higher than 18 °C with the help of cooling 

machines (Till, 2015). 

During the contract period, probability of profit for a weather derivative provider 

depends on the precision of the forecasting model. Providers of weather derivatives 

should forecast the temperature accurately in order to plan possible payouts based 

on these values. Air temperature forecasting has some similarities with the forecasting 

of stock prices, mostly in dealing with the stochasticity of forecasting parameters with 

stochasticity being the variability of daily average air temperature regardless of its 

movement in the past. 

Despite extremely unpredictable daily temperature movements and various jumps, 

there are some general characteristics of the daily air temperature which should be 

covered by the statistical models used in forecasting: 

1.  Autoregression - Daily average temperature depends on the temperature on the 

same day in some of the periods before the forecast period or few days before the 

forecast day in the forecast period, 

2.  Return to the long-term average - winter and summer temperatures represent 

seasonal fluctuations from the average of the daily temperature which reaches 

between 15 and 20 °C in a regular year, 

3.  Sinusoidal form of temperature distribution - during the year temperatures move like 

a sine function - they rise, reach a maximum, fall, reach a minimum and then rise 

again over a period of 365 days a year. 

 Google scholar, Hrčak Srce database and the databases of the Documentation 

Center of the Faculty of Economics and Business in Zagreb were sources used during 

the research, along with academic workbooks. Data on daily air temperature for the 

period 1.1.2000–31.12.2018 were taken from the database of average daily 

temperature in Maksimir station in Zagreb, provided by Croatian Meteorological and 
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Hydrological Service. Data processing and analysis presented in the paper were 

carried out through Microsoft Excel, R-Studio and E-Views. 

In the sense of comparison of the two forecasting models, it is necessary to 

calculate the deviations of the forecasted values from the actual values with 

indicators applicable to both models. First used will be root mean square error (RMSE). 

Chai and Draxler (2014) find this indicator, which is defined by following expression, to 

be often used to evaluate the performance of forecasting models in meteorology: 

𝑅𝑀𝑆𝐸 = √
∑ (𝑌𝑡 − 𝑌̂𝑡)2𝑛

𝑡=1

𝑛
, (4) 

where 𝑌𝑡 represents the true value of the variable in period t, 𝑌̂𝑡 the forecasted value 

of the variable, while n refers to the number of periods for which the forecast is made. 

Mean absolute percentage error (MAPE) is another indicator that will be used in 

model performance evaluation. According to Hanke and Witchern (2014) the 

expression of this indicator is: 

𝑀𝐴𝑃𝐸 =
1

𝑛
∗ ∑

|𝑌𝑡 − 𝑌̂𝑡|

|𝑌𝑡|

𝑛

𝑡=1

× 100, (5) 

where n is the number of forecast periods. 

 

Ornstein – Uhlenbeck process 
Ornstein-Uhlenbeck process (O-U process) is a mathematical model that was 

developed in the 20th century, when French physicist Paul Langevin created a 

formula explaining stochastic motion of particles in liquids (Gillespie, 1990). However, 

actual creators of the model were Ornstein and Uhlenbeck (1930), extending the 

basic motion formula with Einstein's explanation of the free movement of particles and 

atoms in space. Due to the complexity of the noise analysis and calculation, the part 

of the equation that observes the stochastic component of temperature has been 

omitted from this analysis, which concentrated more on accurately capturing the 

three previously mentioned temperature characteristics. 

Model was developed based on the continental climate (original paper observed 

air temperature data Bromma airport near Stockholm, Sweden) which has a seasonal 

characteristic (Alaton et al., 2002). Average daily air temperature, with the previous 

assumption of seasonality, varies from extremely cold in winter, pleasant in spring and 

autumn, to extremely warm in summer. 

Due to the summer and winter season, the movement of daily temperature, 𝑇𝑠, can 

be simplified by a sine function that depends on the time 𝑡, where 𝑡 is day of the year, 

as follows: 

where 𝑡 denotes the time in days for the current year (1-365), ω represents the term 2π 

/ 365, which defines the period of the function that corresponds to the period of 365 

days, while ρ calculates the shift from the January average temperature to the actual 

yearly average temperature (which mostly occurs in spring or autumn months). In the 

period 2000 to 2017 which is a base period for the 2018 forecast, there were five leap 

years (2000, 2004, 2008, 2012 and 2016) with 29 days in February which were omitted 

to ensure that all years have comparable data. 

Basic approximation, expressed by the sine function solely with the parameter ωt, 

would describe the temperature distribution in such a way that the yearly average 

temperature would be equal to the average temperature on January 1, while the 

maximum temperature would be predicted on March 1 and the minimum on 

September 1. However, such an assumption is unrealistic, so the record includes a shift 

𝑇𝑠 = sin(𝜔𝑡 +  𝜌), (6) 
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of the sine curve ρ that ensures lowest value of the function (𝑇𝑚𝑖𝑛) in the middle of 

winter, and consequently the highest value (𝑇𝑚𝑎𝑥) in the middle of summer (Alaton et 

al., 2002). 

As a result of global warming and other climatological factors, daily temperatures 

have a slight upward trend as the years go by, so average daily temperatures today 

are somewhat higher than in the past. By combining the seasonal (summer and 

winter), trend components (global warming) and the expression of a shift of sine 

function, all factors for analysing the O-U process are ready. Equation of the 

prognostic O-U process that will be used in part four to forecast daily temperatures in 

2018 is given by the expression: 
𝑇𝑡 = 𝐴 + 𝐵𝑡 + 𝐶𝑠𝑖𝑛(𝜔𝑡 + 𝜌), (7) 

where 𝑇𝑡 represents the forecasted value of the temperature for a t day in 2018 and t 

is the number of days in the year (1-365). Variable A represents the average of daily 

air temperature for the period 1.1.2000 – 31.12.2017, variable B defines the influence 

of an increasing temperature trend on a yearly basis, while variable C determines the 

seasonality of temperatures throughout the year or how strongly winter and summer 

temperatures deviate from the yearly air temperature mean. Variables A, B and C, 

together with the shift ρ will be calculated based on historical temperature data. 

 

GARCH model 
Generalized autoregressive conditional heteroskedastic model (GARCH) predicts the 

variability of the future and solves the problem of heteroskedasticity - the non-constant 

variability of time series (Bahovec, Erjavec, 2009). GARCH model is often referred to as 

the GARCH (1,1) model. Factors (1,1) mean that the present variance depends on the 

forecast error in one period before and on the variance in one period before the 

present. Expression which describes the possible existence of heteroskedasticity and 

then corrects it, based on the expression in Frances and Dijk (1996), is presented as: 

𝜎𝑡
2 = 𝜔 + 𝛼 ∗ 𝜀𝑡−1

2 + 𝛽 ∗ 𝜎𝑡−1,
2  (8) 

where the factors 𝜔, 𝛼 , 𝛽 are calculated using the statistical software E-Views once a 

complete model to forecast the daily average temperature is constructed. GARCH 

model comes after the initial forecasting model because it works on fixing residuals 

which can occur only if there are actual and forecasted values that can be 

compared. Expression 𝜀𝑡−1
2  represents the residual in one period before the forecast 

period and 𝜎𝑡−1
2  standard deviation in that same period. 

Daily average temperatures depend on their corresponding month. To capture this 

effect of the month on the daily air temperature, 12 dummy variables (𝛽𝑛, n ranges 

from 1 to 12) will be introduced into the forecasting model. Each indicator variable 

corresponds to each month of the year, January to December. Values of indicator 

variable are usually 0 or 1, with 0 meaning the exclusion of some feature and 1 presents 

the opposite. This will be used to calculate the average temperature of the month in 

which some day is calculated and will represent a constant. 

In addition to the dummy variable as the first part of the overall GARCH model, a 

part that connects today's forecast temperature to the actual temperature one and 

two days before the forecast day with a multiple regression model should be added. 

In statistics, this term is known as the AR (2) process (Kölbl, 2006). 

Expression (8) that was shown to explain the problem of heteroskedasticity is the 

notation of an AR (1) process where the dependent variable y depends on only one 

independent variable 𝑥. AR(2) process adds another independent variable 𝑥2 with its 

corresponding coefficient 𝛽2. When this extension of expression (8) is translated into 

the terms of the forecasting model for daily average temperature, AR (2) process by 
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which the predicted value depends on the actual in the two days before can be 

written as: 
𝑇𝑡 = 𝛼 + 𝛾 ∗ 𝑇𝑡−1 + 𝛿 ∗ 𝑇𝑡−2 + 𝜖, (9) 

where 𝑇𝑡−1 is the actual daily air temperature of the day before the forecast and 𝑇𝑡−2 is 
the actual daily air temperature two days before the forecast. Factors γ, δ and α are 

the coefficients and 𝜖 is the residual for which the possible existence of the 

heteroskedasticity problem will be tested. Instead of residual 𝜖, the final expression of 

the GARCH model will have expression (9). In expression (9) there is a free coefficient 

α, but in the final expression of the model it will not be visible as α but as a previously 

explained 𝛽𝑛 indicator variable for each month of the year. 

Temperature forecasting requires AR(2) process because it makes the forecasted 

temperature much more accurate than only coefficients 𝛽𝑛 as indicator variables. If 

the daily forecasted temperature would be just the constant 𝛽𝑛, forecasted 

temperature would be represented by a horizontal line that shows the average 

temperature of a corresponding month. Forecast values would show substantial 

variability to actual ones since it is highly unlikely that the daily temperature remains 

constant for one month. It is therefore necessary to involve actual values of two days 

before the forecasted day to capture upward or downward trend of the temperature. 

Average monthly temperature with the existence of an indicator of variables 𝛽𝑛 + 

AR (2) process of linking the actual daily temperature of the past two days with 

forecast of today + GARCH (1,1) model for residual and standard deviation analysis 

gives a complete expression of the model that will forecast the temperature in 2018 . 

GARCH model expression is therefore presented as: 

𝑇𝑡 = 𝛽𝑡 ∗ 𝑡 +  𝛾 ∗ 𝑇𝑡−1 + 𝛿 ∗ 𝑇𝑡−2 + 𝜔 + 𝛼 ∗ 𝜀𝑡−1
2 + 𝛽 ∗ 𝜎𝑡−1

2 , (10) 

where: 𝛽𝑡 – dummy variable with 𝑡 being month of the year, 𝛾, 𝛿 – regression 

coefficients in AR (2) process for 𝑇𝑡−1 and 𝑇𝑡−2 actual air temperature values, 

respectively, 𝜔, 𝛼, 𝛽 – coefficients in GARCH (1,1) model. 

Expression (10) simultaneously calculates the daily average temperature forecast 

for 2018 with the help of the AR (2) process as well as analyses the deviations of the 

actual values from the forecasted ones and the potential existence of 

heteroskedasticity with the help of the GARCH (1,1) process. 

 

Air temperature forecasts, precision of forecasting models 

and possible future development 
Descriptive statistics 
Daily average temperatures in each of the eighteen base years (2000-2017) should 

show expected movements, which means that in the winter months (October to 

February) temperatures should be low and reach extreme low values during this 

period, while in the middle of the year, during the summer months (June to August), 

they should be highest. Period between winter and summer should show a constantly 

increasing trend of temperatures in the spring months, as well as a constantly 

decreasing trend of temperatures in the fall as the daytime temperature drops and 

approaches the cold winter. Picture 5 shows the actual daily average temperature at 

the Maksimir station for each of 365 days in a year for a base period.  
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Figure 1 Daily average air temperature Zagreb (Maksimir), in °C, included period 

from 2000 to 2017 
Source: authors based on Vidić (2019). 

 

Daily average air temperatures in Figure 1 show that highest values correspond to 

summer months and the lowest values at the end of one or the beginning of the 

second year. Graphic, as well as temperature ranges, are similar to those in the of 

Buizza and Taylor (2004) and Campbell and Diebold (2005). Besides the average daily 

temperatures, upper and lower confidence interval limits with confidence level 95 % 

are shown on the graph.  

Descriptive statistics of data for all 6,570 days (18 base years – without data for 29.02. 

of leap years) are presented in Table 1, while Table 2 shows the same data for every 

third year in base period. All indicators except the coefficient of variation, skewness, 

and kurtosis as relative indicators are expressed in degrees Celsius (°C). 

 

Table 1 Selected indicators of descriptive-statistical analysis of daily average air 

temperature 2000.-2017. 
Indicator Value 

No. of days observed 6,570 

Mean 12.12 

Standard deviation 8.47 

Coefficient of variation 69.88% 

Median 12.70 

Mode 17.40 

Skewness -0.81 

Kurtosis -0.17 

Maximum temperature 31.70 

Minimum temperature -12.40 

Range 44.10 

Source: authors.  

