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Executive Summary

The emerging scenarios in agriculture and allied sectors highlight the 
increasing need for timely and reliable information on the likely demand, 
production, trade and prices of important food commodities. In a country 
like India, where attaining household level food security for a considerable 
section of the population still remains a challenge, advance information 
systems would not only help in efficient functioning of markets and food 
management systems, but also in targeting investments and efforts towards 
accelerating agricultural growth and conserving natural resources. India’s 
experiences in the ambit of food policy formulation so far shows that lack 
of relevant information that supports decision-making often leads to knee 
jerk reactions that create uncertainties in the market and are detrimental 
to the interests of producers, consumers and traders. This Policy Paper is 
an attempt in this direction that targets to put forth a decision support 
system which could generate outlooks on pertinent demand and supply 
side variables of major staple food crops in the country.

With the mandate of developing the above said decision support 
system, the study team commenced the activity with a detailed review of 
the existing systems at the national and international level that functions 
in the domain of commodity market outlook on important agricultural 
commodities. The review brought out the fact that there have been several 
attempts in the past that looked in detail into the demand and supply side 
dynamics of agricultural commodities which were useful both for generating 
future outlooks and in undertaking simulations under alternative policy 
scenarios. One of the pioneering attempts in this direction was undertaken 
jointly by the United Nations Commission on International Trade and the 
Food and Agriculture Organization (FAO) Committee on Commodity 
problems as early as in 1962. Since then, FAO continued to publish medium-
term agricultural commodity projections at regular intervals. In the due 
course, several international and national organizations like Organization 
for Economic Cooperation and Development (OECD), International 
Food Policy Research Institute (IFPRI), United States Department of 
Agriculture (USDA), etc. ventured into this area and started disseminating 
independent outlooks on global as well as regional food situation. Some 
of the widely popular models include OECD-FAO annual Agricultural 
Outlook Model, USDA Agricultural Outlook Model, FAPRI-CARD model, 
European Simulation Model (ESIM), World Agricultural Trade Simulation 
Model (WATSIM) and so on. The International Model for Policy Analysis 
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of Agricultural Commodities and Trade (IMPACT) of the IFPRI has been in 
use for undertaking policy simulations on global agricultural scenarios. In 
addition, there are several country specific models like the Irish Agricultural 
Model, agricultural outlook model of Australian Bureau of Agricultural 
and Resource Economics and Sciences (ABARES), South African wheat 
model, FAPRI model for Chinese meat sector, etc. Most of the above 
models were built to generate advance information on key policy variables 
related to the agricultural and allied sectors. For this reason, they have 
been playing a primary role in the academic and political debate on the 
effects of agricultural and trade policies at national and international level 
for quite some time. In India, though there have been limited institutional 
mechanisms that undertook regular and comprehensive commodity-
specific outlooks, several scholarly studies carried out by individual 
researchers and organizations from time to time find place in the literature.
The review concluded that, though the various attempts discussed above 
were made in response to specific academic requirements pertaining to 
the commodities and geographical areas which they catered to, there 
are several common features cutting across them. Broad similarities in 
terms of basic assumptions, modeling approach, functionalities, sectorial 
linkages, etc. could be noticed. Therefore, with suitable adaptations and 
modifications, such approaches could be followed and replicated for issue-
based future use. 

With the insights obtained from the review, the authors developed an 
India-specific model namely, Cereal Outlook Model on three major cereals, 
viz. rice, wheat and maize. This Model has the functionality for generating 
commodity outlooks based on four key components of the food balance 
sheet, viz. demand, supply, trade and prices. This Paper details on the 
theoretical underpinnings as well as practical applications of the Model, 
which is dynamic as well as built under a partial equilibrium framework, 
designed specifically for India-specific applications. With the Model, 
demand- and supply-side outlook on key variables such as area, yield, 
production, consumption and net trade of wheat, rice and maize have 
been attempted with projections extending up to 2025-26. The results were 
finalized after suitable calibrations based on the technical parameters and 
were subsequently validated using standard procedures. On the supply 
side, area, yield and production were modeled at the regional levels. For 
this, the country was divided into six regions, namely East, West, North, 
South, Hills and North-East and area and yield equations were fitted 
separately for each region under each crop. The estimates on production 
were obtained from the estimates on area and yield for each of these regions, 
and the national production estimates were computed by aggregating 
these regional estimates. On the demand side, the country was treated as 
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a single region and equations for food and feed demand were laid out for 
estimating the total demand for each crop. The food demand equations 
were initially specified at the per capita level. Their estimated values were 
subsequently adjusted for population to obtain the national estimates on 
total food demand. Similarly, the stocks and trade were also modeled at 
the national level. In the modeling framework, each of the three primary 
crops was linked with other auxiliary crops such as chick pea, pigeon pea, 
rapeseed and mustard, etc. through their competitive relationship on the 
supply side and substitutive relationship on the demand side. The technical 
coefficients appearing in the model were initially obtained separately using 
appropriate demand and supply estimation techniques. However, the final 
values of the elasticities were determined through model calibrations. The 
base data on all variables correspond to the period 1994-95 to 2010-11, for 
which the elaborate demand, supply and trade core systems were laid out. 
Projections for future years were carried out based on a recursive dynamic 
iterative algorithm that satisfy the closure condition that, total demand of 
a particular commodity in an year equals its total supply, after adequately 
accounting for the respective trade and stock balances. Accordingly, the 
projections cover the period 2011-12 to 2025-26 with the base-year of 
projections being 2010-11.

The model results indicate fast growing trends in demand and supply 
of the three cereals considered. At all-India level, the area under wheat 
is projected to increase marginally from the base-year level of 29.04 
Million hectare (Mha) to 30.11 Mha by the year 2025-26. This implies 
that the scope of area increase in wheat is limited and the production 
increase should come mainly from improvement in yield in future. The 
yield projections indicate that wheat yield in the country would increase 
modestly from the base-year value of 2.99 tonnes/hectare (t/ha) to 3.39 
t/ha in a span of 15 years ahead. Consequently, the national production 
of wheat will increase by around 16 Million tonnes (Mt) during 2011-12 
to 2025-26 with the respective production projections being 90.87 Mt for 
2015-16, 95.59 Mt for 2020/21 and 102.08 Mt for 2025-26.As in the case of 
wheat, area gains in rice would also be marginal, and within the range 
that has existed in the recent past. Projections from the model indicate 
an area increase from 42.5 M ha in the base-year to 44.5 M ha by 2025-26. 
Yield gains in rice would be modest from 2.25 t/ha to 2.61 t/ha during 
this period. Consequently, the total rice production is projected to rise 
from 95.7 Mt to 116.06 Mt. The area under maize is projected to increase 
at a higher rate than that of wheat and rice in relative terms. The model 
projects an increase in area from 8.61 M ha in the base-year to 9.14 M ha 
by the year 2025-26 for maize. The yield of maize is slated to increase 
perceivably from 2.54 t/ha to 2.98 t/ha during this period. Both area and 
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yield gains would result in the increase of maize production from 21.8 
Mt to 27.19 Mt between the base-year and terminal year of projections. 
Such gains in production would be appreciable for a marginal crop like 
maize, and indicate the future potential of this important low value 
staple crop.

Apart from generating outlooks, the model has also been designed 
for undertaking simulations under alternative policy scenarios, a utility 
that may help the policy makers in evaluating the implications of 
alternative policy decisions and changes in the market dynamics. The 
simulation results corresponding to two scenarios of sustained increase 
in MSP and cost of cultivation of the three crops were consistent with 
intuitive hypotheses. The first one, which corresponds to a sustained 2 
per cent real annual increase in MSP of wheat, rice and maize resulted 
in increase of area, production, consumption as well as net trade in all 
three commodities. The results showed that, area under rice, wheat and 
maize would increase consistently over the years to reach at 1.68 per 
cent, 2.50 per cent and 2.36 per cent respectively by the year 2025-26 
over the base-year. Increase in MSP, was also associated with increase in 
production, consumption as well as net trade in all three commodities. 
Similarly, the simulations with respect to sustained increase in cost of 
cultivation resulted in decline of area, production, consumption and 
net trade in all commodities considered. In case of wheat, the reduction 
of area would be to the tune of 0.08 per cent from the base-line by the 
year 2025-26. Area reduction in rice would be at 0.02 per cent in relation 
to baseline, where as there would be negligible effects on maize area. 
Lower area under cultivation would therein result lower production 
as confirmed by the simulation results. The corresponding decline in 
production of wheat, rice and maize would be at 0.21 per cent, 0.13 
per cent and 0.13 per cent respectively by the year 2025-26. Equivalent 
squeeze in consumption as well as net trade would also follow in the 
course of time due to lower area and production of the cereals under 
consideration. In nutshell, the Paper threw light on a time tested, but 
relatively less explored approach to derive future outlooks on important 
staple crops that could have significant say in the country’s food security 
in times to come.

