
“Iqtisodiyot va innovatsion texnologiyalar” (Economics and Innovative Technologies) ilmiy elektron jurnali 

 http://iqtisodiyot.tsue.uz/journal  
 

267 

 
 
 

 
COMPARISON OF ARIMA MODEL AND ANN 

MEASURES IN FORECASTING REGIONAL MACROECONOMIC 
INDICATORS 

 
Namozov Gafur Shokulovich  
Doctoral student of Termez State University. Termez, Uzbekistan. 
tofa82@mail.ru  
DOI: https://doi.org/10.55439/EIT/vol10_iss5/a29 
 
Abstract 
In this article, the process of modeling and forecasting the volume of the gross regional 
product of the Surkhandarya region was carried out. The forecasting efficiency of the ARIMA 
and ANN models is also compared. As a result, the best ARIMA model in forecasting is ARIMA 
(1, 0, 1)(0, 1, 0)4, and according to ANN, the model of the output neuron MLP (4-7-1) turned 
out to be the best. In addition, the volume of the gross regional product is predicted until 
2025. 
Keywords: GRP volume, ARIMA model, ANN model, Box-Jenkins method, Akaike 
information criterion, Schwartz information criterion, forecasting. 

 
Introduction 
Forecasting has been one of the most popular methods for planning the state's 

socioeconomic development and future strategic goals, as well as ensuring the population's 
well-being, in recent years. As a result, one of the pillars of forecasting is the use of time 
series in predicting the state of the global market. However, constructing such a forecasting 
model is difficult due to the great variability of the rules that underpin the time series. Many 
scholars have proposed and developed various approaches for analyzing and projecting 
socio-sustainable development efforts throughout the last few decades. One of these is that 
the ARIMA model has been used as a primary tool for evaluating many new modeling 
approaches (Gosasang V., Chan., W. and Kiattisin, S.  2011.)[2]. However, ARIMA is a 
common variable model, developed based on the assumption that predicted time series are 
linear and stationary, and a well-known function in artificial neural networks, forecasting 
and system modeling, has played a major role in time series analysis and forecasting in 
recent years. (J. Yao and C.L. Tan, S. Yaser and A. Atiya)[3-4], 1996. Although many studies 
have been conducted to study economic and social development forecasting in neuronal 
network forecasting, none of the many studies conducted in Uzbekistan so far have used the 
ANN and ARIMA models to predict GRP in the region. In particular, we raise three research 
questions. Initially, this study developed models to predict the approximate value of GNP 
volume in subsequent years using ARIMA and ANN indicators. Second, we reviewed and 
compared the results and trends of the projected values   of gross regional product volume. 
Thirdly, we used the ANN and ARIMA approaches to compare outcomes and trends in 
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forecasting regional GVA volumes to assess the significance of average absolute percentage 
error (MAPE) models and obtain new conclusions. 

Literature review 
As we already know, quantitative forecasting models can actually be divided into two 

categories: time series-based models and causal methods. Time series analysis seeks to 
determine the appearance of a model by requiring previous data, and extrapolation to the 
future, in other words, allows the prediction required to provide a prediction that 
demonstrates a repetitive experience over time [8]. These categories include simple 
methods, sliding averages, trend curve analysis, exponential alignment, and sliding averages 
(ARIMA) models integrated into autoregression. 

Mitrea, C.A., Lee, C. K. M., WuZ. compared different prediction methods such as the 
sliding mean (MA) and the sliding mean (ARIMA) model integrated into the autoregression 
as a forward (NN) and nonlinear autoregressive network with neural network (NN) models. 
Inputs a nonlinear autoregressive exogenous model (NARX) is a nonlinear autoregressive 
model with exogenous inputs. (PRICE), the results showed that forecasting using (NN) offers 
better prognostic indicators [5].  

Nowrouz Kohzadi, and Iebeling Kaastra(1996), compared neural networks with ARIMA 
using monthly data on live cattle and wheat prices in 1950-1990. Neuron network models 
achieved a much lower mean square error than the ARIMA model [6]. On the other hand, 
the results show that the application of these indicators to traditional methods based on 
previous data output has several advantages. In this study, an attempt was made to select 
the best model by using ARIMA and ANN models and comparing the results in forecasting 
the GVA volume of the region. 

Research methodology 
(ARIMA)- Autoregressive integrated moving average model: The economic time series 

obtained using observations are generally not stationary, except in rare cases. Such time 
series will contain time-dependent non-random components. If the random balances of the 
time series form a stationary row, then the time series forms a non-stationary row. The 
Autoregressive Integrated Moving Average (ARIMA) model is used to describe such series 
[10]. 

ARIMA models allow the modeling of integrated time series. If the time series is not 
stationary and its -order differences are stationary, then this time series is considered to be 
integrated-order [11]. In other words, if the time series is not stationary, ARIMA switches to 
its -order (until stationary) differences to create a model. 