 

Descriptive analysis of the data shows that the average value of the average daily 

temperatures is 12.12 °C, while the modal temperature (the one most frequently 

repeated in the series) is 17.40 °C. Interestingly, the mode is very similar to the 

temperature of 18 °C, used in time derivatives as a reference temperature for HDD 

and CDD indices. Coefficient of variation, which shows the variability of the data, that 

is, how representative the calculated average of 12.12 °C is, is just over 70% and shows 
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the high variability of the data – consequently the calculated average has poor 

representativeness. 

In Gaussian or normal distribution, the mean of the data is equal to the mode (the 

most common value) and the median (the value that divides the distribution into two 

equal parts). Observed distribution is slightly asymmetric to the left, showing an 

asymmetry coefficient (skewness) of less than 0 (-0.17). Mode of data of 17.4 °C is 

higher than the median of 12.7 °C and the mean of 12.12 °C. Left-sided asymmetry 

whose basic condition is that the mode is greater than the median greater than the 

arithmetic middle is thus confirmed (Mandikandan, 2011). 

Data and small-scale distributions have a positive Kurtosis, pointed tip and low tails 

because there are few extreme values. Such distributions have very few serious 

unusual values (or outliers) and most of the data are close to the average, which is 

then more representative and accurate. Opposite case is where the distribution is 

slightly rounded and has thicker tails, as is the case with the observed data. Kurtosis of 

the observed data has a coefficient of less than 0 (-0.81), so the top of the distribution 

is slightly rounded and the distribution tails relatively high due to the higher 

representation of extreme values. This shows a widespread distribution and a lower 

representativeness of the calculated average of daily average temperatures. 

Table 2 outlies the value of same coefficients as Table 1 but now for specific years 

in the base period (each 3rd year starting with 2000). This table might give a better 

insight in the assumption of global warming and better understanding of the 

movement of temperature. Question on capturing the variability of the data and 

stochasticity in modelling weather still plays a pivotal role in efficient forecasting. 

 

Table 2 Indicators of descriptive statistical analysis of daily average air temperature 

of selected years 

Indicator 
Year 

2000 2003 2006 2009 2012 2015 

Number of days 365 365 365 365 365 365 

Mean 12.73 11.91 11.85 12.45 12.57 12.70 

Standard deviation 8.25 9.80 8.62 8.64 9.34 8.19 

Coefficient of variation 64.80% 82.28% 72.74% 69.40% 74.30% 64.48% 

Median 13.85 11.95 13.10 13.60 12.60 12.50 

Mode 8.60 21.20 16.40 6.20 6.60 14.40 

Excess -0.49 -1.12 -0.82 -0.68 -0.58 -1.05 

Kurtosis -0.29 -0.06 -0.21 -0.36 -0.30 0.14 

Maximum temperature 29.60 29.60 28.30 27.20 30.10 29.40 

Minimum temperature -11.60 -10.50 -10.00 -12.40 -10.90 -3.60 

Range 41.20 40.10 38.30 39.60 41.00 33.00 

Source: authors. 

Note: Data for February 29 in 2000 and 2012 are excluded for the comparability of the data. 

 

Descriptive statistics indicators show that, for example, average of daily average 

temperature rises slightly over the years and shows a value higher by almost 1 °C in 

the 10-year period (2006-2015). In 2006 the average daily average temperature was 

11.85 °C, while in 2015 it was 12.70 °C. This phenomenon is included in the O-U process 

via parameter B in the record (6), while in GARCH model it is covered by the AR (2). 

Analysis of the base period shows that the coefficient of variation (an average 

relative deviation from the average) is larger than 60%. Such value shows that the 

calculated averages of the average daily temperature are not representative and 

that the daily average temperature is extremely dispersed over the years. Variation of 

about 40 °C between the highest and lowest average daily temperature per year in 
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almost all observed years confirms this huge dispersiveness making the base period 

not so stable for further forecasting.  

 

Ornstein-Uhlenbeck process forecasting 
In order to forecast the daily average temperatures of the O-U process for 2018, it is 

necessary to determine the parameters A, B, C and 𝜌 from expression (7) so that only 

the independent variable t, representing the days of the year, can be changed and 

forecast calculated.  

Parameter A represents arithmetic mean of all average daily temperatures for the 

base period 2000-2017. Value of parameter A will be a constant in the O-U expression. 

Parameter B shows expected increase in temperature in 2018 compared to an 

average of 12.12 °C will also be a constant. Parameter C represents approximately 

half of the maximum and minimum daily average temperature range in 2018 (2*C 

indicates the amount of the total forecast maximum range and minimum 

temperatures). Finally, the shift ρ will determine the expected position of yearly 

maximum and minimum temperature. 

By analysing the daily temperatures for the base period, the O-U process given by 

expression (7), with parameters A, B, C, and ρ, takes the following form: 

𝑇𝑡 = 12.12 + 3.48 + 10.654 ∗ 𝑠𝑖𝑛 (
2𝜋

365
∗ 𝑡 + 1.499335),  (11) 

where A is the coefficient calculated as the average of daily average temperatures 

between 1.1.2000 - 31.12.2017 and stands at 12.12 °C. Coefficient B represents the 

expected increase in the annual average temperature in 2018 compared to the 

average of the average temperatures in the base period (2000-2017) and stands at 

3.48 °C. 

Factor C stands at 10.65 °C which is logical and expected, as it assumes that the 

highest value of the average daily temperature in 2018 will be around 23 °C (12.12 °C 

+ 10.65 °C), while the lowest will be about 1.5 °C (12.12 °C - 10.65 °C). 

Sine function shift, ρ, stands at 1.49 in terms of sine function, which corresponds to 

2.85 months, or nearly three months of a year, which means that the average daily 

temperature, previously calculated 12.12 °C, can be expected at the end of March 

(2.85 months behind start of the year), and that all average daily values starting from 

1st of January should be lower than 12.12 °C with an upward tendency. Shift of 

average daily temperature to March corresponds to the movement of temperature 

in an average year unexposed to temperature shocks. 

By adding 365 days of the year instead of t, the forecast values for 2018 were 

obtained through the O-U process and plotted along with the actual 2018 daily 

temperatures in Figure 2. 

Figure 2 shows how the O-U process, without analysing stochastic jumps, is a pretty 

good prognostic model of daily average temperature movement. When stochastic 

jump analysis is excluded, the O-U process is a process that describes the sinusoidal 

function. 
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Figure 2 Actual daily average temperatures for 2018 and values forecasted by the 

Ornstein-Uhlenbeck process 
Source: authors. 

 

MAPE shows what is the average deviation of forecasted to actual value, relatively. 

Forecasted O-U values deviate 144.55 % from its actual values for 2018, on average. 

According to Lewis (1982) such value can be observed as inaccurate forecasting 

since measures say 50% is the maximum MAPE value which can be perceived as good 

enough. Although RMSE indicator shows average deviation of 4.53 °C which 

compared presents a reasonably accurate forecast (compared to the average daily 

temperature in the year of 12 °C), problems with the representativeness of the 

average and inability to explain the stochastic jumps lead to the conclusion of 

somewhat inaccurate model based on MAPE indicator. 

Because of simplicity, this model is incapable of accurately explaining the 

stochasticity that exists in each day of the year. O-U process in this form is smooth, so 

another representation of the actual data for 2018, perhaps in monthly rather than 

daily form, would help in better understanding of the fitness of the model. Monthly 

data are not pointed and could better go with flat sine curve presented in O-U 

process. Potential forecasting of daily jumps could be done as in Alexandris and 

Zapranis (2007) with so-called wavelet functions, which are derivatives of neural 

networks. Wavelet functions seek to break down each individual effect that affects 

the air temperature into individual parts based on a large amount of data on past 

temperature values, and then reassemble them in a prognostic period into one effect 

that will explain the temperature value.  

 

GARCH model forecasting 
Forecasting by the GARCH model for 2018, requires determining the parameters 

𝛽𝑡, 𝛾, 𝛿, 𝜔, 𝛼, 𝛽 from expression (10). All these parameters will be calculated in the E-

Views program, based on daily temperatures from the base years 2000-2017. 

Parameter 𝛽𝑡, a constant in the final expression of the GARCH model, will be 

calculated as the average of daily average temperatures for each day in January for 

18 base years, and will represent a 𝛽1 constant for all 31 forecasted January days in 

2018. Same goes for February (𝛽2), March (𝛽3) and other months. 
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Regression coefficients 𝛾 and 𝛿 that connect today's forecasts to the actual values 

for one and two days before it will be calculated using the least squares method. After 

that, the program will consider the differences between the actual and forecast 

values and, if necessary, correct the existence of heteroskedasticity using the 

parameters 𝜔, 𝛼, 𝛽 and the associated values of residuals and variances. 

Expression (10) after the calculation of the coefficients takes the following form: 

𝑇𝑡 = 𝛽𝑛 + 0.8713 ∗ 𝑇𝑡−1 − 0.0932 ∗ 𝑇𝑡−2 + 1.6266 + 0.1003 ∗ 𝜀𝑡−1
2 + 0.6271 ∗ 𝜎𝑡−1 ,

2  (12) 

where 0.8713 is the regression coefficient with the actual average daily temperature 

of the day before the forecasted day, -0.0932 is the regression coefficient with the 

actual average daily temperature of two days before the forecasted day. Constant 

factor 𝜔 from the expression 11 is 1.6266. Regression coefficient with differences in 

residuals in two consecutive prognostic periods is 0.1003 while the coefficient with 

difference of standard deviations in two consecutive periods is 0.6271. Value of 

coefficients 𝛽𝑛 with the indicator variable for each month of 2018 shown in the 

attachments. 

Regression coefficient with the variable 𝑇𝑡−2, -0.0932, shows an interesting value. 

Such value indicates that today’s forecast of average daily temperature depends 

negatively on the actual average daily temperature of two days before. Another 

interesting feature is how, when calculating regression coefficients, program 

calculates and assigns greater weight to independent variables that are closer in time 

to the forecast period and lesser to those that are further from the forecast period. 

Thus, the coefficient with 𝑇𝑡−1 (actual temperature of the day before the forecasted 

day) is 0.8, while the coefficient with 𝑇𝑡−2, i.e. with the actual temperature two days 

before the forecast is only -0.09. 

Expression (12) with actual daily average temperatures from the base period 

inputted in E-Views program gives forecasted average daily temperature values for 

2018, shown in Figure 3, together with actual values. 

 

 
 

Figure 3 Comparison of actual values of average daily temperature for 2018 and 

GARCH forecast 
Source: authors. 
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Despite seemingly accurate forecast presented on the graph, GARCH model must 

be equally examined via RMSE and MAPE indicators. RMSE for the GARCH model is 

3.75, which means that the average deviation of the forecasted from the actual 

values is 3.75 °C. MAPE indicator for the GARCH model is 140.66%. 

Possible further accuracy of GARCH model could be achieved by calculating 

regression coefficients and daily forecasts with help of supercomputers, same as in 

European Center for Medium Term Weather Forecasts (ECMWF) (Samso, 2018) and 

some other state meteorological offices. However, ECMWF supercomputers can 

forecast temperature with extremely high accuracy based on real-time observations 

and many calculations, making them the most successful platform for forecasts in the 

world so far. Such models, however, can hardly be used in scientific research because 

of their expensiveness and infrastructural requirements. 

 

Forecasting results comparison 
With values of RMSE and MAPE known for both models, all data for selecting the more 

accurate prognostic model is available. Table 3 gives an overview of the indicators 

for the observed models. 

 

Table 3 Mean absolute percentage error (MAPE) and root mean square error (RMSE) 

of prognostic models 
Indicator Ornstein-Uhlenbeck process GARCH model 

RMSE 4.53 °C 3.75 °C 

MAPE 144.55 % 140.66 % 

Source: authors. 

 

Bearing in mind that smaller value of the indicator presents a more accurate model, 

GARCH model is more successful in estimating the daily average air temperature than 

the O-U process with an average deviation of forecasted from the actual values of 

3.75 °C versus 4.53 °C for the O-U process. On the other hand, MAPE indicator shows 

that the GARCH model is again slightly more successful than the O-U process, with a 

relative deviation of the forecasted from the actual values of 140.66% versus 144.55% 

for the O-U process. These indicator values confirm the hypothesis set before the 

calculation process, GARCH model can capture upward and downward trends of the 

temperature with regression equation much better than the fitting sine curve in O-U 

process. 

