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ECONOMETRIC   METHODS 

FORECASTING  THE IMPROVEMENT  

OF LIFE QUALITY OF THE ARTSAKH  

REPUBLIC POPULATION 
 

Time series forecasting is hardly a new problem in data science and 

statistics. The term is self-explanatory and has been on business 

analysts’ agenda for decades for a long time: The very first practices of 

time series analysis and forecasting trace back to the early 1920s.The 

underlying idea of time series forecasting is to look at data of interest to 

us from the time perspective, define the patterns, and yield short or 

long-term predictions on how – considering the captured patterns – 

target variables will change in the future. The use cases for this 

approach are numerous, ranging from sales and inventory predictions 

to highly specialized scientific works on bacterial ecosystems. Time 

series problems are always time-dependent and we usually look at four 

main components: seasonality, trends, cycles, and irregular 

components. 

Keywords: time  series, trend, quality of life of the population, non-

stationary time series, forecasting 
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ЭКОНОМЕТРИЧЕСКИЕ МЕТОДЫ ПРОГНОЗИРОВАНИЯ 

УЛУЧШЕНИЯ КАЧЕСТВА ЖИЗНИ НАСЕЛЕНИЯ 

РЕСПУБЛИКИ АРЦАХ 

Прогнозирование временных рядов не новая проблема в науке о 

данных и в математической статистике. Термин не нуждается в 

пояснениях и за многие годы был на повестке дня бизнес–

аналитиков: самая первая практика, анализа временных рядов и 

прогнозирования приходится на  начало 1920-х годов. Основная 

идея прогнозирования временных рядов заключается в том, чтобы 

посмотреть на данные, представляющие интерес для нас с точки 

зрения зависимости от времени, определить закономерности  

предоставлять  краткосрочные или долгосрочные прогнозы о том, 

как с учетом  охваченных закономерностей – целевые переменные 
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будут меняться в будущем. Примеры использования этого подхода 

многочисленны - от прогнозов продаж и инвентаризации, до 

узкоспециализированных научных работ по бактериальным 

экосистемам. В проблемах временных рядов в  качестве аргумента  

всегда  выступает время, и обычно рассматриваются четыре 

основных компонента: сезонность, тенденции, циклы и случайные 

компоненты. 

Ключевые слова: временной ряд, тренд, качество жизни 

населения, нестационарный временной ряд, прогнозирование. 

 

 

