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ABSTRACT

Pulses have long been used as a major source of
protein in vegetarian or vegan cuisine. India is the
pulse hub of the world and as the aftereffects of
COVID-19 pandemic has indicated the surging
demand for plant-based protein products among
world nations, it can be highly expected that India
would establish its supremacy in international
pulse trade within This study was conducted based
on secondary data collected from various published
sources on major pulse crops of India viz. bengal
gram, red gram, green gram and black gram from
1950-51 to 2017-18 using Box Jenkins’ ARIMA
model and demand equation given by Kumar
(1998) for forecasting future production from
2018-19 to 2030-31. The findings revealed ARIMA
models selected for forecasting pulse production in
India included: (0, 1, 1) for bengal gram; (2, 1, 3)
for red gram and green gram; and (2, 1, 2) for
black gram and found increasing trend in future
production during 2018-19 to 2030-31 in all the
pulse crop under study. Further, the supply-
demand forecasting scenario revealed that the
demand-supply gap is predicted to be positive only
with bengal gram (1.02 mt) and black gram (0.20
mt) by 2030-31, whereas the future deficit is
predicted in red gram (-1.47 mt) and green gram (-
051 mt) in 2030-31. Therefore, the further
widening of demand-supply gap of major pulses
needs to be arrested through increased levels of
productivity and policies that can help in
maintaining the growth in the long-run are needed
that will be able to keep a balance between
domestic production and demand for pulses.

Keywords: Pulses, forecasting, demand-supply
gap, India

l. INTRODUCTION

Pulses, defined as legumes which are used
for human consumption and plants with great
agronomic value, at the food system level as much
as the field level. India is the world's largest
producer and consumer of a wide variety of pulses
such as bengal gram, black gram, red gram, green
grametc contributing around 25-28 per cent of the
total global production in the last decade. Although
India ranks first globally in terms of area and
production of pulses, it is not yet self-sufficient and
remains a net importer of pulses.In a country where
at least 27 per cent of the population is solely
vegetarian and with a per capita meat consumption
of 2.2 kg, which perhaps is the lowest in the world,
pulses form the indispensable constituent of the
daily dining palate of the average Indian. As 2019-
20, total area under pulses was 27.98 million
hectares with a production of 23.02 million tonnes
and the productivity level was 823 kg /ha, while
demand was about 24.32 million tonnes (DES,
2020). The net availability of pulses has come
down from 60 g/day/capita in 1951 to 47.9
g/day/capita in 2019-20 but after accounting for
seed, feed and wastage (SFW), the per capita
availability of pulses was around 42.16 grams per
day alone which is less than the ICMR (Indian
Council of Medical Research) recommendation (65
g/day/capita) (IIPR, 2019). Due to the mismatch
between supply and demand of pulses, prices of
pulse crops have increased exorbitantly. To meet
the demand for pulses, India has been importing a
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large quantity of pulses in recent years. The import
of pulse crops increased from 0.38 Mt in 1993 to
2.5 Mt in 2019-20, even after including imports the
net availability reached a level of 44 grams per
capita per day alone, which is still way below the
recommended daily requirement. As India’s
population is expected to reach 1.68 billion by
2050 the pulse requirement (demand) is also
projected to reach 39 mt by 2050 with an
anticipated required annual growth rate of 4.3 per
cent. Thus, there is a need to increase production
and productivity of pulses in the country by more
intensive interventions(Ahlawat et. al. 2016).

The United Nations declared 2016 as
“International Year of Pulses” (IYP) to heighten
public awareness and went a long way to reverse
these perceptions and bring to light the crucial roles
that pulses play in healthy diets, sustainable food
production and, above all, in food security. Pulses
truly are nutritious seeds for a sustainable future
and can make an important contribution to the
achievement of many of the Sustainable
Development Goals of the 2030 Agenda for
Sustainable Development (Rawal and Navarro
2019). It can be ascertained that pulses are
important in improving the nutritional status in
India. Thereby, it is required to address the
technological, environmental and policy measures
to increase pulse area, production and consumption,
including addressing price volatility; campaigns
underlining diet diversification, behavioral change
and awareness on pulse diets.

In a nation, continuous growth in demand
over time aggravates food problems and hence it is
essential to assess its impact on future prospects of
demand-supply balance. This article aims at
forecasting demand-supply scenario of major pulse
crop in India for the period 2018-19 to 2030-31
will be helpful for policy makers to foresee ahead
of time the future requirements of grain storage,
import and adopt appropriate measures in this
regard.

1. METHODOLOGY

The study primarily based on the
secondary data collected from various published
sources like Directorate of Economics and
Statistics, various issues of Government of India,
Department of Agricultural, Cooperation &
Farmers welfare, Ministry of Agricultural &
Farmers welfare. The following analytical
techniques are used to estimate the demand and
supply of pulses in India. The four major pulse
crops included under the study were: bengal gram,
red gram, green gram and black gram as together

they contribute 94 per cent to the national pulse
pool. The annual data on production of these pulses
collected for the period 1950-51 to 2017-18 were
used for forecasting the future values using
ARIMA models.

Demand forecasting

Demand projections are generally made on
the basis of some realistic assumption regarding
growth rates of population and income.
Accordingly, for projecting the demand for the
pulses under study for human consumption, the
following factors were included for the base year
(2011-12) as well as for the onward period under
study i.e. 2020-21 to 2030-31.
(i) Population in selected states (millions) in time
period t;
(ii) Per capita consumption / annum of pulses in
the selected states in time period t;
(iii) Per capita income in the selected states in time
period t; and
(iv) Expenditure elasticities of pulses in the
selected states.

Demand projections for the pulses under
study was obtained by using the following formula
given by Kumar (1998).