The ARIMA model is usually expressed as ARIMA (p, d, q). p is the order of auto 
regression, -d is the order of the sliding average, and–q is the order of the differences. The 
model has the following general appearance: 

 
Here 𝑐, 𝛼𝑖, 𝛽𝑖are model parameters; ∆𝑑 – 𝑑  are operator of ordinal differences. (e.g. 

∆1𝑌𝑡 = 𝑌𝑡 − 𝑌𝑡−1 - first-order differences) [16].  
ANN (artificial neural networks) model: Artificial neural networks are mathematical 

models, as well as their biological neural networks - software or hardware based on the 
principle of organization and operation of nerve cells networks of a living organism. Each 
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biological neuron receives signals from neighboring neurons through special nerve fibers. 
Individual artificial neurons also communicate with each other in different ways. This allows 
us to create different neural networks with different architectures, study rules, and 
capabilities [7]. 

The philosophy of the ANN approach is to develop an architecture inspired by the 
biological nervous system. The main advantage of neural networks is their flexibility in 
nonlinear modeling [14]. 

We used a forward-facing backward propagating neural network (in other words, 
(MLP) -Multilayer perceptron- also known as multilayer perceptron network) neural 
network model. The neural network model consists of three parts, the input layer, the latent 
layer, and the output layer are shown in Figure 1, and each input is measured by the 
corresponding w-weight. The sum of the weights with the input and the bias f (x) constitute 
the input to the activation function (Figure 1). 

 
Figure 1. A normal backward propagating neural network 

 
In an MLP network, two steps are considered: the start-up phase, in which the input 

sample is presented to the trained network and trained through successive layers of neurons 
until the result is achieved. Network weights or parameters are known as training and are 
needed to minimize error. Therefore, the study of the MLP network is controlled. In this 
study, we use the following three-layer feedback nets: 

     (2) 
Here F is the output function of the output layer unit, 𝛽0 -bias unit (equal to 1), G is the 

output function of the hidden layer units j, 𝛾𝑘𝜄 - k denotes the weight for the connection 
connecting the 𝛽𝑗  input to the hidden j, - the weight of the output from the hidden layers in 

the output layer unit, X -input vector. MLP nets are typically layered nets trained with static 
back training and forward orientation. 

Problem statement: Data processing was carried out using the statistical analysis 
software "Statistica10". Typically, statistical testing is performed to evaluate the 
performance of the ARIMA and ANN models. This test has an average absolute percentage 
error (MAPE). This criterion The following expression shows the process of calculating MAPE. 

  (3) 
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Here:  

n - number of observations, Yt observed -real indicators, 𝑌̂𝑡-predicted indicators 
Analysis and results 
Today, GRP is one of the most important indicators of the economy of Surkhandarya 

region. According to statistics, in 2021 the volume of GRP in Surkhandarya region in current 
prices will reach 30090.5 billion soums. soums and increased by 7.8% compared to 2020. 
The GDP deflator index was 112.7% of prices in 2020. 

Table 1 shows the volume of GRP (𝑌𝑡) (billion soums) in Surkhandarya region for the 
period from the 3rd quarter of 2012 to the 4th quarter of 2021. 

Volume of GRP in Surkhandarya region from the 3rd quarter of 2012 to the 4th quarter 
of 2021 (billion soums) 

 
The data in Table 1 are taken from the official website of the Statistics Department of 

Surkhandarya region [17]. Quarterly values   were calculated from the values   published 
with increasing results on the site. Its dynamics are shown in Figure 2. 

 
Figure 2. Growth dynamics of GRP in Surkhandarya region in 2012-2021 
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ARIMA model 
Model identification in ARIMA is performed by determining the p, d, and q values   for 

the series before evaluating the model using ACF and PACF diagrams. 

 
Figure 3. Correlogram of autocorrelation and special autocorrelation functions on the 

first differences of the time series 
 
The figure above (Figure 3) shows the autocorrelation with columns and the specific 

autocorrelation coefficients and the 95% confidence interval limits with horizontal lines. It 
can be seen that the coefficients of the autocorrelation function are gradually approaching 
zero in the form of a sinusoid, and in the diagram of a special autocorrelation function there 
is a sudden insignificant lag after the first significant coefficient, i.e. there is a break. This 
indicates the order p = 1 and q = 1 in the ARIMA model. It can also be seen from the time 
series chart that it has a 4-quarter seasonality. Hence, the correlogram is specific to the 
autoregression process and it is necessary to take into account the presence of seasonality 
in the time series. Furthermore, the fact that the first-order differences of the time series 
are stationary means that it is first-order integrated, i.e., d = 1. 

