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| Extended Abstract |

Introduction

Today, energy consumption plays a decisive role in the quantitative and qualitative
development of human life. Natural gas is one of the key energy sources that aligns with
development, economic prosperity, and the achievement of climatic comfort. With the
increase in energy consumption alongside the country's development, as well as the limited
availability of resources, proper energy management is essential to prevent future crises. Iran
is the second-largest country in terms of natural gas reserves globally, following Russia.
Statistics published in the energy balance sheet indicate that the country's natural gas
consumption is on an upward trend. According to the comprehensive oil and gas production
plan outlined in the 2025 Vision Document, natural gas is expected to account for 70% of
Iran's energy portfolio. The total demand for natural gas across various consumption sectors
is projected to reach 1,612 million cubic meters per day (Raei et al., 2022: 153). One of the
most significant challenges in this sector is the uneven distribution of consumption
throughout the year. Changes in weather conditions directly impact natural gas consumption,
creating difficulties in service delivery during many periods of the year. This issue is
particularly pronounced in cold regions. Given Iran's diverse climates, sensitivity to
temperature changes and planning accordingly can help better manage seasonal natural gas
consumption and address related challenges, such as meeting domestic sector needs during
the cold season and mitigating the long-term effects of climate change. Energy carriers,
especially natural gas, are of critical importance, and any shortcomings in their provision
and supply can lead to significant challenges for the government. One of the most important
measures in this regard is the prediction of natural gas consumption, with weather conditions
being a key influencing factor. Therefore, the primary goal of this research is to model natural
gas consumption in order to take necessary measures for accurate prediction and effective
planning to meet the demand for natural gas in Zanjan city under varying weather conditions
throughout the year.

Material and Methods

To conduct this research, two groups of data were used for a 9-year statistical period (2013—
2021). The first group of data includes weather elements (such as temperature, relative
humidity, wind speed, and cloud cover), which were obtained directly from the
Meteorological Office of Zanjan Province. The second group of data consists of daily natural
gas consumption for Zanjan city over the same 9-year statistical period, which was obtained
from the Zanjan City Gas Department. To determine the relationship between gas
consumption and each weather element, Pearson's correlation coefficient was used. Through
statistical analysis, it was found that temperature is the only climatic element suitable for
estimating natural gas consumption in Zanjan city. Several models were examined using
CurveExpert software to estimate gas consumption based on temperature. Some of these
models, such as sinusoidal functions, exponential functions, Richards growth function, and
polynomial regression, showed promising results in terms of the coefficient of determination
between natural gas consumption and temperature. However, due to limitations in some
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models regarding the domain of the explanatory variable (temperature) and their lack of
alignment with real-world conditions, they were excluded. Ultimately, the Sth-degree
polynomial regression model, which has the highest correlation and coefficient of
determination between temperature and natural gas consumption, was selected and modeled.

Results and Discussion

To evaluate the influence of natural gas consumption on weather elements in Zanjan city,
multivariate correlation analysis was used. A correlation level of 0.904 indicates a strong
influence of weather elements on gas consumption. This degree of correlation is significant
at any confidence level, and according to the value of the coefficient of determination, it is
clear that changes in the investigated weather elements account for 81.8% of the variation in
natural gas consumption in Zanjan city. To uncover the real relationship between weather
elements and natural gas consumption, partial correlation was used to remove the effect of
other weather elements. The results show a very weak and inverse relationship between wind
speed and humidity with natural gas consumption. A weak and direct relationship was
observed between cloud cover and natural gas consumption, while a strong and inverse
relationship was found between temperature changes and natural gas consumption. To fit an
optimal model with the minimum number of variables, the lowest error rate, and the highest
coefficient of determination, independent variable selection methods were employed. The
progressive regression method was found to be suitable through trial and error. Initially,
temperature, which had the highest correlation with natural gas consumption, was included
in the model, resulting in a coefficient of determination of 81.3%. The second variable,
selected based on the highest discriminant correlation (Abernaki), increased the coefficient
of determination by 0.4%. The third variable, relative humidity, added another 0.1% to the
coefficient of determination. When wind speed was included as the final independent
variable, it did not affect the coefficient of determination. Including all variables resulted in
a coefficient of determination of 81.8%, representing only a 0.5% increase, which is not
considered significant. Therefore, only temperature was retained as the independent variable
in the model.

Conclusion

In the output of the regression model, the highest estimation errors occurred in April, March,
and October, respectively, while the lowest estimation error was observed in July. When the
average daily temperature falls below -7°C, the model's error increases significantly. This
temperature threshold is critical, as it marks the point where gas consumption increases
steeply with decreasing temperature, leading to potential issues such as gas shortages if
proper management and planning are not in place.
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13 Backward variable Elimination
14 Forward variable selection
15 Stepwise variable Entry
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