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Abstract

Introduction

Analysis and modeling of temperature time series are important challenges in predicting the behavior of the
climate. Temperature is one of the basic elements of climate formation and the most basic factor in determining
the role and distribution of other climatic elements. The purpose of this research is to statistically model the
monthly temperature of the Sanandaj synoptic station and forecast the temperature in order to know in advance
the change in weather conditions for environmental planning. Climate time series are complex and non-
stationary, and their analysis may lead to a better understanding and prediction of climate phenomena. In order to
understand the complex nature of the atmosphere and predict its changes in the future, a climate model should be
provided using mathematical laws and relationships between different atmospheric parameters. Temperature is
one of the basic elements of climate formation and the most basic factor in determining the role and distribution
of other climatic elements. As one of the climatic elements, this element is also a suitable indicator for tracking
climate change. Forecasting air temperature is an important issue for meteorological decision makers. Due to the
environmental and socio-economic effects of temperature, it is necessary to investigate the behavior and
modeling and prediction to reduce and respond appropriately to the damages caused by its hazards. In order to
start investigating the behavior of temperature time series, the data must be quality controlled. For long-term
climate analyses, especially climate change studies, data must be homogeneous. Checking the homogeneity of
the data is very important in identifying the reliability of the data. The meaning of data homogeneity is that the
data is not influenced by human activities or issues related to observation or changes in measuring instruments of
weather elements. There are direct and indirect methods to identify data homogeneity. In direct methods,
metadata of the station are used, such as the date of establishment, location of the station and its relocation, and
changes in measurement methods and tools. Since most meteorological stations lack complete and reliable
metadata, indirect statistical methods are used to check the homogeneity of the data, and after quality control of
the data, they can be entered into analysis and modeling. There are different methods for time series modeling,
which are divided into two categories, quantitative and qualitative.

Materials and Methods

Sanandaj synoptic station is located in Kurdistan province. The average annual temperature is 12.8 °C and the
average annual rainfall is 492 mm. One of the methods for identifying outlier data is the Grubbs test or the
maximum residual norm test. In this test, the assumption of innocence means not having any type of outlier data.
One of the most widely used homogeneity test methods is the standard normal homogeneity test. This test is
more sensitive in identifying the beginning and end heterogeneities of the time series. Another homogeneity test
method is Boishand domain homogeneity test. Van Neumann test is also used for homogeneity of data variance.
The seasonal autocorrelated integrated moving average model is a time series forecasting method developed in
the 1970s by Bucks and Jenkins. The two general forms of ARIMA models are: non-seasonal ARIMA (p,d,q)
and multiplicative seasonal ARIMA (P,D,Q) x (p,d,q). The general form of SARIMA is (p,d,q)(P,D,Q)S ~ Z,
where P, D, g, and d are the degrees of autocorrelation (AR), moving average (MA), and degree of
differentiation, and P, Q are also degrees seasonal and S are the number of differentiated seasonal.
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Results and Discussion

The average temperature is 14.39, the median is 14.45, and the mean is 7.8 with a low difference, which
indicates that the data is almost normal. The data showed that they are homogenous on average with statistics
less than the critical limit and p_value of 0.84 and 0.87 respectively. But Van Newman's test with a statistic of
0.30, which is close to zero, showed that the data are not homogeneous in variance. For modeling, based on the
minimum of differentiated variance, non-seasonal and one-season zero difference degrees were detected. The
differential degree D=1 indicates that the time series oscillates around a non-horizontal line. Then, according to
the significant branches of autocorrelation and partial autocorrelation diagrams and fitting different models, two
significant final patterns of Sarima were extracted. According to the Akaike criterion, the M1 pattern, that is
SARIMA (0, 0, 2) (0, 1, 1) 15, was determined as the final pattern. According to the obtained coefficients, the
model can be written as follows: Z,=7,-12- 0.407a;-1 - 0.1753at-2-0.95a-12+ a; where it is defined as
independent normal random variables with zero mean and one variance. According to this model, the monthly
temperature of Sanandaj is a function of the average temperature of one and two months before and the
corresponding month of the previous year, as well as a function of random phenomena.

Conclusion

In this research, the monthly temperature time series of the Sanandaj synoptic station was investigated and
qualitatively controlled, and then statistical modeling was done. The average temperature is 14.39 in the middle,
14.45 in the middle, and 7.8 degrees Celsius in the facade. According to the obtained SARIMA (0, 0, 2) (0, 1, 1)
12 model, the monthly temperature of Sanandaj is a function of the average temperature of one and two months
before and the corresponding month of the previous year, as well as a function of random phenomena. By fitting
the regression equation, a value of 0.007 was observed; but this constant value was not significant and the
absence of a constant (60) in the fitted model indicates the lack of certainty of the trend in the average monthly
temperature of Sanandaj. The trend of temperature increase in Sanandaj is 0.0002 degrees per month. it is
suggested to take into account more stations with statistics and more time periods in the study area and the effect
of biennial fluctuations, EI Nino and Enso, on the western part of the country, which the authors will consider in
future research.
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Figure 1- Location of Sanandaj synoptic station in Kurdistan province, Iran
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Table 1- Average climate elements of Sanandaj station (1960-2020)
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Table 3- Statistical features of monthly temperature of Sanandaj synoptic station (1960-2020)
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Table 4- Analyzing outlier data using Grubbs
Alpha p-value S G il 3l ool &9
0.05 0.042 2.45 1.23 Grubbs test
Rodly oKod sl yge3l i -0 Jgio
Table 5- Results of data homogeneity tests
Alpha P-Value Sl > il 83l ol &9
0.05 0.84 2.19 SHNT
0.05 0.87 14.3 124 RU-IPY
0.05 0.77 27.85 19.2 oo o
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Figure 2- Autocorrelation graph of monthly temperature time series of Sanandaj synoptic station
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Table 6- The mean and variance of differentiation

d D oSl ol
0 0 14.325 98.427
1 0 0.004 30.177
0 1 0.0159 6.1078
1 1 0.007 7.554

0 2 0.0229 6.6704
2 0 0.008 102.964
1 2 0.01 7.545

2 1 0.016 10.82

2 2 0.013 11.255
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Figure 3- Autocorrelation plot of time series
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Figure 4 - Partial autocorrelation of time series
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Table 7- Values of fitted model parameters

P-Value T-Value SE oo Copd &9
0.000 -10.76 0.0378 -0.4074 MA 1
0.000 -4.62 0.0380 -0.1753 MA 2
0.000 71.65 0.0132 0.9461 SMA 12

Histogram of Residuals
Normal
g20 Mean -0.04384
[ StDev 1.469
N 684
100

AN

™~

Frequency
g

40

20

-4.5 -3.0 -1.5 0.0

Residuals

3.0 4.5

Losile Bl ol 5 g -0 JSW

Figure 5- Histogram of residuals
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Figure 6- Fitting the normal curve on the residuals
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Table 8- Calculation of living box and chi-square parameters
P-Value DF P Lag
0.771 43 35.88 48
0.942 31 19.68 36
0.846 19 12.86 24
0.644 7 5.13 12
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Figure 7 - Temperature forecast chart for Sanandaj synoptic station from 2020 to 2030
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