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Orizinal Kesearch Ariicle

The Box-Jenkins approach: forecasting of organic sorghum production in

Chhattisgarh, India

Ahstract

Chhattisgarh has taken important steps towards promoting millets cultivation and improving the
livelihood of farmers. To increase millers production in Chhattisgarh, the srate goverament launched the
Millet Mission in September 2021, This mission has bzen started with a view to make Chhattisgarh the
‘millﬂbhub of India® The study was conducted on forecasting of sorghum crops in Chhattisgarh India
using historical data on corrently cuoltivated area, production and yield of sorghum crops. The time series
data was collected from 2001 to 2023, and analysis of the study was carried out using path analysis and
Box lenkins ARIMA model; and ameng various 20 models the best and suitable ARIMA (2, 1.2), (3. 1,
3), and (2, 1, 2) model was selectad based on AIC, BIC, MAPE. RMSE, MAE. With the help of the
selected nppropriate model. the area, production and yield of sorghum cultivation in Chhattisgarh was
forecasted for the year 2024 to 2020, But marvellous, stochastic and fluctuating twend was obscrved in
sorghum production and yield over the forecast periogd.

Keywords: Econometric Modeling, Forecasting, SCAPY; AIU, BIC, AFC, MAPE:
.II:. Code: C01,C22,C51.C52,C53
1. Introduction

Agriculture is the most important livelihood strtegies in India, with two thirds of the eounty’s
workforee depend on farming. Organic farming can be seen as an approach to agriculture, where the aim
is o create 'tmf:graxedﬁmmnmamally and economically sustainable agricultural production systems
(Krishna et 4., 20231_Sorghum is the major staple food of millions of raral poor in arid and semi-arid
regions of the werld, It is the second cheapest source of energy and micronutrients afier pearl miller, and
majority of population'in the central India depends on sorghum for their dietary and energy requirements
(Rao et al.. 2006). Because of its drought adaptation capability, sorghum is a preferred crop in tropical,
warmer and semi-arid regions of the world with high temperawre and water-stress conditions. In India,
the crop 1s grown in both riny (June—October) and post-rainy (November—February ) scasons. In spite of
its multiple uses as food, feed, fodder and bic-Tuel, the area uﬂler grain surghum has drastically declined
(Mishra et al., 2017). Sorghum is second larger millet crops, when compared witbmher Crops in respect
to the source of energy which is sorehum has pearl millet (361 Keal/ 100 =), (349 Keal/100 g}, and maize
with (325 Keal/100 g). Sorghum has carbohydrate content of 67.5 g/ 100 g with 56 w 655 starch content,




20 o 22% of amylase. 2.6-28% suerpse and fiber (1.2 ¢/100 g). It is a good source of vitamin and

mi ncrab[l"‘carl Millet News, 2018; Saravand ct al., 2022).

Tune series forccasting is an nnportant stafistical analysis lechnigue used as a basis for mamual
and guomatic planning in many application domains (Goodjer and Hyndman, 2006), Forecasts are
calculated using mathematical models that capture a parameterized relationship between past and future
values to express behaviour and characteristics of a historic time series. The parameters of these forecast
models are estimated on a training data set to fit the specifics of the time series by minimizing the forecast
error. Time series data collected in many situations are hierarchical in structure, These datasets generally
contain informution o clusters which can be combined into another series of mterest. Here, the time
series are aggregated along the hicrarchy based on dimensional attributes such as location. (Hyndman e/
al .20 Ié Athanasopoulos er af . 2008}

India shares arcund 20% of the world’s sorghum area and 1s the fourth largest producer of this
cereal crop. The cultivation area of sorghum in India was more than 16 million ha in 1981, but has
gradually decreased 1 6.3 million ha in 2012, Production of this cereal has alsa faced o decline from 12
million tonnes to 6 million tonnes during this period. But marvellous, yield of sorghum. on the contrary,
has climbed wp from 7.3 tonnes/ha to only 935 tonnestha in the same tenure (Pal and Paul, 2016),
Sorghum (Jowar] production In India stood at 4803 38 thousand tonnes from the cultivated arca of
502445 thousand hectares in the year 2007-18, and in the of 20019-20 sorghum production 477201
thousand tennes from the cultivated area of 4823.70 thousand hectares. While Sorghum production in
Chhattisgarh 5.52 thousand tonnes from the cultivated arca of 3.5Y thousand hectares in the yvear 2017-1%.
and in the of 2009-20 sorghum production 407 thousand tonnes from the cultivated area of 2 90 thoosamd
hectares (1IMR., 2023 DES, 2023).