xiv
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Introduction

1.1. Background

In a developing economy like India, where more than half of the 
workforce depends on agriculture as a source of livelihood, and nearly 
one-fourth of the population still lingering below poverty line, food policy 
assumes more importance than any other segment of public policy. Even 
though, India attained overall self-sufficiency in food production a couple 
of decades back, the ultimate objective of providing food and nutritional 
security at the house-hold level largely remains elusive. Consequently, 
a large number of households in India faces the agony of a routine 
undernourished living and also bears the double burden of occasional 
spells of food inflation, high price volatility of farm products and other 
such trials that keep occurring at regular intervals in the country. To protect 
the vulnerable people from such market uncertainties, a sound food policy 
that constantly adapts itself to newer challenges is utmost important. 
Only a well-thought-out policy on food production and management 
can facilitate efficient functioning of markets, improve food distribution 
systems, induce optimum input use and provide proper directions for 
targeting investments to accelerate agricultural growth with minimum 
strain on natural resources. Agricultural and food policy in India has 
undergone significant changes since the initiation of the economic reforms 
program in 1991, which accelerated after India signed the Uruguay Round 
Agreement on Agriculture in 1994. This has fostered the transition of the 
Indian economy and paved the way for greater integration with the global 
economy. “Opening-up” has become the key underlying philosophy of the 
Indian economy and the agricultural sector is no exception to this. These 
changes in domestic markets and trade policies are causing significant 
adjustment pressure on agriculture and agricultural markets in India. 
Sustained income growth, a fast-growing urban population accompanied 
by changes in lifestyles, and increasing consumer concerns for food safety 
and quality are leading to a significant shift in food basket away from 
staple food grains towards high-value fresh and processed products like 
fruits, vegetables, milk, meat, eggs and fish. This is considered to be an 
opportunity for farmers to enhance their income through diversification of 
their production portfolio towards such commodities. 

1
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Opening up of domestic markets to global competition throws both 
opportunities as well as challenges for India. Globalization of agri-food 
markets provides opportunities to farmers to improve their competitiveness 
for greater participation in international trade. However, opening up is also 
accompanied by a threat of cheap imports and high volatility in food prices. 
The recent episodes of high food inflation coupled with extraordinary 
price variability in major staple food cereals, fruits and vegetables are 
ample testimony to the emerging food market situation in the country. The 
evolving agriculture and food marketing scenarios indicate an increasing 
need for timely and reliable information on key aspects related to food 
production and its management in the domestic market. In this regard, 
reliable and advance estimates on medium- and long-term demand, supply, 
trade and prices of important food commodities forms an essential basis 
for planning. Absence of such relevant information to support decision-
making often leads to knee jerk reactions that create uncertainty in the 
market and proves detrimental to the interest of producers, consumers and 
the government.

There have been several sporadic attempts in the past, particularly 
after the inception of planned development, to project future demand 
and supply of food and agricultural commodities using alternative 
methodological approaches. For instance, the National Commission on 
Agriculture in India (1976) did extensive exercises on demand estimation 
and projections. On similar lines, the Planning Commission, Government 
of India undertakes regular exercises of projecting demand and supply 
of major food commodities to enable realistic target-setting on food 
production in successive plans. Scholarly articles by individual researchers 
and organizations with short-/medium-/long-term projections on demand, 
supply, prices etc. also find place in the literature from time to time. Some 
recent studies include Radha krishna and Ravi (1994); Kumar (1998); Bhalla 
et al. (1999);Paroda and Kumar (2000); Dastagiri (2004); Mythili (2006); Mittal 
(2008); Chand (2007; 2009); Kumar et al. (2009; 2010) etc. In similar lines, the 
National Council of Applied Economics Research (NCAER) has recently 
started publishing a series on ‘Agricultural Outlook and Situation Analysis 
Reports’ (NCAER, 2013) that covers semi-annual and medium-term outlooks 
on food supply and demand conditions on major food as well as commercial 
crops in India. Another on-going initiative namely Forecasting Agriculture 
Outputs through Satellite, Agrometeorology and Land based observations 
(FASAL) co-ordinated by the Ministry of Agriculture and Cooperation, 
Government of India (GoI) undertakes short-term forecasts on production 
of major crops based on a multi-disciplinary approach. However, only a 
few of the above studies/institutional initiatives looked at the food balance 
sheet in its entirety while undertaking projections. Some of these studies 
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focused on projections of demand, and others on supply, and those studies 
which looked at both did not see how well they balanced so that the other 
components of the balance sheet could be reasonably explained. Moreover, 
models used by these studies were not sophisticated enough to undertake 
scenario analysis under varying policy and technology settings. With 
increasing integration of India’s economy with rest of the world, it has 
become more and more complicated to predict the effects of changes in the 
global markets on domestic producers and consumers. India’s domestic 
agricultural and trade policies have been evolving constantly to adjust to 
the frequent changes in the international markets, and this has brought in 
certain amount of uncertainty in its predictability. Therefore, along with 
the capacity to undertake projections, it is also desirable to have systems in 
place to carry out scenario analyses to assist in decision making. 

Recognizing the need for regular outlooks on future demand, supply 
and trade of food commodities, many international organizations and 
national policy research institutes in developed countries have been 
showing great interest in maintaining economic applications that can serve 
this purpose. The United States Department of Agriculture (USDA) has a 
strong program on developing future outlooks (both global and domestic), 
which provide short-term and long-term projections for important 
agricultural commodities. Similarly, Food and Agriculture Organization 
(FAO) of United Nations, World Bank and Asian Development Bank 
(ADB) provide global as well as country-specific medium-term demand, 
production, trade and price prospects of major agricultural commodities. 
These international programs take inputs from econometric modeling 
solutions that can realistically capture the emergent demand-supply 
scenarios with the help of complex modeling algorithms. Such models are 
commonly known as commodity outlook models and are generally built 
either under partial equilibrium or computable general equilibrium (CGE) 
framework1. Outlook models commonly serve the dual role of generating 
future projections on key variables as well as undertaking simulations 
under alternative scenarios. In India, even though several scholars have 
used CGE modeling techniques for economic policy analysis including 
that pertaining to agricultural sector (Parikh et al, 1995, 2003; Kumar, 
1992), the use of outlook models specific to agricultural commodities has 
been rather limited. Keeping this in view, this Policy Paper discusses the 
applications of a partial equilibrium modeling framework developed by 
the authors with the specific purpose of generating commodity outlook 

1Partial equilibrium models focus only at the demand and supply dynamics of a particular 
sector with the underlying assumption of Ceteris paribus for other sectors in the economy, 
whereas, general equilibrium models are economy-wide models with many interacting 
sectors, and with the assumption of Mutatis mutandis.
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for major cereals in India (Cereal Outlook Model here onwards). Cereals 
including rice, wheat and maize were chosen for this purpose owing to 
their overwhelming role in maintaining the food and nutritional security 
of multitude of domestic consumers in the country. Moreover, these three 
cereals occupy a substantial share of cropped area in the country and are 
most frequently depended upon to cater to the calorific requirements of 
majority of vulnerable sections of the economy. In this backdrop, the Paper 
addresses the need for advance information on variables and factors that 
are related to the above three staple commodities which in turn would 
contribute to the pool of intelligence based on which food policy in the 
country is drawn and applied in practice. 

1.2. Scope of the Paper

The paper primarily focuses on the methodological underpinnings as 
well as practical applications of the Cereal Outlook Model that was developed 
based on the best of available information from the literature and expertise 
available with the research team. It goes on to present the projections 
on supply and demand side variables of the three selected cereals in the 
medium- and long-term. On the supply side, major variables like area, yield, 
production, etc. were addressed whereas on the demand side, household 
food demand, demand for feed, other uses demand, etc. were dealt with. 
Stock and trade aspects were also covered as the underlying model was 
‘open’ in time and space. Both national and regional dimensions were 
included for projections so as to capture the supply and demand diversities 
present across the country. The results of simulation exercises carried out 
based on a few scenarios with changes in key exogenous variables and 
their impacts on the projections were also discussed at the end. 

