
1.	 INTRODUCTION
Water is an essential natural resource considered 

as basic necessity for all the flora and fauna present 
in this world. Water plays vital role in growth and 
development of plants and animals. The nutrients and 
oxygen transportation in both plants and animals are 
supported by water. In plants for both photosynthesis 
and respiration, water act as an indispensable part. The 
water regulates body temperature in animals and it is 
mandatory for proper functioning of cells and organs. 
Water constituted almost 60 per cent body weight of 
an individual. It is an important fact that water cover 
nearly 71 per cent surface of our planet Earth. More 
than 97 per cent of water in the Earth is hold by oceans. 
Only 3 per cent of water present in the Earth is fresh 

water and rest of the amount (97 per cent) is deliberated 
as salt water. Rainfall is indicated as main source of 
water in all around the world. Rainfall is an important 
weather phenomenon since it plays crucial role in 
regulating amount of water present in the Earth. The 
abnormal changes can affect fresh water content, which 
directly impact the flora and fauna.

The prediction of rainfall with minimum error 
and maximum precision is very important. It helps 
in reducing the effects of uneven rainfall by taking 
necessary steps to minimize the damages. The climate 
change related issues lead to flood, drought and uneven 
distribution of rainfall all over the world. Flood and 
drought related problems arise in different parts of 
India all over the years. The flood happened in different 

Statistical Modelling and Projection of Future Rainfall using SARIMA 
and Hybrid SARIMA-GARCH Models in Various Zones of Kerala

Gokul Krishnan K.B.1, Vishal Mehta1, P.K. Retheesh2 and Ramakrishna S. Solanki3
1Acharya Narendra Deva University of Agriculture and Technology, Ayodhya

2Regional Agricultural Research Station, Pilicode, Kasaragod, Kerala Agricultural University, Thrissur
3College of Agriculture, Waraseoni, Balaghat

Received 21 March 2023; Revised 07 August 2024; Accepted 08 August 2024

SUMMARY
Water is an important natural resource considered as basic need for all living things around the world. The volume of pure water present in the Earth 
is regulated by the amount of rainfall received over the years. Sudden climatic changes are observed in throughout the world which led to flood, 
drought and uneven rainfall over the years. In this study, SARIMA and SARIMA-GARCH models are applied for forecasting rainfall in different 
zones of Kerala. The presence of heteroscedasticity in residuals obtained from SARIMA model was identified using ARCH-LM test and it was 
eliminated by applying SARIMA-GARCH model to the same. The ARCH-LM test results confirmed the presence of heteroscedasticity in residuals. 
The comparison of models used for predicting rainfall revealed that hybrid SARIMA-GARCH model is more efficient in projecting future values of 
rainfall in the northern and southern zones of Kerala whereas SARIMA model is showing more accuracy in the central zone of Kerala even in the 
presence of heteroscedasticity of residuals. The comparison of rainfall forecasted in different zones of Kerala clearly indicated that rainfall is higher 
in the northern zone whereas lower in the southern zone. In the northern and central zones, the rainfall showed a peak from June to September and 
almost negligible rainfall from December to February. The outperformed model in each zones of Kerala was applied for projection of future rainfall 
for next 5 years (2021-2025). Compare to previous years, the rainfall in the northern and central zones is expected to decrease whereas in southern 
zone of Kerala, rainfall will be almost same.

Keywords: ARCH-LM test; Heteroscedasticity; Rainfall; Residual; SARIMA; SARIMA-GARCH.

Corresponding author: Vishal Mehta
E-mail address: visdewas@gmail.com

https://doi.org/10.56093/JISAS.V78I2.9 
Available online at http://isas.org.in/isa/jisas
JOURNAL OF THE INDIAN SOCIETY OF 

AGRICULTURAL STATISTICS 78(2) 2024  151–160



152 Gokul Krishnan K.B. et al. / Journal of the Indian Society of Agricultural Statistics 78(2) 2024  151–160

parts of India include the Chennai flood occurred in 
2015 and the Kerala flood take place in two consecutive 
years, 2018 and 2019 which lead to death of several 
people and damages to infrastructures. India is a 
tropical country which highly depends on agriculture 
as basic source of income. The annual rainfall of India 
is 1194mm which is mainly due to the south-west and 
north-west monsoon winds occur throughout India. The 
different crops cultivated in India highly get influenced 
by the alteration in rainfall, which can lead to crop 
failure, thus uneven distribution of rainfall can disturb 
the lives of people.