Q. =0Q[1+ (%)]B .................. 1)
Wherein:
Q = Demand as population multiplied per
capita consumption in a given period,;
Q: = Demand for selected pulses in India in t
period;
Qo = Demand for selected pulses in India in
base (2011-12) period,;
Y = Per capita income in t period,;
Yo = Per capita income in base (2011-12)
period; and
B = Elasticities of expenditure.

The state level consumption data was
obtained from 68" round of National Sample
Survey Organization: 2011-12 (NSSO, 2014).
Similarly, the population as well as per capita
income were obtained from various socio-
economic reports. The base year for forecasting
was assumed as 2011-12 and the demand
projections for the future will be made for the
period from 2019-20 to 2030-31.

The quadratic function was found to be the
best fit to obtain expenditure elasticity of pulses
(Kumar, 1998)as given below
Y = a+byx+bx%+u
Wherein:

Y = Per capita expenditure on the given
pulse (Rs. / annum) in India (NSSO, 2014);
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X = Per capita total consumption
expenditure on all commodities (Rs.
/annum) in India (NSSO, 2014);
a = Constant;
b = Regression coefficient; and
u = Random/error term.
From the quadratic equation, the expenditure
elasticity (8) was worked out as follows:
B = g(b1 —2b3%) e )
Where:
= Expenditure elasticity of selected
pulses in India in timeperiod t,
b,, b, = Regression coefficients to be estimated,
X = Mean value of consumption
expenditure selected pulses in India
(68™ round of NSSO data); and
y = Mean value of total consumption
expenditure on all commodities in India
(68" round of NSSO data).

Supply forecasting

ARIMA (Auto-Regressive
Integrated Moving Average) models are a powerful
class of models which can be applied to many real
time series. These models consist of three parts: (1)
an autoregressive part; (2) a moving average part;
and (3) a part involving the first derivative of the

P
AY,=a+BT+8Y +b DAY, +e
i-1

time series. ARIMA has got advantage over linear
regression as the latter only works with observed
variables while ARIMA incorporates unobserved
variables in the moving average part; thus, ARIMA
is more flexible (Padhan, 2012). The full
specification of an ARIMA model comprises the
orders of each component, (p, d, q), where p is the
number of preceding values in the autoregressive
component, d is the number of differencing, and g
is the number of preceding values in the moving
average component. The model is carried out by
using Box-Jenkins Methodology which in turn
consists of four stages, viz. (i) identification; (ii)
Estimation; (iii) Diagnostic checking; and (iv)
Forecasting (Box and Jenkins, 1976).

i) ldentification: The first step of Box-Jenkins
forecasting model is to identify the appropriate
order of ARIMA (p, d, q) model. Identification of
ARIMA model implies selection of AR (p), MA (q)
and I (d). The order of ‘d’ was estimated through I
(0) or I (1) process of unit root stationarity test. In
this study, the data series was checked for
stationarity by using Augmented Dicky-Fuller
(ADF) unit-root test by running regression of
the following specification as specified by
Dickey and Fuller (1979):

.......... 4)
Where:
Y = Response variable at time ‘t’ (i.e. Production);
AYi= Ye1— Yoo (t-i — lagged series and A — differenced series);
T = Time trend;
o = Drift (constant) parameter;
B, 0,and b= Coefficients;
&t = Pure white noise error-term; and
P = Number of lags necessary to obtain white noise or to remove serial correlation
in residuals.

In this model, the ADF tests the null
hypothesis that the price series (Yj) has a unit
root and price series are not stationary (i.e.
non-stationary). This is done by calculating t-

statistics for O, = 0. If the coefficient Jis not

statistically different from zero,it implies that the
series have a unit root, and, therefore, the series is
non-stationary. If the value of the ADF statistics is
less than the critical value at the conventional
significance level (usually at 5 per cent
significance) then the series (Y;,) is said to be
stationary and vice-versa. The critical values for

values and are given in Engle and Yoo (1987). If
the computed value (at level) is smaller than the
critical © 7 * statistics, the null hypothesis of non-
stationary series is not rejected. If Yjis found
non-stationary at levels i.e. | (0) then it should
be determined whether it is stationary at ‘n’
differences i.e. Y= (Yi-Yir1) ~ | (n) by
repeating the above given specification.
Another way for testing stationarity is
to compute the auto-correlation functions
(ACF) of difference series [Y;] up to 24 lags.
If the ACF for first and higher differences
(after 2-3 lags) drop abruptly to zero, then it

this test are negative and larger than the standard t
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indicates the series is stationary. This method
was also attempted to determine stationarity in
this study.

Selection of order ‘p’ and ‘q’: The model
specification and selection of order ‘p’ and ‘q’
involves plotting autocorrelation (ACF) and partial
autocorrelation functions (PACF) or correlogram of
variables at different lag lengths. The
autocorrelation functions specify the order of
moving averages process, ¢ and partial
autocorrelations select autoregressive of order p.
The ACF shows autocorrelation coefficients at
different lag length with 95 per cent confidence
interval whether they are statistically different from
zero or not. Order of AR i.e. p and MA i.e,, q is
obtained by the examination of PACF and ACF
plots respectively. Number of lagged values outside
the limit is the order of the model The significance

Q=TT+ 2)Xi=1

Where:
T = Number of observations;

TK

level of individual coefficients was measured by
Box-Pierce Q statistics and for all the coefficients
jointly together by Ljung-Box statistics. The Box-
Pierce Q statistics test is given by:
Qm = n(n + 2) ZE:l(n - k)_lr]% ~ szn—r °°°° (5)
Where: rZ = Sample autocorrelation at lag K;

n = Number of observations

m = Number of time lags included in the
test

When the p-value associated with the Q is
large the individual coefficient is considered
adequate for 5 per cent level of significance else
the whole process has to start again (Rahman et al.,
2013). On the contrary, Ljung — Box Statistics tests
whether a group of autocorrelations of a time series
are less than zero. The test statistic as used by
Hamjah (2014) was specified in the study as:

S = Length of coefficients to test autocorrelation; and

r = Autocorrelation coefficient (for lag k)

If the sample value of Q exceeds the critical value of a y? distribution with s degrees of freedom, then
at least one value of r is statistically different from zero at the specified significance level.

ii) Estimation of parameters

Once the order of p, d and q are identified, next step is to specify appropriate regression model and
estimate it. To obtain least square estimates of the parameters such that the error sum of squares is minimum.
The appropriateness of p, d and q values of the model and their statistical significance was judged by t-

distribution.

