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УДК 656.2:656.073 

ИСПОЛЬЗОВАНИЕ РЕГРЕССИОННОГО АНАЛИЗА ДЛЯ 

ПРОГНОЗИРОВАНИЯ СПРОСА НА ЖЕЛЕЗНОДОРОЖНЫХ 

ГРУЗОВЫХ ПЕРЕВОЗКАХ В КАЗАХСТАНЕ И ОЦЕНКА 

КАЧЕСТВА ПРОГНОЗОВ 

 

М. Султанбек, Н. Адилова 

Казахский национальный университет имени аль-Фараби, г. Алматы, 

Республика Казахстан 

 

Аннотация. Исследование показало, что анализ временных рядов 

повышает точность прогнозирования спроса на грузовые 

железнодорожные перевозки в Казахстане. Точность прогнозирования 

имеет решающее значение для эффективного планирования ресурсов в 

организациях, особенно в отрасли железнодорожных грузовых перевозок, 

где многие факторы могут влиять на будущие объемы и обороты. Однако 

традиционных экспертных методов уже может быть недостаточно для 

удовлетворения современных требований. В этой статье сравнивается 

точность прогнозов спроса, сделанных с использованием 

авторегрессионного интегрированного скользящего среднего (ARIMA) и 

экспертных методов, и делается вывод о том, что анализ временных рядов 

с использованием ARIMA может значительно повысить точность. 

Исследование предполагает, что интеграция анализа временных рядов в 

практику предприятия может принести пользу предприятиям 

транспортной отрасли в Казахстане за счет улучшения прогнозирования 

спроса и распределения ресурсов, что приведет к повышению успеха в 

бизнесе. 

Ключевые слова: прогнозирование спроса, железнодорожные 

грузовые перевозки, регрессионный анализ, оценка качества прогнозов. 

 

USING REGRESSION ANALYSIS FOR DEMAND FORECASTING IN 

RAILWAY FREIGHT TRANSPORTATION IN KAZAKHSTAN AND 

EVALUATING THE QUALITY OF THE FORECASTS 

 

M. Sultanbek, N. Adilova 

Al-Farabi Kazakh National University, Almaty, Kazakhstan 

 

Abstract. Study finds time series analysis improves demand forecasting 

accuracy for railway freight transportation in Kazakhstan. The accuracy of 

demand forecasting is crucial for efficient resource planning in organizations, 

particularly in the railway freight transportation industry where many factors can 

influence future volume and turnover. However, traditional expert methods may 

no longer be sufficient to meet modern requirements. This article compares the 
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accuracy of demand forecasts made using autoregressive integrated moving 

average (ARIMA) and expert methods, and finds that time series analysis using 

ARIMA can significantly improve accuracy. The study suggests that integrating 

time series analysis into enterprise practice can benefit transportation industry 

enterprises in Kazakhstan by improving demand forecasting and resource 

allocation, resulting in improved business success. 

Keywords: demand forecasting, railway freight transportation, regression 

analysis, quality assessment of forecasts. 

 

Introduction 

Accurate demand estimation is crucial for effective planning and decision-

making in any organization, providing input for departments such as marketing, 

production, distribution, and finance [1]. For transport companies like Joint Stock 

Company “National Company “Kazakhstan Temir Zholy” (KTZ), forecasting 

future demand is critical for success and provides input for planning and control 

of functional areas such as transport operations planning, marketing, and finance 

[2]. KTZ is a significant player in the rail transportation industry, with over 

21.000 km of railway lines, a fleet of approximately 46.000 freight cars, more 

than 2.000 passenger cars, and over 1.8 thousand locomotives. Accurate demand 

estimation helps businesses plan and organize accordingly [3]. The demand for 

railway transportation services is calculated based on the volume of cargo 

transportation in tons multiplied by the distance transported in kilometers, also 

known as freight turnover. Tariff freight turnover, which considers the shortest 

distance between the loading and unloading points, is used to estimate demand 

and is the basis for calculating future revenues from freight traffic. To generate 

accurate forecasts, various forecasting methods have been developed using 

qualitative and quantitative approaches, including mixed or combined models [4]. 

Literature review 

Numerous studies have focused on constructing models to describe the 

demand for rail services, including [2, 5-8]. However, most of these studies 

concentrate on analyzing cities where demand for rail transport is driven by urban 

sprawl and deteriorating road transport conditions. Fewer models have been 

developed to assess the functioning of larger national rail networks, such as those 

in Sweden and India [9, 10]. Additionally, [11] reviewed the application of data 

envelopment analysis (DEA) in the transport sector. [12] propose various models 

to forecast demand in the regular passenger transport industry and compare them 

to choose the best one. 

The objective of this study is to identify parameters of a mathematical 

model of rail cargo transport performance based on historical data to make reliable 

forecasts of future demand. The study investigates the national (Kazakhstan) 

railway system, proposes several models dedicated to this type of empirical data, 

establishes selection criteria, identifies the best model, and assesses its accuracy 

and effectiveness. Demand analyses and forecasts are crucial for developing 
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transport policies, but demand data are not always available due to a lack of 

appropriate mathematical models for generating forecasts. Thus, it is essential to 

analyze railway systems in various countries to select appropriate methods for 

forecasting transport performance. 