1.3. Organization of the Paper

This Policy Paper has been organized in five chapters including 
the Introduction. A brief review on various national and international 
commodity outlook models, their theoretical affiliations and practical 
applications available in the literature were discussed in chapter 2. The 
third chapter presents the data and methodology used in the present 
study. The main results derived from the Cereal Outlook Model in the form 
of projections on key variables and their practical interpretations along 
with a few scenario analyses based on policy simulations were presented 
in Chapter 4. Finally, conclusions and policy implications derived based on 
the modeling work have been presented in the last chapter. 
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Literature Review on Commodity Outlook

2.1. History of Commodity Outlook

Agricultural commodity outlook modeling has a long history of its 
own. Robert Malthus with his masterpiece “An Essay on the Principle 
of Population” in 1798 is believed to be the first to analyze the world 
food concerns into a formal ‘model’. Malthusian concern was mainly on 
population growth and land constraints for meeting the future demand of 
agricultural commodities. Overtime, the understanding of the global food 
security became complex. Population projections and land constraints 
were not enough to forecast the demand and supply of food grains. 
After World War II, the focus shifted to a requirements approach where 
minimum nutritional needs of representative individuals, stratified by 
geography, sex, and age were estimated based on consumption levels 
and population growth (Mc Calla and Revoredo, 2001). Later, the FAO 
adopted the food demand based approach for forecasting global food 
demand which was fortified with the use of income and price elasticity 
estimates. The first systematic attempt to prepare agricultural commodity 
projections was made in 1962 jointly by the United Nations Commission 
on International Trade and the FAO Committee on Commodity problems. 
Since then, FAO continued to publish medium-term agricultural commodity 
projections at regular intervals. In the due course, several international and 
national organizations like Organization for Economic Cooperation and 
Development (OECD), International Food Policy Research Institute (IFPRI), 
United States Department of Agriculture (USDA), etc. ventured into this 
area and started disseminating independent outlooks on global as well 
as regional food situation. Some of the widely popular models presently 
in use include OECD-FAO annual Agricultural Outlook Model prepared 
jointly by FAO and OECD; USDA Agricultural Outlook Model; FAPRI-
CARD model designed jointly by Food and Agricultural Policy Research 
Institute (FAPRI) and Centre for Agricultural and Rural Development 
(CARD) based in Iowa State University, USA; European Simulation Model 
(ESIM) developed by the Institute of Agricultural Economics, University 
of Gottingen in collaboration with Economic Research Service (ERS) of 
USDA; World Agricultural Trade Simulation Model (WATSIM) developed 
and maintained by the Institute of Agricultural Policy, Bonn University 

2
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and so on. The International Model for Policy Analysis of Agricultural 
Commodities and Trade (IMPACT) of IFPRI has been in use for undertaking 
policy simulations on global agricultural scenarios. In addition, there are 
several country specific models like Irish Agricultural Model, agricultural 
outlook model of Australian Bureau of Agricultural and Resource Economics 
and Sciences (ABARES), South African wheat model, FAPRI model for 
Chinese meat sector, etc. Most of the above models were built to generate 
advance information on key policy variables related to the agricultural and 
allied sectors. For this reason, they have been playing a primary role in 
the academic and political debate on the effects of agricultural and trade 
policies at national and international level for quite some time.

2.2. Approaches to Commodity Outlook Modeling

Based on the underlying assumptions, method of attainment of 
equilibrium, nature of data required, etc. agricultural commodity outlook 
models can be classified into several broad categories as outlined below;

2.2.1. Time Series versus Market Equilibrium Models

Time series projection models try to forecast the future through 
extrapolation of historical data. They put more importance to statistical 
behavior of historical data rather than on the economic theory behind 
behavioral equations. On the other hand, market equilibrium models 
contain the behavior of economic agents to changes in input and output 
prices as well as other structural supply and demand shifters. The objective 
is to determine equilibrium prices and quantities on sets of markets. In a 
fully fledged global equilibrium model, endogenous prices are attached 
to world markets as well as domestic markets. These types of models 
assume that behavioral response of suppliers and buyers is derived from 
optimizing assumptions. Also, standard assumptions include constant 
returns of technology, homothetic preferences, and perfect competitive 
market. The optimization process is usually not modeled explicitly but 
demand and supply are specified as functions of income, prices and 
elasticities (Tongeren et al, 1999). On the assumptions of flexibility of 
production factors, equilibrium models can be classified into short term, 
medium term and long term models. In the short term, production factors 
such as capital, land and labor are fixed, and are not allowed to reallocate 
between alternative users. Medium term models allow reallocation of 
all production factors as response to some exogenous events. Long term 
models also model exogenous capital formation. Market equilibrium 
models can be classified further as partial equilibrium as well as economy-
wide models. 
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Partial equilibrium models consider agricultural system as a closed 
system without linkages with the rest of the economy. Partial equilibrium 
models focus only at the demand and supply dynamics of a particular 
sector with the underlying assumption of ceteris paribus for other sectors 
in the economy. Partial models may be single or multi-commodity. Multi-
commodity models capture supply and demand interrelationships among 
a set of agricultural products. Partial equilibrium models include linear 
or log-linear behavioral equations allowing representation of supply and 
demand relationships. They also incorporate exogenous variables such 
as technical change, world population and household income into their 
supply and demand relationships. In contrast, economy-wide models 
(general equilibrium models) provide complete representation of national 
economies with the assumption of mutatis mutandis (Alston et al, 1998). 
They capture implications of international trade for the economy as a 
whole, covering the circular flow of income and expenditure and taking 
care of inter-industry relationships. The major classes of economy-wide 
models include macro-economic models, input-output models and Applied 
General Equilibrium (AGE) models. AGE models also contain full input-
output detail but mainly behavioral equations of responses of producers, 
consumers, importers and exporters and other agents of the economy. They 
are specifically concerned with resource allocation issues. 

2.2.2. Comparative Static Models versus Dynamic Models
The comparative static approach studies the difference between 

equilibriums resulting from different assumptions on exogenous data or 
policy variables. Here, the time path between equilibriums is ignored. But 
dynamic models allow the analysis of lagged transmissions and adjustment 
process overtime. Dynamic models can be used to trace the accumulation 
of stock variables and in static models policy changes have no effect on 
accumulation of stocks (Gujarati, 2003). The most frequently used dynamic 
approach is a recursive sequence of temporary equilibriums, i.e., in each 
time period, the model is solved for equilibrium, given the exogenous 
conditions prevailing for that particular period. Recursive models do not 
guarantee time-consistent behavior. Comparative static models are usually 
used to generate projections of policy impacts at some future point of time 
achieved by constructing an artificial future data set consistent with the 
model’s assumptions called baseline and subsequently conducting a policy 
experiment on the basis of this projected dataset (Alston et al, 1998).

2.3. Review on Selected Outlook Models

As discussed above, there are several agricultural outlook models 
presently in vogue that are mainly used to predict future agricultural 
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situation. These models differ from one another in terms of basic objectives, 
model design, underlying assumptions, number of commodities and 
countries modeled, etc. To have a better understanding on these models, a 
concise review on some of the selected ones is detailed below; 

2.3.1. Global Models

Early global models for commodity outlook developed by organizations 
such as FAO, IFPRI, OECD and USDA were trend projection models. They 
projected gaps or surpluses at regional and global levels by simply adding 
up surpluses and shortages of food grains. Prices in this model were 
assumed to be constant. These types of models give point estimates for 
the future. Spatial models (transportation model) which were developed 
later estimated actual trade flows over geographical regions by estimating 
the country’s surplus or shortage into a model that minimizes the cost of 
moving surplus to shortage locations. Another type is non-spatial price 
equilibrium global trade models and they estimated supply and demand 
functions for each country. The country functions were subsequently 
aggregated to form a world market system where prices will adjust until 
global supply equals global demand. Recursive/dynamic models, which 
are latest in this row, comes out with dynamic estimates for year after year 
that moves recursively towards the end point with requisite adjustments 
in its path. The ensuing section provides a cross comparison between some 
of the widely popular models such as OECD-FAO annual Agricultural 
Outlook Model, USDA Agricultural Outlook Model, FAPRI-CARD model, 
ESIM, WATSIM, IFPRI-IMPACT model, etc.

OECD-FAO Agricultural Outlook Model

The OECD-FAO Agricultural Outlook is model built under a partial 
equilibrium framework. This effort was started by OECD in the early 
1990’s through the development of its AGLINK model-an economic model 
of world agriculture with detailed agriculture sector representation of 
OECD countries as well as Argentina, Brazil, China and Russia. Since 2004, 
this modeling system was greatly enhanced through the development 
of a similar agricultural model by FAO, named COSIMO, representing 
agricultural sectors in a large number of developing countries. The AGLINK-
COSIMO modeling system is presently one of the most comprehensive 
partial equilibrium models for global agriculture. This modeling system 
is recursive dynamic in nature that includes land allocation along with 
demand-supply functions of agricultural commodities. The model is one 
of the tools used in the generation of baseline projections underlying 
the OECD-FAO Agricultural Outlook. For many countries, agricultural 
policies are specifically modeled within AGLINK-COSIMO. Along with 
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annual medium term outlook, OECD-FAO model is designed to conduct 
quantitative analysis of agricultural policies on principal agricultural 
markets (OECD/FAO, 2011; Lampe, 1998). Presently, the system includes 
39 countries with 19 sub regions and derives outlook on 38 agricultural 
commodities. 