In order to reduce the effect of uneven rainfall, 
different models are applied for forecasting the changes 
and specific patterns of rainfall by different researchers 
over the years. Soltani et  al. (2007) investigated 
about determination of rainfall pattern by employing 
autoregressive integrated moving average (ARIMA) 
in Iran such that seasonal behaviour of ARIMA was 
recognised by autocorrelation function (ACF) and 
partial autocorrelation function (PACF) plots and 
results indicated that there was a severe discrepancy 
in monthly rainfall pattern. Narayanan et  al. (2013) 
examined prediction of pre-monsoon rainfall over 
western India using ARIMA model and forecasted 
values disclosed a major rise in pre-monsoon rainfall in 
North-West region of India. The pattern of south-west 
monsoon rainfall in North–East India was predicted by 
Murthy et al. (2018) by employing SARIMA process 
and results indicated that the predicted model was 
accurate in analysing and forecasting the future rainfall 
patterns. Exploration on fitting an ARIMA model was 
carried out by Swain et al. (2018) for predicting rainfall 
at Khordha district, Odisha, India in which outperformed 
model was selected based on smallest value for Akaike 
information criterion (AIC) and Bayesian information 
criterion (BIC) and results concluded that model 
gave accurate forecasting for a period of 20 years. 
Investigation on climate variables was undergone by 
Dimri et  al. (2020) using seasonal ARIMA approach 
for mean rainfall, maximum and minimum temperature 
data collected over a period of 100 years (1901-2000) 
from the Bhagirathi river basin, Uttarakhand, India and 
concluded that the predicted data was almost equal to 
the actual data observed with some fluctuations for 
rainfall which was already expected. Krishnan et  al. 
(2022) investigated a research on modelling of rainfall 
using SARMA, ANN and hybrid model and advocated 

that farmers must take safety measures to overcome the 
negative impacts of fluctuations in rainfall

Wind speed prediction was carried out by Lv and Yue 
(2011) employing ARIMA, ARIMA-ARCH, Wavelet-
ARIMA and Wavelet-ARIMA-ARCH methods. The 
result revealed that Wavelet ARIMA-ARCH model 
showed more accuracy compared to other models used 
for forecasting. Relationship between rainfall–runoff 
was investigated by Modarres and Ouarda (2013a) 
using multivariate GARCH model. The result specified 
that conditional variance of stream-flow showed a 
stronger short-run endurance whereas conditional 
variance of rainfall consists of higher persistency. 
Javari (2017) investigated about determination of 
dynamic linear and non-linearity of monthly and 
annual rainfall variations using ARIMA and GARCH 
models in Iran. The ARIMA-GARCH hybrid model 
was designated as finest model for predicting rainfall 
and it also confirmed presence of random and non-
random variability. Mishra et  al. (2021) undertook a 
study about modelling and forecasting of metrological 
aspects using ARCH process beneath specification of 
various error distribution specifications. The results 
revealed that ARIMA-GARCH model indicated more 
precision in future projection of weather parameters.

The researchers all around the world developed 
different methods for fitting and projecting future 
values of weather parameters. The recent approaches 
regarding forecasting of rainfall include non parametric 
machine language approach (Praveen et al., 2020), non 
parametyric time delay neural network (Lama et  al., 
2022), coupled neural network-wavelet technique 
(Singh et al., 2024), long short term memory recurrent 
neural network (Dotse, 2024), exponential smoothing 
neural network (Krishnan and Mehta, 2024) and various 
other hybrid methods (Krishnan et  al., 2022). The 
present study mainly engaged in predicting the rainfall 
with high precision using SARIMA and SARIMA-
GARCH methods such that effect of heteroscedasticity 
is also determined.