Methodology 

KTZ relies on an individual using MS Excel and Access for demand 

planning of cargo transportation via rail. However, this method has limitations 

and can lead to a deterioration in the quality of forecasts. To improve the process, 

KTZ plans to automate it using modern software such as SAP HANA and IBS 

SPSS Modeler (hereafter, SPSS). A pilot study was conducted using specialized 

software to forecast future traffic and freight turnover. The study involved 

collecting data from KTZ systems and macroeconomic indicators, creating and 

testing a model using 2012-2016 test data, generating a monthly forecast for 2017, 

and evaluating the forecast’s quality using the MAPE or MAE method. The 

quality of the forecast was compared between the manual forecast made by 

Marketing and Tariff Policy Department (hereafter, MTPD) experts and the 

forecast made by specialized software. 

𝑀𝐴𝑃𝐸 =
1

𝑁
∑

|𝑍(𝑡)−𝑋(𝑡)|

𝑍(𝑡)
∗ 100%.𝑁

𝑡=1    (1) 

𝑀𝐴𝐸 =
1

𝑁
∑ |𝑍(𝑡) − 𝑋(𝑡)|𝑁
𝑡=1 .    (2) 

SPSS, a specialized software for data analysis and forecasting, was chosen 

due to its top ranking in the Gartner 2017 Data Science platform category. Three 

techniques were utilized to determine the most effective approach: ARIMA 

model, neural net model, and autofitting. In the experiment, five years from 2012 

to 2016 of monthly historical data on traffic volume for 13 aggregated cargo 

categories were analyzed using SPSS. The correlation between the macro 

indicators and historical data was analyzed using special tools in SPSS. The best 

forecast generated by SPSS (ARIMA) was compared with the actual data for 2017 

and the MTPD forecast generated by the old method described in the introduction 

section of the article. 

Results and Discussion 

The research results and experiment are shown in the graph below 

(figure 1), comparing freight traffic for all goods and cargo types. The green line 

shows the forecast of MTPD KTZ experts, the blue line shows the ARIMA 

forecast, and the red line shows the actual traffic in 2017. The ARIMA forecast 

closely matches the actual traffic from the third month of 2017, while the expert 

forecast differs significantly. The MAPE indicator for the expert forecast was 

9.2%, while for ARIMA it was 2.0%, indicating the superior quality of the 

ARIMA forecast. 

The ARIMA model improved coal traffic forecasting for KTZ due to the 

high correlation between traffic and macro indicators, as well as coal traffic 

seasonality. IBM SPSS Modeler’s “predictor screening” feature can identify 

crucial predictors for accurate forecasting by analyzing data correlation and 
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forecasts from leading agencies. The study used 260 indicators from various data 

sources and acquired macro indicators with the right format and frequency for 

correlation analysis. Using these methods reduces forecast and planning time from 

3 months to 3-5 days, develops more forecasting scenarios, reduces average 

monthly forecast errors, and enables accurate calculation of demand volume and 

timing. Combining automation and MTPD experts’ knowledge leads to 

significant progress in demand forecasting and business planning at KTZ. 

 

 
Figure 1 – Cumulative traffic forecast for all nomenclature and message types 

compared to the 2017 fact and MTPD KTZ forecast 

 

 
Figure 2 – Comparison of fact with MTPD experts’ forecast and SPSS 

simulation result (ARIMA model) on the total coal transportation volume in all 

modes of communication 
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Here are some key areas for improvement when using forecasting systems 

with ARIMA models: 

1. Inadequate data can lead to less accurate forecasting results, as seen in 

some cases where IBM SPSS forecasting results were inferior to KTZ forecast 

results. When historical data is insufficient, the “expert” forecasting method may 

be the only alternative. 

2. While the system can generate automatic forecasts, corrections by an 

expert may still be necessary to fully comprehend the forecast and evaluate its 

reasonableness. Any changes made by an expert to the “automatic” forecast must 

be documented for future training. 

3. Using a larger number of predictors can potentially improve the accuracy 

of the forecast. However, limited macro- and microeconomic indicators in the 

Republic of Kazakhstan are a natural limitation of the system. 

4. Maintenance and updates are required for any data analysis and 

forecasting system to receive and upload new traffic data and predictors. The 

benefits of using the system should outweigh the costs of maintaining it. 

Conclusions 

The study evaluated two forecasts for freight transportation accuracy in 

Kazakhstan Temir Zholy (KTZ) using historical data and macroeconomic 

indicators analyzed and forecasted with IBM SPSS Modeler. The forecasts were 

compared to actual data for 2017 and forecast data by MTPD experts. Modern 

mathematical and statistical models like SPSS were comparable to those created 

by experts, particularly for goods with complete data and historical transportation 

volume. The study suggests implementing these models in Kazakhstan’s largest 

enterprises, including the transport industry, which can save up to 8,000 man-

hours of work. The study’s methodology, results, and recommendations were 

implemented in practice at KTZ. The study led to the launch of the “Integrated 

Planning System” project. 
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