USDA Agricultural Outlook Model

The USDA Agricultural outlook program takes inputs from a set of 
economic models including, a domestic crop-area allocation model, Food 
and Agricultural Policy Simulator (FAPSIM) model and the Country–
Commodity Linked Modeling System (CCLS). The CCLS is maintained 
by the ERS of the USDA and is a large-scale dynamic partial equilibrium 
system consisting of 43 country and regional models. The FAPSIM is 
an annual econometric model of the U.S. agricultural sector. The USDA 
originally developed the model during the early 1980’s. Since that time, 
FAPSIM has been continually re-estimated and re-specified to reflect 
changes in the structure of the U.S. food and agricultural sector. The 
equations incorporated in the model are dynamic in nature reflecting the 
policies related to tariff, subsidies and trade restrictions. For the most part, 
FAPSIM uses a linear relationship to approximate the general functional 
form for each behavioral relationship. All parameters in the linear behavioral 
relationships were estimated by single equation regression methods. The 
large size of the model precludes the use of econometric methods designed 
for systems of equations (ERS, 2013). The country models in CCLS estimates 
production, consumption, stock and prices of agricultural commodities and 
they are integrated through trade and international reference prices. The 
USDA agricultural outlook program comes out with its outlook estimates 
every year with detailed outlook on the US agriculture as well as broad 
projections for the countries included in the program. 

FAPRI-CARD Model

The FAPRI-CARD model mainly focuses on US agricultural 
commodities and their linkages with other countries (FAPRI, 2004). It 
is a wide inter-linked modeling system that incorporates simultaneous 
equations for demand, supply and trade dimensions of major agricultural 
commodities. It was originally developed by the Food and Agricultural 
Policy Research institute (FAPRI) of the Iowa State University, with the 
aim of modeling United States agriculture. Since then, the system has 
undergone progressive expansion with the co-operation of other US and 
foreign Universities. Each year the system produces a ten-year baseline 
for US and world agriculture, and is used extensively to simulate the 
effects of short- and medium-term changes in domestic agricultural and 
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trade policy. The standard FAPRI-CARD model includes twenty-four 
products and twenty-nine regions. Both these, however, can change 
with the specific sub-models, especially depending on the importance 
of the specific areas for the markets of a given product (Conforti, 
2001). The model is partly dynamic, and includes lagged variables and 
partial adjustment mechanisms in several supply components. The 
individual commodity components are integrated into a larger system 
with other commodity components through price linkages that permit 
cross-commodity and cross-county interactions. The linkages between 
countries and commodities ultimately arrive into a market clearing 
equilibrium with a price determination process. Equilibrium prices, 
quantities, and net trade are determined by equating excess demands and 
supplies across regions and linking prices in each region to world prices. 
It includes macro-economic assumptions, farm policy assumptions and 
yield assumptions of the regions. Respect for theoretical restrictions 
appears to vary widely among the parts of the system, accordance  with 
to the functional forms. The most frequently imposed properties are 
homogeneity and symmetry, while adding-up and curvature conditions 
are less frequent. Parameters are mostly based on ad hoc econometric 
estimates, based on simultaneous equation systems or, more frequently, 
on single equations. Methods of estimation also seem to change with 
different parts of the system, from Ordinary Least Squares (OLS) to 
non-linear iterative methods allowing for maximum likelihood (ML) 
estimates (Devadoss et al., 1989; 1993).

European Simulation Model (ESIM)

The ESIM was developed by the Institute of Agricultural Economics, 
University of Gottingen, Germany in collaboration with the Economic 
Research Service (ERS) of the USDA. It is a comparative static model 
with special emphasis to Central and Eastern European countries 
(Tongeren et al, 2001). The primary objective of the Model is to analyze 
the various EU policies on agricultural and allied sectors. The Model 
includes seven Central and Eastern European countries and the ‘rest 
of the world’ as a single region. The products considered include 27 
different agricultural as well as livestock commodities that covers 
grains, oil seeds, processed oil seed products, feeds, dairy products, 
meat, sugar, egg, etc. The land allocation mechanism appears to be one 
of the most interesting features of the Model, together with theoretical 
restrictions and definition of domestic prices (Conforti, 2001). Rather 
than regular outlooks on commodities included, the focus of ESIM is 
primarily on simulation analysis that feeds its notable results to policy 
making process in the European Union (EU). 
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The World Agricultural Trade Simulation System (WATSIM)

The WATSIM model was developed based on the SPEL TRADE model 
of the Institute of Agricultural Policy, Bonn University. It is a group of 
two sub-models designed to project and simulate the developments on 
world agricultural markets. The medium-term policy simulation model 
is concerned with the impacts of agricultural policies with respect to 
trade restrictions and domestic measures on agricultural production, 
demand, trade and prices. Changes in natural and socio-economic 
conditions such as land availability and income growth were taken into 
consideration in the long-term policy simulation model. Most of the price 
and income elasticities were taken from Static World Simulation Model 
(SWOPSIM) framework of the USDA. The WATSIM model comprises 
of 15 regions with 29 products including crops and livestock. It is a 
comparative static, non-stochastic, non-spatial (bilateral trade are not 
modeled) partial equilibrium model. The world markets for agricultural 
products come to disequilibrium, if supply and demand exogenously 
moves away from their base year values. Changes in policies cause 
further imbalances in the process. The equilibrium algorithm in the 
model searches for new world market prices, transmitted into regional 
markets that cause the adjustments in supply and demand necessary to 
bring world market back to equilibrium (Lampe, 1998). 

IFPRI IMPACT Model

The IMPACT model developed by the IFPRI encompasses policy 
analysis on global food demand, supply, trade and prices and their linkages 
with various bioenergy, climate change and diversification scenarios 
(Rosegrant et al., 2012). Within each country or region sub-model, supply, 
demand and prices for agricultural commodities are determined. These 
country and regional agricultural sub-models are linked through trade. 
Supply and demand functions incorporate supply and demand elasticities 
to approximate the underlying production and demand functions. World 
agricultural commodity prices are determined annually at levels that 
clear international markets. The model consists of 115 countries and 38 
commodities and a water component that comprises of 126 water basins and 
a nutrition component representing 115 countries. All the major sectors of 
agriculture like poultry, dairy and livestock sector, fisheries sector and crop 
sector are given adequate representation. However, the IMPACT model is 
not suitable for short to medium-term projections unlike other commodity 
outlook models. It is more designed to derive policy simulations relating 
to food, environment, energy, land and water sectors that could be used for 
policy decisions pertaining to global agriculture. 
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ERS/PENN State Trade Model

It is a multi-commodity, multi-region and non-spatial, applied partial 
equilibrium model of agricultural policy and international agricultural 
trade. The Model was developed jointly by the ERS of the USDA and Penn 
State University, Pennsylvania, USA. The primary purpose of the Model is 
to undertake simulation exercises on global policy variables with special 
emphasis to international agricultural trade. Twelve countries/regions were 
chosen based on their interest to the agricultural situation of the United 
States. Thirty five commodities which include thirteen crops, twelve oil 
seeds products, four livestock products and six processed dairy products 
are included in the Model. The Model is a comparative static analysis tool 
to analyze scenarios that involve multi-year process of policy change. It 
uses Nerlovian partial adjustment factors to track short-term responses in 
production. Along with the output sector, the input sector (feed sector) has 
also been incorporated. The behavioral equations in the Model are mostly 
laid out in constant elasticity form (Stout and Abler, 2004). 

Arkansans Global Rice Model

The Global Rice Model was developed with a view to undertake 
projections on global rice economy for policy, technology and structural 
market analysis. The Model was developed by the agricultural division of 
the Arkansas State University, USA in collaboration with the FAPRI. The 
parameters include global rice consumption, production, trade and prices. 
Twenty five major rice producing countries all over the world are included 
in this Model. It comes out with supply and utilization status, projection on 
area, yield, production, consumption, trade and stock of rice in the global 
scenario. Separate projections on various US states by rice type are also 
given (Wailes, 2004; Frank et al, 2004).