Several models were compared, and the best fitting model were selected on the basis of the minimum
values of Mean Absolute Error (MAE), Mean Absolute Percentage Error (MAPE), Root Mean Square Error
(RMSE) and the maximum value of Coefficient of Determination (R?) and Adjusted R-square as suggested by

Padhan (2012) and Mahapatra and Dash (2019).

MAE = ——25|Y Yi|

MAPE = X100

(Y — ?i)z
(Y, —Y)?

RZ=1-

(1-RH(n-1)

Adjusted R2 = 1 -
juste e —T

(7

..(8)

..(9)

..(10)

. (11)

Where, Y;, Y and Y;are the values, mean and estimated value of the i™ observation of the variable Y, respectively
and n is total no of observations and k represents no of independent variable (i.e., p (AR) and q).
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iii) Diagnostic checking

The ARIMA (p,d,g) model is assumed to
be efficient when the residuals estimated from it are
of white noise. The residuals of the fitted models
were used for diagnostic checking. The estimated
model must be checked to verify if it adequately
represents the series.

In addition, an overall check of the model
adequacy was made using the modified Box-Pierce
Q statistics. The test statistics is given by:
Qm=n(n+2) Tk (0 —K) 'K ~ Xi,

.......... 12)
Where, rZ = Residuals autocorrelation at lag K;

n = Number of residuals

m = Number of time lags included in the
test

When the p-value associated with the Q is

large the model is considered adequate, else the
whole estimation process has to start again in order
to get the most adequate model. Here all the tests
were performed at the 5 per cent level of
significance.
iv) Forecasting: Once the three previous steps of
ARIMA model are over, then we were able to obtain
the forecasted values by estimating appropriate
model. ARIMA models were used to forecast the
corresponding variable. For that, the entire data was
segregated into two parts: one for sample period
forecasts and the other for post-sample period
forecasts. The former was used to develop
confidence in the model and the latter were used to
generate genuine forecasts for wuse in future
planning. The data consisted of 68 periods (i.e. from
1950-51 to 2017-18)with the help of SPSS 20.0
statistical software package, Box-Jenkins ARIMA
model was run to forecast the production of the
major pulses under study for the ex-post facto
period from 2020-21 to 2030-31. The accuracy of
the forecasts for ex-post was tested for the minimum
values of Mean Absolute Error (MAE), Mean
Absolute Percentage Error (MAPE), Root Mean
Square Error (RMSE) and maximum value of
coefficient of determination (R?) and Adjusted R-
square as given in equations (7) to (11).

I1. RESULTS AND DISCUSSION

Supply forecasting for major pulses in India:
Appropriate ARIMA model is fitted to the
data on production of pulses in India for the purpose
of forecasting. Data used for bengal gram and red
gram in the model building is from the year 1950-51
to 2017-18 and for green gram and black gram it is
from 1970-71 to 2017-18. The data from 2008-09 to
2017-18 is used for cross validation of the selected

model and forecasting is done for the years 2018-19
to 2030-31 by using the best fit model.

The forecasting criteria, cross validation
and future prediction of each of the pulse crop under
consideration was carried out. A summary chart of
the results has also been given in Table 1 so as to
have a quick look at the estimations carried out
using the Box Jenkins’ ARIMA methodology. The
summary chart shows that in majority of the cases
the stationarity in the dataset was attained only after
first differencing. At the maximum, the AR and MA
components of the model had to be run till (2,1,3) to
obtain lesser MAPE and higher adjusted r-squared
values. Needless to say, that both MAPE and
adjusted R-squared were employed as key
determinants in selecting the suitability of the model
for forecasting. Cross-validation results showed that
the mean of the forecasting error (%) ranged mostly
below 10 per cent level. In addition, the future
production of pulses is predicted to show increasing
trend.

Model identification:

First stage of ARIMA model building is to
identify whether the wvariable, which is being
forecasted, is stationary in time series or not. The
time plot of bengal gram, red gram, green gram and
black gramproduction data was plotted and found
that the data is not stationary. So, in order to build
ARIMA model the series were differenced and
again checked for stationary. After taking the first
difference the time series were found to have
stationary both in its mean and variance for all the
four major pulse taken under study. Before to going
to estimation of parameters the differenced time
series data was tested for stationary (unit root
problem) using augmented Dickey-Fuller test and
following results were obtained (Table 2).

In case of stationarity the hypothesis will become:
Ho: The time series is non-stationary against
H.: The time series is stationary

Therefore, fail to accept the H, and hence
can conclude that the alternative hypothesis is true
i.e., the series is stationary in its mean and variance
in bengal gram, red gram, green gram and black
gram. Thus, there is no need for further differencing
the time series and adopt d = 1 for the ARIMA (p, d,
q) model for all the four pulse under study. In order
to determine the values of p and g, there is need to
examine the auto correlation function (ACF) and
partial auto correlation function (PACF) of the
stationary time series (d = 1).
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Autocorrelation Function (ACF) and Partial
Autocorrelation Function (PACF) analysis of the
pulses under study in India

The Figure from 1 to 4 represents the plot
of correlogram ACF and PACF of lags 1 to 20 for
the first order differenced time series data of the
pulses under study in India.

