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ABSTRACT

In India, white revolution was started during 1970’s with Operation flood programme. After this revolution, production of milk 
in India had tremendously increased. Contribution of diary sector has continuously increased in Indian Gross Domestic Product 
(GDP). Livestock sector has emerged as an essential growth driver of the Indian wealth. This study is associated with time 
series data of five major milk producing states in 2017-18 in India. The milk production projection has been made using Auto 
Regressive Integrated Moving average model (ARIMA) for year 2024-25. From the forecasted figures, Uttar Pradesh would be 
leading states of India in milk production with 37.68 MMT in year 2024-25. Whole India milk production would reach 252.948 
MMT in year 2024-25. This projection helps in formulating national agricultural policy as well as proper planning for products 
into dairy sector.
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Dairy sector in India is one of the vibrant sectors of India; 
it has witnessed record growth of 6.7 percent during 2017-
18 (Anonymous, 2018). This phenomenal growth record 
is also accompanied by its being recognized by NITI 
AYOG as the prime sector which can help double income 
of the farmers’ in the country. The dairy sector has made 
excellent performance in exporting high value products to 
the tune of US $575 million compared to its imports of 
US $34.6 million and helped India re-emerge as the net 
exporter of dairy products. In 1970-71, per capita milk 
availability was 110 gram per day per person which rose 
to 378 gram per day per person in 2017-18 (Anonymous, 
2018). This has significantly contributed to the betterment 
of food sufficiency of the nation. Despite such impressive 
performance, milk is luxury for many in India. The 
milk prices in India are comparatively higher than price 
prevailing in International market Bhardwaj et al. (2017). 
Dairies are coming up in traditional milk powerhouses like 
Haryana, Punjab and Andhra Pradesh. This is a rapidly 

growing sector and progressively a number of established 
businesses are examining the feasibility of entering the 
dairy industry through large commercial farms. The brief 
and rosy picture depicted by the facts and figures presented 
above is merely a snapshot of dairy sector performance in 
India. However, it needs further examination to uncover 
the finer details of its performance. When policy matters 
are discussed the nit is important to have estimates of 
future production that is likely to take place in the country. 
In this direction, Sharma et al. (2018) investigated the 
monthly arrival of Rohu fish using ARIMA in Jammu 
Region of J&K State. Deshmukh and Paramasivam (2016) 
evaluated about milk production forecasting using ARIMA 
and VAR time series model. Chaudhari and Tingre (2014) 
considered about egg production in India using ARIMA 
modelling. Prajneshu and Venugopalan (1997) identified 
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models to forecast the future fish production. Mishra et al. 
(2020) used ARIMA modeling in  India and Chhattisgarh. 
At present, India is self-sufficient in milk production. But 
increasing population also increase the demand for milk 
and milk made product. The policy making regarding 
milk production got shot in arm owing to initiatives of Dr. 
Verghees Kurian, the father of White Revolution in India. 
The policy makers needs forecast for effective policy 
decision on variables such as price support to farmers, 
import and anti-dumping duty and quality improvement 
programmes. Keeping in mind following objectives are 
framed for the study: It is necessary to find out what 
will be the future milk production, so appropriate policy 
implications can be planned.

MATERIALS AND METHODS

Auto-Regressive Integrated Moving (ARIMA) 
Approach

Time series is a branch of Statistics; the object is to 
study variables over time. Among its main objectives is 
the determination of trends within these series as well 
as the stability of values (and their variation) over time. 
Unlike traditional econometrics, the purpose of time 
series analysis is not to relate variables to one another, 
but to focus on the “dynamics” of a variable. In particular, 
linear models (mainly AR and MA, for Auto-Regressive 
and Moving Average), (Box-Jenkins, 1976), conditional 
heteroscedasticity models, notably ARCH (Auto-
Regressive Conditional Heteroskedasticity), (Engel, 
1982) are used in modeling time series. In this study, we 
deal with Auto-Regressive Integrated Moving (ARIMA) 
process, (called Box-Jenkins Approach) to estimate and 
forecast the milk production in India and five major 
milk producing states namely, Andhra Pradesh, Madhya 
Pradesh, Uttar Pradesh, Gujarat and Rajasthan, over the 
period 2001 to 2018. The selection of states was done on 
the basis of their contribution to milk production in the 
country in year 2017-18. 

