
 Climate dynamics are predominantly governed by 
fluctuations in temperature and rainfall. While temperature rise can 
yield mixed impacts on crop yields, it generally results in reduced 
quality and productivity, notably affecting cereal and food grain 
crops (Richard et al., 2017). Concurrent elevation in maximum and 
minimum air temperatures can disrupt vital phenological stages, 
thereby influencing growth and yield (Bokhari et al., 2017). The 
far-reaching repercussions of extreme weather events necessitate 
accurate weather prediction, underpinning sound environmental 
policies and effective communication among stakeholders (Pathak 
et al., 2022). Time series analysis plays a pivotal role in climate 
change investigations (Balibey and Serpil, 2015), serving as a 
cornerstone for formulating strategies against weather adversities 
such as heat stress, cold stress, floods, and droughts.

 Forecasting meteorological variables by extrapolating 
historical time series data is paramount for agrophysical modeling 
(Krzyszczak et al., 2017). Among various forecasting techniques, 
Auto Regressive Integrated Moving Average (ARIMA) models have 
gained prominence in recent years, with Auto Regression Integrated 

Moving Average (ARIMA) and Seasonal Auto Regression 
Integrated Moving Average (SARIMA) models emerging as optimal 
choices to comprehend climate variations such as temperature and 
precipitation (Machekposhti et al., 2018). In the context of Punjab, 
Singh and Sharma (2017) employed ARIMA models to forecast 
temperature and rainfall patterns, demonstrating accurate short-term 
predictions. Likewise, Kaur and Verma (2019) utilized ARIMA 
models to anticipate temperature variations in Punjab, underscoring 
the significance of incorporating autoregressive and moving average 
components to capture temperature fluctuations.

 Although limited studies have delved into seasonal 
ARIMA modeling for time series analysis in Punjab, this study 
leverages seasonal ARIMA models to forecast temperature and 
rainfall time series, aiming to identify the optimal fitting models.

MATERIALS AND METHODS

Study area and data source

The climate of Punjab is warm and temperate. The 
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The present study aims to explore the effectiveness of Seasonal Autoregressive Integrated Moving Average (SARIMA) models in forecasting 
meteorological time series data exhibiting seasonal patterns. We compared the performance of SARIMA models with different configurations and 
evaluate their forecasting accuracy using real-world meteorological datasets for three different agroclimatic zones of Punjab (sub mountainous 
region, central region and south west region) was analyzed to forecast mean monthly maximum air temperature, minimum air temperature and 
rainfall. The weather data was used from 1984-2022 for sub-mountainous zone (Ballowal Saunkhri), 1970-2022 for Central zone (Ludhiana) and 
1977-2022 for south west zone (Bathinda). The results provide insights into the suitability and limitations of SARIMA models for meteorological 
forecasting and offer practical recommendations for practitioners and researchers in the field. The goodness of fit was tested against residuals 
using Ljung-Box test. The accuracy of the model was tested using Mean Absolute Error (MAE) and root square mean error (RMSE). The 
model achieved Mean Absolute Errors (MAE) ranging from 0.61 to 0.78 for maximum temperature, 0.74 to 0.49 for minimum temperature, and 
32.12 to 45.44 for rainfall, with lower MAE values indicating higher predictive accuracy. The fitted model was able to capture dynamics of the 
temperature time series and produce a sensible forecast. However, the model was unable to forecast rainfall series efficiently.
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geographical location of Ballowal Saunkhri is 31o 65’’N, 76o 26’ 
E lies above 355 m above mean sea level, Ludhiana is 30°54’’ N, 
75°48’ E lies above 247 m above sea level and Bathinda is 30°17” 
N, 74°58’ E lies above 211 m above sea level. The average annual 
temperature of Ballowal Saunkhri is 23.1 °C and total annual 
rainfall is about 1045 mm, whereas, for Ludhiana the average annual 
temperature is 23.2 °C and total annual rainfall is about 761 mm and 
for Bathinda the average annual temperature and total annual rainfall 
are 24.1 °C and 521.3 mm, respectively. The meteorological data for 
maximum & minimum temperature and rainfall for three different 
agroclimatic zones were used for the analysis. The time span of 
meteorological data used for study is different as per the availability 
of data from the respective sources.  The data was recorded from 
the meteorological observatories installed at Ballowal Saunkhri, 
Ludhiana and Bathinda and the data taken was for 39 years (1984-
2022) for Ballowal Saunkhri, 53 years (1970-2022) for Ludhiana 
and 46 years (1977-2022) for Bathinda. 