 

Conclusion 
Weather derivatives are financial instruments whose value is derived from the value of 

other assets, which in this case is the daily average air temperature. Meteorological 

phenomena such as rain, wind or fog can be also covered by this instrument which 

was created at the end of the 20th century to secure various industries such as energy 

sector or tourism whose business depends on the movement of air temperature. 

Businesses can bet on warm or cold weather using CDD and HDD indices that 

compare the average daily air temperature to a reference value of 18 °C and make 

payouts based on differences. 

Weather derivatives pricing depends on their potential payments or how much can 

holders profit from them. Average air temperature is a specific "asset" since there is no 

other comparable asset to help with valuation. Therefore, valuing a weather 

derivative depends solely on a good forecasting model that models air temperature 

in the future. Stochasticity of temperature presents great obstacle in forecasting 

process, but some basic regularities in temperature movement exist: Firstly, 
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autoregression speaks about the correlation of temperature to some periods close to 

the examined one; Secondly, sinusoidal movement shows a seasonal shift from the 

long-term average in summer and winter but also a return to the average in spring 

and autumn and finally yearly temperatures rise slightly as the years go by. 

Models used in 2018 daily air temperature forecasting based on the 2000-2017 base 

period were O-U process and GARCH model. Daily forecasts were compared to the 

actual values of 2018 to determine the more precise model. GARCH model turned out 

to be a more accurate model for temperature forecasting, because the prognostic 

values, on average, deviate from the actual by 3.75 °C, while for the O-U process this 

indicator stands at 4.53 °C. GARCH model proved to be more successful according 

to the MAPE indicator as well, with relative deviation of forecasted to actual values of 

140.66% compared to 144.55% in the O-U process. Weather derivative provider should, 

if choosing between these two models, opt for the GARCH model, which guarantees 

him a more accurate temperature forecast and, consequently, more stable earnings 

and cost planning when composing this financial instrument. GARCH model forecasts 

follow the regression line which proves to be more adequate and precise way of 

forecasting stochastic phenomenon of temperature as compared to average values 

and general trends in O-U process. Using two days temperature as independent 

variables 𝒙𝟏 and 𝒙𝟐, 𝒕𝒏+𝟏 day forecast is much more precise than using only one or 

none independent variables. Besides using short time span before the forecast period 

(that is, real daily temperature values), it is necessary to collect enough data for a 

base period to allow for the forecasting model to reveal potential patterns in historic 

data and replicate them on forecast data. Recent trends with supercomputers and 

real-time observations go along with these conclusions, as the most precise models 

from European Centre for Medium-Range Weather Forecasts (ECMWF) dispose with 

large amount of historical data as well as fast calculating programs which develop an 

improved forecast on incoming hourly data.  

Nevertheless, as both observed indicators for the models show similar values and 

their difference is not large, the O-U process also deserves attention as a relevant 

model in air temperature forecasting. Limitations of this analysis such as the scope of 

database of 18 years, one temperature measuring spot (Maksimir), comparison of 

forecast values with MAPE and RMSE indicators and omission of detailed stochastic 

modelling in this work leave room for further research and possible different 

conclusions about the success of the O-U process and the GARCH model in 

forecasting air temperature using different methodologies or data. Although 

limitations of both models set them secondary to modern methods of forecasting using 

Artificial Intelligence, they still prove that standard mathematical procedures and 

statistical methods do provide solid forecasts of stochastic variables when chosen 

properly and executed with right assumptions. 
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Abstract  
In today's modern globalised world, we are faced with numerous data which form the 

basis for many crucial decisions. The ability to perform the analysis and interpretation 

of data correctly is, therefore, of essential importance in practically every field. 

Financial Information is one of such fields, namely, especially the information that is 

used by companies in corporate communication. This article is focus solely on the 

information that refers to Internet financial reporting, which is important particularly for 

the external stakeholders. The research was made on the basis of the Internet Financial 

Reporting (IFR) Index for 27 Slovenian companies listed on the Ljubljana Stock 

Exchange. The article demonstrates the methodological approach to the creation of 

the IFR Index, which served as the new variable in the continuation of this research, 

for which various statistical analyses were performed (univariate, bivariate, and 

multivariate). Based on the descriptive statistics, the main characteristics of the IFR 

Index is identified, and, by using the t-test for two independent samples, it was found 

out that there is a difference among the companies listed in two different listings. 

Moreover, through the use of the correlation analysis, the correlation between the IFR-

C and the IFR-P variables was verified, and, in the end, through the use of multiple 

regression analysis, it was discovered that the size of the company is the factor which 

influences the level of the IFR Index. The purpose of this article is to show the awareness 

of the alternative research methods, and to facilitate the selection of the most 

appropriate method for addressing particular research questions in Internet Financial 

Reporting. 
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Introduction 
The world today is filled with data on which a number of crucial decisions are based. 

This is why the ability of a proper analysis and interpretation of data is of essential 

importance in practically all areas of work and life. The latter is enabled by statistics 

that, along with different methods (univariate, bivariate, and multivariate), establishes 
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relationships between individual variables, and, by using various models, predicts the 

movement of a certain phenomenon in the future. 

Statistical analyses are used frequently in business for company valuations and in 

many business decisions. They are particularly important in decision-making processes 

at all levels of business, in the economy, administration, and politics, as well as in all 

areas of production and non-production activities, starting from agriculture, 

processing industries, and service activities to education. Understanding and 

interpretation of these data can be considered as the basic statistical literacy 

(Dumičić. Bahovec, eds., 2011). Accounting also presents a particular field of use, 

which provides access to various analytical and synthetic information on individual 

economic categories. In this case, accounting is meant as a function in the company 

which deals with bookkeeping, planning, controlling, and informing. The article is 

focused mainly on the last function, namely informing, as Internet Financial Reporting 

is one of the forms of the narrow and broader public information, both professional as 

well as non-professional, about the company’s business operations. In doing so, it uses 

the World Wide Web as the media, which provides numerous advantages to its users 

and reporters. Accountants in various fields, including auditors, forensic accountants, 

financial analytics, controllers and risk accountants, use statistics to accomplish their 

professional duties (Reference, 2020): 

• Auditors who use sampling for the selection of a database when choosing 

documents they want to audit, as it is impossible for them to verify all existing 

documents and information.  

• Forensics, who use statistical methods for the analysis of financial instruments 

through which they discover financial frauds. With knowledge and 

understanding of a statistical basis, forensics can assess whether the evaluation 

of risk connected with the financial instruments was appropriate. 

• Controllers who, within a company, are responsible for the continuous 

monitoring, analysing of the company’s performance, and comparison of 

current results with the planned ones. In their work, they utilise various statistical 

calculations through which they analyse time series, calculate indicators, 

compare them with the competing companies, and suggest business solutions 

based on the results.  

• Financial analysts, assessing the corporate credit rating – one of the analyses 

they use is discriminant analysis. 

• External stakeholders analysing a company's financial statements for decision-

making purposes. External stakeholder of financial information are investors, 

investment analysts, customers, suppliers, employees, lander institutions, 

government lenders and general public. They use it to understand the overall 

health of an organization as well as to evaluate financial performance and 

business value (Kenton, 2019). Mostly Companies’ websites include more 

information on their operation, inclusive of accounting and financial 

information that are usually presented within an Annual Report or as individual 

information intended for investors. For this type of reporting, the term Internet 

Financial Reporting (hereinafter IFR) is used. 

This article will focus mainly on the external stakeholders, and on the example of 

the use of various statistical methods in the IFR analysis. The paper is organised as 

follows. The continuation of this paper will first show the theoretical background of the 

IFR (in the second chapter), in the third chapter literature review will be presented, 

while the creation of the IFR Index as an independent variable will be included in the 

research part of the article (in the fourth chapter), for which the Correlation and 

Regression Analysis were used to determine the correlation or dependence on the 

https://www.investopedia.com/terms/f/financial-statements.asp
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predictors. By doing this, the use of various statistical methods will be demonstrated in 

the analysis of financial information. The final chapter will conclude the paper and 

provide recommendations for further research. 

The aim of the paper was to perform an in-depth IFR Index analysis by using different 

statistical methods. The following hypotheses were set: 

• H1: There is a connection between the IFR-P and IFR-C. 

• H2: The companies listed in the prime market have a higher value of the IFR Index 

than other companies. 

• H3: The size and the Stock Exchange listing affect the higher value of the IFR Index.  

 

Theoretical background of IFR 
Since 1990, the Internet has become an alternative to traditional printed forms of 

financial reporting. Due to its numerous advantages, the Internet today is used by 

many companies throughout the world (Siala et al., 2014). Its advantages can be 

summarised into the following: Access to data no matter the time or place, the 

capability to access a large number of users, interactivity, presentation flexibility, 

access to a greater degree of information, low access costs, usage of multimedia in 

presentation of information, ecological awareness, socially responsible business, and 

similar. The quantity and quality of information about the company’s business 

operations vary considerably: Some companies use the World Wide Web for the 

purposes of marketing and promotion, some also present other more general 

information about the company’s business operations, while others display an 

extremely comprehensive business operation (Gibson, 2013; Abdullah et al., 2017). 

According to Jain and Kumar (2013), financial information can be disclosed efficiently 

and effectively through the Internet. Thus, through online financial disclosure investors 

can have unlimited access to a greater volume of data (Al-Sartawi, 2018).  

The theoretical background of IFR may be explained using different theories, which 

are classified into two groups (Dolinšek et al., 2014a): 

• The first includes theories used primarily to interpret the impact of different 

factors (company size, profitability, age, industrial sector, ownership 

concentration, etc.) on IFR. Among them are the signalling theory and certain 

theories within the corporate management, such as the agency and 

legitimacy theories.  

• The second includes theories and models that apply either to the expectations 

of the users regarding the content of accounting information (stakeholder 

theory), or to their acceptance of novelties, enabled by the World Wide Web 

at forwarding this information (the TAM model and innovation diffusion theory).  

In the continuation the Agency Theory and the Stakeholder Theory will be present, 

which will relate directly to the contents of the research part.  

 

Agency theory 
The originator of the Principal-Agent Theory, Ross (1973), who defined the agency 

relationship as a problem arising between two (or more) parties, namely, when one 

party (agent) acts as the representative of the other party (principal) in a certain 

decision-making problem. If the Agency Theory is applied to the field of Internet 

Financial Reporting it is necessary to start from the relationship between the Managing 

Directors (agents) and owners (principals), which the literature describes as the 

problem of corporate governance. Managing Directors are in a position where they 

can use the internal information in their own favour, hence, causing the situation of a 

conflict of interests, as the interests of owners and the management differ. Moreover, 
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the agents are also the ones who are in charge of the preparation of financial 

statements and the selection of appropriate accounting policies; that is why, in 

accordance with the Agency Theory, it can be assumed that the accounting 

information system reflects the management’s preferences (Glautier et al., 2011). 

Large companies have big agency costs because companies must inform their full 

financial statements to the shareholders as management responsibility (Abdulallah et 

al., 2017). In connection with this theory the influence of the size of the company on 

the index IFR has been assessed.  

Previous research has shown a positive correlation between company size and IFR: 

Craven and Marston (1999), Pirchegger and Wagenhofer (1999), Ettredge et al. 

(2002), Debrency et al. (2002), Larran and Giner (2002), Allam and Lymer (2003), Oyeler 

et al. (2003), Xiao et al. (2004), Bollen et al. (2006), Al Shammari (2007), Dyczkowska 

(2014), Mokhtar, (2017), Abdullah et al. (2017), Maulana and Alimilia (2018), Demjyan 

(2019), etc. 

 

Stakeholder theory 
The Stakeholder Theory, which started to develop after 1980, was began by Edvard 

Freeman. The essence of this Theory can be seen in the realisation that companies 

have to build and strengthen the long-term relationships with their stakeholders, as 

that will also bring them financial benefits. The companies that manage to satisfy the 

expectations of all the stakeholders and the society in general can expect to gain a 

competitive advantage over the competing undertakings and thrive in their business. 

The broader purpose of this theory is to help corporate managers improve the value 

of their activities, and minimize losses for stakeholders (Pernamasari, 2019). The Internet 

enables companies to disclose traditional annual reports with additional financial and 

non-financial information in multiple formats to a wider audience (Bonson and 

Escobar, 2006). In connection with this theory the differences between listed 

companies on the Ljubljana Stock Exchange has been assessed. 

 

Literature Review 
Research regarding IFR has been conducted since 1996 when the Internet was first 

becoming used for advertising and commercial purposes (Allam and Lymer, 2003). 

The first research on IFR was performed in 1996 by Petravick and Gillett (1996), using a 

sample of 150 companies in the United States which were placed on the Fortune 500 

list. Later, European countries as well as other developed countries became involved 

in such research, while in recent years, it is also being conducted in less developed 

countries (Dolinšek et al., 2014a). 