Since, the ACF and PACEF is tailing off to
zero after lag 1 in bengal gram and black gram, then
the following possible Auto Regressive Moving
Average (ARMA) models can be defined as ARMA
(1, 0) and ARMA (0, 1) model. For red gram and
green gram, the ACF is tailing off to zero after lag 1
and the PACF is about to zero after lag 2, then the
ARMA (1, 0) and ARMA (0, 2) can be defined for
estimation ARMA (p, q) model which is a mix
model with the orders p and g both greater than 0
because ACF and PACF both tail off to the value of
zero.

Selecting the candidate model for forecasting

Further, there is a need to obtain the best
ARIMA model using the respective ARMA model
with ARMA (p, g) mixed model (with p & g both
greater than 0), and differencing order (d = 1).
Therefore, from the help of principle of parsimony,
the models ARMA (1, 0) and ARMA (p, q) were
found the best models for all four pulses under
study.

To select the best suitable model for
forecasting the one with lowest Root Mean Square
Error (RMSE), Mean Absolute Percentage Error
(MAPE) and Mean Absolute Error (MAE) and
highest value of coefficient of determination (R?)
and Adjusted R-square were taken. The summary of
each of the fitted ARIMA model in the time series
for bengal gram, red gram, green gram and black
gram production data can be seen in Table 3 and 4.

It is observed that in the Table 4 that the
highest value of coefficient of determination (R?)
and Adjusted R-square value with lowest MAPE
value is for the ARIMA (0, 1, 1) for bengal gram,
ARIMA (2, 1, 2) for red gram and green gram and
ARIMA (2, 1, 2) for black gram (Table 3) hence
these are considered the best fit model to forecast
the future values.

Diagnostic checking

The best fitted ARIMA model of all the
four pulses in study was checked for adequacy and
the ACFs and PACFs of residuals for lag 1 to lag 24
are within the significance limits are depicted in
Table 5. This means ACF and PACF concluded that
there are no non-zero auto correlations in the
forecast residuals at lag 1 to 24 in the fitted ARIMA

models of all the four pulses in study.The adequacy
of the model is checked by using Ljung-Box test. It
is done to check the independence of the residuals or
whether they are distributed randomly or not. The
hypothesis is stated below:

Ho: The errors are distributed randomly

H.: The errors are non-random

The Q value < chi square table value at
degrees of freedom at 5 % level of significance, so
accept the null hypothesis and the test statistics is
distributed randomly and non-significant and errors
were found to be independent in all the pulses in
study.

The cross validation of the selected best fit
ARIMA model with constant for pulses in study is
presented in Table 6 in whichmeanof absolute
percentage error was less than 10 % and absolute
percentage error was less than 25 % in all the four
pulses, a thus selected model is successfully cross
validated.

The forecasted values of all the four pulses
under are obtained from respective best fit ARIMA
model are presented in Table 7shows an increase in
their forecasted values from 2018-19 to 2030-31.

The present study has made an attempt to
develop forecasting of bengal gram production in
India and found that the ARIMA (0, 1, 1) model was
the best suited model for forecasting and results
were similar to Borkar and Bodade (2017) where the
ARIMA (0, 1, 1) model was selected for forecasting
of production of chickpea in India.The results
describe that the ARIMA (2, 1, 3) for red gram and
green gram was selected as best fit model for
forecasting future production in India which was
found to have an increasing trend for the period
2018-19 to 2030-31 and the present findings of the
model selected was contrary to Sarika et al. (2011)in
which ARIMA (2, 1, 0) was the model selected for
best fit of pigeon pea production in India and
Mahapatra and Satapathy (2019) observed the
decreasing forecast values of productivity for green
gram in India.

For production of black gram in India
ARIMA (2, 1, 2) was best selected model for future
forecasting. Similar results were seen in Savadatti
(2017) where the forecasted value showed an
increasing production trend in India.

Demand forecasting of major pulses in India:

For computing demand predictions in the
study, the projected population levels and per capita
income data in India during 2019-20 to 2030-31 has
been taken. In addition, the per capita consumption
of the concerned pulses under study and their
expenditure elasticities were also employed in the
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study for determining the future demand from the
onward period from 2019-20 to 2030-31. The
household expenditure consumption data of the year
2011-12 as given by National sample Survey
Organization (NSSO, 2014) was used to determine
both expenditure elasticity and per capita
consumption of the pulses. Quadratic equation was
used to determine the expenditure elasticities. The
base line estimations were extrapolated with the
chosen demand forecast equation to obtain demand
forecasts for the future periods from 2019-20 to
2030-31.

Forecasting supply-demand scenario of bengal
gram and red gram in India

The supply forecasting scenario for the
year 2019-20 onwards to 2030-31 for bengal gram
and red gram for the country as a whole has been
furnished in Table 8. It can be seen that the future
production of both the pulses is set to increase albeit
at different levels. In case of bengal gram the
production in India is projected to increase
marginally from 10.01 million tonnes in 2019-20 to
10.99 million tonnes in 2030-31at the growth rate of
1.04 per cent in the same period whereas, the red
gram output is estimated to increase from 4.11
million tonnes in 2019-20 to 4.96 million tonnes in
2030-31 at the growth rate of 2.09 per cent. At the
same time, the projected net supply in 2030-31 i.e.,
the actual supply after discounting 12 per cent of the
total production towards SFW (seed, feed, and
wastage) is estimated to be 9.68 million tonnes for
bengal gram and 4.36 million tonnes for red gram.
In the same vein, the demand for both the pulses is
also set to increase at a rate more than that of
supply.