2.	 MATERIALS AND METHODS

2.1	 Study Area and Location
In order to undergo the research work, monthly 

rainfall data was collected from different zones of 
Kerala. The data for northern and central zones was 
collected from regional agricultural research station 
(RARS) Pilicode and Pattambi respectively, for a 
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period of 39 years (1982-2020) whereas data was 
collected for 36 years (1985-2020) from RARS, 
Vellayani for the southern zone of Kerala. The RARS, 
Pilicode lies in Kasaragod district of Kerala. It is having 
an elevation of 15m from sea level and it is located in 
between 12.1997o N  latitude and 75.1633oE  
longitude. It was noted that average annual rainfall at 
Pilicode was 3379mm. The RARS, Pattambi situated in 
Palakkad, district of Kerala. It is positioned in among 
10.8057 oN  latitude and o76.1957 E  longitude with of 
63m elevation. The average annual rainfall observed at 
Pattambi was 1838mm.The RARS, Vellayani is located 
in Trivandrum, district of Kerala. The RARS, Vellayani 
is placed at 8.4316 oN  latitude and 76.986 oE  longitude 
with height of 8m from sea level. The average annual 
rainfall at Vellayani is 1704mm. The three different 
locations are marked in Fig.1.

Fig. 1. Study area map for the northern, central and southern zones of 
Kerala (Source: Google Earth)

2.2	 2.2. Methodology

2.2.1 Seasonal autoregressive integrated moving 
average (SARIMA)
The Seasonal ARIMA model is considered as the 

extension of Box-Jenkins ARIMA model. The ARIMA 
( ), ,p d q  model was developed by Box and Jenkins 
(1976) for modelling and predicting future values of 
time series data, where p  denotes autoregressive part, 
d  indicates degree of differencing and q  represented 
the moving average part (Sultana and Hasan, 2015). 
The Seasonal ARIMA model is expressed as the 
consolidation of both seasonal and non-seasonal 
parameters. Non-seasonal part of Seasonal ARIMA 
model is same as ARIMA ( ), ,p d q  model whereas 
seasonal part of Seasonal ARIMA model is represented 
as ( ), , sP D Q  where, S  indicates periodicity of the 
data.

SARIMA model is mathematically represented by 
Wang et al. (2005a) as:

( ) ( )1 1
Dd S

t tY B B e= − − �  (1)
where, tY  is original value, te  is the residual term, 

B  represents back shift operator, ( )1 dB−  is the 
differencing of order d  of non-seasonal part and 

( )1
DSB−  represent the differencing of order D  of 

seasonal part of SARIMA model (Rahman and Lateh, 
2017).

2.2.1.1 Test for checking stationary using augmented 
ducky fuller (ADF)
Prior to undergo fitting of SARIMA model, 

stationary of time series data is ensured by employing 
ADF test (Banerjee et  al. 1993; Gerretsadikan and 
Sharma, 2011). The time series data with trend and 
seasonality are non stationary. ADF test indicate 
whether the data is having constant mean and 
variance such that it never get altered with time (Said 
and Dickey, 1984). The hypothesis for ADF test is 

expressed as the following, if oH : presence of unit root 

or data is not stationary, if 1H : absence of unit root or 
data is stationary. If data is stationary, separate test for 
seasonality is not needed (Franses, 1991; Kwiatkowski 
et al., 1992).

The ADF test statistic is expressed as the following:
ˆ 1
ˆ p

t ρ
σ
−

= �  (2)

where, ρ̂  indicate maximum likelihood estimate 
of ordinary least square estimator and ˆˆ pσ  is the 
standard error for ordinary least square estimator. If the 
value of ρ̂ =1, the data is not stationary, otherwise data 
is considered as stationary (Wang et al., 2005b).

2.2.1.2 Selection criteria of model
The best SARIMA model suitable for the time 

series data is based AIC, BIC and Akaike information 
corrected criterion (AICC) (Chaudhuri and Dutta, 
2014). The model showing least value for above 
mentioned criteria is considered as best performing 
model. At present conditions, statistical software 
directly select suitable model.