2.3.2. Country specific Models

Apart from the global models discussed above, some country specific 
models that are presently used or were recently in use for representing the 
food situation in individual countries are described below;

Meyner, et al., (2003) developed an econometric model to make baseline 
projections for supply and use of wheat in South Africa to analyze the 
impact of various policy alternatives on the wheat sector for the period 
2002–08. The wheat model consists of three blocks namely, the supply 
block, the demand block and the price linkage block. On the supply block, 
the decisions of the producer to the size of planted area is influenced by 
producer price of wheat, input prices, producer prices of substitutes and 
complements, weather conditions and previous year’s area planted. The 
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yield in the model is linked to weather conditions that in turn determine 
the total production of the crop. The total supply of wheat is estimated by 
adding the beginning stock and total imports to the total production of the 
country. Imports are determined by both world price of wheat and local 
production. Human consumption, feed and seed consumption, exports 
and ending stocks determine the total demand for wheat in South Africa. 
A price linkage block allows the interaction between supply and demand 
block and links the world price to the local producer price, which in turn 
is linked to the local consumer price. Local prices of wheat are influenced 
by world prices. OLS was used to estimate single equations, which are 
collapsed into one system and estimated simultaneously using Two-Stage-
Least Squares (2 SLS) estimation method. After the validation of the model’s 
performance it was used to make baseline projections. 

To model the meat and egg sectors in China, FAPRI developed an 
outlook model that can generate annual projections. The Model consists 
of a demand system, a set of production equations, trade relationships and 
domestic market clearing conditions. The meat and egg production levels 
generated by this Model were used to calculate the demand for feed grains 
in China. The Model determines the expenditure for meat and an Almost 
Ideal Demand System (AIDS) is used to allocate the consumers’ meat 
budget to beef, pork, poultry and sheep meat purchases. The egg demand 
is determined by a modified linear equation. Per capita egg consumption 
is a function of the logarithm of the retail egg price, deflated by the stone 
price index for meat, and per capita real income. The closure condition that 
supply must equal demand plus net exports determines the equilibrium 
domestic prices in the Model (Frank, 1997). 

The Irish Agricultural model was born out of the FAPRI-Ireland 
partnership and was developed primarily for agricultural policy analysis 
(Binfield et al, 2000). This Model is a standard recursive, dynamic, partial 
equilibrium model for the agricultural sector in Ireland. The Model was 
specified in an Auto Regressive Distributed Lag (ARDL) form. The model 
has provisions to link with the rest of the Europe. It undertakes 10 years 
projections for the key variables within each of the main agricultural 
commodities under two scenarios, viz., baseline or no policy change and 
a simulated scenario. The commodity covered includes cereals, diary, 
poultry, beef, sheep, pigs and inputs.

2.3.3. Indian Studies

Given the limited institutional mechanisms that bring out regular 
outlooks on important agricultural commodities, policy makers often 
depend on scholarly studies carried out by individual researchers and 
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organizations for obtaining inputs on possible future demand-supply, 
trade and price scenarios on selected commodities from time to time. Some 
such selected studies that find place in the literature are outlined below;

Kannan and Chakrabarty (1983) made an effort to project consumer 
demand for rice, wheat, pulses, edible oil, milk, meat, egg and fish in India 
for the period 1985-86 to 2000-01. This study was based on the estimates 
of expenditure elasticities. Selection of demand function was based on 
considering the historical changes in consumer preference in response to 
changes in level and distribution of income. Three types of functions were 
set with a breakdown of base period consumption between urban and rural 
population in India. A log-inverse function for cereals, a semi-log function 
for pulses, sugar, milk and edible oil and a double-log function for meat, 
fish and egg based on FAOs methodological notes were used for obtaining 
the projections. 

Narain, et al. (1985) had estimated the projections on production 
of rice, wheat, jowar, maize, bajra and pulses for the year 1990. A crop-
wise production function was fit relating to productivity of crop with 
proportion of irrigated area devoted to that crop, proportion of area 
under high yielding variety to total cultivated area under the crop and 
total consumption of nutrient per unit gross area under the crop. It was 
found that fertilizers, proportion of high yielding varieties to the total 
cropped area and proportion of irrigated area devoted to the crop were the 
main variables that affected crop productivity in case of rice and wheat. 
Weather was found to have an important role in determining the pulses 
production. 

Kumar (1998) has worked out demand projections for food, for 
the years, 1995, 2000, 2010 and 2020 at constant prices (1987-88) using 
Food Characteristic Demand System (FCDS) model by accounting for 
urbanization, regional variation in consumption pattern, shifts in dietary 
pattern, income distribution, energy requirements and changes in taste 
and preferences of consumer food varieties. The study projected demand 
under alternative GDP growth at 4, 5 and 7 per cent levels. 

Bhalla, et al. (1999) in their IFPRI discussion paper projected the cereal 
supply and demand under different scenarios for the year 2020. Cereal 
demand projections were based on the assumptions about growth in 
population, urbanization, and national per capita income as well as changes 
in consumption behavior, distribution of income, and livestock production 
systems. Baseline projections on per capita income and consumption 
expenditures were estimated from the National Sample Survey. The study 
has estimated the total cereal demand in 2020 with different scenarios such 
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as with 2 percent, 3.7 percent and 6 percent per capita income growth rate. 
The future growth in supply of cereals was analyzed by extending the use of 
inputs that has been proven successful in the past such as irrigation, modern 
varieties and fertilizers. The study has forecasted the supply of cereals for 
2020 with different scenarios such as with additional land degradation, 
with reduced land degradation, increase in fertilizer consumption and 
irrigation and with genetic and technical efficiency improvements. The 
results of this analysis show that India may need 300 million tonnes of 
cereals by the year 2020. 

Paroda and Kumar (2000) have studied the prevailing situation and 
trends in food production, food consumption pattern in South Asia and 
projected domestic demand for food grains, livestock, fisheries and 
horticultural products between the year 2000 and 2030.The study also 
fixed yield and production targets to maintain self-reliance status by 
different countries including India and suggested strategies for enhancing 
food production. They used FCDS model for estimation of consumer 
demand elasticities. The analysis has revealed that public investment in 
infrastructure, research and extension during the green revolution period 
had significantly helped the expansion of food production and diversified 
the consumers’ food basket. It underscored the fact that food demand 
challenges ahead are formidable, considering the non-availability of 
favorable factors of past growth, declining factor productivity in major 
cropping systems, and rapidly shrinking resource base. The study however 
suggested various production enhancing strategies considering the vast 
agricultural potential that still remains underutilized in the region.

Datta and Rajaraman (2003) undertook short-term forecasting 
of agricultural output at the state level using a time-series modeling 
framework. A univariate ARIMA model with data spanning from early 
1950s till 2000 was fitted to obtain the forecast. The model incorporates the 
rainfall adequacy factor, a key determinant for short-term fluctuations in 
agricultural output. Projections were limited to three years in advance (up 
to 2002-03)and covered five states: Punjab, Rajasthan, Karnataka, Andhra 
Pradesh and Uttar Pradesh.

Dastagiri (2004) estimated the demand projections for livestock 
products in India for 2010 and 2020. A Seemingly Unrelated Regression 
Equation (SURE) model was used to estimate the price and income 
elasticities of demand which were subsequently used in projections. The 
major commodities for which projections were carried out included milk, 
mutton, chicken and eggs. The demand projections were carried out using 
the simple growth model utilizing the estimated expenditure elasticities, 
population and per capita income growth rates and urbanization.
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Mittal (2008) has projected the demand and supply trends of rice, wheat, 
total cereals, pulses, edible oil and sugar in India for the years 2011, 2021 
and 2026. Demand estimations were based on usual assumptions about 
base year demand, population, expenditure elasticity and economic growth. 
Domestic demand projections were estimated from direct demand (human 
demand) and indirect demand (seed, feed, industrial use and wastage). 
Household food demand was driven by growth in population and income. 
Expenditure elasticity was computed using the two-stage Quadratic Almost 
Ideal Demand System (QUAIDS). The supply projections were estimated 
with the assumption of yield growths to be same as in the past decade. 
The base year for area and production was 2003-04. The supply projections 
were made with and without area expansion of crops. 

Chand (2009) projected demand for food grains by the end of 11th plan 
as well as by 2020-21. The study found that despite dietary diversification 
involving sharp decline in per capita direct consumption of foodgrains, 
demand for cereals and pulses is projected to grow at about 2 percent per 
year on account of increase in population and growth in indirect demand. 
This growth rate is almost four times the growth rate experienced in 
domestic production of foodgrains during the last decade and thereby 
created serious imbalances between domestic production and demand. The 
study concludes that, if growth rate in domestic production of foodgrains 
fails to rise to the required level, it would result in decline in export of rice 
and eventually lead to increased dependence on import of wheat, rice and 
pulses for meeting domestic demand for foodgrains.