The majority of research deals with IFR in a single country, for example Great Britain 

(Craven and Marston (1999), Xiao et al. (2002), Damaso and Lourenço (2011)), the 

United States of America (Petravick and Gillett (1996), Booker and Galbreath (1997), 

Debrecency and Gray (1999), Ettredge et al. (2002)), Germany (Marston and Polei 

(2004)), New Zeland (Oyelere et al. (2003)), Japan (Marston (2003)), Slovenia (Pervan 

2006, Dolinšek et al. (2014a)), Greece (Iatridis and Alexakis (2012)), Spain (Larran and 

Giner (2002)), Kuwait (Al- Shammari (2007)), Indonesia (Sadalia et al. (2017)), Pakistan 

(Hussain et al. (2018)), etc.  

Simultaneously with such research, studies involving two or more countries were 

commenced in order to ascertain the differences in IFR between the involved 

countries. As quated in Dolinšek et al. (2014b), Lymer and Tallberg (1997) included in 

their research 50 companies based in Great Britain and 72 companies based in 

Finland. Allam and Lymer (2003) compared the Internet financial information of 250 

https://www.emerald.com/insight/search?q=Ekramy%20Said%20Mokhtar
https://search.proquest.com/indexinglinkhandler/sng/au/Hussain,+Arif/$N?accountid=31008
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companies based in the United States, Great Britain, Canada, Australia and Hong 

Kong. Debreceny and Gray (1999) performed their research on 15 companies based 

in Great Britain, Germany and France. European Union member country companies 

were included in the study performed by Bonson and Escobar in 2002. The 

comparative analysis of IFR in Slovenia and Croatia which included 55 Croatian and 

30 Slovenian companies quoted on the stock exchange was performed by Pervan 

(Pervan, 2006). 

 

Research methodology  
The research was conducted on an example of the Slovenian companies that are 

listed on the Ljubljana Stock Exchange (hereinafter LBSE). In November 2019, 29 

companies were listed on the LBSE, 9 of which were in the prime market and 20 in the 

standard market. The prime market is a prestigious market intended for larger 

established companies renowned for their liquidity and transparency of operations. It 

was established to underline the visibility of Slovenia's top listed companies among 

international investors. The standard market meets the basic criteria for Stock 

Exchange market listing, but not those for entering higher market segments (Ljubljana 

Stock Exchange, 2020). As two companies from the standard market did not have 

access to websites, the actual sample was set to 27 companies (n = 27). The 

evaluation of websites took place in November 2019. Internet financial reporting 

differs from the traditional reporting in both content and presentation format. To 

determine the scope an evaluation form composed of 40 evaluation elements, 

namely 24 related to content (IFR-C) and 16 related to presentation (IFR-P) was used. 

The list of all evaluation elements can be seen in Table 1. 

 

Table 1 The list of all IFR evaluation elements 
IFR content (IFR-C) IFR presentation (IFR-P) 

Annual report Financial information access (for investor) 

Balance sheet Web site search engine 

Profit and loss statement Downloading  

Cash flow statement Printing 

Capital flow statement Web site search engine 

Comprehensive income statement Annual report search engine 

Auditor’s report Reporting format  

Accounting policy and notes Multimedia presentation 

Financial ratios Business operations graphical representations 

Business analysis Interactive annual report 

General meeting information Further processing option 

Public investor publications Information currency 

Annual report in a foreign language Separate financial report 

Interim reports XBRL format 

Ownership structure Annual report graphic design 

Financial information in a foreign 

language 

Other design elements (mobile applications, 

share button to social network , …) 

Financial operations reporting 

 

Shares data 

Financial indicator notes 

Financial calendar 

Operations report 

Investor contacts 

Dividends data 

Investor e-news 

Source: Author’s work. 
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Evaluation of the 27 company websites was carried out through the use of an 

evaluation form which included 40 items. To this end, a dichotomous evaluation was 

used: If the item was present on the website it was given a value of 1 and, if not, the 

value of 0. In this way, we obtained a total sum for each company, which, 

theoretically, moved in the range of 0-40. Adding up every value resulted in the IFR 

index composed of the contents portion – (IFR-C) – and the presentation portion – (IFR-

P). The index calculation formula is given in (1): 

𝐼𝐹𝑅 𝑖𝑛𝑑𝑒𝑥𝑖 =  ∑
 

𝐼𝐹𝑅 − 𝐶𝑖
∗ 0,6 + ∑ 𝐼𝐹𝑅 − 𝑃𝑖

16

𝑖=1

∗ 0,4,

24

𝑖=1

 
 

(1) 

where: IRF indexi performs Internet Financial Reporting index for company I, IFR-Ci is 

Internet Financial Reporting relating to content for company I, and IFR-Pi is Internet 

Financial Reporting relating to presentation for company i. 

Because, from the viewpoint of financial reporting, elements related to contents 

have more value than those concerning form, the analysis continued by weighting of 

this index. The weight of 60% was determined for contents’ elements, while 

presentation-related elements were weighted at 40%. A similar approach was applied 

by Pirchegger and Wagenhofer (1999), Marston and Polie (2004), Alexakis et al. (2012), 

Dolinšek et al. (2014a). 

 

Results and Discussion 
Based on the IFR Index I have illustrated different approaches of its analysis below. First, 

I presented the main characteristics of the IFR Index, and then I determined whether 

differences exist in the index level among the companies listed in the standard and in 

the prime market, and if the partial IFR-C and IFR-P Indexes were in mutual correlation. 

The conclusion presents the multiple regression analysis for determining factors 

influencing the IFR Index level.  

 

Exploratory Data Analysis 
The basic exploratory analysis of the dependent variable (Index IFR) is shown in Table 

2 (1st column). Its potential values range between 0 and 100. The IFR index minimum 

value equals 37.50, the maximum 87.50 while the range has been calculated at 50.00. 

The index average measures 57.96 while the standard deviation equals 15.34. 

According to the asymmetry and kurtosis coefficients, it has been established that the 

right tail of distribution is slightly asymmetrical while the distribution itself is platykurtic. 

Moreover, descriptive statistics were also done for both partial IFR-C and IFR-P Indexes 

(2nd and 3rd column).  

 

Table 2 Descriptive statistics of index IFR, IFR-C and IFR-P 
 IFR index IFR - C IFR - P  

Mean 57.96 71.30 37.96 

Median 55.00 75.00 31.25 

Std. Deviation 15.34 15.64 16.89 

Variance 235.48 244.50 285.23 

Skewness 0.36 -0.06 0.85 

Kurtosis -1.14 -1.24 0.04 

Range 50.00 50.00 68.75 

Minimum 37.50 45.83 12.50 

Maximum 87.50 95.83 81.25 

Source: Author’s work 
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It has been established that, on average, companies give greater importance to 

the contents (𝑥̅IFR-C= 71.30) than to the form of the financial information (𝑥̅IFR-P=37.96). 

This is understandable, since there is a Regulation for the Public Limited Companies as 

regard to the information contents, while, on the other hand, the method of 

presentation is still under the sphere of responsibility of each company. 

 

Correlation analysis 
The second part of the research concerned the use of bivariate statistical methods, 

through which we wanted to determine whether there is a correlation between the 

IFR-C and IFR-P. Namely, it can be assumed that companies that provide a wide range 

of financial information to its users also enable different forms and methods of 

presenting this information. 

Spearman’s Correlation Coefficient, which presents the non-parametric statistics, 

was used. It can be used when the data have violated the parametric assumptions, 

such as the non-normally distributed data (Field, 2009). Before carrying out the test, 

the normality of distribution was verified of both variables by means of the Shapiro-

Wilk test (n<30). The correlation matrix is shown in Table 3.  

 
Table 3 Correlation analysis 

 IFR-C IFR-P 

Spearman's rho IFR - C Correlation Coefficient 1.000 0.811** 

Sig. (2-tailed) . 0.000 

N 27 27 

IFR -P Correlation Coefficient 0.811** 1.000 

Sig. (2-tailed) 0.000 . 

N 27 27 
**Correlation is significant at the 0.01 level (2-tailed). 

Source: Author’s work 

 

Given the value of the correlation coefficient (R2 = 0.811; p = 0.000), a strong and 

positive correlation was noticed between both variables - companies that have a 

higher IFR-C also have a higher IFR-P. Namely, should the companies display 

substantially different information on their websites, they will also look for different 

channels for their presentation, for example, not only the Annual Report in a PDF 

format, but also presentation methods that will enable the user to process information 

further, search information faster, multimedia presentations of business, separate 

information for investors, the possibility to download information to mobile 

applications, and similar. Larger companies can also make such diversity happen 

more easily than smaller companies, which is in accordance with the Agency theory 

and the Stakeholder Theory. The first hypothesis can be accepted with 5 % risk. 

 

Independent t-test 
The Independent Samples t-test compares the means of two independent groups in 

order to determine whether there is statistical evidence that the associated 

population means are significantly different. This test is used for the data measured at 

least at the interval level and normally distributed (Field, 2009). Differences between 

the IFR index for companies on the standard market and on the prime market were 

compared. Results are shown in Table 4. 
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Table 4 Independent t-test 
Test Value  

Levene's Test for 

Equality of Variances 

F 1.494 

Sig. 0.233 

t-test for Equality of 

Means 

t -9.184 

df 25 

Sig. (2-tailed) 0.000 

Mean Difference -28.05556 

Std. Error Difference 3.05467 

95% Confidence Interval of the 

Difference 

Lower -34.34677 

Upper -21.76434 

Source: Author’s work 

 

Firstly, a Levene's test was used to assess the equality of variances (F=1.494, p 

=0.233) and found out that variances are assumed equal. The results of the t-test from 

Table 4 prove that there is a statistically significant difference between the index IFR 

for companies listed on the prime market and companies listed on the standard 

market (t= -9.184, p=0.000). 

 

Table 5 Descriptive statistics 
Listed on the LJSE N Mean Std. Deviation Std. Error Mean 

Standard market 18 48.6111 8.13364 1.91712 

Prime market 9 76.6667 5.,86302 1.95434 

Source: Author’s work 

 

The results of descriptive statistics from Table 5 show that the average IFR Index for 

the companies in the standard market is lower (𝑥̅=48.61) than in the case of the prime 

market (𝑥̅=76.67). This can be explained by the fact that the companies listed in the 

prime market are subjected to stricter rules as regard to the listing, as well as in relation 

to reporting to the stakeholders. Namely, the companies in the prime market must 

consistently apply the OECD Corporate Reporting Guidelines. The second hypothesis 

can be accepted with 5 % risk 

 

Regression analysis 
The aim of the multiple regression analysis is to determine the relation between the IFR 

index as the dependent variable and independent variables. The independent 

variables are defined given the theoretical background presented in Chapter 2. In 

accordance with the Agency Theory, I used the number of employees and the size of 

assets and income as the independent variables, and according to the Stakeholder 

Theory, Stock Exchange listing (prime and standard). The list of dependent variables is 

shown in Table 6.  

 

Table 6 List of Independent and dependent variables 
Independent 

variables 
Measuring method Measuring 

Size 

 

No. of employees Average number of employees in 2018 

Assets Assets on 31 December 2018 

Income  Net turnover in 2018 

Listed on the LJSE 

market 

Prime Dummy: (1 = Prime market); (0 = Standard 

market) Standard 

Source: Author’s work 
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To objective was attained using the OLS (Ordinary least square) method previously 

applied by Xiao et al. (2004), Marston and Polie (2004), Al-Htaybat (2005), Aly (2008), 

Dolinšek et al. (2014a). 

Multipe regression analysis was performed using the stepwise method, which 

gradually incorporates 5 independent variables into the model by first including items 

having the greatest impact, followed by other items. 

When the regression model is observed, according to R=0.878 and adjusted 

R2=0.762 it might be concluded that the model is good an explain the variability in IFR. 

Furthermore, the F-test statistics value of 84.355 suggests that at the significance level 

of 1 % the regression model provides a good fit. Pearson correlation coefficient 

(R=0.878) indicates strong positive relationship between variables. 

The Ordinary least squares method was also examined assumptions. 

Multicollinearity was examined by the VIF (Variance Inflation Factor). VIF values for 

regression coefficient is below 5, which indicates the absence of multicollinearity (VIF 

=1). Autocorrelation was examined by the Durbin-Watson statistics (DW=1.919). A 

value of 2.0 means that there is no autocorrelation detected in the sample. 

 

Table 7 Regression analysis (dependent variable IFR-Index) 

Model 

Unstandardised 

Coefficients 

Standardised 

Coefficients t Sig. 