Between 2019-20 and 2030-31, the
projected growth rate of demand for bengal gram is
estimated to be 4.14 per cent which in fact is thrice
higher than that of supply growth rate. Similarly, the
demand growth rate of red gram is estimated to be
3.30 per cent higher than that of its supply
counterpart (2.09 %). Despite the estimated increase
in domestic demand, the demand-supply gap turns
out to be surplus for bengal gram standing at 1.02
million tonnes in 2030-31 though it is set to be
narrowed down from 2.81 million tonnes in 2019-20
to 1.81 million tonnes in 2026-27 to 1.02 million
tonnes in 2030-31. This trend is a cause of concern
as bengal gram constitutes nearly 85 per cent of the
India’s pulse export basket. The contraction of
supply by 2030-31 might lead to insufficient
domestic surplus for exports forcing the government
to impose export ban in bengal gram exports, in line

with the recent ban on wheat exports, even if the
exports are profitable for the producers (Table 8).

In case of red gram, the demand-supply gap
is found to be negative throughout the forecasting
period including -1.13 million tonnes of deficit
during TE 2011-12. In addition, the deficit which
was predicted to be -0.74 million tonnes in 2019-20
is set to double and widen further to -1.47 million
tonnes in 2030-31. This only means, given the
deficit, almost one third of the domestic demand of
red gram would not be met with local production
alone by 2030-31. This again is a pernicious issue,
and the gap has to be addressed with suitable
interventions related to production technologies as
well as realization of remunerative prices.
Otherwise, as the estimations reveal, India is set to
be the world’s largest importer of red gram within
the next decade. Besides being a matter of
nutritional security, if the estimated demand-supply
gap in red gram is not addressed then the subsequent
rise in food inflation would soon happen to be
another cause of worry for the policy makers. In
case of red gram, the supply can be increased with
the adaptation of short duration varieties as duration
of much of the existing red gram cultivars are of six
to eight months (Pathak et al., 2016)

Forecasting supply-demand scenario of green
gram & black gram in India

Green gram is one such important plant
food product which is getting preferred the world
over as a nutritive supplement for increasing
immunity since the impact of the COVID-19
pandemic. This way, the production and assured
supply of green gram assumes much higher
significance. In India, the TE 2011-12 production of
green gram is found to be 1.63 mt and the future
production is predicted to be on an increasing trend
from 2.01 mt in 2019-20 to 2.46 mt in 2030-31
(Table 9). But the future net supply, after meeting
out all consumption and wastage requirements, is
predicted to be 1.77 mt in 2019-20 to 2.03 mt in
2025-26 to 2.16 mt in 2030-31. The growth rate in
green gram supply for the country as a whole is
estimated to be 1.67 per cent between the period
2019-20 and 2030-31. On the other hand, the growth
rate of green gram demand in India is estimated to
be 2.36 per cent which is quite higher than that of
supply. Even in the base period of TE 2011-12, the
country is estimated to be running in a deficit of -
0.19 mt for to meet out the estimated demand. This
deficit is set to further widen from -0.25 mt in 2019-
20 to 0.51 mt in 2030-31. A simple straight forward
demand analysis predicting a deficit of about half a
million tonnes within the next decade is no doubt a
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serious issue. Moreover, the demand for green gram
can also be expected to escalate further given the
preference among people for plant-based products
post COVID-19 pandemic. In this connection, apart
from decreasing the existing yield gaps in green
gram cultivars to boost production, it is also time to
bring down the post-harvest losses for increasing its
net supply.

Seeing at the predicted demand-supply gap
of pulses at all India levels, it can be attributed that
the pulses with positive gaps on their sides are
‘happy pulses’ and the ones with negative gaps can
be referred to as ‘poor pulses’. As furnished in
Table 8 and 9, both red gram and green gram come
under the category of ‘poor pulses’ with their deficit
predicted to explode to -1.47 mt and 0.51 mt,
respectively in 2030-31. On the contrary, both
bengal gram and black gram fall under ‘happy
pulses’ category as their net supply is predicted to
be more that of future demand throughout the study
period. During the base period of TE 2011-12 the
projected net supply of black gram (1.56 mt) was
hardly sufficient to meet out the prevailing demand
(1.98 mt) and the deficit was closer to half a million
tonne (-0.43 mt). But the welcoming fact is that
within a decade the country overturned the bleak
scenario and realized net surplus in meting out
overall demand for black gram.

In the year 2019-20, the production of
black gram was 3.69 mt and the net supply was
estimated to be 3.25 mt way higher than the
estimated demand of 2.57 mt, thereby, registering a
net surplus of 0.67 mt. Apparently it is established
that given right kind of interventions and policy
support, it is possible for the country to increase its
pulse production in a matter of years. Further,
throughout the study period, the black gram
production is estimated to be increasing from 3.87
mt in 2022-23 (the target year for doubling farmers’
income) to 4.30 mt in 2030-31. As the ARIMA
forecasting model used in predicting such a scenario
has also shown much lesser error (<10 %) during
out of sample forecasts, the estimations of increased
supply of black gram seem to be reliable. At the
same time, the expected growth rate in the supply of
black gram of 1.28 per cent was disturbingly lower
than that of expected growth rate in its future
demand between 2019-20 and 2030-31 of 2.79 per
cent. Though the demand predictions are made on
the back of increased income levels leading to
increased consumption levels, the growth rate in
demand is set to be higher than the growth rate in
the supply of the underlying pulse commaodity even
if the per capita consumption of future population
alone is considered. The expected demand for black

gram is set to increase from 2.57 mt in 2019-20 to
3.58 mt in 2030-31registering a relative increase of
39.30 per cent which is more than double than that
of percentage increase in supply (16.51 %) in the
same period. Efforts should be implemented in
making sure that the traditional areas under black
gram cultivation are not diverted towards other
crops so as to meet the domestic demand without
much difficulty.