Stationarity of data

The first step in building the model was to work out 
whether there is any stationarity in the observed data. For this 
Augmented Dickey Fuller (ADF) test, Kwiatkowski-Phillips-
Schmidt-Shin (KPSS), Mann-Kendall was used to check the 
stationarity of the weather data. Also, the visual inspection of the 
ACF (autocorrelation function) and PACF (partial autocorrelation 
function) indicated whether the series was stationary or not.

ARIMA model description

 The fundamental aspect of the ARIMA model involves 
combining autoregressive (AR) and moving average (MA) 
polynomials into a complex polynomial formulation (Box et al., 
2016), as depicted in equation (1) 

  (1)

 The ARIMA (p, d, q) model is then employed across all 
data points within the time series dataset. Here’s a breakdown of 
the notation: µ represents the mean value of the time series data; 
p	 stands	 for	 the	 number	 of	 autoregressive	 lags;	 σ	 corresponds	 to	
the autoregressive coefficients (AR); q denotes the number of lags 
in	 the	moving	 average	 process;	ϴ	 represents	 the	moving	 average	
coefficients	 (MA);	 Ɛ	 symbolizes	 the	 white	 noise	 present	 in	 the	
time series data; and finally, d indicates the number of differences 
calculated according to equation (2). 

	 	 Δyi= yi – yi-1   (2)

 Determining the values of the ARIMA parameters (p, 
d, q) for both AR and MA involves analyzing the behavior of the 
Autocorrelation Function (ACF) and the Partial Autocorrelation 
Function (PACF). These functions play a crucial role in estimating 
the parameters that are utilized to forecast data through the 
application of the ARIMA model.

Calibration and validation

Calibration was done to assess the models for quality and 

accuracy of prediction. Calibration procedures were carried out to 
strengthen the model’s performance. From the historical observed 
data, 34 years of data for Ballowal Saunkhri (1984-2017), 48 
years for Ludhiana (1970-2017) and 41 years for Bathinda (1977-
2017) were used for calibration of the model, while the remaining 
weather data was used to validate the model (2018–2022) for all the 
locations. The models were evaluated and validated using the root 
mean square error (RMSE), mean absolute error (MAE) and AICC.

RESULTS AND DISCUSSION

The monthly weather data was used to compute the 
descriptive statistics of temperature. The statistical parameters of 
maximum and minimum temperature and rainfall, i.e., minimum 
(Min.), maximum (Max.), mean (M), standard deviation (SD), 
coefficient of skewness (CS) and coefficient of kurtosis (CK) were 
calculated to describe the characteristics of temperature over the 
Ballowal Saunkhri, Ludhiana and Bathinda of Punjab (Table 1). 
The value of Min. for maximum temperature was ranged from 14.6 
(Ludhiana) to 15.9 (Ballowal Saunkhri), whereas, for minimum 
temperature it ranged from 1.3 (Bathinda) to 3.4 (Ludhiana). 
Statistical parameter Max. of maximum temperature and minimum 
temperature was recorded highest for Bathinda and lowest for 
Ballowal Saunkhri, whereas, the value of Max. for rainfall ranged 
between 103.3 (Bathinda) to 769.6 (Ballowal Saunkhri).  SD of 
maximum temperature varies between 6.2 to 7.2 for minimum 
temperature was 7.3 to 8.2 and for rainfall it ranged between 16.6 
to 120.8.To assess the adherence of the annual rainfall data to a 
normal distribution, the skewness and kurtosis were calculated. A 
kurtosis value of zero characterizes the standard normal distribution. 
Positive kurtosis reflects a distribution with a sharper peak, while 
negative kurtosis signifies a more spread-out distribution. The 
value of Kurtosis for Ballowal Saunkhri was -0.9 for maximum 
temperature, 4.6 for minimum temperature and -1.4 for rainfall, for 
Ludhiana it was -1.1 for maximum temperature, -1.5 for minimum 
temperature and 7.5 for rainfall and for Bathinda it was -1.0 for 
maximum temperature, -1.4 for minimum temperature and 10.8 for 
rainfall.  Skewness value between -0.5 to 0.5 indicates that the data is 
symmetrical. The value of Skewness for maximum temperature was 
ranged between -0.35 (Ballowal) to -1.4 (Ludhiana and Bathinda), 
for minimum temperature it ranged between -0.1 (Ludhiana and 
Bathinda) to -0.2 (Ballowal Saunkhri) and for rainfall between 2.1 
(Ballowal Saunkhri) to 3.05 (Bathinda).