B Std. Error Beta 

 (Constant) 48.611 1.764  27.563 0.000 

Listed LJSE 28.056 3.055 0.878 9.184 0.000 

Note: R =0.878; R(adj)2=0.762; DW =1.919; F=84.355, p=0,000 

Source: Author’s work 

 

The result of this analysis is the regression model with one regressor, as follows:  

 
IFR-P = 48.611 + 28.056 (listed LJSE) + e. (2) 

 
The results of the Regression Analysis show that only the type of listing on the Stock 

Exchange proved to be statistically significant. The IFR Index of the prime market 

companies is, on average, higher by 28.056 points than in the case of the standard 

market companies (t=9.184; p=0.000). A similar result can already be seen in the t-test. 

Given that the size of the company does not affect the IFR Index, in accordance 

with the Agency Theory, there was examined separately whether the size of the 

company would affect either the contents (IFR-C) or the presentation method (IFR-P). 

Two separate Regression Analyses were re-performed, where, on one occasion, the 

IFR-C as the dependant variable was used, and, on the second occasion, the IFR-P. 

In case of the IFR-C, the results were similar to those seen in the IFR Index, while in the 

IFR-P, the size of the company proved to be statistically significant (measured by the 

number of employees). The results are shown in Table 8.  

 

Table 8: Regression analysis (dependent variable IFR-P) 

Model 

Unstandardised 

Coefficients 

Standardised 

Coefficients t Sig. 

B Std. Error Beta 

 (Constant) 4.306 0.261  16.523 0.000 

Listed LJSE 3.823 0.663 0.680 5.765 0.000 

No. of employees 0.001 0.000 0.297 2.519 0.019 

Note: R =0.899; R(adj)2=0.800; DW =1.339, VIF= 2.194; F=84.355, p=0.000 

Source: Author’s work 
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The result of this analysis is the regression model with two regressors, as follows:  

 
IFR-P = 4.306 +3.823 (listed LJSE) + 0.001 (No. of employees) + e, (3) 

 

where: IFR-P of companies listed on the prime market is, on average 3.823 (t=5.765; 

p=0.0004), is greater than of companies listed on the standard market, if other 

variables’ value remain unchanged.  

If the number of company employees increases by one, the value of IFR-P will 

increase on average by 0.0013 (t=2.517; p=0.0190), if other variables’ values remain 

unchanged.  

 

Conclusion 
The aim of this article was to facilitate applied research studies in Accounting, 

respecting other disciplines.  

Different approaches to statistical analysis were shown on the example of the 

Internet financial information. First, a methodological approach to development of 

indicator was presented, by which qualitative data was quantified. To this end, the 

evaluation form was used to analyse 27 websites of the Slovenian companies listed on 

the LBSE. 24 contents elements and 16 presentation elements was evaluated. As the 

aspect of contents is more important than presentation, pondering in the final stage 

was used. In this way, IFR Index was formed as the variable, on the basis of which 

different methods of statistical analysis, both univariate (descriptive statistics), as well 

as bivariate (correlation and T-test) and multivariate (multiple regression analysis) was 

applied. IFR Index is mostly affected by the type of listing on the Stock Exchange, while, 

in the case of the IFR-P Index, partly also the size of the company. This can be 

explained by the fact that the requirements given the corporate reporting for 

companies listed in the prime market are stricter than for the companies listed in the 

standard market. Moreover, the Internet is a media that enables simple, inexpensive, 

and widely accessible methods of spreading information about the company’s 

business operation. Because of that, the companies use it more frequently than all the 

other forms of media. The research presented only one aspect of the use of statistics 

in the financial information analysis. Research opportunities in the field of the Internet 

Financial Information are numerous, both in terms of the use of statistical methods, as 

well as in terms of financial information contents. Other analyses from the field of 

statistical methods that were not used in this paper, could also have been used (for 

example the use of logistic regression for the analysis of the IFR among the companies 

listed in the prime or standard market, or the use of Factor Analysis, through which the 

impact factors to IFR would be reduced). 

The scientific contribution can be seen primarily in the model design that can help 

clarify the factors affecting the size, contents, and form of the financial information on 

websites. The IFR Index was used as a dependent variable and the Stock Exchange 

listing and the company’s size as the independent variables. The fact is that more 

independent variables could be included, which would most definitely improve the 

model’s quality. With certain adaptations the model could also have predictive 

power and could, therefore, help predict the value of the IFR Index at given values of 

the dependant variables.  

From the aspect of contents, the research could be extended further to the field of 

determining the profitability as the factor that would affect the IFR, the comparison of 

the IFR between different countries, the usefulness of the modern forms of presentation 



  

 

 

53 

Croatian Review of Economic, Business and Social Statistics (CREBSS) 

UDK: 33;519,2; DOI: 10.1515/crebss; ISSN 1849-8531 (Print); ISSN 2459-5616 (Online) 

 

 

Vol. 6, No. 1, 2020, pp. 43-55 

 

of the financial information on the Internet, or identifying the views given the usefulness 

of the Internet financial information. 
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Abstract 
The inefficiency of social services targeting in Federation of Bosnia and Herzegovina 

(FB&H) is studied. Using Household Budget Survey 2015 official statistics microdata, 

three models of social minimum in FB&H were constructed: extreme and general 

poverty, and model with multidimensional poverty aspects. The analysis of poor 

households’ categories features showed that the most vulnerable residents of FB&H 

are not beneficiaries of permanent financial assistance. The reason for such inefficient 

targeting was recognized in Federal Law on Principals of Social Care, Care for the 

War-Disabled Civilians and Care for Families with Children, that stipulates that only 

persons and families that (cumulatively): are incapable for work, have insufficient 

income and there are not family members who are legally obligated to support them. 

The results indicated a high inconsistency in the legal criteria for qualification, and also 

in amounts of permanent social assistance by cantons. Proxy Means Test (PMT) Model 

as the one of possible solutions for the improvement of social services targeting in FB&H 

is offered. Given the importance of efficiency of targeting in Social Services, the 

research results could be useful, for both, vulnerable segments of society and Federal 

and Cantonal ministries for labour and social affairs, in the process of targeting the 

households qualified for social support programs.  
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Introduction 
In Bosnia and Herzegovina (B&H), there is no jurisdiction or legal framework for 

harmonized social protection on the whole territory. The exclusive jurisdiction for the 

area of social protection lies at the Entity level: Federation of Bosnia and Herzegovina 

(FB&H) and Republic of Srpska (RS). Social protection system is organized at the 

cantonal level in FB&H and at the municipality level in RS and it is extremely 

bureaucratic, fragmented and inefficient. Twenty laws regulate the area of social 

protection in B&H at the entity and cantonal levels, whereby the laws at the entity 

level regulate these issues in different ways.  

 Especially complicated and dysfunctional is the system in FB&H, with marked 

overlap and frequent avoidance of jurisdiction between FB&H and 10 Cantons. In 

accordance with the five main types of schemes outlined in the European Commission 

Report: Minimum Income Schemes in Europe - A study of national policies (2016), 

European Commission (2016), B&H can be categorized in the group of countries which 

have very limited, partial or individual schemes that are limited to narrow categories 

of people and do not cover many of those in need of assistance. 

As the research aim is the investigation of the efficiency of social service targeting 

system in FB&H, three research question are imposed:  

(i) Is social service targeting efficient at the satisfactory level?  

(ii) What are the main reasons for the possible inefficiency? 

(iii) Are they any solutions to improve the existing targeting system? 

The latest microdata from the Household Budget Survey 2015 (HBS 2015) were used 

for the defining of the social security minimum and assessing the efficiency of social 

service targeting. The HBS 2015, as the most comprehensive data source for the 

analysis of the living standard in B&H, was conducted on the sample of 7702 

households, by the three official statistical agencies: Agency for Statistics of B&H, 

Federal Bureau for Statistics (FB&H) and RS Institute of Statistics. 

In analyzing the efficiency of the targeting system in the FB&H, previous research 

on this topic has been considered. Report / Study (IBHI, 2013) titled "Non-financial cash 

benefits for social protection in B&H - What works and what doesn't?" considered the 

existing social protection system in FB&H and RS, i.e. legislation and its implementation, 

and provides a precise overview of administrative data in the area of non-financial 

assistance for social protection in B&H. The authors concluded that the targeting of 

budgetary remuneration remained regressive, and regressivity even increased in 

some aspects in 2011 compared to 2007. The root cause of this situation is that 

budgetary compensation is provided to beneficiaries on the basis of their status rights 

and not on the basis of actual needs. One of the focuses of the study was the analysis 

of the Proxy Means Test (PMT) approach when targeting social service users in B&H.  

A second report by the same organization (IBHI, 2014) gives an overview of the 

evaluation of potential results and examines the feasibility of applying selected 

targeting mechanisms / methods in four FB&H municipalities in 2013. The study 

simulated different targeting methods and differently conceptualized benefits based 

on three different budget scenarios. The results of the analysis indicate that the best 

targeting mechanism and the compensation concept are: the use of indirect 

property censorship PMT methods with unique benefits for the poorest 10% of the 

population. This concept consistently showed the best results in targeting efficiency 

and fee adequacy. 

Glewwe, Kanaan (1989) investigated targeting systems in both urban and rural 

areas. Authors applied a simple regression technique to data from the Côte d'Ivoire 

Living Standards Survey 1985. They predicted incomes based on observable 

household characteristics that are correlated with the income and distributed 
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transfers on the basis of those predictions. The results of this study showed that the 

targeting in rural areas is more effective than the targeting in urban areas. In addition, 

the results of the study indicate that the significant reductions in poverty can be 

achieved by using this method. 

Sharif (2009) has studied the PMT based household targeting system for Bangladesh, 

and identified the extreme poor on the basis of the PMT model. The model included 

the observable and verifiable household or individual characteristics that are selected 

based on their ability to predict welfare. The results of this study showed that the 

proposed PMT model for Bangladesh is highly progressive in its targeting performances 

when compared to the existing targeting safety net programs as well as in the fairness 

and transparency in the allocation of resources to the poor by these programs. 

In the first part of the paper, three social minimum models have been defined as 

the basis for examining the efficiency of the targeting system in the FB&H. The first two 

models for defining social security minimums in the FB&H are based on the definition 

of absolute poverty or more precisely on extreme and general poverty concepts. To 

incorporate the multidimensional nature of poverty into the definition of social security 

minimums, two multidimensional poverty indexes have been selected, which have 

been proved to indicate a different identification of poverty than the one-dimensional 

indexes (Delalic et al. 2017). In the second, main part of the paper, poor efficiency of 

the social service targeting system has been proven and identified key causes. After 

analysis of targeting models, the most appropriate model is selected and applied on 

FB&H data. Selected and applied model was found to be much more efficient than 

existing one. Finally, concluding discussion of results provides guidance for policy 

makers to improve existing targeting system, step by step. 

 

Modeling the Social Security Minimum for FB&H 
This study proposes three models of the social security minimum that are based on the 

measurement of absolute poverty - extreme (Model I) and general (Model II), as well 

as the measurement of multidimensional poverty based on the Alkire - Foster and fuzzy 

approach to poverty measurement (Model III). 

 As an introduction to Models I and II, we first defined the concepts of absolute 

poverty and the absolute poverty line. The concept of absolute poverty is defined on 

the basis of minimal existential needs of the individual. The poverty threshold is defined 

as the value of the consumer package of products and services that are considered 

essential. In some cases, this package only consists of food products. Nutritionists, in 

accordance with age, sex, eating habits, lifestyle and life conditions, determine the 

minimum amount of calories required for life and health. Within absolute poverty, we 

distinguish between general and extreme poverty. Generally, persons are considered 

to be in extreme poverty if their existence is threatened and that is generally 

considered as nutritional poverty. In defining general poverty, it is taken into account 

that a person in order to survive must meet other basic needs: clothing, housing, 

medical treatment, etc. 

As is usual in the HBS in B&H, the basic monetary measure of well-being is household 

consumption. For the purpose of determining absolute poverty lines, the average 

annual consumption per household member was used. In determining the food 

poverty line, the World Bank methodology was used to suggest a list of 66 products in 

the consumer basket of products and a threshold of 2100 kcal for an individual's 

nutritional needs. Based on this methodology, a food poverty line of BAM 919.79 per 

household member was determined. For a particular poverty line, a robustness 

analysis was conducted considering different reference groups. However, the 

differences in the food poverty lines obtained did not exceed 3.5 BAM per year. 
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Based on such poverty line, the percentage of the population is determined whose 

total consumption (food and non-food) is lower than the estimated threshold. 