Forecasting combined demand-supply gap of
major pulses in India

The combined demand-supply scenario of
all the major pulses (i.e. bengal gram, red gram,
green gram, and black gram) is analyzed and the
findings are presented in Figure 5. It can be
ascertained that at individual commaodity levels, the
deficit is observed among different producing states
and the country as a whole. At the same time, the
combined scenario shows that the projected net
supply of pulses in India happens to be more that of
the demand with the surplus ranging from 70,000
tonnes in 2028-29 to 2.49 mt in 2019-20. Again, it is
only the net supply of pulses which is compared
with that of demand and the predicted production
levels would always be higher. In this regard,
management of post-harvest losses, retaining
acreage and improving seed replacement ratio with
high yielding cultivars can lead to higher pulse
output in the country. In the same lines, Pathak et al.
(2016) recommended area expansion of pulses
under irrigation as without which the prospects of
increasing production of pulse crops to meet out any
future demand would not be attained.

There are a quite number of studies
available predicting the demand-supply gap of
major pulses grown in the country. For instance, the
future demand-supply predications of Kumar et al.
(2016) have been realistic wherein the combined
demand of pulses in 2030 is estimated to be 26.60
mt but the shortfall in supply in the same period is
predicted to be -0.2 mt alone. On the contrary, the
present study predicts a surplus supply of 1.02 mt in
bengal gram and a deficit of -1.47 mt in 2030 (Table
8) which seems to look normal, real and easily
bridgeable provided the interventions are effective.
Almost all the studies available in the literature
predict net deficit in the supply in pulses and as the
future domestic demand of pulses would not be met
with local production, India has to draw long-term
import strategies (Kumar et al., 2016) or to
implement policies for leasing-in land to cultivate
pulse crops in countries with abundant land and
similar climate like Africa.
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V. CONCLUSION

Pulse production in India is characterized
by a very high degree of diversity as indicated both
by the number of crops, and their spatial distribution
into varied agro-climatic conditions. Even being the
largest producer of pulses, the persistent and
growing demand-supply gap has been an issue of
concern leading to hike in prices. In this context,
with the widening demand-supply gap, it is
necessary to evaluate the past scenario and present
performance of area, production and yield of pulses
sector in India so that necessary plans and policies
could be formulated to strengthen the pulse
production base in the country. To fulfill the
growing requirement, the country must produce
enough pulses as well as remain competitive to
protect the domestic production. To achieve this, it
is imperative to develop and adopt more efficient
crop-production technologies along with favorable
policies and market support to encourage farmers to
bring more area under pulses. Hence, in the present
formulated study, the demand-supply scenario
which shall help to investigate and develop suitable
supply-demand relations. Thereby, the goal of
improved supply of pulses can be achieved by
understanding the causes and making attempts to
mitigate the problems and reap the benefits of
enhanced production.

POLICY IMPLICATIONS

1. The further widening of demand-supply gap of
major pulses needs to be arrested through
increased levels of productivity. For that, the
onus should not only be on high vyielding
cultivars but also on improving seed
replacement rates, adoption of improved
cultivation practices, reducing post-harvest
losses and ensuring the availability of quality
inputs on time.

2. In addition, the supply of pulses in the country
may be increased by replacing sizeable acreage
of high-water consuming crops (like paddy,
sugarcane, etc.) in the country under major
pulse crops or by incentivizing the practices of
crop rotation and relay cropping among
farmers.

3. For India to remain self-reliant (atmanirbhar)
without resorting to future pulse imports and to
sustain the production of pulses, it is critical
that farmers receive remunerative prices for
their produce. Institutional support needs to be
operationalized so that any recent or future food
price inflation related to pulses are passed on to
the farmers
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Table 1: Summary chart of results obtained from supply forecasting of major pulses in India:
ARIMA Adj Mean Future
State Stationarity Model MAPE R’ ' Forecasting Production
Selected Error (%) Trend
Bengal gram =1 0,1,1) 15.48 0.55 8.19 Increasing
Red gram =1 (2,1,3) 11.14 0.64 6.40 Increasing
Green gram =1 (2,1,3) 15.99 0.66 6.11 Increasing
Black gram =1 (2,1,2) 10.76 0.87 6.88 Increasing
Table 2: Test for stationarity: Augmented Dickey-Fuller (ADF) Test:
Crops Data Type s t:tli)sfics p-value Decision
Bengal gram 1% difference (1=1) -11.794 0.000 Data Stationarity
Red gram 1™ difference (1=1) -12.799 0.000 Data Stationarity
Green gram 1™ difference (1=1) -11.281 0.000 Data Stationarity
Black gram 1% difference (1=1) -5.358 0.000 Data Stationarity
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Fig. 1: ACF and PACF plot of the first differenced series for bengal gram production in India
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Fig. 3: ACF and PACF plot of the first differenced series of green gram output in India
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Fig. 4: ACF and PACF plot of the first differenced series of black gram production in India
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Table 3: Model fit statistics of fitted ARIMA model for black gram production in India.

ARIMA model R? RMSE MAPE MAE R?
0,1,0) 0.868 203.16 10.043 131.76 0.868
0,1,1) 0.871 203.063 10.588 137.666 0.869
0,1,2) 0.872 204.144 10.645 137.462 0.868
(1,1,0 0.871 202.805 10.651 138.223 0.869
1,1,1) 0.872 204.401 10.372 134.042 0.868
1,1,2 0.873 205.707 10.799 138.831 0.867
(2,1,0) 0.872 204.562 10.566 136.803 0.868
(2,1,1) 0.873 205.572 10.67 138.75 0.867
(2,1,2) 0.879 202.534 10.762 138.449 0.871
(3,1,0) 0.873 205.925 10.728 138.445 0.867
Table 4: Model fit statistics of fitted ARIMA model for bengal gram, red gram and green gram

production in India.