Based on the above, it is advisable to test the following models: 
ARIMA (1,0,1); ARIMA (1,0,1)(1,0,0)4; ARIMA (1,0,1)(0,1,0)4; 

ARIMA (1,0,1)(2,0,0)4; ARIMA (1,0,1)(2,1,0)4; ARIMA (1,0,1)(3,0,0)4 
Evaluate the model parameters and check its adequacy. Typically, the following 

information criteria are used when comparing several models. 
1.  Akaike information criterion, AIC: 

 
2. Swarz information criterion, SIC: 

 
Here 𝑘 is the number of parameters to be evaluated. 
The AIC and SIC information criteria are used to determine the compatibility quality of 

the Box and Jenkins model. The model with the smallest AIC and SIC value is selected. 
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The AIC and SIC criteria (AIC = 644.95 SIC = 654.77) of the ARIMA (1,0,1) (3,0,0) 4 model 
and the parameters of the determination coefficient R2 = 0.88 are important. From this 
calculation, the most optimal model form could be selected. However, the determination 
coefficient of the ARIMA (1,0,1) (0,1,0) 4 model is R2 = 0.86, although the AIC and SIC criteria 
are the smallest (AIC = 568.11 SIC = 572.69). 

One of the indicators characterizing the deviation from the actual values   is the average 
absolute percentage error (approximation error coefficient), calculated by the above 
formula (3). 

While the average absolute percentage error is up to 10%, the model is considered bad 
for high accuracy from 10% to 20% on average from 20% to 100%. 

The results of the assessment show that MAPE for model ARIMA (1,0,1) (3,0,0) 4 = 
14.22%, MAPE for model ARIMA (1,0,1) (0,1,0) 4 11.42%, Hence, the smallest indicator 
belongs to ARIMA (1,0,1) (0,1,0) 4 models (MAPE = 11,42%), indicating the most optimal 
model form for the time series. The results of the analysis show that ARIMA (1,0,1) (0,1,0) 4 
model form is adequate for the time series, which means that this model form can be used 
in forecasting.  

 
Here: GRP - the volume of gross regional product of Surkhandarya region. Forecasting 

the value of GRP at constant prices (in 2012 prices). The forecast results are shown in 
Figure 4. 

 
Figure 4. Forecast table and schedule 

 
ANN model 
In the development of the model using the initial data for the analysis, the 

autoregression section for the time series of the neural network was used. When we set the 
training to 80% and the control to 20%, the latent neurons of the MLP network were 
assumed to have a minimum value of 2, a maximum value of 8, and a number of iterations 
of 100. 

Table 3 
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Top 5 Model Architecture Table 

N Архитектура 
Производи
тельность 

обуч. 

Контр. 
производи
тельность. 

Ошибка 
обучения 

Контроль
ная 

ошибка 

Алгоритм 
обучения 

Функция 
ошибки 

Ф-я актив. 
скрытых нейр. 

Ф-я актив. 
выходных 

нейр. 

1 MLP 4-6-1 0,977392 0,996533 52485,71 36690,08 BFGS 98 Сум. квадр. Логистическая Тождествен-
ная 

2 MLP 4-6-1 0,972248 0,996910 78688,65 43521,87 BFGS 79 Сум. квадр. Логистическая Тождествен-
ная 

3 MLP 4-7-1 0,970641 0,998841 85667,30 6629,36 BFGS 63 Сум. квадр. Логистическая Тождествен-
ная 

4 MLP 4-8-1 0,977224 0,997976 53561,15 11953,09 BFGS 96 Сум. квадр. Логистическая Тождествен-
ная 

5 MLP 4-2-1 0,969353 0,996621 91986,82 28288,50 BFGS 54 Сум. квадр. Гиперболичес-
кая 

Тождествен-
ная 

 
Activation functions for latent neurons: exactly the same (coronary), sigmodal and 

hyperbolic, the same (coronary) option was selected for the output neurons. The program 
selects the best 5 out of 50 network results from this model in the learning process (Table 
3). When analyzing the data obtained to select the best model, each model is compared on 
parameters such as performance and error, network projection graph, residual distribution 
histogram, residual distribution [13]. 

For example, in model 3, the training efficiency is 0.970, the control error is 6629.36, 
the latent layer activation function is sigmoid, the output layer activation function is the 
same (crown), the MLP architecture has 4 inputs, 7 latent neurons and 1 output. Layer is 
present [13]. According to the ANN (4-7-1) model architecture, the weights and bias values   
connected from each input layer to the latent layer neuron node and from the latent layer 
to the output layer are shown in the following figure (Figure 5). 