Stationary time series is an essential step to develop and 
test SARIMA model. Therefore, analysis of the data was done to 
test and confirm the stationarity of the time series using ADF, KPSS 
and Mann-Kendall test. Data indicated that all the test data were 
stationary (Table 2). However, the rainfall data showed seasonality 
after decomposing the time series which was removed. Augmented 
Dickey-Fuller test showed that the maximum and minimum 
temperature and rainfall for all three zones (Ballowal Saunkhri, 
Ludhiana and Bathinda) were stationary at 5% significance level. It 
ranged between -20.44 to -22.62 for maximum temperature, -13.42 
to -26.37 for minimum temperature and -11.99 to -15.32 for rainfall 
data. KPSS test showed maximum temperature ranged between 0.01 
to 0.04, minimum temperature between 0.01 to 0.12 and rainfall 
between 0.01 to 0.06, whereas, Man-Kendall test ranged between 
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0.26 to 0.91 for maximum temperature, 0.53 to 0.69 for minimum 
temperature and 0.18 to 0.33 for rainfall. 

Further, stationarity was confirmed by the autocorrelation 
plots (Fig.1-3) which indicated rapid decay of spikes toward zero. 
Also, AR and MA components of ARIMA were achieved using the 
ACF (Auto correlation function) and PACF (Partial Auto Correlation 
Function) plots. The model was calibrated using the training data 
(1984-2017, 1970-2017 and 1977-2017 for Ballowal Saunkhri, 
Ludhiana and Bathinda, respectively). The best fit models with 
lowest AIC selected for all the three weather parameters. Starting 
from SARIMA (1,0,1)(2,0,0)12, final models given in Table 4 by, at 
each step, were selected dropping the term with the highest AICC 
value associated to it and re-estimating the remaining parameters 
until all the lowest AICC values for all estimated parameters were 
achieved. The same models were used to validate using test data 
(2018-2022). Then the residuals of all the models were diagnosed 
for the goodness of fit using the Ljung-Box test (Table 3). The results 
of the test were insignificant for SARIMA models for maximum and 
minimum temperature and rainfall. 

Simulated data on different weather parameters i.e. 
maximum temperature, minimum temperature and rainfall was 
compared with observed data for different districts of Punjab (Fig. 
1). For Ludhiana, the model predicted the values of maximum 

temperature, minimum temperature and rainfall as 30.2 0C, 16.3 0C 
and 56.5 mm corresponding to the observed values of 29.8 0C, 18.0 

0C and 65.8 mm, respectively. For Ludhiana, the R2 value for all the 
weather parameters ranged from 85 to 98 % and RMSE ranged from 
1.64 to 39.85. The predicted values showed very close proximity 
with the observed values and these trends showed that the model was 
able to simulate the temperatures and rainfall reasonably well for 
Ludhiana region, where, the maximum temperature overestimated 
while the minimum temperature and rainfall are underestimated.  