These five states contributed nearly 53 percent of total milk 
production in India. The data for analysis was collected 
from the Department of Animal Husbandry, Dairying & 
Fisheries, Ministry of Agriculture  and Farmers Welfare, 
Government of India.

In practice, it is impossible to know the probability 
distribution of a time series yt, t > 0; therefore, when 
primary interested is in the modeling of the conditional 
distribution (a priori constant in time) of yt, via its density:

( )| , 0;t t pf y y t p− ≥ 	 …(1)

Conditioned on the history of the process: yt = yt, yt-1, … 
y0. It is therefore a necessity to model yt on its past values.

Auto-Regressive Model, AR (p)

The conditional approach in Equation (1) provides a 
decomposition prediction error, according to which:

( )
1

|
p

t t t p t t i t i t
i

y E y y y yε β ε− −
=

= + ⇔ = +∑ 	 …(2)

Where, E(yt\yt-p)is the component of yt,  that can give rise 
to a forecast, when the history of the process, yt-1, yt-2 …, y0 
are known. And εt represents unpredictable information. 
We suppose, εt ~ WN (0, σ2), is white noise process. The 
equation (2) represents an autoregressive model (AR) of 
order p. As an example an autoregressive processes of 
order 1, AR (1) is defined:

1t t ty c yα ε−= + + 	 …(3)

The value yt depends only on its predecessor. Its 
properties are functions of  α which is a factor of inertia. 
Autoregressive processes AR (p) assume that each 
observation yt can be predicted by the weighted sum of a 
set of previous observations yt–1, yt–2,… yt–p, plus a random 
error term. The other type of process of the box-jenkins 
approach is Moving Average, MA(q).

Moving-Average process MA (q)

The moving average processes assume that each 
observation yt is a function of the errors in the preceding 
observations, εt–1, 

εt–2, …, εt–p, plus its own error. A moving 
average process is given as:

1

q

t i t i
i

y cθ ε −
=

= +∑ 	 …(4)

The combination of the two models, AR (p) in equation 
(3) and MA(q) in equation (4) is an ARMA(p, q) process; 
which is the most popular models of the Box Jenkins for 
its flexibility and suitability for various data types. The 
model is designed as follow:
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With: 

( ) ( ) ( )1, , , 1, , 0,i i ti p i q WN εβ θ ε δ= … = … ∈ 

The time series yt must be stationary to be fitted by an 
ARMA models. We take the case of weak stationary, and 
we put its definition:

Definition: a time process yt with real values and discrete 
time y1, y2, … yt. It is stationary in the weak sense (or 
“second order”, or “in covariance”) if:

�� ( )iE y µ= 	 1, , .i t∀ = …

�� ( ) 2
iVar y σ= ≠ ∞ 	 1, , .i t∀ = …

�� ( ) ( ),i i k kCov y y f k ρ− = = 	 1, , .i t∀ = …

When one or more stationary conditions are not met, the 
series is said to be non-stationary. This term, however, 
covers many types of non-stationary, (no-stationary in 
trend, stochastically non-stationary,…), we focused on 
the later. Thus, if yt is a stochastically non-stationary, 
a difference stationary technique should be applied. 
Consequently, a series is stationary in difference if the 
series obtained by differentiating the values of the original 
series is stationary. Generally, we used the KPSS test, 
(Kwiatkowski et al., 1992 and Leybourne and McCabe, 
1994).

The difference operator is given by: Δ(yt) = yt – yt–1, if the 
series is differentiated d times, we say that it is integrated 
of order I (d). The process will be noted as ARIMA (p,d,q), 
defined by the equation:

( )( ) ( )1
d

t tL L y Lβ θ ε− = 	 …(6)

With, L: is the lag operator (L) or backshift operator (B); If 
the time series Xt = 1 – L)d yt is stationary, then, estimating 
an ARIMA (p,d,q), process on yt is equivalent to estimating 
an ARMA (p, q) process on Xt.