According to the Food Poverty Line, based on data from HBS 2015, 0.36% of 

households, or 0.68% of affiliated household members in the FB&H are below this 

threshold, i.e. in the state of extreme poverty. Using the 2015 HBS weights, it is estimated 

that there are 2,322 households in the FB&H, or 13,217, in extreme poverty. 

Although a diet with minimal intake of calories is a prerequisite for biological 

survival, even the poorest populations need to provide other, non-nutritional 

conditions for survival. All households, except for food, spend some of their expenses 

on other basic needs. Such basic, non-food needs include shelter, clothing and 

footwear, hygiene supplies, health supplies, etc. According to Engel's laws, it is 

considered that the general poverty line cannot be less than the total consumption 

of food in the population with the minimum amount required, that is, the amount close 

to the food poverty line (Ravallion, 1998). Based on this and the previously calculated 

poverty line, the general poverty line was set at BAM 2,628.72 annually, per household 

member. On these poverty lines, 11.76% or 76,706 households, with 15.07% and 292,961 

affiliated household members, are generally poor in the FB&H. 

In order to create the third model of social minimum, two multidimensional poverty 

identification approaches were used: Alkire - Foster approach and the fuzzy set 

approach (completely fuzzy and relative approach). The most important reason for 

choosing these two approaches is the undoubtedly proven multidimensional nature 

of poverty, which can be quantified through other, non-monetary poverty indicators, 

except on the basis of the monetary indicator - household consumption. In doing so, 

indicators were used to construct these indexes, indicating quality of housing, 

ownership of durable goods, household structure, social inclusion and monetary 

poverty. The ultimate goal of determining multidimensional poverty indices is to 

identify “multiple selected” units, that is, units identified as poor on the basis of multiple 

different identification approaches. 

As part of the identification of the poor, based on the Alkire-Foster approach, a 

poverty line has been identified according to which poor is considered to be poor if 

deprived of at least 3 of the 14 indicators included. According to this approach, the 

percentage of multidimensional poor households in the FB&H is 10.8%, or 70,443 

households with 143,440 members. 

The use of fuzzy sets in poverty analysis is motivated by the artificial division of the 

population into poor and non-poor units. Aforementioned is defined by the poverty 

line, which is not unique and is subject to arbitration. The concept of fuzzy sets involves 

defining the degree of poverty affiliation for each observation unit, using the poverty 

membership function. There are several different methodologies for calculating 

multidimensional poverty indexes based on the fuzzy approach. A completely fuzzy 

and relative approach was chosen for the purpose of this research (Cheli, Lemmi, 

1995), due to less arbitrariness in the choice of poverty / deprivation thresholds. The 

construction of this index, based on the indicators included, identified 35.6% of poor 

households in the FB&H. 

In order to identify households at serious risk, we identified households classified as 

poor by three different approaches: using the general poverty Line, the Alkire - Foster 

approach and the fuzzy approach. Using this model, in the FB&H is 1.0%, or 6.499 

households with 22,624 members are affected with poverty. 

It should be noted that in the case of households which are classified multiple times 

as poor, only 6.7% (436 out of 6,499) were simultaneously identified as extremely poor. 

Therefore, we conclude that priority in social services should be given first to 

households classified as extremely poor, then to generally poor households, which are 
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also classified as poor by two multidimensional aspects, and ultimately to remain 

generally poor households. 

 

Targeting - selecting households qualified for social 

services in the FB&H 
In the FB&H, the areas of social protection are regulated by the Law on Principals of 

Social Protection, Protection of Civilian Victims of War and Protection of the Family 

with Children (Official Gazette of the Federation B&H, No. 36/99, 54/04, 39/06 and 

14/09). The aforementioned federal Law obliged the competent cantonal authorities 

in the FB&H to adopt appropriate regulations within their jurisdiction. This Law regulates 

only the basics of the social protection system, and all other rights, duties and 

responsibilities from that protection are left to be determined, regulated and 

exercised by the cantonal legislature and its organs. 

 The Constitution of the Federation of Bosnia and Herzegovina guarantees the right 

to social protection, and the responsibility for conducting social policy is divided 

between the FB&H and the cantons. A social need is considered to be a permanent 

or temporary situation in which a citizen or family finds themselves, and is caused by 

war events, natural disasters, general economic crisis, psychophysical state of 

individuals or other reasons that cannot be eliminated without the help of the 

community. The functioning of the social protection system is regulated by the 

aforementioned law, which establishes basic rights, forms, beneficiaries and 

conditions for social protection, while the cantonal laws regulate more closely the 

social protection rights, the procedure for exercising rights, the scope, amount and 

manner of exercising social protection, exercising supervision, financing of social 

protection and other issues of importance for the exercise of rights in the Canton. 

Beneficiaries of social protection, according to federal law, are persons who are in a 

state of social need. 

 

Analysis of the efficiency of the existing targeting system in the FB&H 
For the purpose of analysis and basis for eventual improvement of the existing 

targeting system in the FB&H, data from HBS 2015 was used. As a representative social 

service, the category of Permanent Financial Assistance (PFA) was used, which is the 

basic and most stable social service with the highest coverage. Based on HBS 2015 

data, it is calculated that 0.81% of households in the FB&H are recipients of permanent 

financial assistance, with more than 60% of beneficiaries living in rural areas. In order 

to evaluate the effectiveness of the existing targeting system, a survey was conducted 

of households in the FB&H, which are extremely, generally and multiple identified as 

poor according to the status of receiving permanent financial assistance (Table 1). 

 

Table1 Poor household, PFA users (HBS 2015)  
Extremely poor Generally poor Multiple identified 

Permanent financial 

assistance 
0% 36.6% 16.6% 

Source: Authors’ calculations 
 

 Unsurprisingly, no beneficiaries of permanent financial aid belong to extremely poor 

households, while 36.6% of beneficiaries of permanent financial assistance are 

generally poor households and 16.6% are households that are repeatedly identified as 

poor. Thereby, 63.4% of all beneficiaries of permanent financial assistance do not 

belong to poor households, suggesting a large error of inclusion. 
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 On the other hand, no extremely poor households are beneficiaries of permanent 

financial assistance, while only 2.4% of generally poor and 13.0% of multiple identified 

households are beneficiaries of permanent financial assistance (Figure 1). This fact 

indicates the extremely poor efficiency in the distribution of permanent financial 

assistance within the existing targeting system in the FB&H. 

 

 
 

Figure1 TNP within categories of poor households (HBS 2015) 
Source: Authors’ creation 
 

 The reasons for the perceived inefficiency are identified lies, first of all, in the FB&H 

legal regulations, i.e. the umbrella Law on the Basics of Social Protection, Protection of 

Civilian Victims of War and Protection of the Family with Children. According to the 

aforementioned law, “the right to permanent financial assistance and other material 

support is granted to persons and families, if they are: 

1. Unable to work, or prevented from exercising their right to work. 

2. They do not have enough income to support themselves. 

3. They have no family members who are legally obliged to support them, or if 

they have ones, those persons are not able to discharge the obligation. " 

 These conditions apply cumulatively, that is, unless at least one of the conditions is 

met, persons and families cannot exercise the right to permanent financial assistance 

and other material assistance. The Law defines conditions 1, 2 and 3 more precisely, 

but it is evident that very few households in the FB&H can cumulatively meet these 

criteria. 

 Furthermore, the reasons for the inefficiency were also found in the inconsistency of 

laws and practices across the cantons within the FB&H. Namely, according to the 

current legislation, permanent financial assistance is regulated at the cantonal level, 

by cantonal laws in the field of social protection. The aforementioned laws introduce 

additional restrictions on the already existing conditions for exercising the right to 

permanent financial assistance, such as: owning a car, the size of a housing unit, etc. 

In addition, when analyzing cantonal laws, many differences were observed across 

cantons, such as basis for permanent financial assistance, treatment of household 

total income components, percentage increase in assistance for an additional or 

incapacitated member, and numerous other differences. 

 This indicates that current targeting is not satisfactory and that financial assistance 

does not reach the most vulnerable households. Therefore, first of all, it is necessary to 

harmonize legislation in the field of social protection so that all households, i.e. citizens, 

would have the same rights in all cantons. It is also necessary to standardize the criteria 
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which households, i.e. which household members and on what basis they are qualified 

to permanent financial assistance. 

 

Targeting models qualified for social support programs 
Different targeting models are being applied for identifying households suitable for 

social support programs. There are three models that are the most commonly used. 

The choice of the appropriate targeting model is conditioned by the specificities of 

the society and the economy, the capabilities and the level of reliability and 

verifiability of the information provided by the applicant, as well as the sources of data 

on the basis of which the model is constructed. 

 The first of these is Property Census – Means Testing (MT), which is recommended for 

use in countries with large formal sectors. Programs that use property censorship for 

the purpose of targeting rely on the validity or verifiability of the applicant's identity 

and household structure and household income and assets. On the basis of the 

documents and information provided by the applicant, detailed checks of 

information are made, by comparison with existing databases. Targeting based on 

this model is in use in France, the United Kingdom, the United States and other 

countries with a large formal sector where verifying such information is reliable. 

 Countries with large informal sectors use a targeting model based on the Indirect 

Household Property Indicator – Proxy Means Testing (PMT). This indicator is based on 

an estimate of household consumption or income, which is essentially difficult or 

impossible to observe in a specific claim. The PMT allows a decision as to whether an 

applicant is entitled to a social service based on the determination of a 

multidimensional indicator that contains in its construction measurable and relevant 

characteristics of households that are closely related to the well-being or standard of 

living of the household. The information collected on household characteristics, 

through a regression model for estimating household consumption or income, is 

aggregated into a single result - a PMT score, based on which it is possible to classify 

households that are eligible for participation in a specific social support program. 

 The third model, the Hybrid Means Testing (HMT), is essentially a hybrid solution 

created by a combination of the first two models. This model bases the applicant's 

financial situation on two indicators: household income as the sum of income on 

which documents or sources can be verified, and estimated income resulting from the 

statistical model that cannot be verified. 

  

PMT targeting model 
As noted earlier, countries with large informal sectors use the PMT targeting model of 

the poor, i.e. model based on an indirect indicator of household wealth. Based on the 

HBS 2011 database for the FB&H, we found that the average monthly consumption 

per household member was 69% higher than the corresponding income. Since the HBS 

2015 income was not calculated, no differences were found based on the most 

recent data, but it is generally considered that the income measurement based on 

the Household Budget Survey is underestimated. Although aware of the informal 

economy and the size of the informal sector, the above results confirm these facts. In 

addition, these results indicate that there is a significant portion of income that is not 

reported or verifiable from other sources of information. For these reasons, the Indirect 

Indicator of Household property state - PMT is the most appropriate choice. 

 One simulation of the PMT model in B&H was conducted by the World Bank in 2009. 

Within this project, the results of the HBS 2004-based formula were updated and the 

PMT model based on the HBS 2007 was evaluated, which found that the introduction 
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of the PMT model achieves a significant improvement in current income assessment 

programs and thus a targeting model for qualified social service applicants. By 

introducing standardization by using this model, comparability with other countries has 

been achieved. This report also highlights the shortcomings of HBS in measuring 

income, as well as the fact that, on the basis of HBS, income is greatly underestimated. 

 The PMT method involves collecting a set of indirect indicators - proxy variables, on 

the basis of which household income or consumption can be estimated with sufficient 

accuracy. Indicators should be well correlated with poverty, consumption or income, 

in order to have the role of indirect indicators for assessing household wealth. Although 

the final list of indicators depends on the local context, there are some indicators that 

are standard in PMT worldwide. They include the physical characteristics of the 

residential unit (construction, electricity, water, etc.), the possession of durable goods, 

demographic structure of the household, education and employment in the 

household. 

 After selecting the indicators, they need to be weighted to determine the PMT 

score. There are several ways to weight the indicators. Given that in our case we have 

data from the HBS containing information on consumption and on household 

characteristics, statistical methods are used to determine the type and strength of the 

relationship between consumption and indicators and to estimate the most likely 

household consumption on the basis of indirect indicators. To this end, multiple 

regression analysis is used to assess the relationship between household characteristics 

and the corresponding monetary measure of household well-being, consumption or 

income. The result of applying the PMT method is a regression model: 

 

0 1 1 2 2
ˆ ... n nY b b X b X b X= + + + + , (1) 

 

whereby the obtained regression coefficients: b0, b1, ..., bn represent the weights that 

will be used in the calculation of the estimated consumption (PMT score) 𝑌̂ on the 

basis of indirect indicators X1, X2, ..., Xn. 