è. ¼³Ë³ñÛ³Ý, È. ²íß³ñÛ³Ý 

²ðò²ÊÆ Ð²Üð²äºîàôÂÚ²Ü ´Ü²ÎâàôÂÚ²Ü ÎÚ²ÜøÆ 

àð²ÎÆ  ´²ðºÈ²ìØ²Ü  Î²ÜÊ²îºêØ²Ü 

¾ÎàÜàØºîðÆÎ²Î²Ü ØºÂà¸ÜºðÀ 

Ä³Ù³Ý³Ï³ÛÇÝ ß³ñù»ñÇ ÏÇñ³éáõÙÁ ïíÛ³ÉÝ»ñÇ Ï³ÝË³ï»ëÙ³Ý 

Ñ³Ù³ñ ·ÇïáõÃÛ³Ý áõ Ù³Ã»Ù³ïÇÏ³Ï³Ý íÇ×³Ï³·ñáõÃÛ³Ý Ù»ç 

Ýáñ ËÝ¹Çñ ã¿։ î»ñÙÇÝÁ å³ñ½³µ³ÝÙ³Ý Ï³ñÇù ãáõÝÇ ¨ 

ï³ëÝ³ÙÛ³ÏÝ»ñÇ ÁÝÃ³óùáõÙ »ñÏ³ñ Å³Ù³Ý³Ï »Õ»É ¿ µÇ½Ý»ë 

í»ñÉáõÍ³µ³ÝÝ»ñÇ ûñ³Ï³ñ·áõÙ: Å³Ù³Ý³Ï³ÛÇÝ ß³ñù»ñÇ 

í»ñÉáõÍáõÃÛ³Ý ¨ Ï³ÝË³ï»ëÙ³Ý ³é³çÇÝ ÷áñÓÁ ëÏëí»É ¿ 1920-

³Ï³ÝÝ»ñÇÝ: Ä³Ù³Ý³Ï³ÛÇÝ ß³ñù»ñÇ Ï³ÝË³ï»ëÙ³Ý ÑÇÙÝ³Ï³Ý 

·³Õ³÷³ñÁ Ï³Û³ÝáõÙ ¿ Ñ»ï¨Û³ÉáõÙ. ¹Çï³ñÏ»É ïíÛ³ÉÝ»ñÁ, áñáÝù, 

Ï³Ëí³Í Å³Ù³Ý³ÏÇó, Ñ»ï³ùñùñáõÃÛáõÝ »Ý Ý»ñÏ³Û³óÝáõÙ, áñáß»É 

ûñÇÝ³ã³÷áõÃÛáõÝ, ¨ ï³É Ï³ñ×³Å³ÙÏ»ï Ï³Ù »ñÏ³ñ³Å³ÙÏ»ï 

Ï³ÝË³ï»ëáõÙÝ»ñ ³ÛÝ Ù³ëÇÝ, Ã» ÇÝãå»ë »Ý 

ûñÇÝ³ã³÷áõÃÛáõÝÝ»ñÇ ·ñ³íÙ³Ùµ Ñ»ï³·³ÛáõÙ ÷áËíáõÙ 

Ýå³ï³Ï³ÛÇÝ ÷á÷áË³Ï³ÝÝ»ñÁ: ²Ûë Ùáï»óÙ³Ý û·ï³·áñÍÙ³Ý 

ûñÇÝ³ÏÝ»ñÁ µ³½Ù³ÃÇí »Ý՝ ëÏë³Í í³×³éùÇ ¨ ·áõÛù³·ñÙ³Ý 

Ï³ÝË³ï»ëáõÙÝ»ñÇó ÙÇÝã¨ µ³Ïï»ñ³ÛÇÝ ¿ÏáÑ³Ù³Ï³ñ·»ñÇ 

í»ñ³µ»ñÛ³É Ý»Õ Ù³ëÝ³·Çï³óáõÙ áõÝ»óáÕ ·Çï³Ï³Ý 

³ßË³ï³ÝùÝ»ñÁ: Ä³Ù³Ý³Ï³ÛÇÝ ß³ñù»ñáõÙ áñå»ë  ³ñ·áõÙ»Ýï  

Ñ³Ý¹»ë  ¿ ·³ÉÇë Å³Ù³Ý³ÏÁ, ¨ ëáíáñ³µ³ñ ¹Çï³ñÏíáõÙ »Ý ãáñë 

ÑÇÙÝ³Ï³Ý µ³Õ³¹ñÇãÝ»ñ՝ Ãñ»Ý¹, ë»½áÝ³ÛÝáõÃÛáõÝ, óÇÏÉÇÏ ¨ 

ëïáË³ëïÇÏ µ³Õ³¹ñÇãÝ»ñ:  

´³Ý³ÉÇ µ³é»ñ: Å³Ù³Ý³Ï³ÛÇÝ ß³ñù»ñ, Ãñ»Ý¹, µÝ³ÏãáõÃÛ³Ý 

ÏÛ³ÝùÇ áñ³Ï, áã ëï³óÇáÝ³ñ Å³Ù³Ý³Ï³ÛÇÝ ß³ñù»ñ, 

Ï³ÝË³ï»ëáõÙ: 

 

 

 

 

Introduction 

The average monthly nominal wage and per capita incomes are the most common 

among all indicators of the socioeconomic sphere by which life quality of the population can 

be assessed. 

The choice of these indicators is not accidental, since the indicators studied reflect 

many important economic processes taking place in the economy of the Artsakh Republic. 

The main goal of the work is statistical analysis, modeling of dynamics and main 

indicators forecasting. 