The model satisfactorily simulated both the temperatures 
and rainfall for Bathinda region (Fig. 1). Both the temperatures and 
rainfall simulated by the model correspond reasonably well with 
those actually observed for the region. The model overestimated 
the minimum temperature (17.6 0C) and rainfall (18.8 mm) as 
compared to observed 17.3 0C and 15.6 mm, respectively. Whereas, 
maximum temperature was underestimated by the model i.e. 30.2 0C 
corresponding to 30.9 0C. The R2 value ranged from 69 % to 82 %. 

The comparison of observed and predicted values for 
maximum temperature, minimum temperature and rainfall revealed 
both over-estimation and under-estimation by the model (Fig. 1). 
The observed as well as simulated values were underestimated 
for minimum temperature and rainfall while overestimated for 
maximum temperature. Overall, the simulated values deviated 
by 0.006%, 0.0411 % and 0.150% for maximum temperature, 

Table 1: Descriptive statistics of temperature and rainfall series in Punjab

Statistics
Ballowal Saunkhri Ludhiana Bathinda

Max. 
temp.

Min. 
temp.

Rainfall Max. 
temp.

Min. 
temp.

Rainfall Max. 
temp.

Min. 
temp.

Rainfall

Min. 15.9 2.2 0.0 14.6 3.4 0.0 15.2 1.3 0.0

Max. 41.3 27.3 769.6 42.5 28.5 668.6 45.1 38.3 103.3

Mean 29.9 16.3 86.1 29.7 16.8 63.4 31.2 16.9 9.4

Standard deviation 6.2 7.3 120.8 6.8 7.7 96.5 7.2 8.2 16.6

Kurtosis -0.9 4.6 -1.4 -1.1 -1.5 7.5 -1.0 -1.4 10.8

Skewness -0.35 -0.2 2.1 -0.4 -0.1 2.5 -0.4 -0.1 3.05

Range 25.4 25.1 769.6 27.9 25.1 668.6 29.9 37.0 103.3

Coefficient of variation (CV) 20.8 24.3 39.5 23.0 25.8 51.6 22.9 28.1 87.3

Table 2: Stationarity test of temperature and rainfall time series for Ballowal Saunkhri, Ludhiana, Bathinda and of Punjab

Test Location p-value Interpretation
Max. temp. Min. temp. Rainfall

Augmented Dickey-Fuller Ballowal Saunkhri -20.44* -13.54* -12.70* Stationary
Ludhiana -22.62* -26.37* -15.32* Stationary
Bathinda -21.26* -13.42* -11.99* Stationary

Kwaitkowski-Phil-
lips-Schmidt-Shin 

Ballowal Saunkhri 0.04 0.02 0.06 Stationary
Ludhiana 0.01 0.01 0.05 Stationary
Bathinda 0.04 0.12 0.01 Stationary

Mann-Kendall Ballowal Saunkhri 0.26 0.59 0.18 Stationary
Ludhiana 0.91 0.69 0.33
Bathinda 0.33 0.53 0.98 Stationary

*significant at p=0.05
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minimum temperature and rainfall, respectively under Ballowal 
region. The validation results obtained with the model for all the 
regions demonstrated satisfactory predictions of weather parameters 
with ARIMA approach.  

Performance efficiency of the models

The model performance was evaluated using AICC, MAE 
and RMSE for maximum and minimum temperature and rainfall for 
all the three zones of Punjab. The values for the respective models 
are presented in Table 4 and are the evidence of model adequacy. 
For maximum temperature, the AICC ranged between 142.2 
(Bathinda) to 142.9 (Ballowal Saunkhri), for minimum temperature 
109.8 (Ballowal Saunkhri) to 191.8 (Ludhiana) and for rainfall it 

ranged between 431.8 (Bathinda) to 489.2 (Ludhiana). The MAE 
was 0.61 (Ballowal Saunkhri) to 0.78 (Bathinda) for maximum 
temperature, for minimum temperature 0.74 (Ballowal Saunkhri) 
to 0.49 (Ludhiana and Bathinda) and for rainfall it ranged between 
32.12 (Ballowal Saunkhri) to 45.44 (Ludhiana). Closer the MAE 
is to zero, more accurate is the model. Therefore, the model was 
more accurate for maximum and minimum temperature than rainfall 
which may be due to the complex seasonality of rainfall.