( )2 ln 2AIC L k= − × + × � (3)
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( ) ( )2 ln 2 lnBIC L N k= − × + × × � (4)

( ) ( )2 1
2 ln 2

1
k k

AICC L k
N k

+
= − × + × +

− −
� (5)

where, L  is maximum likelihood estimate, N  is 
number of noted observations and k  is number of 
parameters which are estimated.

2.2.1.3 Diagnostic checking using Ljung-Box test
The residuals obtained from SARIMA model is 

tested for detecting the presence of autocorrelation 
using Ljung-Box (1978) test. If the autocorrelation is 
absent in residuals, fitted model is accurate and 
otherwise not. The hypothesis for Ljung-Box test is 
described as, if oH : absence of autocorrelation in 
residuals whereas, if 1H : presence of autocorrelation in 
residuals (Krishan et  al., 2023). The test statistics of 
Ljung-Box test is expressed as the following:

( )
2

1
2

m
k

k

TQ n n
n k=

= +
−∑ � (6)

where, n  is total number of measurements, kT  is 
the autocorrelation among residuals at lag k  and m  is 
tested number of lags (Wang et al., 2005a).

2.2.2 Generalised autoregressive conditional 
heteroscedasticity (GARCH)
GARCH model is fitted to the residuals obtained 

from SARIMA model after conducting the test for 
identifying the presence of time dependent variance for 
the same. It is an important fact that even a well fitted 
SARIMA model may show variance which changes 
with time. ARCH model developed by Engle (1982) and 
it was improved by Bollerslev (1986) to establish the 
GARCH model through addition of lagged conditional 
variance for better smoothening of series. GARCH 
( ),A B  is mathematically expressed by Modarres and 
Ouarda (2013b) as:

2 2 2

1 1

A B

t A t A B t B
i j

σ ω α ε β σ− −
= =

= + +∑ ∑ � (7)

Where parameter of GARCH ( ),A B  is indicated 
as 1α … Aα  and 1β … Bβ  respectively and w  is a 
constant.

2.2.2.1 Tests for heteroscedasticity using ARCH-LM 
test
ARCH-LM test is employed for detecting presence 

of ARCH effect in the residuals obtained after fitting 
SARIMA model for time series data. In ARCH-LM 
test, Lagrange Multiplier was employed to determine 
the ARCH effect. The hypothesis for ARCH-LM test is 
given as, if oH : presence of homogeneity in residuals 
whereas, if 1H : absence of homogeneity in the 
residuals. The test statistics of ARCH-LM test is 
described as the following:

2LM nR= � (8)

where, 2R  indicate coefficient of determination 
and n  denote total number of observations (Oktaviani 
and Setiawan, 2021).

2.2.3 SARIMA-GARCH hybrid model
The hybrid model was obtained after merging both 

SARIMA and GARCH models which was proposed by 
Pandey et al. (2019). The hybrid SARIMA- GARCH 
model performed in such a manner that conditional 
mean was explained by SARIMA model whereas 
conditional variance was defined by GARCH model. 
SARIMA-GARCH hybrid model is expressed as:

( ) ( )
2 2 2

1 1

1 1
Dd S

t t

A B

t A t A B t B
i j

Y B B e

σ ω α ε β σ− −
= =

 = − −



= + +


∑ ∑ � (9)

2.3	 Criteria for model evaluation
Evaluation of fitted models is assessed using 

various error values comprising mean square error 
(MSE), root mean square error (RMSE) and mean 
absolute error (MAE). DM test was also carried out to 
determine whether forecasted values using SARIMA 
and SARIMA-GARCH are significantly different or 
not.

( )2

1

1 n

i i
i

MSE y y
n =

= −∑  � (10)

( )2

1

1 n

i i
i

RMSE y y
n =

= −∑ 

� (11)

1

1 n

i i
i

MAE y y
n =

= −∑  � (12)

Where iy  indicate actual value, iy  denote projected 
value and n  designate the total number of observations.
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2.3.1 Diebold Mariano (DM) test
Diebold and Mariano (2002) test was carried to 

check whether two different models used for prediction 
are significantly different or not.

oh : The forecasted values using two different 
models are not significantly different

1h : The forecasted values using two different 
models are significantly different

DM 1

0
1

2
h

k
k

d

γ γ
−

=

=
 

+ 
 

∑ � (13)

Where 
1

1 n

i
i

d d
n =

= ∑  and 

( )( )
1

1 n

k i i k
i k

d d d d
n

γ −
= +

= − −∑ , id  is the deviation 

among square of the difference between error values 
(Actual-Forecasted) using two different models, h  is 
the forecast horizon and k  is the lag.