Forecasting of time series data is an important component of operations research, since 

these data often provide the basic for decision making models. The inventory model requires 
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estimates of future demands, the model of course scheduling and staffing for a university 

requires estimates of future student inflow, while the model of river flows for the nearest 

future. Time series analysis provides tools for selecting a model that can be used to predict 

future events. Time series modeling is a statistical problem. Predictions are used in 

computational procedures to estimate the model parameters. The latter are used for the 

allocation of limited resources or for the description of random processes such as those 

mentioned above. Time series models assume that observations vary according to some 

probability distribution that lies in the basic of time function. 

Time series analysis is not the only way of obtaining predictions. Expert judgment is 

often used to predict long-term changes in the structure of the system. For example, 

qualitative methods such as the Delphi technique may be used to predict major technological 

innovations and their effects. Causal regression models try to predict dependent variables as a 

function of other independent variables that have been observed and correlated to them. 

 

Statement  of  the  problem 

Traditional forecasting methods strive to bring stationarity into time series, i.e. make a 

number of statistical properties repeat constantly over time. Raw data doesn’t usually provide 

enough stationarity to yield confident predictions. For instance, to the graph of improvement 

of  life quality of the population, we must apply multiple mathematical transformations to 

render non-stationary time series at least approximately stationary. Then we’ll be able to find 

patterns and make predictions that are more accurate than coin tossing, which is right in 50 

percent of cases. 

In the time series of dependent variables, there is a relationship between the values of 

the same random process. The identification of such a connection is of great importance in 

analyzing the dynamics of time series. A single trend model is constructed, the significance of 

the regression equation is evaluated, the adequacy of the model is checked, and the 

significance of the regression parameters is estimated by the Fisher criterion. 

Structural model of time series: 

 

                         ( )   ( )   ( )   ( )   ( )                                                     (1) 

 

 ( )- trend - a smoothly changing component, a long trend of change in the trait; 

 ( )  - seasonal component - regular fluctuations that are periodic or close to it and end in a 

year; 

 ( )- cyclic component - long periods of relative rise and fall, cycles of variable duration and 

amplitude; 

 ( )  ( )  ( ) are regular components of the time series; 

 ( )   is a random component, the influence of random factors that are not accountable and 

recorded. 

Below is a table of basic socio-economic indicators. 

As time series, we consider the indicators of socio-economic sphere of the Artsakh Republic, 

in order to predict the improvement of the quality of life of the population of the Republic. 
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Variables in Table 1: 

X1  - Population size (at the end of  year), thsd. persons    

X2   -  Natural growth of population: persons    

X3  -  Average number of employed in the economy, persons 

X4  -  Total number of officially registered unemployed, persons 

Y1  -  Average monthly nominal wage of persons engaged in  the economy, drams 

X5 -   Gross Domestic Product: total, mln. drams 

X6 -  Industrial output, mln. drams 

X7 - Agricultural output, mln.drams 

X8  - Capital construction, mln. drams 

X9 - Commissioning of fixed assets in construction, mln. drams 

X10 - Goods turnover of general purpose transport, thsd. t-km 

X11 - Passenger turnover of general purpose transport, thsd. passenger-km 

X12 – Humanitarian relief of  the  Republic of Nagorno-Karabakh,  thsd.USD 

X13 – Investments,  mln. drams 

X14 - Receipts of state and regional budgets,   mln. drams 

X15  - Outlays of state and regional  budgets,  mln. drams 

X16 - Deficit of state and regional budgets,  mln. drams 

X17 - Credit investments in the economy of rezidents of NKR, mln. drams 

X18 - External trade turnover, thsd.  US dollars 

Y2  -  Money incomes of population per capita, thsd. Drams 

 

 

 
Fig.1. Correlation coefficient diagram 

 

Analysis of  the  dynamics of the average monthly nominal wage and   income per 

capita with the help of graphical analysis in the period from 1995 to 2016. 

Analysis of the autocorrelation function (ACF) helps to identify the structure of the 

time series, namely, determines the lag at which the autocorrelation coefficient is the highest, 

i.e. lag, in which the relationship between the current and previous values of the series is the 

closest. 