Kumar et al. (2009) estimated the demand for food grains in India 
for the years 2011-12, 2016-17 and 2021-22, by accounting for the factors 
like urbanization, regional variations in consumption pattern, shifts in 
dietary pattern and income distribution, limit on energy requirement and 
changes in tastes and preferences of consumers for food varieties. Indirect 
demand including ‘home away demand’ was considered in working out 
the food demand projections. A few policy scenarios were presented and 
yield targets for the successive projection years were estimated so that the 
demand for foodgrains could be adequately met.

Kumar et al. (2010) estimated the factor demand and output supply 
elasticity for major crops grown in India and used them to project the 
domestic supply of major commodities. The commodities considered in 
the study were rice, wheat, pulse grains, edible oilseeds and sugarcane 
under various scenarios with and without acreage expansion and Total 
Factor Productivity (TFP) growth. The results of the study suggested 
that the demand for rice and wheat will be met in future with a marginal 
surplus/deficit under the scenarios of with or without TFP growth and 
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acreage response. However, it is highly likely that pulse grains, edible 
oilseeds and sugarcane would be short in supply of demand in the coming 
years under study. The results of supply projections were compared with 
the trends in food demand and policy prescriptions to attain food security 
were suggested.

2.4. Major Insights from the Review

Though the above global/regional models and country-specific 
projections were developed independently from one another in response to 
specific academic requirements pertaining to the variables and geographical 
areas which they catered to, there are several common features cutting 
across them. Broad similarities in terms of basic assumptions, modeling 
approach, functionalities, sectorial linkages, etc. could be noticed. In general, 
most of the outlook models discussed were built under partial equilibrium 
framework with demand and supply of the associated commodities treated 
as independent from the rest of the sectors of the economy. Openness is 
another common feature, where trade in commodities is considered as an 
important variable to link them with the rest of the world. Linkages with the 
input sector is explicitly acknowledged in majority of them by establishing 
input-output relationships through both price and non-price factors. In 
addition to the capability of generating outlooks, the functionalities for 
undertaking simulations are also available in most of them. While some of 
these models function under comparative static, others are dynamic with 
lagged variables plugged in the simultaneous equations, so as to satisfy 
the recursive criteria. The functional equations in general are linear, log-
linear or constant elasticity. The technical parameters and elasticities used 
in these models were often drawn from different sources, ranging from 
single-equation estimates, simultaneous equations estimations, parameters 
reported in the literature, expert judgments, and calibration (Conforti, 2001). 
A comparative analysis between some of the outlook models discussed 
above with respect to their objectives, applications, theoretical restrictions, 
regional as well as sectorial coverage, software used, etc. are presented in 
Appendix 1 for further understanding.
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Data and Methodology

3.1. The Data

Secondary sources were utilized for obtaining all the data used in the 
Cereal Outlook Model. The state-wise data on area, yield and production 
of both primary and secondary commodities were collected from the 
Agricultural Statistics at a Glance, which is an annual publication of the 
Directorate of Economics and Statistics, Ministry of Agriculture, GoI. The 
cost of cultivation and minimum support prices (MSP) for different crops 
were obtained from the reports of Commission for Agricultural Costs and 
Prices (CACP), GoI. The India specific data on food and feed consumption, 
their opening and closing stocks as well as, imports and exports were 
downloaded online from the Production, Supply and Distribution (PSD) 
Database of the USDA. The commodity-wise data on farm harvest and retail 
prices for various markets were culled out from Agricultural Prices in India, 
published by the Directorate of Economics and Statistics. The historical data 
on GDP and GDP deflator were obtained from National Accounts Statistics, 
published by Central Statistical Organization, GoI. The historical as well 
as projections on population were collected from the official website of the 
Office of Registrar General and Census Commissioner, GoI. 

3.2. Methodological Framework

The Cereal Outlook Model was developed under a dynamic as well as 
spatial partial equilibrium modeling framework that incorporate a system 
of simultaneous equations for effectively depicting the linkages between 
various economic variables in the balance sheet of major cereals in India. 
The economic logic of choosing a partial equilibrium framework for 
developing the Model relies mainly on the proven ability of such models 
in undertaking sector-specific policy analyses as well as in generating 
credible outlook estimates, particularly in the agricultural sector, as evident 
from the literature. The Model focuses on three major staple food grains of 
India, viz. rice, wheat and maize along with their interrelations with other 
complementary and substitute crops. The Model has taken cognizance of 
the key economic variables such as production, demand, stocks, trade, 
prices and policy variables related to the primary commodities. It has 

3
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sought to generate medium-and long-term projections, given the past 
trends in behavior of the variables in question as well as magnitude of 
technical coefficients which govern their behavior. Technically, the Model 
derives equilibrium values of the variables based on the econometric 
linkages established through a set of equations that cuts, across commodity 
as well as spatial dimensions. It is an open model as it takes into account 
the trade flows of the commodities with respect to the rest of the world 
and the endogenous prices are attached to the world market prices. The 
Model is dynamic in the sense that the current prices and quantities are 
related to the past prices and quantities and the equilibrium is attained 
through a dynamic recursive iterative process that continuously adjusts the 
quantities and prices across time periods till the overall model converges 
to an equilibrium state. Spatial dimensions have been incorporated by 
specifying supply side equations separately for six regions in the country. 

3.3. Model Structure

The Cereal Outlook Model is a typical agricultural-related model that 
incorporates the major demand and supply side variables, output and input 
prices, as well as other exogenous variables like income and population; and 
policy variables like support prices, tariffs, etc. A schematic representation 
of the linkages in the model is shown in Figure 1. 

Fig. 1. Modeling framework of Cereal Outlook Model: An Illustration

Broadly, the Model comprises of the following integral components: 
(i) a producer core system that integrates the linkages between area, 
yield, production, stock changes and supply of the individual grains; (ii) 
a consumer core system that includes the equations for food and other 
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uses demand, feed demand and total demand; (iii) a trade core system that 
incorporates the export and import equations; (iv) a set of price linkages 
equations for depicting the relationships between producer prices with 
consumer prices and national and regional prices; and (v) a model closure 
equation that links the various cores of the model with certain closure 
conditions. 

The system of equations corresponding to the various core systems of 
the model is illustrated below;

Supply-side Equations

Area Equation

Equation

Where :

A = Area
RGR = Real Gross Revenue
RC = Real Cost
MSP = Minimum Support Price
i = Main Crop
j,k = Completing Crop
t = Current year 
a,b = Respective Regression Coefficients
ei = Random error term

Yield Equation
Yirt = a2 + b21  Trendir + b22RCRirt–1 + b23TRCRirt–1 + ei

Where :

Trend = Time trend
RCR = Revenue Cost Ratio
TRCR = Trend Revenue cost Ratio2

Prodirt = Airt x Yirt

Prodirt =  Prodirt

2Indicates 10 year moving average of revenue-cost ratio that captures secular (long-term) 
 changes in profitability of the crop.
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Where :

Prodirt = Total production in region r

Prodrt = Total production in the country

Demand-side Equations

Food Demand

Where :

FD = Per capita food demand

PC = Real Consumer Price(Retail market price)

I = Real Income per capita

TFD = Total food demand

POP = Total population of the country

i =  Main crop

j and k = Substitute crops

t = Current year 

Feed Demand
Feedit = a4 + b41 Feedit-1 + b42PCit + b43PCjt + ei

Total Demand
TD it = TFDit + Feedit

Where :

Feed = Feed demand
TD = Total demand

Ending Stock
ESit = a5 + b51ESit-1 + b52MSPit +ei

Where :

 ES = Ending stock
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Change in stock
Si = ESit + ESit-1

Export Equation
EXPit = a6 + b61 ESit-1 +b62PRit+ei

Import Equation
IMPit = a7 + b71 ESit-1 + b72PRit+ b73Tariff + ei

Where :

EXP = Export
PR = World price – consumer price ratio
IMP = Import
Tariff = Import tariff

Total Supply Equation
TSit = Prodit+ Si

Price Linkage Equations
PPi = PCi – Margin3

i

PCR = a + bPC4
N + ei

Where :

PP = Producer price (Farm harvest price)
PC = Consumer price (Retail market price)
Margin = Price spread
PCR = Regional consumer price
PCN = National representative cosumer price

Model Closure
TSit + Netradeit  = TDit

Where :

TS = Total Supply
Netrade = Export - Import
TD = Total Demand

3Margin is estimated by subtracting regional producer price from regional consumer price till 
 the base-year.
4Market-clearing equilibrium price obtained through iterations beyond the base-year.
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The above framework was specified for each of the three primary food 
commodities in the model. On the supply side, area, yield and production 
were modeled at the regional levels. For this, the country was divided into 
six regions, namely East, West, North, South, Hills and North-East and 
area and yield equations were fitted separately for each region under each 
crop. 