3.	 RESULTS AND DISCUSSION
In current study, the main focus was to obtain future 

values of rainfall in the northern, central and southern 
zones of Kerala with maximum accuracy. The methods 
employed in the study are SARIMA and SARIMA-
GARCH hybrid models. The study also consider the 
heteroscedasticity present in residuals obtained after 
fitting SARIMA model which may lead to decrease 
the efficiency of fitted model. Prior to undergo fitting 
of SARIMA model, the time series plots of rainfall in 
different zones are depicted in Fig. 2.

The time series plot presented in Fig. 2 clearly 
indicated that the northern zone is receiving the 
maximum rainfall over the years and least amount of 
rainfall is indicated in the Southern zone of Kerala. 
The plots also suggested that rainfall is increasing and 
decreasing over the years which concluded the absence 
of specific pattern. After depicting the time series plots 
for rainfall, next step is ensuring whether the time series 
data is stationary using ADF test, which is mandatory 
for fitting SARIMA model which is presented in 
Table 1.

The results described in Table 1 declared that 
rainfall data is stationary collected from different 
zones of Kerala, which indicated that separate test 
for seasonality is not required. Next step was fitting 

of SARIMA model for rainfall data collected from 
different zones of Kerala. Before undergoing fitting 
of SARIMA model, the time series data was split in 
two parts, training and testing sets. Training set for the 
northern and central zones consists of data from 1982 
to 2015 (34 years) and for the southern zone it was from 
1985 to 2015 (31 years). The data from 2016 to 2020 
was considered as the testing set for the northern, central 
and southern zones of Kerala. R software was used in 
this study for fitting SARIMA (Trapletti and Hornik, 

a)	 Northern Zone

b)	 Central Zone

c)	 Southern Zone

Fig. 2. Time series plot for rainfall indifferent zones of Kerala

Table 1. ADF test results for rainfall in different zones of Kerala

Weather
Parameter Zone Test Statistic P value

Rainfall Northern -15.66 0.01

Central -14.49 0.01

Southern -8.69 0.01
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2013; Hyndman and Khandakar, 2008) and Gretl 
(Mixon Jr, 2009; Adkins, 2010; Cottrell and Lucchetti, 
2012) was used for obtaining SARIMA-GARCH 
hybrid model and also for undergoing forecasting for 
next 5 years (2021-2025). The R software identified 
outperforming model using different criteria, which is 
described in Table 2.

Table 2. Model selection criteria for different zones of Kerala

Weather 
Parameter Zone AIC AICC BIC

Rainfall Northern 5263.49 5263.55 5275.43

Central 5048.43 5048.46 5056.39

Southern 4585.21 4585.44 4608.72

The best performing model for rainfall in different 
zones are selected on least value for AIC, BIC and AICC 
which clearly represented in Table 2. The SARIMA 
model selected for rainfall in the northern, central 
and southern zones of Kerala with its parameters are 
illustrated in Table 3.

Table 3. SARIMA model with its parameters for rainfall in 
different zones of Kerala

Weather 
Parameter

 Zone Model Parameters

Rainfall Northern SARIMA  ( )0,0,0 ( )122,1,0 sar1-0.7509
sar2 -0.3121

Central SARIMA  ( )0,0,0 ( )121,1,0 sar1 -0.5949

Southern SARIMA  ( )1,0,1 ( )122,0,0 ar1 0.5995
ma1 -0.3053
sar1 0.3154
sar2 0.2782

Model showing maximum performance in fitting 
rainfall is showed in Table 3 with its parameters. In 
order to check the autocorrelation between residuals 
gained from SARIMA model, ACF plots are obtained 
which is represented in Fig. 3.