 
Figure 5. The architecture of the ANN (4-7-1) model is the associated weight and bias 

values of neuron nodes 
 
It is also possible to add that. MLP (4-7-1) model mathematical view, hidden layer 

activation function sigmoid 

(6) 
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Activation function in the output layer Identical     
𝜗(𝑥) = 𝑥   (7) 

𝑦̂ = (−0.02633 ∙ 𝑧1 + 1.36195 ∙ 𝑧2 − 0.08795 ∙ 𝑧3 + 1.49269 ∙ 𝑧4 + 0.15402 ∙ 𝑧5
+ 0.49152 ∙ 𝑧6 + 1.57267 ∙ 𝑧7 − 1.48948) 

That indicates this model form can be used in forecasting. 
The distribution histogram of the residues of each model is then compared. Figure 6 

shows a distribution graph of 1 mesh residue. 
A good distribution index of the model is an approximate view of the normal 

distribution of residues. As can be seen from Figure 6, this model has a normal distribution. 
Compared to all five nets, the third network is of higher quality. 

 
Fig. 6 Distribution histogram diagram of MLP 4-7-1 network residues 

 
Figure 6 shows the remnants of the MLP 4-7-1 network scattered around a straight 

line. When all the dots are in a straight line, they give information about good model quality. 
By all parameters, the MLP 4-7-1 model can be said to be the best for the next forecast. 

For this model, the determination coefficient is R2 = 0.97, MAPE - 7.93% error is a very 
acceptable result. 

Comparison of ARIMA and ANN forecast indicators: 
The comparison of the ARIMA and ANN models was evaluated by calculating the errors 

between the actual figure and the forecasts obtained using these models. Numerous studies 
have reported that ANN models perform better in forecasting than ARIMA models, and the 
above idea was confirmed in this paper (Table 4). 

Comparison table between the best ARIMA and ANN model 
Table 4 

№ Type of model MAPE 

1 Arima (1, 0, 1)(0, 1, 0)4 11,42 

2 ANN (4-7-1) 7,93 

 
Alternatively, if we look at the results of the ARIMA and ANN models, we can see the 

following view (Table 5). 
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Table 5 
Table Arima and ANN medels 

period Fact ANN ARIMA period Fact ANN ARIMA 

2019 1-quarter 3092,100 3084,97 3005,71 
2022 1-
quarter 

- 5126,51 5888,57 

2019 2-quarter 7009,200 5407,92 4734,77 
2022 2-
quarter 

- 10628,54 10637,27 

2019 3-quarter 5940,600 5875,34 4464,74 
2022 3-
quarter 

- 9544,70 9401,97 

2019 4-quarter 6307,400 6421,63 8628,38 
2022 4-
quarter 

- 10247,11 10153,37 

2020 1-quarter 4078,000 4002,53 3999,06 
2023 1-
quarter 

- 6096,69 7386,24 

2020 2-quarter 7303,300 8308,37 7915,64 
2023 2-
quarter 

- 12196,35 12134,94 

2020 3-quarter 5741,300 5795,10 6760,37 
2023 3-
quarter 

- 10650,71 10899,64 

2020 4-quarter 6881,000 7246,62 6990,82 
2023 4-
quarter 

- 11434,76 11651,04 

2021 1-quarter 4390,900 4379,05 4739,94 
2024 1-
quarter 

- 6890,53 8883,91 

2021 2-quarter 9139,600 8499,08 7914,21 
2024 2-
quarter 

- 13080,80 13632,61 

2021 3-quarter 7904,300 8006,78 6497,97 
2024 3-
quarter 

- 11087,56 12397,31 

2021 4-quarter 8655,700 8475,79 7804,31 
2024 4-
quarter 

- 11832,21 13148,70 

 
As can be seen from the table above, the growth trend in GRP over 2022-2024 can be 

seen. In general, according to the forecast results of the ANN (4-7-1) model, the forecast 
result is that by 2024 the volume of GRP will reach 42891.09 billion. soums, and according 
to ARIMA (1, 0, 1) (0, 1, 0) 4 model, 48062.52 bln. soums. This can be seen as a 1.43% 
increase in the 2024 ANN model and a 1.60% increase in the ARIMA model compared to 
2021. 

Conclusions and suggestions 
This study compared the forecasting effectiveness of the ARIMA and ANN models. The 

most suitable model for prognosis according to ANN was MLP (4-7-1) output neuron, and 
the best model for ARIMA was ARIMA (1, 0, 1) (0, 1, 0) 4. According to the MLP (4-7-1) model, 
by 2024, the volume of GRP will reach 42891.09 billion. soums, and 48062.52 bln. soums on 
ARIMA (1, 0, 1) (0, 1, 0) 4 models. soums. 

In other words, the region's GRP will increase by 1.43% in the ANN model and 1.60% 
in the ARIMA model from 2024 to 2021. This, in turn, corresponds to the task of increasing 
the regional economy by 1.4-1.6 times through the balanced development of the regions 
identified in Goal 33 of the Development Strategy of New Uzbekistan for 2022-2026 [15]. 

Thus, the study concluded that the ANN model is more suitable for predicting GVA 
volume. 
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