 Finally, the simulations of monthly maximum and 
minimum temperature for next ten years (2023-2032) are shown in 
Fig. 2. The shaded part represents the 95 % confidence interval. The 
predicted values are well fitted in the confidence interval, meaning 
that maximum and minimum air temperatures are predicted to be 

Table 3: Statistical value of Ljung-Box test for residuals

Weather parameter/Region Maximum temperature Minimum temperature Rainfall Interpretation
Ballowal 0.11 0.52 0.10

Does not show lack of fitLudhiana 0.18 0.19 0.64
Bathinda 0.22 0.06 0.29

Fig.1:  Validation of ARIMA model for maximum temperature, minimum temperature and rainfall for Ballowal Saunkhri (A, B, C), Ludhiana 
(G, H, I) and Bathinda (C, D, F) districts of Punjab

ARIMA approach for temperature and rainfall time series prediction
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stable with same pattern during upcoming 10 years. The model 
over-predicted the minimum air temperature for Ludhiana, Bathinda 
and Ballowal Saunkhri. However, the maximum air temperature and 
rainfall were under-predicted by the seasonal ARIMA models for 
all the three districts. The results were in agreement with the earlier 
findings of Gorantiwar et al., (2011) and Kumar et al., (2013).

Limitation of the study 

The model’s effectiveness in predicting rainfall for 
all three Punjab regions was compromised, likely due to the 
presence of intricate and overlapping seasonal patterns. Rahman 
and Dutta (2020) highlighted the limitation of ARIMA models in 
comprehensively capturing the intricate seasonal dynamics, leading 
to constrained predictive accuracy. Furthermore, the intricate non-
linear relationships characterizing rainfall patterns, influenced by 
various factors, posed a challenge for ARIMA models with their 

inherent linear nature, limiting their capacity to adequately model 
these intricate dynamics (Hossain and Rahman, 2016).

CONCLUSIONS

In the present study, it has been concluded that the 
SARIMA models can efficiently forecast the long time series. The 
goodness of fit confirms the adequacy of the models. The RMSE was 
between 1.41 and 1.88. The maximum temperature exhibited Mean 
Absolute Errors (MAE) ranging from 0.61 (Ballowal Saunkhri) to 
0.78 (Bathinda). For minimum temperature, MAE ranged from 0.74 
(Ballowal Saunkhri) to 0.49 (Ludhiana and Bathinda), while rainfall 
predictions had MAE ranging between 32.12 (Ballowal Saunkhri) 
and 45.44 (Ludhiana), with lower values indicating higher model 
accuracy. Although the chosen models cannot predict the exact 
temperatures, they can only provide the information that helps 
policy makers to create better strategies for agriculture and to set 

Table 4: Best autoregressive integrated moving average models and goodness of fit statistics

Region Weather element Best model AICC MAE RMSE
Ballowal
Saunkhri

Maximum temperature (1,0,1) (2,1,0) 12 142.4 0.61 1.88
Minimum temperature (1,0,2) (2,1,0) 12 109.8 0.47 1.64
Rainfall (1,0,2) (2,1,0) 12 445.1 32.12 1.45

Ludhiana Maximum temperature (2,0,2) (1,1,0) 12 142.9 0.76 1.72
Minimum temperature (1,0,0) (2,0,0) 12 191.8 0.49 1.69
Rainfall (3,1,3) (3,2,2) 12 489.2 45.44 1.50

Bathinda Maximum temperature (1,0,1) (1,1,1) 12 142.2 0.78 1.41
Minimum temperature (1,0,1) (4,1,1) 12 114.5 0.49 1.78
Rainfall (1,0,2) (2,1,0) 12 431.8 41.51 1.71

Fig. 2: Observed and forecast series of maximum and minimum air temperature and rainfall for Punjab
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up priorities for coping against upcoming weather changes. Such 
forecasting tools will play a pivotal role in helping societies prepare 
for and adapt to changing weather conditions. As such, continued 
research and development in this field is not just beneficial—it’s 
crucial.
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