The ACF plots given in Fig. 3 suggested that 
autocorrelation is absent in all the three cases. For 
northern zone, all lags lies within the limit but for 
central zone the lags 12 and 24 are passing the boundary 
whereas for southern zone, lags 4 and 24 cross the 
limit. Even though some lags are crossing, it may not 
indicate the presence of autocorrelation in residuals. 
However, for confirming the presence or absence of 
autocorrelation between residuals of SARIMA model, 
diagnostic checking was carried out using Ljung-Box 
test. Results of Ljung-Box test is clearly conveyed in 
Table 4.

Table 4. Results of Ljung-Box test statistic for different zones of 
Kerala

Weather 
Parameter Zone Q Statistic P value

Rainfall Northern 11.87 0.96

Central 29.32 0.89

Southern 30.27 0.30

The Ljung-Box results described in Table 4 clearly 
suggested that autocorrelation is absent between the 
residuals obtained after fitting the models for the 
rainfall in the northern, central and southern zones of 
Kerala, which clearly indicated that SARIMA model 
fitted is performing with good precision. Next step was 
detecting the presence of heteroscedasticity in residuals 
using ARCH-LM test. The results of ARCH-LM test 
for rainfall in different zones described in Table 5.

a)	 Northern Zone

a)	 Central Zone

b)	 Southern Zone

Fig. 3. ACF plots for residuals of SARIMA model for rainfall in different 
zones
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Table 5. Results of ARCH-LM test statistic for different zones of 
Kerala

Weather Parameter Zone Test Statistic P value

Rainfall Northern 24.441 0.01***

Central 56.230 0.01***

Southern 36.950 0.01***

*** significance at 1% level

The results presented in Table 5 clearly showed 
the incidence of ARCH effect in all three cases. After 
detecting the presence of ARCH effect, next step was 
fitting GARCH model for the residuals. Gretl open 
software was used for identifying suitable GARCH 
model for the residuals. The suitable SARIMA-
GARCH model and its parameters were presented in 
Table 6.

Table 6. SARIMA model with its parameters for different zones 
of Kerala

Weather 
Parameter

Zone Model Parameters Standard 
error

Z value

Rainfall Northern SARIMA 
( )0,0,0

( )122,1,0

-
GARCH
( )1,1

µ =20876.3
ω = 2.465
α = 0.489
β  =3.087e- 

012

2538.24
7.478
0.159
0.063

8.225
0.329
3.071

4.87e-11

Central SARIMA 
( )0,0,0

( )121,1,0
-

GARCH
( )1,1

µ = 11209.2
ω = 2.779
α = 0.358
β =0.111

1797.40
6.056
0.106
0.084

6.236
0.458
3.337
1.331

Southern SARIMA 
( )1,0,1

( )122,0,0

- GARCH
( )1,1

µ =8956.52
ω = -4.097
α = 0.301
β =0.002

1622.41
5.398
0.087
0.117

5.52
−0.759
3.466
0.018

Results presented in Table 6 indicated that GARCH 
(1, 1) is the best model selected for the residuals 
obtained after fitting SARIMA model for rainfall in 
different zones of Kerala. Even though the value of 
GARCH coefficient value in north zone is low, ignoring 
it affected the accuracy of rainfall forecasting (The 
error value are comparatively higher for ARCH (1) 
than GARCH (1, 1)). Succeeding step was comparison 
and evaluation of performance of SARIMA and hybrid 
SARIMA-GARCH model in such a way that effects 
of removal of heteroscedasticity was determined. The 
rainfall for next 5 years (2016-2020) was predicted 
using SARIMA and hybrid SARIMA-GARCH models 
and it was compared with the testing set. The evaluation 
criterion was based on MSE, RMSE and MAE values 
and also based on DM test results which are illustrated 
in Table 7.