ARIMA Bengal gram Red gram Green gram

model | R* | RMSE |MAPE | MAE | R* | R® | RMSE | MAPE| MAE | R’ | R’ | RMSE | MAPE| MAE | R
(0.1.0) | 0.447 [ 1124.883 | 17.710 | 038.771 | 0.447 | 0.443 | 450544 | 14.627 | 318.882 | 0.443 | 0.364 | 312.320 | 21.097 | 228.883 | 0.364
(0,1,1) | 0.561 | 1009.459 | 15.476 | 820.419 | 0.554 | 0.611 | 386.944 | 12.011 | 265.208 | 0.605 | 0.597 | 251.134 | 17.569 | 184.025 | 0.591
(0.1.2) | 0.562 | 1016.685 | 15.546 | 824.273 | 0.549 | 0.611 | 380.923 | 12.01 | 265.482 [ 0.599 | 0.607 | 250.348 | 16.633 | 174.731 | 0.595
(0.1.3) | 0.563 | 1024.005 | 15.606 | 826.738 | 0.543 | 0.651 | 37243 | 11.078 | 245.295 | 0.635 | 0.651 | 238.35 | 16.221 | 169.402 | 0.635
(1.1.0) | 0.528 | 1047.240 | 15.000 | 847.615 | 0.521 | 0.554 | 414.515 | 13.028 | 287.256 | 0.547 | 0.40 | 282.455 | 18.448 | 104.801 | 0.482
(1.1.1) | 0.562 | 1016.767 | 15.535 | 823.657 | 0.540 | 0.611 | 380.944 | 12.011 | 265.365 | 0.599 | 0.6 |252.791 | 17.342 | 181.791 | 0.588
(1.1.2) | 0.564 | 1021.941 | 15.376 | 812.042 | 0.544 | 0.638 | 370.457 | 11.588 | 251.508 | 0.621 | 0.64 | 242.300 | 17.35 | 183.896 | 0.623
(1.1.3) | 0.564 | 1030.347 | 15.504 | 825.14 | 0.536 | 0.651 | 375.125 | 11.011 | 244.222 | 0.629 | 0.681 | 230428 | 16.109 | 171.487 | 0.661
2.1.0) | 055 | 1030.652 | 15.538 | 826.77 | 0.536 | 0.618 | 386.302 | 11.047 | 261.749 | 0.606 | 0.624 | 244892 | 17.17 | 182.572 | 0.612
2.1.1) | 0.563 | 1023.876 | 15.623 | 827.548 [ 0.543 [ 0.632 | 382.355 | 11.62 | 255.033 | 0.615 | 0.641 | 241.748 | 16.766 | 177.087 | 0.624
2.1.2) | 0.564 | 1030.168 | 15.648 | 827.20 | 0.536 | 0.65 | 376.034 | 11.321 | 250.406 | 0.628 | 0.645 | 243.143 | 16.506 | 175.723 | 0.622
(2.1.3) | 0.568 | 1033.941 | 15.435 | 813.925 | 0.533 | 0.665 | 370.765 | 11.137 | 244.965 | 0.638 | 0.684 | 231.861 | 15.997 | 168.225 | 0.659
(3.1.0) | 0.564 [ 1022.643 | 15.733 | 828.936 | 0.544 | 0.631 | 382.980 | 11.875 | 260.791 | 0.614 | 0.643 | 241.324 | 16.609 | 176.525 | 0.626
(3.1.1) | 0.565 | 1029.642 | 15.710 | 820.606 | 0.537 | 0.634 | 384.136 | 11.637 | 255.847 | 0.611 | 0.643 | 243.64 | 16.685 | 176.214 | 0.62
(3.1.2) | 0.565 [ 1037.913 | 15.67 |827.598 | 0.53 | 0.65 |378.803 | 11.267 | 249.039 | 0.622 | 0.648 | 244.804 | 17.179 | 180.757 | 0.62
(3.1.3) | 0.565 [ 1046.098 | 15.77 |834.528 [ 0.522 | 0.67 | 370.889 | 10.912 | 230.520 | 0.638 [ 0.679 | 236.393 | 16.378 | 175.285 | 0.647

Table 5: Ljung-Box test for Diagnostic checking in selected model for pulses under study in India

Crop Q Statistics DF Sig.
Bengal gram 9.536 17 .922
Red gram 5.573 13 .960
Green gram 8.659 13 .798
Black gram 7.526 14 913

Table 6: Cross validation of the selected best fit ARIMA model in all pulses under study in India

Year

Absolute Percentage Error (%0)

Bengal gram Red gram Green gram Black gram
2008-09 15.045 -16.726 -35.558 -34.047
2009-10 12.355 0.798 -54.417 11.263
2010-11 14.198 -2.134 26.880 23.676
2011-12 0.556 2.437 22.940 -9.199
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2012-13 12.055 3.573 -3.440 9.294
2013-14 12.649 15.259 14.195 -16.289
2014-15 -22.009 -9.247 -6.649 6.630
2015-16 -17.930 -10.717 4.658 3.237
2016-17 16.241 54.917 18.537 24.603
2017-18 24.280 21.480 12.459 16.467
Mean 8.19 6.40 6.11 6.88

Table 7: Forecasted values (in ‘000 tonnes) for production of all pulses under study in India by using
selected ARIMA model

Year Bengal gram Red gram Green gram Black gram
2018-19 9924.229 3516.133 1890.232 3611.786
2019-20 10013.744 4112.650 2014.041 3688.837
2020-21 10103.260 4243.936 2146.118 3674.255
2021-22 10192.775 4496.220 2168.986 3801.006
2022-23 10282.290 4532.627 2224.605 3833.074
2023-24 10371.805 4660.847 2245.300 3867.205
2024-25 10461.320 4681.997 2283.550 3971.609
2025-26 10550.835 4761.841 2308.635 3992.376
2026-27 10640.351 4786.035 2341.561 4056.856
2027-28 10729.866 4845.276 2369.180 4134.498
2028-29 10819.381 4874.715 2400.140 4163.216
2029-30 10908.896 4924.418 2428.909 4238.955
2030-31 10998.411 4957.872 2459.082 4297.347