In this present study researchers' focus on forecasting of the sorghum production in Chhantisgarh
State. Sorghum (Jowar) s produced in almaost all the areas of Chhattisgarh state. Butit’s mostly coltivated
arei in Surguja division- Balarampur, Koriya. Surajpur. Jashpur and Sarguja (Ambikapur) district, Bastar
division-Sukma, Bijapur, Bastar (Jagdalpur), Kanker, Kondagaon and Naravanpur district, Raipur
divisiwon-Garivaband, Dhamtari and Muahasamund  distnet, Durg division- Ranadgaony, Kabirdham,
Balnd and in Bilaspur division- Korba, Bilaspur district of the stare. Thers is immense potential for
increase in the production of sorghum in Chhattisgarh. To increase millets production in Chhattisgarh . the
state government launched the Millet Mission in September 2021, This mission has been started with a
view to make Chhattisgarh the *millet hub of Indiz™. This mission has not only mereased the mcome of
farmers i forest and wibal aeeas, but has also ncreased the prominence of the state [Babu et al., 2023),
However, millet remains an important crop for the stae's food security and cultural heritage. Encouraging
millet cultivation and consumption in Chhattisgarh can not only provide nutntional benelits to the

population, but alse contribute © sustainable agriculiural development and food security.




2. Literature Review

Many research works have been done by rese:&‘hers in the past on sorghum production, the
review of which is as follows. (Soravand et al., 2022) was conducted Pearl millet erop in Gujarat and
India with the use of historical data on an arca, production and yiceld of Pearl millet crop. The data was
collected for 200 years l'nﬂl the year 1999-2000 w 2018-2019, and analysis was carried out using
Compound Growth Rare, path analysis and Box Jenkins® ARIMA model. The best selected ARIMA
model was (0,0, 6) and (0, b_‘ij for Gujarat and India respectively. (Lama et al., 2020) was studies of
price index of Ragi and used suucturul&eak analysis. The volatile ragi price index series were modelled
and forecasted nsad of GARCH mode] and its asymmetric extensions. The results indicated improvement
in modelling and forecasting performance of the models after incorporation of the policy interventions.
(Bellundagi et al., 20015) conducted research on ragi production in Karnataka, and different lincar and
nonlingar growth models were explored. The forecasting resulis showed (hat, even though theie was a
deceleration in area, the production of ragi was increasing due 0 increase in productivity in ihe future
time. (Vijay and -.\'E\m. 2018) Studies was pear| millet production in Karnaraka, and used ARIMA and
ANN maodels, and ARIMA (0. 1. 1) model was selected for forecasting of the future value from 2011 to
2014 Thus, followmng researchers was conducted research on millet production. i.e. ( Tripathi el al., 201 3)
was research on pearl mille: production and productivity, (Prabhu et ul..aﬂj wits conducted research on
forecasting minor millet i India, (Sathish el al_, 2022} was studies on end analysis of minor millet in
India. (Sankar and Pushpa, 2023) was studies on torecasting of millets production in India. (Nireesha et
al_ 2016] was conducted research on pg] millet production in Andhra Pradesh, India, and also some of
the investigated works were Le.. Kour et al., 2007, Das et al., 2019; Dharamraga et al., 2019, Patra and
Mahapatra, 2020: Chandra, 2023:; Gandhi et al .. 2023 and Chandra, 2024,

We have documented a detailed literature on time series analysis and prediction the various data
series from 1930-51 10 2022-23. Bur researchers’ carmied swdy on lorecasting of pearl millet production,
millet (Ragi) prices, minor millet production. tea production. groundmut production and coffee
production, and moreover study related to Karnatoka, Gujarat, Odisha and Andhra Pradesh; and no study
has been found m%d.ing sorghum production in Chhattisgarh. Thus, it"s a gap and motivated us 1o

undertake study on time serics modeling and forccasting of sorghum production in Chhattisgarh, India.