 Regression analysis reveals indirect indicators that are most correlated with well-

being of the household. While individual indicators may have poor correlation with 

consumption, multiple indicators have a higher correlation and also indicate a 

multidimensional aspect of household wealth. Typically, the PMT method includes 10 

- 30 indirect indicators of household economic status, but there are no formal 

restrictions. The number and type of indicators are conditioned by local specificities. 

It is common for indicators for the PMT method to be taken from bases on household 

consumption, income or standard of living. 

 After selecting the indicators and associated coefficients in the regression model, it 

is determined to what extent and to what ways the variables affect household 

consumption. Based on the indicators selected through the regression model, a 

questionnaire is created, which is completed for candidates for the social support 

program and through which the values of the selected indicators are determined. 

Based on the calculated PMT score, households are classified into groups of those 

who are qualified and those who are not qualified for social support programs. 

Households can be ranked by PMT score, for society as a whole or by region. Selection 

of eligible households is made on the basis of an established threshold that is linked to 

the poverty line or other spending level or, according to the quota set by the specific 

program or its budget. Depending on the particular program, the PMT score may be 

combined with some other criterion, e.g. household protection program with children, 

etc. 
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 Model Validation: When the PMT scores of households are known and the threshold 

for qualifying for the program is determined, a certain percentage of the poorest 

households are selected from the sample on the basis of which the model evaluation 

is performed (usually 30%, 40% or 50% of the poorest households). For selected 

households, the percentage of matching is calculated: those whose actual 

consumption is below the established threshold and those whose calculated PMT 

score is below the established threshold. 

 As the actual consumption is more reliable than the PMT score, if the household is 

below the poverty line based on consumption but not based on the PMT score, we 

are talking about the exclusion error. In the opposite case, if the sample household is 

not classified as poor and based on the PMT score below the poverty line, it is an 

inclusion error (Glewwe, Kanaan, 1989; Grosh, 1994; Grosh, Baker, 1995; Baulch, 2002; 

Ahmed, Bouis, 2002; Narayan, Yoshida, 2005; Schreiner 2006; Zeller, Alcaraz, 2005; 

Houssou et al. 2007; Coady, Skoufias, 2004; Zeller et al., 2006; Sharif, 2009; Coady, 

Parker, 2009; Johannsen. 2006; Houssou, 2010; Bakhshoodeh, 2013). 

On the one hand, the exclusion error reduces the impact of the program on the 

level of social protection of potential beneficiaries but has no effect on the budget. 

On the other hand, the inclusion error has no effect on the level of well-being of 

potential beneficiaries but increases the cost of the program or increases the budget. 

There is no targeting model where these two types of errors are completely eliminated. 

Ideally, both types of errors would be minimized, but in a typical PMT model there is 

usually an exchange of these two types of errors in the range of 30-40%. If the goal is 

to prioritize the poor then the focus is on reducing the exclusion error, and if the goal 

is to prioritize cost savings then the focus is on reducing the inclusion error. In addition 

to the two errors mentioned, the following are used to evaluate the accuracy of the 

PMT model: 

a) Overall accuracy - the percentage of households whose poverty status is 

correctly determined by the PMT model, among all households, 

b) Accuracy of the poor- Percentage of correctly identified poor households out 

of the poor ones, 

c) Accuracy of the non-poor- Percentage of correctly identified non-poor 

households out of the non-poor ones. 

Very often, the same country-wide models are not evaluated, but separate models 

are created for regions of otherwise defined subpopulations. It is common to create 

separate models for urban and rural areas; given that they are characterized by 

different indicators of well-being. 

Finally, the models need to be updated regularly. Practically, with each new set of 

data on household consumption, income or well-being, the living conditions and living 

standards of the population have changed, and it is necessary to evaluate the new 

PMT model. 

Like all methods, PMT has its advantages and disadvantages. The most significant 

advantage of this method is that it overcomes the difficulties and disadvantages of 

measuring household income or consumption. In most countries of the world as in our 

country, it is very difficult to obtain reliable household income data. The Household 

Budget Survey and all poverty measures for B&H and FB&H are based on household 

consumption. It is almost impossible and technically impracticable to accurately 

determine the consumption of households that are candidates for social services 

programs, especially since there are many opportunities to manipulate spending in 

order to achieve a better position for qualification. Therefore, PMT is an adequate 

choice because it overcomes these shortcomings. On the other hand, this method 
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requires a high level of technical capacity for design and implementation. Because it 

is based on statistical models, it may also contain an inherent error. 

 

Application of PMT model in FB&H 
In order to define the best predictors (indirect indicators) of household poverty in the 

FB&H, we created a regression PMT model based on data from HBS 2015. As a 

dependent variable in the model we used the natural logarithm of annual per capita 

household consumption, and as indirect variables indirect wealth indicators 

households that can be correlated with household poverty status. 

 The development of the PMT model involves finding a weighted linear combination 

of indirect household wealth indicators that collectively estimate expected household 

consumption. More than 100 predictors were included in the initial PMT model. 

Potential predictor variables were determined based on previous empirical research 

such as: Glewwe, Kanaan, 1989; Haddad et al., 1992; Grosh, Baker, 1995; Grosh, 

Glinskaya, 1997; Ahmed, Bouis, 2002; Narayan, Yoshida, 2005; Castañeda, 2005; Sharif, 

2009; Schnitzer, 2016; Gassmann et al., 2013; Bakhshoodeh, 2013. The selection of 

indirect indicators was made on the basis of the following criteria: (i) they are easily 

accessible and measurable; (ii) they cannot be easily manipulated by households; (iii) 

that they are not politically, religiously or nationally sensitive. Based on the above 

criteria, more than 80 poverty-related indirect indicators (80 dummy variables, 1 

continuous variable and 2 interaction variables) were included in the final PMT model. 

These indirect indicators are grouped into four categories: 

a) Household structure (household size, number of children in the household, 

number of employees, age and gender of the head of the household, level of 

education of the head of the household and spouse (if any), marital status of 

the household head, and activity and type of employment of the household 

head) 

b) Living space and property ownership (dishwasher, air conditioning, internet, 

telephone, computer or laptop, car, electricity, refrigerator, garage, balcony, 

garden, etc.) 

c) Sanitary / hygiene conditions (indoor bathroom, indoor toilet, running water, 

cleaning equipment) 

d) Location (rural / urban, canton).  

Using OLS (Ordinary Least Squares) regression, we estimated the coefficients that 

serve as weights when calculating the PMT score for households. Given that 

households have different patterns of housing but also property, reflecting their 

lifestyles and priorities, three PMT models have been created: 

a) PMT model for all households in FB&H (FB&H total) 

b) PMT model for households in urban FB&H (FB&H urban) 

c) PMT model for households in rural FB&H (FB&H rural) 

The estimated PMT model coefficients and the corresponding weighting to the 

predictor variables are presented in Appendix 1. Statistically significant coefficients 

with explanatory variables at the 5% significance level are bolded. 

The adjusted coefficient of determination of R2 = 0.4943 FB&H for total model is 

sufficiently high and indicates the suitability of the PMT model in estimating annual per 

capita household consumption. The adjusted coefficient of determination of the FB&H 

urban model has a value of R2 = 0.5471, while in case of the FB&H rural model has a 

value of R2 = 0.4398. Comparing the FB&H total regression model with estimated PMT 

models in other countries, we can conclude that the model predicts household 

consumption well and therefore has a satisfactory targeting accuracy rate (Sri Lanka, 

R2 = 0.56 and Pakistan, R2 = 0.53 (Hou, 2008); Armenia , R2 = 0.20 (Glinskaya, Grosh, 
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1997); Latin American countries have R2 in the interval from 0.30 to 0.40 (Gorsh and 

Baker, 1995); Egypt, R2 = 0.43 (Ahmed, Bouis, 2002; Bangladesh, R2 = 0.56, Rwanda , R2 

= 0.44, Indonesia, R2 = 0.37 (Kidd, Wylde, 2011). If we compare the PMT FB&H total 

model with the PMT model for B&H created by the World Bank in 2009, we can see 

from HBS 2007 that it is a model that has approximately the same value of R2. 

After the creation of the final FB&H total model, it was necessary to determine the 

reference PMT score (threshold) on the basis of which households are classified into 

groups of those who are qualified and those who are not qualified for social support 

programs. The threshold is determined on the basis of the distribution of actual annual 

household consumption (e.g. second decile, third decile, fourth decile). A household 

is considered poor and thus eligible for participation in a social support program if its 

estimated expenditure (PMT score) is less than the reference PMT score, also known as 

the targeting line. Generally, social policy makers set this PMT threshold to cover the 

maximum number of poorest households given the available budget. 

As noted earlier, different criteria may be considered when determining a 

reference PMT score. However, it should be borne in mind that targeting errors 

increase in PMT models when estimating consumption in the lowest and highest 

deciles. Therefore, we determined the reference PMT score based on sensitivity 

analysis. 

If we set the reference PMT score at 15% of the poorest households (i.e. targeting 

15% of the poorest households), only 29.41% of the targeted 15% of the poor will be 

identified as acceptable on the basis of the PMT model, which represents a major 

exclusion error (70.59%). If we target 20% of the poorest households, 37.35% of 

households would be identified as eligible, reducing the exclusion error even though 

it is still relatively high. However, if we target 40% of the poorest households, 67.12% of 

households would be identified as eligible, greatly reducing the exclusion error to 

32.88%. Therefore, the reference PMT score of 40% of the poorest households 

generates a reasonable level of targeting accuracy and is considered the most 

appropriate threshold for identifying the poor in rural and urban areas of the FB&H. 

Using the data on annual per capita household consumption based on HBS 2015, 

we set a reference PMT score of BAM 4,756.93. The graphs of exclusion errors, inclusion 

errors, and Poverty accuracy / Coverage rates for the various PMT scores of the 15th, 

20th, 25th, 30th, and 40th percentiles are given in the following figure: 

 

 
Figure 2 Relation of poverty accuracy rates, exclusion and inclusion errors -  

Source: Authors’ creation 
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 We observe that with the increase of the reference PMT score (from the 15th to the 

40th percentile) there is an average increase in poverty accuracy rates, a decrease 

in exclusion errors and inclusion errors. The following graphs show the actual versus 

estimated annual per capita household consumption using the FB&H Total Model. In 

the process of targeting the poor in the FB&H, the benchmark PMT was set at the 15th, 

20th, 25th, 30th and 40th percentile values. 

 

 

 

 

 
 

 

 

 
 

 
 

Figure 3 Relation of estimated and actual total annual household consumption per 

capita for the 15th, 20th, 25th, 30th and 40th percentiles, respectively 
Source: Authors’ creation 
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 The targeting accuracy of the PMT model was evaluated in terms of technical 

errors. The following table shows the calculation of the stated errors for the FB&H total 

model for the reference PMT score at the fourth decile level. 

 

Table 2 Household poverty status based on the PMT FB&H total model 
Household poverty status (PMT threshold at the fourth decile level) 

 Poor Non-poor Total 

Household excluded from the 

programme 

Exclusion error 

85,818 (32.88%) 

Accurate 

Assessment 

326,837 (83.55%) 

412,655 

Household included in the 

programme 

Accurate 

Assessment 

175,146 (67.12%) 

Inclusion error 

64,328 (16.45%) 
239,474 

Total 260,964 391,165 652,129 

Source: Authors’ calculations 
 

Of the 652,129 households, 260,964 households are poor and 391,165 households 

are not poor. Of the 260,964 poor households, 85,818 households were misjudged not 

to be poor and excluded from the program (32.88%). On the other hand, of the 

391,165 non-poor households, 64,328 households were assessed as poor and included 

in the program (16.45%). The overall accuracy of the FB&H total model is 76.98% and 

is higher than the overall accuracy of the FB&H rural model but also of the FB&H urban 

model. Poverty accuracy is reasonably high in all areas. 

 Furthermore, the results show that the exclusion rate is relatively the same in all 

areas. Also, there is no major difference between the inclusion rates in rural and urban 

areas, while the inclusion rate in the FB&H area is 2 percentage points lower. Although 

the FB&H rural model has the lowest R2 value, the model at the same time has the 

highest accuracy value of poverty forecasts. The following table provides an overview 

of the accuracy of household poverty (classification) estimates of households 

(extreme, general, and multiply poor) classified with three PMT models. We see that 

the lowest percentages of accuracy of household poverty forecasts range from 

83.01% (generally poor), over 92.00% (multiple identified) to 94.12% (extremely poor). 

Based on these results, we can conclude that, on average, more accurate poverty 

forecasts (better classifications) are provided by the FB&H rural model and the FB&H 

urban model. 