A detailed commodity-wise picture on spatial and temporal dimensions 
of the model is outlined in Table 3.1.

Table 3.1: Cereal Outlook Model: Commodity, spatial and temporal dimensions

Primary crop Region Region details
Production

Wheat/ Rice/ Maize East Assam, Bihar, Odisha, 
West Bengal, Jharkhand

West Gujarat, Madhya Pradesh, 
Maharashtra, Rajasthan, 
Chhattisgarh

North Haryana, Punjab, Uttar 
Pradesh, Uttarakhand

South Andhra Pradesh, 
Karnataka, Kerala,  
Tamil Nadu

Hills Himachal Pradesh, 
Jammu and Kashmir

North-East Manipur, Meghalaya, 
Nagaland, Sikkim, 
Tripura, Arunachal 
Pradesh, Mizoram

Demand
Wheat/ Rice/ Maize All India All India

Trade
Wheat/ Rice/ Maize All India All India

Stocks
Wheat/ Rice/ Maize All India All India

The estimates on production were obtained by multiplying the area 
and yield estimates for each of these regions, and the national production 
estimates were computed by aggregating these regional estimates. On the 
demand side, the country was treated as a single region and equations 
for food and feed demand were laid out for estimating the total demand 
for each crop. The demand arising from other uses such as industrial 



24

requirements, seed, etc. are implicit in the food demand category in the 
balance sheet because of which a separate equation to represent them was 
not laid out. The food demand equations were initially specified at the per 
capita level. Their estimated values were subsequently multiplied with 
population figures to obtain the national estimates on total food demand. 
Similarly, the stocks and trade were also modeled at the national level. The 
trade equations does not include non-price factors such as quantitative 
restrictions or other variables to capture restrictions like minimum export 
prices, export/import ban etc. Each of the three primary crops was linked 
with the other through its competitive relationship on the supply side and 
substitutive relationship on the demand side. For instance, maize was 
treated as a competing crop for rice and vice versa and were accordingly 
inserted as exogenous variables in the area equations of respective crops. 
Similarly, both wheat and maize have been incorporated as substitute crops 
in the household demand equation for rice. In addition to the primary 
crops, other crops like chick pea, pigeon pea, rapeseed and mustard also 
appear in the model as auxiliary crops with varying relationships with 
the primary crops. The role of inputs in determining crop yield has been 
captured indirectly through the cost of cultivation variable that appears in 
the list of independent variables in the yield function. Sufficient care was 
taken to include the break-up of cost of cultivation on individual inputs 
such as human, bullock and animal labor, seed, fertilizers, irrigation, etc., 
so that variations in the cost of these inputs get reflected on the yield of 
the crop. All monetary values appearing in the Model were converted into 
real terms using Gross Domestic Product (GDP) deflator with the base-
year 2004-05. The detailed model linkages and a list of endogenous and 
exogenous variables along with their technical parameters and elasticties 
are presented in Appendix 2. 

The elasticities appearing in the Model were initially estimated 
outside the system using appropriate methodologies. For instance, the 
acreage elasticities were estimated by fitting acreage response models for 
each crop as well as for each region using time-series data. Similarly, the 
food demand elasticities were estimated by applying AIDS Framework 
on household consumption data. Other elasticities were estimated using 
simple regression procedures applied on time-series data. However, the 
final values of the elasticities were determined through calibrations. The 
technical parameters were obtained based on the calibrated elasticities and 
the actual data on respective variables within the model. The base data on 
all variables correspond to the period 1994-95 to 2010-11. The projections 
were carried out for the ensuing period between 2011-12 and 2025-26. In 
the baseline model, most of the exogenous variables (like RGR, RC, MSP, 
Margin, etc.) were assumed to grow with their real values remaining 
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constant beyond the base-year. However, projections on variables such as 
GDP, population and per capita income were obtained from reliable official 
sources (Appendix 3).

3.4. Simulations and Sensitivity Analysis 

The functionality for undertaking sensitivity analysis and simulations 
has been incorporated in the Cereal Outlook Model. Simulations can be 
carried out by altering the baseline values of exogenous variables to reflect 
the changes in technological, policy and production possibility scenarios. 
Such exercises are helpful in analyzing the impact of various government 
policy interventions and alterations in technology frontiers on the major 
variables included in the Model. In the present context, two scenario 
analyses were attempted to see the response of the Model with respect 
to shocks in exogenous variables. These were (i) sustained 2 per cent real 
annual increase in MSP of wheat, rice and maize, over the base-line (ii) 
Sustained 2 per cent real annual increase in cost of cultivation (cost A1) 
of wheat, rice and maize, over the base-line. The results of the simulation 
exercises are discussed in the forthcoming section. 

3.5. Validation of the Model

Validation is an essential step to verify the credibility of a model 
and authenticate its predictive power (Martis, 2006). In case of outlook 
models, validation is generally done by generating outlooks for a 
previous period for which actual data is available and comparing the 
two for the degree of accuracy. In the present context, the base-year 
of the Model was altered from 2010-11 to 2000-01 and outlooks were 
generated for the period 2001-02 to 2010-11. The model estimates for 
outlooks on major variables were compared with that of their actual 
values. The level of accuracy was judged based on statistical measures 
like ‘Mean Absolute Error (MAE)’ and ‘Mean Absolute Per cent Error 
(MAPE)’ or ‘% error’ for the period, 2001-02 to 2010-11. Per cent error 
(% error) was obtained by taking MAE as a share of mean value of the 
variable in question for the designated period. The validation results 
are provided in Table 3.2. The MAE values in respect of the different 
variables for wheat, rice and maize were found to be within acceptable 
levels. Per cent error, a better measure for judgment of accuracy stood 
below 10% for all variables, except for stocks and net trade, irrespective 
of crops. Higher error in ending stock and net trade could be because 
of the high levels of variability generally observed in stocks as well as 
exports and imports for cereals in India. In general it can be concluded 
that, the Model has good predictive power, as the level of error has been 
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found 5 per cent or lower for major variables like area, yield, production, 
consumption, etc. in case of wheat and rice and less than 10 per cent for 
maize. 

Another indirect way of validating a model is to compare the results 
arising from it with that of other similar accepted models. In this case, the 
Cereal Outlook Model projections were compared with that of FAO/OECD 
model and FAPRI-CARD model (Appendix 5). The projections were found 
to be broadly comparable with one another. 

Table 3.2. Results of validation of the Cereal Outlook Model
(Area in Mha; Yield in T/ha; Production, Consumption, and Net trade in Mt)

Variable Wheat Rice Maize

MAE % error MAE % Error MAE % Error

Area 0.865 3.18 1.121 2.60 0.708 9.20

Yield 0.08 3.04 0.06 2.98 0.17 8.32

Production 3.678 4.91 4.532 5.04 1.629 10.10

Food and other use 2.354 3.25 3.900 4.52 0.609 7.80

Feed use 0.251 9.84 0.00 – 0.570 8.50

Total consumption 2.573 3.43 3.900 4.52 1.105 7.61

Ending stock 11.84 94.45 14.42 116.71 0.446 58.33

Net trade 2.896 126.35 2.017 48.70 1.337 83.62

Notes: ‘MAE’ denotes mean absolute deviation of projected values from actual for the period  
2001-2010; ‘% Error’ denotes mean absolute per cent error. 