3. Methods and Methodology

3.1. Data Collection (6]
We used tme series data from 200 L2023 for the rese:&‘il study, time series data was compiled of

afficial website of Inw Institute of Millet Research (1IMR) haps:fworw millerstats com/apy-stars ' and
official website of Directorate of Economics and Statistics, DA&FW, Govt. of India, website

https://desagri.gov insstatistics-type/normal -estimate s/,




32, Econometric Models
To select the best fitted ARIMA mwodel. several statistical tools ars being applied. viz.. AIC

(Akake, 1974; Priva et al., 2015; Chandra. II', Chandra, 2024, BIC/SIC (Schwarz, 1978), MAPE

(Lewis, 1982: Armstrong and Collopy, 1992; Goodwin and Lawton, 1999 Ren and Glasure, 2009;
Moreno ct al., 2013), Ljung-Box test (Box and Jenkins; 1978: Saravand et al., 2022), RMSE (Draxler,
2004y, and MAE (Reddy . 2000; Gujarati et al. 200 3; Tofallis, 2015 Chandra aml Bralume. 2023, Chandra

et al. 2023), and thus. the formulation of the models are given bellow:
AIC wrinen as follow:
AIC= %{14—]05 2n) +nlog o +2m) ..o, (1)

AIC = (-2log L + 2m); where: m= p + ¢. L = Likelihood function and -2log L = opproximately
equal to [n {1+ log 27)+ n log o=} . where: o2 = the model MSE.

BIC = m_g[ﬂ“—')ar R s e i
H

L
Where, “rse”™ = the residual sum of squares: & = the number of coefficients estimated. ie [ +p+ g + P+
Q; and n = the number of observations,

|
MAPE= 100% 5| X, X o )
n ,';:| X |
[$(x, %
RMSE= *HI =l Y wimsi i - T L)
"X - X,
g X l (5)
3 2
Q= nin E)Z ?"—. . SR, AU
t=1 M—1

Where. # = the number of observations, = = value of 1 ™ the number of observations.

33, The Box-Jenkins Approach
Step - In the first step of the study. the time series data selected for the study was collected from

areliable source, and after which a graphical presentation of the series has seen. which shows whether the
series has showed a trend or not. After this, swationarity of the series has checked at the level, and if there
has not stationarity at the category level, then stationarity has checked at the first difference, and if there
has no stationarity of the series at the first djt'fn.'rcnch then this process continues till this continues until
the serics becomes stationary., By the way, most of the series becomes stationary at the first difference.

After the series has stationary, the correlogram has seen, with the help of which the model has selected




(Guyarati et al. 2015, Chandra et al. 2023: Chandra, 2023, Chandra, 2024). Figure | shows the Box-
Jenkins methodology consist offﬂ&wing four steps.

Step II- In the st step, the equation of the sclected model (2 d, ) is detived, and then the
& vation is created by writing the parameers of the selected model with ther given values fGleHIilli etal,
2015; Chandra, 2023, Chandra, 2024).

Step HI- In the thud step of the study. a diagnostic check of the residuals of the selected model
(p.d.q) was carried out in the second step. in which the amocormrelation (ACF and PACE) Ljung-Box test.
WNH, and JB test was done of the selectad model. IT all the tests after diagnostic testing of the residuals
of the selected model (p. d. ) were found e be significant, then the forecusting process of the selected
muoxdel is done, and if all the tests after diagnostic test of the residuals of were l& found 1o be significant,
then all the process is started again from the first phase of the study (Gujamt et al. 200 5; Chandra et al.

2023; Ashoka et al.. 2014: Chandra. 2023, Chandra, 2024).

ldentifscation of the model
Sepd (Choosing tentati ve p, d, q} 3

4

Step Ul "_| Parameter estmanon of the chosen moda!

Diagnostic Checking,
b Are the cstimaied residonls ACF while noise?
4 Mo

Xes l
Ret Lo Slep [ —
SepWl | == Foraeusting e

Source: (Gujarati et al., 2015 Chandra, 2023: Chandra, 2024)
Figure 1 shows the Box-Jenkins methodology consist of following four steps.