 
Table 3 Classification of households based on created PMT models 

                                  Types of poverty 

PMT model 

Extremely 

poor 

Generally 

poor 

Multiple 

identified 
Average 

FB&H total 

model 

Included in the model 100.00% 83.71% 92.00% 91.90% 

Excluded from the 

programme 
0.00% 16.29% 8.00% 8.10% 

FB&H urban 

model 

Included in the model 94.12% 83.01% 100.00% 92.00% 

Excluded from the 

programme 
5.88% 16.99% 0.00% 8.00% 

FB&H rural 

model 

Included in the model 100.00% 84.94% 94.00% 93.00% 

Excluded from the 

programme 
0.00% 15.06% 6.00% 7.00% 

Source: Authors’ calculations 
 

We note that the estimated models are significantly more efficient than the existing 

targeting model, especially when it comes to the most vulnerable categories of 

households: extremely poor and multiple-identified households. 
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 Finally, since the poverty rates of the FB&H rural model and the FB&H urban model 

are higher than the poverty rate of the FB&H total model, it is proposed to use two 

targeting models: the FB&H PMT rural model for rural areas and the FB&H PMT urban 

model for urban areas. 

 Based on statistically significant property indicators in the urban and rural models, 

a questionnaire is created to be filled in by the applicants for the social services 

program. Each question in the questionnaire is answered by a dichotomous indicator 

indicating the presence or absence of a particular household characteristic, which in 

the corresponding model proved statistically significant. Therefore, yes or no questions 

are offered for the questions in the questionnaire, making the questionnaire easy and 

understandable to fill and minimizing the time required to complete it. For each 

household, the corresponding PMT score is calculated based on the data from the 

completed questionnaire. Based on the comparison of the PMT score obtained by the 

household and the targeting line, it is determined whether or not the household is 

eligible for the social services program. 

 

Conclusion 
Considering the lack of the legal framework for uniform social protection at the 

national level and complicated and dysfunctional system in FB&H, this study was 

intended to test the efficiency of social service targeting. The analysis is based on the 

constructed three models of social security minimum in FB&H, that included 

unidimensional and multidimensional asptects of poverty, and the permanent 

financial assistance as a basic assistance to the poorest parts of the population. 

General framework for this type of assistance is regulated by the federal legislation, 

while the benefits are regulated in detail by the cantonal laws. 

The results of the analysis undoubtedly proved that permanent financial assistance 

doesn’t reach the most vulnerable population groups: extremely and generally poor 

such as multiple identified poor households in FB&H. 

 The main reason for the identified inefficiency is identified in the federal regulation 

that specifies eligibility of a household for permanent financial assistance. Besides not 

having enough income to support themselves, it is also required that none of the 

household members are able to work. Additional reasons for the inefficiency were also 

found in the inconsistency of laws and practices across the cantons within the FB&H. 

The cantonal laws introduce additional restrictions, such as: owning a car, size of a 

housing unit, etc. The long-term solution is the revision of laws and the harmonization 

by the cantons. Until these changes are implemented, the policy makers should 

seriously consider the objective and scientifically based solutions suggested by this 

study.  

Aiming to recommend the unbiased and appropriate targeting model, this study 

utilizes the Proxy Means Testing or PMT model, which is recommended to the societies 

with the large informal sector. Objectivness of this model is guaranteed by performing 

the estimation of the linear regression model, and by assessing households’ wellbeing 

through the set of the objective and observable indirect indicators. Three PMT models 

were estimated: the overall model for all households, the model for urban households 

and the model for rural households. The quality of the estimated models was assessed 

through the poverty accuracy/coverage rate and it was found that the models 

predict households’ consumption at the satisfactory level. 

 Even though PMT targeting model is scientifically based and strongly more efficient 

than the existing one, it is worth noting that its application requires serious additional 

capacities in the local social protection offices. Until these capacities are developed, 

we propose softening the requirements in the current system. For example, application 
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of the conditions for the financial and material assistance individually (not 

cumulatively), with the consideration of the alternative conditions (family size > 5, 

share of employed family members < 0.2, share of dependent family members > 0.5, 

number of children in family > 3, owning of a car – no). It should be emphasized that, 

based on HBS data, these alternative conditions are more strongly correlated with 

poverty than conditions defined by the Federal Law. 
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Appendix 1 PMT model rating 
 

Table A1 PMT model coefficients and weights estimated 
  FB&H total model FB&H (urban) model FB&H (rural) model 

No. Explanatory variables Coef. P>|z| Coef. P>|z| Coef. P>|z| 

1 Rural -0.0684 0.001 Omitted Omitted Omitted Omitted 

2 Female  0.0317 0.259 0.0447 0.240 0.0107 0.798 

3 Separate kitchen 0.1024 0.000 0.0761 0.014 0.1075 0.000 

4 Garage 0.0262 0.095 0.0739 0.003 0.0279 0.183 

5 Balcony 0.0687 0.000 0.0911 0.000 0.0408 0.074 

6 Garden 0.0560 0.001 -0.0142 0.573 0.1232 0.000 

7 Second home 0.2832 0.000 0.2807 0.000 0.2837 0.000 

8 Dishwasher 0.1751 0.000 0.1345 0.000 0.2048 0.000 

9 Air conditioner 0.0948 0.000 0.0637 0.078 0.1364 0.000 

10 Internet 0.0406 0.060 0.0280 0.408 0.0417 0.137 

11 Phone (lanline and/or mobile) 0.0751 0.000 0.0899 0.001 0.0540 0.016 

12 Computer or laptom 0.1333 0.000 0.1626 0.000 0.1135 0.000 

13 Car  0.2807 0.000 0.2435 0.000 0.3065 0.000 

14 Bathroom -0.0142 0.805 0.1773 0.181 -0.0268 0.684 

15 Toilet 0.0794 0.017 0.0347 0.600 0.0965 0.015 

16 Running water at home 0.0162 0.634 0.3188 0.068 -0.0031 0.932 

17 Electricity 0.2888 0.151 -0.6696 0.162 0.3971 0.099 

18 Fridge -0.0912 0.148 -0.0757 0.517 -0.1464 0.058 

19 Cleaning equipment  0.1636 0.000 0.1891 0.000 0.1477 0.000 

20 
Age of head of household (less than 30 years 

) 0.0477 0.386 0.0413 0.580 0.0358 0.665 

21 
Age of head of household (from 30 to 50 

years) Omitted Omitted Omitted Omitted Omitted Omitted 

22 Age of head of household (more than 50) 0.0008 0.967 0.0046 0.882 -0.0017 0.949 

23 Employed  0.0295 0.778 0.0627 0.705 0.0494 0.715 

24 Unemployed 0.0030 0.976 -0.0430 0.783 0.0685 0.592 

25 Housewife 0.0369 0.619 -0.0078 0.947 0.0865 0.372 

26 Pensioner 0.1113 0.118 0.0492 0.662 0.1513 0.102 

27 Unfit for work 0.0309 0.698 -0.0089 0.948 0.0750 0.459 

28 Other (employment) Omitted Omitted Omitted Omitted Omitted Omitted 

29 No formal education Omitted Omitted Omitted Omitted Omitted Omitted 

30 Elementary school -0.0535 0.035 -0.0549 0.298 -0.0543 0.072 

31 Secondary school 0.0505 0.057 0.0849 0.106 0.0425 0.188 

32 College 0.0723 0.096 0.1446 0.028 -0.0267 0.692 

33 Faculty 0.1693 0.000 0.2021 0.001 0.0806 0.248 

34 MA Degree; Master study 0.0973 0.319 0.0851 0.455 0.2077 0.335 

35 PhD 0.2176 0.170 0.3208 0.057 -0.4069 0.379 

36 No formal education Omitted Omitted Omitted Omitted Omitted Omitted 

37 Elementary school (spouse) -0.0228 0.180 -0.0337 0.289 -0.0201 0.325 

38 Secondary school (spouse) Omitted Omitted Omitted Omitted Omitted Omitted 

39 College (spouse) 0.0558 0.248 0.1258 0.027 -0.0268 0.753 

40 Faculty (spouse) 0.0892 0.006 0.1125 0.003 0.0196 0.742 

41 MA Degree; Master study (spouse) 0.1784 0.047 0.1583 0.125 0.2071 0.220 

42 PhD (spouse) 0.2711 0.405 0.2860 0.356 Omitted Omitted 

43 Single Omitted Omitted Omitted Omitted Omitted Omitted 

44 Married 0.0229 0.543 0.0053 0.922 0.0438 0.406 
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Table A1 PMT model coefficients and weights estimated (continued) 
  FB&H total model FB&H (urban) model FB&H (rural) model 

No. Explanatory variables Coef. P>|z| Coef. P>|z| Coef. P>|z| 

45 Informal marriage 0.0453 0.677 0.0506 0.684 0.0537 0.800 

46 Divorced 0.0504 0.303 0.0441 0.485 0.0602 0.442 

47 Widow/widower 0.0122 0.750 -0.0111 0.838 0.0455 0.399 

48 Number of household members  = 1 1.3226 0.000 1.5378 0.000 1.3004 0.000 

49 Number of household members  = 2 0.7893 0.000 0.9407 0.000 0.8079 0.000 

50 Number of household members  = 3 0.4554 0.000 0.6601 0.002 0.4449 0.000 

51 Number of household members  = 4 0.2871 0.000 0.4800 0.023 0.2895 0.000 

52 Number of household members  = 5 0.1734 0.010 0.3526 0.091 0.1853 0.012 

53 Number of household members  = 6 0.0096 0.890 0.2127 0.311 0.0124 0.872 

54 Number of household members  = 7 Omitted Omitted Omitted Omitted Omitted Omitted 

55 Number of household members  = 8+ -0.0083 0.934 0.4757 0.424 -0.0310 0.775 

56 Permanent employment 0.0748 0.328 -0.0139 0.911 0.1038 0.289 

57 Temporary employment 0.0053 0.944 -0.1235 0.320 0.0634 0.521 

58 Non-contractual job/work 0.0101 0.898 -0.1178 0.363 0.0395 0.694 

59 One-time job -0.0795 0.363 -0.1268 0.387 -0.0791 0.473 

60 Season job Omitted Omitted Omitted Omitted Omitted Omitted 

61 Other (not mentioned) 0.0988 0.351 0.0778 0.662 0.0782 0.560 

62 Canton1 -0.2532 0.000 -0.1038 0.229 -0.2593 0.000 

63 Canton2 0.0525 0.398 0.3299 0.030 0.0040 0.955 

64 Canton3 -0.1739 0.000 0.0780 0.371 -0.2298 0.000 

65 Canton4 -0.2871 0.000 -0.0592 0.488 -0.3454 0.000 

66 Canton5 -0.5617 0.000 -0.2113 0.074 -0.7193 0.000 

67 Canton6 -0.1257 0.002 0.0374 0.672 -0.1570 0.001 

68 

69 

Canton7 -0.1316 0.001 0.0807 0.354 -0.1800 0.000 

Canton8 Omitted Omitted Omitted Omitted Omitted Omitted 

70 Canton9 -0.0703 0.092 0.1368 0.102 -0.1453 0.019 

71 Canton10 -0.0599 0.240 0.0688 0.508 -0.0814 0.177 

72 Number of children = 0 Omitted Omitted Omitted Omitted Omitted Omitted 

73 Number of children = 1 -0.0425 0.101 -0.0086 0.820 0.0521 0.379 

74 Number of children = 2 -0.1379 0.000 -0.0788 0.108 0.0530 0.626 

75 Number of children = 3 -0.1017 0.080 -0.1517 0.076 0.2549 0.120 

76 Number of children = 4 -0.1794 0.083 -0.1409 0.518 0.2545 0.258 

77 Number of children = 5 0.0620 0.757 -0.0176 0.970 0.5837 0.097 

78 Number of children = 6 -1.1240 0.000 -2.3792 0.002 0.0259 0.955 

79 Number of children = 7 Omitted Omitted Omitted Omitted Omitted Omitted 

80 Number of children = 8+ -0.9313 0.012 -1.5436 0.105 Omitted Omitted 

81 Average number of employed members 0.2507 0.000 0.2686 0.000 0.2303 0.000 

82 Number of children*Rural 0.0393 0.012 Omitted Omitted -0.0714 0.176 

83 Number of children*Female 0.0102 0.632 -0.0058 0.865 0.0125 0.678 

84 const. 6.9679 0.000 7.1446 0.000 6.8203 0.000 

R2 0.4943 0.5471 0.4398 

Poverty accuracy (Coverage rate) 67.12% 67.28% 68.25% 

Under-coverage rate 32.88% 32.72% 31.75% 

Leakage rate 16.45% 18.46% 18.74% 

Non-poverty accuracy 83.55% 81.54% 81.26% 

Total accuracy 76.98% 75.83% 76.05% 
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