Box and Jenkins (1970) proposed a prediction technique 
for a univariate series that is based on the notion of 
the ARIMA process. This technique has three stages: 
identification, estimation and verification. The first step is 
to identify the ARIMA model (p, d, q) that could spawn the 
series. It consists, first of all, in transforming the series in 
order to make it stationary (the number of differentiations 

determines the order of integration: d), and then to identify 
the ARMA model (p, q) of the series transformed with 
the correlogram and partial correlogram. The graph of 
autocorrelation (correlogram) and partial autocorrelation 
coefficients (partial correlogram) give information on the 
order of the ARMA model. Thus, if we observe that the 
first two autocorrelation coefficients are significant, we 
will identify the following model: MA (2). The second 
step is to estimate the ARIMA model using a non-linear 
method (nonlinear least squares or maximum likelihood). 
These methods are applied using the degrees p, d and q 
found in the identification step.

Generally, we use the Maximum Likelihood method; by 
consider that the errors εt follow a normal distribution, 
N(0,σε

2). The log-likelihood function of a ARMA (p,q) 
process is defined as:
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With:

�� T: number of observations,

�� Ψ a matrix of (p + q + T, p + q) dimensions, 
dependent of βi(i = 1,…,p) and θi(i = 1,…,q),

�� ( ) ( )2
2, \ , , ,

T

t t i jt
X εϖ β ϕ ε β θ σ

=−∞
 = Ε  ∑ with i 

= (1,…,p; j = 1,…,q.

The third step is to check whether the estimated model 
reproduces the model that generated the data. For this 
purpose, the residuals obtained from the estimated model 
are used to check whether they behave like white noise 
errors using a “portmanteau” test (a global test that 
makes it possible to test the hypothesis of independence 
of residues). The common tests are based on residuals 
analysis for normality, and autocorrelation (Box and 
Pierce, 1970; Ljung and Box, 1978; Durbin and Watson, 
1950 & 1951), Homoskedasticity: Test of Breusch and 
Pegan (1979), ARCH Test, Engel (1982). The last point 
under this step is the prediction of future values of yt by 
the selected model.
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RESULTS AND DISCUSSION

We have six time series of milk production: for India at 
whole, Gujarat, Rajasthan, Andhra Pradesh, Madhya 
Pradesh and Uttar Pradesh over the period (2001-2018). 
Table 1, provides summary statistics for milk production 
data of major states of India. From the table 1, it is clearly 
visible that, Rajasthan and Madhya Pradesh register 
tremendous growth rate in milk production 2.78 and 2.89 
respectively. For identification ARIMA process, we used 
the augmented Dickey-Fuller (ADF) tests. The result of 
ADF test indicates that all the time series are not stationary, 
and the same can be graphically confirmed from Fig. 1. 
Furthermore, the six time series are of deterministic non-
stationary (DS), after the second differentiation, (1 – L)2 

yt, except for Andhra Pradesh milk production series, is 
integrated of first order (i.e.) (1 – L)2 yt = Δ(yt) = yt – yt–1, t 
= 1,2,…17 . The best ARIMA(p,d,q) models were selected 
via the criteria (LL, AIC, BIC…etc.) lead us to select the 

models in Table (2) to fit the dynamics of the six time 
series of milk production, the full results are in the Table 
(2).

Based on the selected models, and trough the theoretical 
part of this study, the almost objective of the Box-Jenkins 
method is to forecast the future dynamic of the times 
series. For milk production in: India, Madhya Pradesh and 
Rajasthan, the best model selected is an ARIMA (0,2,0), 
the forecast equation according to this model is :

( )1 2ˆ 2* ,    0t t t t ty y y ε ε− −= − + Ε =

If we order this time series according to the factor 
development, Rajasthan is in first place with 2.89, 
followed by Madhya Pradesh with 2.78 then whole India 
with a factor of 2.09; any can see that the milk production 
in India is doubled over the period (2001-2018), with a 
positive yearly rate of 4.16%. For future dynamic of milk 
production of these three times series, we predict that 

Table 1: Summary statistics of milk production (Million tonnes)

Statistic Mean Min Max Factor  
(Growth rate) St. Dev. Qrt(1) Qrt(3)

India 120 631.9 84 406 176 347 2.09 28 451.5 97 066 137 685
Andhra Pradesh 9 796.2 5 814 13 725 2.36 2 481.9 7 624 12 088
Gujarat 9 154.2 5 862 13 569 2.31 2 469.6 6 960 11 112
Madhya Pradesh 8 232.7 5 283 14 713 2.78 2 951.2 6 283 9 599
Rajasthan 12 973.3 7 758 22 427 2.89 4 547.1 8 713 14 573
Uttar Pradesh 20 938.8 14 648 29 052 1.98 4 493.4 17 356 24 194