Step IV- In the fourth step of the swdy, if after diagnostic @estng residuals of the model selected
in the third step, all the tests are found siggificant, and follow the Gauss-Markov theorem (Hellin, 2013).
Thus, the model constructed is terms the best linear unbiased estimator “BLUE". Thereafter the
forecasting process of the selected model has completed. and then reporting of the model is done
(Gujarati et al., 2015; Chandra et al. 2023; Chandra, 20023; Chandra, 2024},
34. Equation for ARTMA Models

ARIMA is a linear regression model for time series predicting, and it uses its own lags as

predictors. Any 'non-seasonal' time series that exhibits patterns and is not a random white noise can be
modelled with ARIMA models. An ARIMA modzl is characterised by 3 terms: p, J, ¢ {Box and Jlenkins,
1978, Gujarati ct al. 2015; Chandra, 2023; Chundra and Brehme, 2023; Chandra ot al. 2023; Chandra,
2024},




Where: p = the order of the AR term, ¢ = the order of the MA term | and o = order of differencing
rcquircH: make the scrics stationary ().
Of course, 1s 1t quite hkely (hat ¥ has chammctenistics of both AR and MA amd is therefore ARMA.

Thus, i ¥ [ollows in ARMA (3, 4) process, it can be writien a8 (Chandra et al. 2023; Chindra, 20241;
Y=g+ ki )+ ek 2+ oady o+ foen + Gih 1+ G 2+ S i+ Paine A+ k.. e (T)
Where: # = conslant, ¢ = coeflicient ol AR terms, f = coelficient o MA terms, « = while noise error

erms

3.5, Model Identification for Sorghum cultivation area, production and vield

In wenerally, a non-stationary series is made stationary after differencing ' rimes’. and is said w0
be integrated ol urder o, denoled by [ fﬁ. I, the original series is stutionury =0, and then the ARIMA
model transform into an ARMA mncﬁ. The time series data used for the present study, ie.. 5A. SF, and
SY. The series SA, SP, and SYwere become stationary after the 1™ order ditferencimg, Smce. there 15 no
need for further differencing the scfﬁs. and it is necessary to adept d=1 (first difference) for ARIMA (p,
d, q) model. We have checked the correlogram after first difference, and the level in time series (given
figure 5). Since, Wrc was no significant spikes of ACF and PACF residuals of the selected ARIMA and
ARMA models, to get the appropriatc nuuat_:rs for *p’ (in AR) and 'g' (in MA} in the models, and
thereafier we were checked white noise in the correlogram after first difference in ume series (given
Mgures). Since, there was no significam Eikes ol ACF and PACF residuals of the selected ARIMA and
ARMA maodels. and therefore there was no need for further consideration of any more AR (p) and MA
(g). The models convince all the norms (comparatively lowest value of AIC, comparatively low values of
BIC. and %APE, MAE and RMSE). Therefore, these models have been considered to be the best
predictive models that have been used to forecast future values of lime series, such as DSCA BQI' amnel
DSY . Table 2 shows that the best-fitting ARIMA model with parameters is selected, and Table 2 provides
the cstimation r:zi'u]l.hnf different parameters of AR {p) and MA () of ARIMA model for arca,
production and yield. Using these values, the best-fit ARIMA (p, d, g). models for predicting time series
DSA, DSP and DSY were wdenufied. Therctore, the prediction equations for the models can be written as
follows. The squations for SCA (8), SP(9), ard SY (10) respecuvely {Chandra, 2023, Chandra, 2024,

T E T T TP AR R G e U ()

Yi=0+wl twl ot wl s+ fue o+ fone o B i (9

Yi=0+wl ol —fun o+ fon 2w o (1)
4. Result Analysis

4.1. Stationary test (ADF test)

The results of Argument Dickey-Fuller ( Dickey-Fuller, 1979) unit root test at level and 19

order

difference given in table 1. Before differencing the vime series SCA. SP and 5Y we performed the




stationary test at the level, but the p-values at the level were insignificant. Therefore, series SA, 8P and

SY were statically not significant. So, it's not stationary. After that we go through [ differenced, and 19

order difference series DSA. DSP and DSY calculated 1-statishics value was :'nﬁp:cl'ﬁ:ly =5.814,8.122

and 6,787 and p-value were respectively = 0.0006, 0.0000, and 0.0001 which was smaller than eritical

values at 15, 3% and 10% level of significance. Hcﬁc. we fail to accept the null hypothesis for unit roof,
It means that the series DSCA, DSP and DSY wus uﬂ containing the unit root, and thus it is stationary.