The results given in Table 7 declared that SARIMA-
GARCH model is showing better performance in 
forecasting rainfall in northern and southern zones of 
Kerala whereas in the central zone of Kerala SARIMA 
model is expected to predict future values with more 
efficiency. However, the DM statistic concluded that 
forecasted values of rainfall in the northern zone 
using SARIMA and SARIMA-GARCH model is 
significantly different but for the central and southern 
zones of Kerala it was not significantly different.

The best selected model was used to provide future 
values of rainfall from 2021 to 2025 in different zones 
of Kerala which is portrayed in Fig. 4.

The comparison of rainfall forecasted in the 
northern, central and southern zones of Kerala depicted 
in Fig. 4 clearly indicated that rainfall in northern zone 
is comparatively higher. The southern zone indicated 
with the least amount of rainfall for next 5 years with 
a steady rainfall over the year. In the northern and 
central zones, the rainfall showed a peak from June 

Table 7. Comparison and Evaluation of SARIMA and hybrid SARIMA-GARCH model for rainfall in different zones of Kerala

Weather 
Parameter Zone Model MSE RMSE MAE DM Test 

Statistic P Value

Rainfall Northern SARIMA 29697.804 172.330 102.312 3.155 0.0025

SARIMA-
GARCH

29375.830 171.393 101.903

Central SARIMA 18612.328 136.427  94.495 -0.255 0.6825

SARIMA-
GARCH

18799.645 137.111  95.556

Southern SARIMA 14783.950 121.589 105.466 0.471 0.6392

SARIMA-
GARCH

14723.010 121.338 104.783
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to September and almost negligible rainfall from 
December to February. Compare to previous years, the 
rainfall in the northern and central zones is expected to 
decrease whereas in southern zone of Kerala, rainfall 
will be almost same for next 5 years (2021-2025).

4.	 CONCLUSION
Water is an important natural resource considered 

as basic need for all living things around the world. The 
volume of pure water present in the Earth which is 
consumed by the human beings and plants are regulated 
by the amount of rainfall received over the years. 
Sudden climatic changes are observed in throughout 
the world which led to flood, drought and uneven 
rainfall over the years. Thus developing new strategies 
for forecasting the rainfall with maximum efficiency is 
mandatory for taking precautionary measures. In this 
study, SARIMA and SARIMA-GARCH models are 
applied for forecasting rainfall in different zones of 
Kerala. The presence of heteroscedasticity in residuals 
obtained from SARIMA model was identified using 
ARCH-LM test and it was eliminated by applying 
SARIMA-GARCH model to the same. R software was 
used in the study for fitting SARIMA and gretl software 
was to fit GARCH model for residuals. The 
outperformed SARIMA model for rainfall in the 
northern, central and southern zones are SARIMA
( )0,0,0 ( )122,1,0 , SARIMA( )0,0,0 ( )121,1,0  and 

SARIMA( )1,0,1 ( )122,0,0  respectively. The 
ARCH‑LM test results confirmed the presence of 
heteroscedasticity in all the three cases. The most 
efficient hybrid model selected for predicting rainfall in 
the northern, central and southern zones of Kerala are 
SARIMA( )0,0,0 ( )122,1,0 -GARCH ( )1,1 , SARIMA
( )0,0,0 ( )121,1,0 -GARCH ( )1,1  and SARIMA( )1,0,1

( )122,0,0 -GARCH ( )1,1  respectively. The comparison 
of models used for predicting rainfall revealed that 

Fig. 4. Predicted rainfall from 2021 to 2025 in different zones of Kerala

hybrid SARIMA-GARCH model is more efficient in 
projecting future values of rainfall in the northern and 
southern zones of Kerala whereas SARIMA model is 
showing more accuracy in the central zone of Kerala 
even in the presence of heteroscedasticity of residuals. 
However, the DM statistic concluded that forecasted 
values of rainfall in the northern zone using SARIMA 
and SARIMA-GARCH model is significantly different 
but for the central and southern zones of Kerala it was 
not significantly different. The most efficient model in 
forecasting rainfall based on error values in each zones 
of Kerala is applied for projecting future values of 
rainfall for next 5 years. The future values predicted 
indicated that the northern and central zones will have 
fall in rainfall and the southern zone will have almost 
same rainfall for next 5 years (2021-2025).
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