Table 2: Models fitting for Milk production, over the period (2001-2018)

Model drift AR MA LL AIC AICc BIC ME RMSE MAE MPE MAPE MASE ACF1 LB(*)

India ARIMA 
(0,2,0)

— — — -129.11 260.21 260.52 260.92 536.3 1243.5 878.7 0.427 0.71 0.15 0.02 0.461

Andhra 
Pradesh

ARIMA 
 (0,1,0)

494.43

(265.1)

— — -134.17 272.33 273.25 273.88 0.312 1028.7 555.4 -0.421 5.47 0.60 0.01 0.465

Gujarat ARIMA 
(0,2,1)

— — -0.561

(0.17)

-95.23 194.46 195.46 195.87 54.62 128.31 85.24 0.593 0.92 0.17 -0.39 0.431

Madhya 
Pradesh

ARIMA 
(0,2,0)

— — — -106.2 214.42 214.71 215.11 70.78 270.03 165.95 0.825 2.22 0.28 -0.37 0.421

Rajasthan ARIMA 
(0,2,0)

— — — -119.83 241.65 241.96 242.36 90.53 669.77 491.75 0.802 3.48 0.53 -0.41 0.123

Uttar 
Pradesh

ARIMA 
(0,2,1)

— — -0.569

(0.19)

-104.55 213.1 214.11 214.51 79.94 238.72 151.35 0.338 0.67 0.16 -0.13 0.399



Time series investigation on milk production in India

Journal of Animal Research: v.10 n.1, February 2020	 81

positive trend would be maintained; we expected the milk 
production in 2024-25 will record (respectively) 252948 
miles ton in India 23589 miles ton in Madhya Pradesh and 
23466 miles in Rajasthan .

The Milk production of Andhra Pradesh time series is 
fitted by a random walk with drift (simply an ARIMA 
(0,1,0) with drift), Pincheria & Medel (2016). The model 
prediction equation is defined as follow:

( )1 1

1

ˆ

ˆ 494.3
t t t t t t t t

t t

y c y y y c y c

y y

ε ε ε− −

+

= + + ⇒ − = + ⇒ ∆ = +
= +

From the Table (1), the milk production in Andhra Pradesh 
was factored by 2.36 times over the period 2001-2018; a 
higher rate compared to the national level (in India was: 
2.09), the forecast estimation results indicated that the 

milk production in this region could reach the threshold of 
17000 miles ton in 2024-25.

The mean production of milk in Gujarat and Uttar Pradesh 
over the period (2001-2018) was (respectively): 9154.2 
and 20938.8. In Gujarat, the milk production was factored 
by 2.31 since 2001, in Uttar Pradesh the production level is 
increased by a factor of 1.98. The best selected models for 
the two series were an ARIMA (0, 2, 1), respectively for 
Gujarat (G.J.) and Uttar Pradesh (U.P.), the fitted models 
are defined as:





1 2

1 2

2* 0.561*    :1,2, 17

2* 0.569*             :1,2, 17

t t tt

t t t t

Gug Gug Gug t

Ut Ut Ut t

ε

ε
− −

− −

= − + …

= − + …

The forecasts details for milk production of these two time 
series are shown in Table (3) and Fig. (2). Statistically, 

Table 3: Milk Production Forecasting: in Major states in India (In Miles tones)

India Andhra Pradesh
Years P F Lo 80 Hi 80 Lo 95 Hi 95 P F Lo 80 Hi 80 Lo 95 Hi 95
2018 187290 18559.4 188986.6 184695.2 189884.8 14219.4 12815.9 15622.9 10272.9 16365.9
2019 198.233 194439.2 202026.8 192430.8 204035.2 14713.8 12728.9 16698.7 11678.2 17749.5
2020 209176 202827.7 215524.3 199467.1 218884.9 15208.3 12777.3 17639.3 11490.4 18926.2
2021 220119 210826.1 229411.9 205906.7 234331.3 15702.7 12895.7 18509.8 11409.7 19995.8
2022 231062 218479.3 243644.7 211818.4 250305.6 16197.2 13058.8 19335.6 11397.4 20996.9
2023 242005 225820.1 258190.1 217252.2 266757.8 16691.6 13253.8 20129.6 11433.7 21949.5
2024 252948 232873.1 273023.2 222245.9 283650.1 17186.1 13472.6 20899.4 11506.8 22865.2