Figure 4 part (aj. part (b), and part (c) represent the plot of correlogram (ACF and PACF) of the
slationary senes DSCA, DSP and DSY for lags 1 ta 12 at the 1™ order differsnce. Figure 2 (a) Scatter plot

and (b) Quantiles graphs of Sorghum Area, production and yield in Chhattisgarh. Figure 3 Represeniaticn

of time series plot of @) Original and (b) Stationary serics.
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Figure 2 (a) Scater plot and (b) Quantiles graphs of Sorghum Area, produciion and yield in Chhatisgarh
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Prob. 0.006 0.000 | 0.000 = 09 | 0999 -
C -0.1720 0.840 | 0187 049 | -2.924 | 2924 | -0.9%
Sl Error | 00069 | 0495 | 0508 | 0323 | 52465 | 58543 | 38412

(P) 285,369
Prob. 0,0000 0.111 0718 | 0146 | 0036 | 0061 | 08979
s 68737 0828 | 0446 - 0.43% | 0999 =

(Y) |Std, Error (1,0009 0.307 | 0256 = 63203 | 29013 = 5.167
Prob. {10000 0.015 | 0.100 . 0999 | 0999 :

Source: Authors”

caleulation Using EViewl2

Table 4 Results of the Ljung-Box test and JB test (Normality test)

i Result Jarque-Bera | Result
Variable | Models leg ()- Stat. P.value X ;

(Ljung-Box) l (p-value) i J-1 testy

E {4A) i 7 PR 12 13.525 (093 Insignificant | .615 | Accepled

% P | (3.1.3) 12 7.1537 0307 | Insignificant | 0613 | Accepred

® | (Y) | 2.1,2) 12 11878 0.157 | Insignificant | 0512 | Accepted

Source: Authors” calculation Using EViewl2

Based an the estimation results of ARIW (2, 1,2), 63, 1,3), and (2, 1, 2) models (Intercept and
coefficients given in table 3) respectively. and the functional form of the time series forecasting models

may be presented as follows (Eq. 8,9, and 10) according fo given in table 3:
4 Meodel for Sorghum Cultivation Area (SCA)-

Y= D06 - 1 493Y,-,

+ Model for Sorghum Production (SP)-

Y= — L1720 + 0.840Y5 4 —0.187 1. 2— 0496, 3 — 2924014+ 292402 0.9990,.3+ wi

4+ Model for Sorghum Yield (8Y)-

¥= 08737 +0.828Y. » — 0.446Y 2— 0436w r + 0.99%-2 4 i

4.3, Forecasting Result

0964, 4+ 169300 +1 Q00w 2 + 1

This research siudy is based on annual :lmﬁ:m of the sorghum coltivation area, production and

vield, and covering the period of 2001 o 2030 (30 chservations ): of which 23 observations ranging from
2001 1o 2023 were historical data amd 7 observations ranging the period of 2024 :hzom wits forecasted

amount of sorghum cultivation area (SCA). production, and yield. In table 5 shows the forecasting resulis

of ARIMA (2, 1, 21,13, 1. 3), and (2, 1, 2) for sorghum produce area, pmdtainn.und yield; and ARIMA
(2,1, 2), (3, L, 2), and (2, 1, I) models for SPA, SP and 8Y which was observed as the best suitable

odel for predicting the future amount of sorghum arca, sorghum production. and sorghum vield

respectively: and we have estimated that the vearly amount of SPA, SP and §Y achieved in the vear 2023-
24 brom 21593 (cultivation area 000" heetare). 21363 (production “000 Tonnes), and | L4379 (yvield

kg/hectars) respectively to 13592 (cultivation area 000" hectare). 1.9874 (production ‘000 Tonnes|, and
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