Table 8: Projected demand-supply scenario of bengal gram and red gram in India for the onward period

from 2019-20 to 2030-31

» Projectecl Prnjec‘ted?'et Projected Demand Demand-Supply
roduction/Supply Supply (000 tonnes) Gap
SL Year (000 tonnes) (000 tonnes) (000 tonnes)
No Bengal Red Bengal Red Bengal Red Bengal Red
Gram Gram Gram Gram Gram Gram | Gram Gram
1) 2) 3) ) ) (6) B)r3) | 4)-6)
1. | TE2012 | 7700.18 | 2650.94 | 6776.16 | 2332.83 | 4505.74 | 346586 | 227042 | -1133.03
2. | 201920 [10013.74 | 4112.65 | 8812.09 | 3619.13 | 6004.29 | 4358.32 | 2807.80 [ -730.19
3. | 2020-21 [10103.26 | 424394 | 8890.87 | 3734.66 | 619927 | 4470.89 | 2691.60 [ -736.23
4 | 2021-22 | 10192.77 | 4496.22 | £969.64 | 3956.67 | 6401.03 | 4586.63 | 236861 | 62996
5. | 202223 [ 1028229 | 453263 | 904842 | 398871 | 661538 | 4708.79 | 2433.04 [ -720.08
6. | 2023-24 [10371.81 | 466085 | 9127.19 | 4101.55 | 683727 | 4834 41 | 228992 [ -732 86
7. | 202425 (1046132 | 4682.00 | 920596 | 4120.16 | 7066.97 | 4963.58 | 213899 [ -843.42
8 | 202526 (1055084 | 4761 .84 | 928474 | 419042 | 7304.76 | 5096.41 | 197998 [ -905.99
9. | 2026-27 [10640.35 | 4786.04 | 9363.51 | 4211.71 | 7550.92 | 5233.00 | 1812.59 [ -1021.29
10. | 2027-28 | 1072987 | 484528 | 944229 | 4263.84 | 7812.74 | 5377.30 | 162955 [ -1113 46
11.| 2028-29 | 1081938 | 487472 | 9521.05 | 4289.75 | 8083.92 | 5525.73 | 1437.13 | -1235.98
12.] 2029-30 | 10908.90 | 492442 | 9599.83 | 433349 | 8364.79 | 5678.40 | 1235.04 | -1344.91
13.] 2030-31 | 1099841 | 4957.87 | 9678.60 | 4362.93 | 8653.71 | 5835.45 | 1022.89 | -1472.52
Expected growth rate in bengal 1.04 Expected growth rate in red 2.09
" gram supply (%) ) gram supply (%) )
Expected growth rate in bengal 414 Expected Growth Rate in 330
gram demand (%) ) red gram demand (%) )
Note:
1. *After discounting 12 per cent from production / supply towards SFW (seed, feed &wastage);
2. The year 2011-12 was taken as base year with actual indicators and their data related to
supply and demand as given under NSSO (2014).
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Table 9: Projected demand-supply scenario of green gram and black gram inIndia for the onward period
from 2019-20 to 2030-31

Pro dZ::Ec)iJgrﬁ;gﬂpply Projected Net Supply* Projected Demand Demand-Supply Gap
. (‘000 tonnes) (000 tonnes) (‘000 tonnes)
sl (‘000 tonnes)
No Year Green Black Green Black Green Black Green Black
Gram Gram Gram Gram Gram Gram Gram Gram
(1) @) ®) @) (%) (6) (3)-(5) (4)-(6)
1. TE 2012 1630.08 1770.21 1434.47 1557.78 1622.16 1985.33 -187.69 -427.55
2. 2019-20 2014.04 3688.84 1772.36 3246.18 2020.97 2574.16 -248.61 672.02
3. 2020-21 2146.12 3674.26 1888.58 3233.34 2071.02 2649.66 -182.44 583.69
4. 2021-22 2168.99 3801.01 1908.71 3344.89 2122.43 2727.55 -213.72 617.34
5. 2022-23 2224.61 3833.07 1957.65 3373.11 2176.64 2810.04 -218.99 563.06
6. 2023-24 2245.30 3867.21 1975.86 3403.14 2232.31 2895.17 -256.45 507.97
7. 2024-25 2283.55 3971.61 2009.52 3495.02 2289.50 2983.02 -279.98 512.00
8. 2025-26 2308.64 3992.38 2031.60 3513.29 2348.25 3073.67 -316.65 439.62
9. 2026-27 2341.56 4056.86 2060.57 3570.03 2408.60 3167.22 -348.03 402.81
10. 2027-28 2369.18 41345 2084.88 3638.36 2472.28 3266.40 -387.40 371.95
11. 2028-29 2400.14 4163.22 2112.12 3663.63 2537.72 3368.80 -425.60 294.83
12. 2029-30 2428.91 4238.96 2137.44 3730.28 2604.95 347451 -467.51 255.77
13. 2030-31 2459.08 4297.35 2163.99 3781.67 2674.03 3583.64 -510.04 198.03
Expected growth rate in green gram 167 Expected growth rate in black gram 1.8
# supply (%) i supply (%) )
Expected growth rate in green gram 236 Expected Growth Rate in black gram 279
demand (%) ) demand (%) )

Note: 1. *After discounting 12 per cent from production / supply towards SFW (seed, feed &wastage);
2. The year 2011-12 was taken as base year with actual indicators and their data related to supply and
demand as given under NSSO (2014).

20000

18000

16000 o

14000 o

12000 4

10000 4

8000 -

{in '000 tonnes)

6000 -

4000 »

2000 -

Conbined supply and denandof nejor pulses in India

W Projected Net Supply ™ Projected Supply =—Demand-Supply Gap
Figure 5: Demand-supply gap of major pulses in India from 2019-20 to 2030-31
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