Gujarat Madhya Pradesh
Years P F Lo 80 Hi 80 Lo 95 Hi 95 P F Lo 80 Hi 80 Lo 95 Hi 95
2018 14227.4 14046.2 14408.6 13950.2 14504.5 15981 15612.6 16349.4 15417.6 16544.4
2019 14885.8 14568.3 15203.3 14400.3 15371.4 17249 16425.2 18072.8 18989.2 18508.8
2020 15544.2 15078.9 16009.5 14832.7 16255.8 18517 17138.5 19895.5 16408.8 20625.2
2021 16202.6 15576.1 16829.2 15244.5 17160.8 19785 17767.2 21802.8 16698.9 22871.3
2022 16861.1 16060.1 17662.3 15636.1 18086.1 21053 18308.3 23785.2 16874.5 25231.5
2023 17519.5 16531.4 18507.5 16008.4 19030.5 22321 18806.6 25835.3 16946.2 27695.7
2024 18177.8 16990.8 19364.9 16362.5 19993.3 23589 19229.9 27948.1 16922.4 30255.6

Rajasthan Uttar Pradesh
Years P F Lo 80 Hi 80 Lo 95 Hi 95 P F Lo 80 Hi 80 Lo 95 Hi 95
2018 24004 23090.2 24917.8 22606.4 25401.2 30284.9 29947.8 30622.1 29769.3 30800.5
2019 25581 23567.7 27624.3 22456.1 28705.9 31517.8 30929.4 32106.2 30617.9 32417.7
2020 27158 23738.9 30577.1 21928.9 32387.2 32750.7 31890.5 33610.8 31435.2 34066.2
2021 28735 23729.9 33740.1 21080.4 36389.5 33983.6 32827.5 35139.7 32215.5 35751.8
2022 30312 23535.2 37088.8 19947.7 40676.3 35216.5 33740.5 36692.6 32959.1 37473.9
2023 31889 23172.1 40606.1 18557.5 45220.5 36449.4 34630.5 38268.3 33667.7 39231.1
2024 33466 22653.8 44278.1 16930.3 50001.7 37682.3 335498.9 39865.8 34343.1 41021.6

(PF: Point Forecast); Lo 80 and Hi80 are (respectively) the lower and higher bounds of predictive interval for an error term alpha = 0.2; Lo 
95 and Hi95 are (respectively) the lower and higher bounds of predictive interval for an error term alpha = 0.05.
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Fig. 1: Evolution of milk production in India Gujarat, Rajasthan, Andhra Pradesh, Madhya Pradesh and Uttar Pradesh over the period



Time series investigation on milk production in India

Journal of Animal Research: v.10 n.1, February 2020	 83

Fig. 2: Forecast results of Milk production in India Gujarat, Rajasthan, Andhra Pradesh, Madhya Pradesh and Uttar Pradesh over the 
period (2018-19-2024-25)

an ARIMA(0,2,1) process is an equivalent to a Linear 
Exponential Smoothing (LES) model, Holt, (1957), 
Hyndman et al. (2008); with the Moving Average, 
MA(1) coefficient corresponding to the value 2 *(1 – α) 
in the LES model. We forecast that the milk production 
(respectively) in Gujarat and Uttar Pradesh may exceed 
the level of 18000 and 87000 in 2024/2025. The forecast 
intervals are less scattered in Uttar Pradesh compared to 
Gujarat, thus, the precision of prediction are best in Uttar 
Pradesh than Gujarat.

CONCLUSION

Diary sector is important activity of Agriculture sector. 
Milk production is having crucial role in development 
of dairy sector. Except the Uttar Pradesh, all major states 
and whole India register more than 2 percent growth rate 
during the study period. For all milk production data 
expect Andhra Pradesh, two time differencing required 
to make the data stationary in present investigation 
for forecasting purpose. From the forecasting figures, 
Uttar Pradesh followed by Rajasthan would play vital 
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contribution in milk production in India. With 37.60 MMT 
in 2024-25 Uttar Pradesh would be leading state of India 
on milk production. To increase milk production need to 
provide quality fodder and proper health care of animals. 
This projection help to making strategy for future to meet 
our milk demand. For increasing the milk production need 
to make awareness to dairy owner and farmers on animal 
breeding program and healthcare practices.
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