 The coefficient of autocorrelation is calculated by the formula: 

                  ( )  
∑ (     )(             )
 
   

√∑ (     )
 ∑(             )

  
   

,                                                    (2) 
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where      
∑   
 
     

   
,            

∑     
 
     

   
,       n-number of observations, k-lag. 

Having built in the Minitab 16.0 application, we can conclude that the series under 

investigation contain a linear or near-linear trend or a relationship between the current and 

previous levels of the series. This conclusion is based on the fact that the first coefficient of 

autocorrelation turned out to be significant and the highest r (1) = 0.88. 

Modeling the trend of time series 

It was found out that the time series under consideration contains a near-linear trend. 

Therefore, the general form of the additive model of the time series under investigation can 

be represented in the following form: 

                                                                                                                                  (3) 

where T is the trend value, and Et is the error, i.e. deviation of the actual values of the series 

from the trend. 
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Fig.2. Time  series of Y1                                                 

Fig.3. Autocorrelation Function: Y1 

 

Lag       ACF     T    LBQ 

  1  0,866146  4,06  18,86 

  2  0,715317  2,12  32,37 

  3  0,565896  1,41  41,27 

  4  0,427830  0,98  46,64 
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Fig.4. Time  series of Y2                                                    

Fig.5. Autocorrelation Function: Y2 

 

Lag       ACF     T    LBQ 

  1  0,881949  4,14  19,56 

  2  0,749849  2,20  34,40 

  3  0,610079  1,49  44,74 

  4  0,474428  1,06  51,35 

 

The construction of functions characterizing the dependence of the values of the 

series under study on time is the main way of modeling the trend of the time series. For the 

construction of trends, linear and continuous trend models are used. 

The adjusted determination coefficient for the linear model turned out to be quite 

high, more than 0.75, which indicates a strong approximation (it is generally considered 

sufficient) for the quality of the model R
 2
 = 0.75. Therefore, it is desirable to use these 

models for the forecast, since it can prove to be reliable. 

Linear models for the average monthly nominal wage and per capita income are as 

follows: 
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Fig.6.   Residual Plots for Y1 

 

Polynomial Regression Analysis: Y1 versus Time  

 

The regression equation is 

Y1 = 9,89E+08 - 993921 Time + 249,6 Time**2 

S = 4657б71   К-Ый = 99б2%   К-Ый(фво) = 99б1% 

Analysis of Variance 

   

                                F      P 

Regression         1115  0,000 
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Polynomial Regression Analysis: Y2 versus Time  

The regression equation is 

Y2 = 6666786 - 6701 Time + 1,684 Time**2 

S = 26,3433   R-Sq = 99,5%   R-Sq(adj) = 99,4% 
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Analysis of Variance 

              F          P 

Regression   1832,85  0,000 

 

Having constructed polynomial models, we obtained that for all trend models the 

corrected determination coefficient is significantly high (R
2
 = 0.95). 

Analyzing the remains, they revealed that all prerequisites for regression analysis are 

met. Therefore, we can conclude that the theoretical values are close to the actual values. 
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You can see that the forecast values do not match the actual values. However, the 

forecast caught the trend of further development. You cannot build a model that has the same 

forecast as the actual data. This is due to the fact that the investigated indicator is annually 

affected by many external factors. 

 

Conclusions 
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To conclude with, we can state that two models were constructed, during the study of 

the dynamics of the main indicators. 

In dynamics, there was a change in the trend for the period from 1995 to 2016, which 

was caused by the instability of Artsakh is economy. After checked the structural stability of 

the investigated indicators, it has been found out that it is necessary to build a piecewise-

continuous model. Therefore, polynomial models were constructed. The models approximate 

the investigated indicators fairly well. 

Making predictions for the best models led us to the idea that all the models 

constructed guessed the development trend. However, the predicted values do not coincide 

with the actual ones. 

Summing up, we can say that it is very difficult to predict the behavior of the 

indicators under study, since external factors influence economic indicators as well. 
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