3.6. Limitations of the Model
Like most other contemporary models, the Cereal Outlook Model also 

has certain limitations which are elaborated here. The Model has been built 
under a linear framework, with all related equations specified in linear form. 
Consequently, all projections obtained from the Model would also follow 
linear paths, which is often not the case in reality. However, sufficient care 
is taken to ensure the most probable long-term trajectory of the concerned 
variables by calibrating the technical coefficients and validating the model 
for previous years for which data is available. Another limitation of the 
Model is that, some technical coefficients (particularly those corresponding 
to trade, stock and other minor variables) used in the model were obtained 
through calibration or from previous literature rather than through direct 
estimation. However, this is a standard procedure in modeling literature 
and would not affect the performance of the model beyond certain limits. 
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The values of the exogenous variables like per capita income, cost of 
cultivation, support prices, international prices, GDP deflator, etc. were 
either extrapolated based on logical assumptions or taken from other 
credible sources. The base-line projections are governed by the correctness 
of these assumptions to a considerable extent. Further, the linkages of the 
primary crops considered in the Model are limited only to a few immediately 
related crops. Broad linkages of the primary crops with other commodities 
outside the primary sector are also not covered in the present exercise. The 
Model also does not include elaborate linkages between MSP, procurement 
and distribution of the cereals considered. It was also assumed that, stocks 
of the grains are held only by the government and private stocks with the 
traders are negligible. Climatic variables such as rainfall, temperature, 
etc. are also kept aside due to constraints in estimating realistic technical 
parameters with respect to crop performance. 
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Main Results and Discussion

4.1. National and Regional Outlooks 
The base-line outlook estimates obtained from the Model for wheat, rice 

and maize are presented in Tables 4.1 to 4.5. The results that correspond to 
the major endogenous variables viz., area, yield, production, food and feed 
consumption, stock as well as net trade are presented for the years 2011-12, 
2016-17, 2020-21 and 2025-26 (Table 4.1). At all-India level, the area under 
wheat is projected to increase marginally from the base-year level of 29.04 
Million hectare (Mha) to 30.11 Mha by the year 2025-26. This implies that 
the scope of area increase in wheat is limited and the production increase 
should come mainly from improvement in yield in future. The projections 
indicate that wheat yield in the country would increase modestly from the 
base-year value of 2.99 tonnes/hectare (t/ha) to 3.39 t/ha in a span of 15 years 
ahead. Consequently, the national production of wheat will increase by 
around 16 Million tonnes (Mt) during 2011-12 to 2025-26. The projections 
for wheat production are: 90.87 Mt by 2015-16, 95.59 Mt by 2020/21 and 
102.08 Mt by 2025-26. The corresponding regional picture of future area, 
yield and production is also provided in Table 4.1. The highest share of 
wheat production would be from northern and western regions as in the 
past. Yield improvements are expected in all regions, but with the highest 
gains in eastern and northern regions. The demand for wheat is slated to 
increase due to increase in population and changes in dietary habits. At the 
national level, total demand for wheat is projected to grow from 81.60 Mt 
in 2010-11 to 102.0 Mt by 2025, the rate being slightly higher than growth 
in production. Accordingly, net trade of wheat would taper slightly from 
0.67 Mt to 0.08 Mt during the period. 

As in the case of wheat, area gains in rice would also be marginal, and 
within the range that had existed in the recent past. Projections from the 
Model indicate an area increase from 42.5 M ha in the base-year to 44.5 M 
ha by 2025-26 (Table 4.2). Yield gains in rice would be modest from 2.25  
t/ha to 2.61 t/ha during this period. The total rice production is projected 
to rise from 95.7 Mt to 116.06 Mt. This growth would be shared across the 
regions with highest contribution from eastern and northern regions. The 
rice production in southern region is expected to stagnate mainly due to a 
decrease in area under the crop. In contrast, area under rice would increase 

4
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Table 4.1. Outlook for wheat in India: 2010-11 to 2025-26
(Area in Mha; Yield in T/ha; Production, Consumption, Ending stock and Net 
trade in Mt) 

Region Variable 2010-11 
(Base-
year)

2011-12 2016-17 2020-21 2025-26

All 
India

Area 29.04 29.20 29.37 29.68 30.11

Yield 2.99 2.96 3.09 3.22 3.39

Production 86.76 86.55 90.87 95.59 102.09

Food and other use 78.51 85.96 88.29 93.04 99.60

Feed use 3.10 2.69 2.51 2.48 2.41

Total consumption 81.61 88.65 90.80 95.52 102.01

Ending stock 21.41 19.17 18.91 18.91 18.91

Net trade 0.68 0.13 0.07 0.08 0.08
East  Area 2.56 2.59 2.61 2.63 2.64

Yield 2.02 2.09 2.21 2.31 2.42

Production 5.19 5.40 5.76 6.08 6.39
West  Area 9.51 9.50 9.53 9.68 9.81

Yield 2.24 2.28 2.39 2.52 2.63

Production 21.29 21.67 22.76 24.39 25.78
North  Area 16.04 16.16 16.28 16.50 16.69

Yield 3.68 3.60 3.74 3.93 4.09

Production 58.98 58.16 60.95 64.86 68.29
South  Area 0.27 0.28 0.29 0.30 0.30

Yield 1.10 1.03 1.12 1.22 1.30

Production 0.29 0.29 0.33 0.36 0.39
Hills  Area 0.65 0.67 0.65 0.65 0.65

Yield 1.53 1.51 1.63 1.76 1.87

Production 0.99 1.01 1.05 1.14 1.22
North 
East

Area 0.01 0.01 0.01 0.01 0.01

Yield 1.50 1.59 1.58 1.57 1.56

Production 0.02 0.02 0.02 0.02 0.02

in eastern and northern regions with commensurate gains in yield. Slight 
gains in area and yield are also expected from the western region of the 
country. 
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Table 4.2. Outlook for rice in India: 2010-11 to 2025-26
(Area in Mha; Yield in T/ha; Production, Consumption, Ending stock and Net trade in Mt) 

Region Variable 2010-11 
(Base-
year)

2011-12 2016-17 2020-21 2025-26

All 
India Area 42.51 44.17 44.20 44.34 44.53

Yield 2.25 2.26 2.37 2.47 2.61

Production 95.74 100.01 104.82 109.60 116.07

Food and other use 90.21 96.55 100.81 105.72 112.03

Feed use 0.00 0.00 0.00 0.00 0.00

Total consumption 90.21 96.55 100.81 105.72 112.03

Ending stock 19.44 18.63 18.42 18.01 17.99

Net trade 2.77 4.27 4.04 4.03 4.04
East  Area 15.03 16.75 16.91 16.94 16.99

Yield 1.92 1.95 1.99 2.03 2.09

Production 28.82 32.64 33.63 34.39 35.46
West  Area 7.76 7.82 7.83 7.85 7.88

Yield 1.60 1.48 1.61 1.72 1.88

Production 12.39 11.58 12.58 13.50 14.78
North  Area 10.02 10.12 10.01 10.05 10.10

Yield 2.68 2.81 3.07 3.28 3.56

Production 26.85 28.43 30.69 32.94 35.99
South  Area 8.41 8.23 8.21 8.26 8.31

Yield 2.96 3.00 3.06 3.13 3.22

Production 24.92 24.67 25.10 25.81 26.73
Hills  Area 0.34 0.34 0.34 0.33 0.33

Yield 1.88 2.03 2.24 2.39 2.57

Production 0.64 0.68 0.75 0.80 0.85
North-  
East

Area 0.94 0.91 0.91 0.91 0.91

Yield 2.25 2.20 2.29 2.37 2.48

Production 2.12 2.01 2.07 2.15 2.26
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The total food demand for rice would increase from the base-year value 
of 90.20 Mt to 105.71 Mt by 2020-21 and further to 112.02 Mt by the year 
2025-26. With sufficient balance of production over demand, the net trade 
in rice would remain positive and in the range of 4.0-4.20 Mt during 2011-
12 to 2025-26. The area under maize is projected to increase at a higher 
rate than that of wheat and rice in per cent terms. The Model projects an 
increase in area from 8.61 M ha in the base-year to 9.14 M ha by the year 
2025-26 (Table 4.3). The yield of maize is slated to increase perceivably 

Table 4.3. Outlook for maize in India: 2010-11 to 2025-26

(Area in Mha; Yield in T/ha; Production, Consumption, Ending stock and Net 
trade in Mt)

Region Variable 2010-11 
(Base-year)

2011-12 2016-17 2020-21 2025-26

All India Area 8.61 9.04 9.26 9.19 9.14
Yield 2.54 2.62 2.73 2.86 2.98
Production 21.84 23.72 25.26 26.31 27.20
Food and 
other use 

9.10 10.22 11.04 11.65 12.10

Feed use 9.00 10.43 11.51 11.85 12.24
Total con-
sumption 

18.10 20.64 22.55 23.50 24.34

Ending stock 755 678 630 635 634

Net trade 3.48 3.16 2.72 2.81 2.86
East  Area 1.09 1.07 1.02 1.01 1.01

Yield 2.18 2.36 2.45 2.54 2.67
Production 2.37 2.53 2.50 2.58 2.71

West  Area 3.47 3.74 3.84 3.78 3.74
Yield 1.94 2.01 2.01 2.10 2.22
Production 6.71 7.52 7.73 7.94 8.31

North  Area 0.93 0.93 0.93 0.92 0.91
Yield 1.80 1.87 1.93 1.99 2.06
Production 1.67 1.75 1.79 1.83 1.88

South  Area 2.26 2.41 2.60 2.63 2.62
Yield 4.17 4.26 4.44 4.58 4.79
Production 9.43 10.27 11.55 12.05 12.52

Hills  Area 0.61 0.62 0.61 0.61 0.61
Yield 1.98 1.99 2.04 2.09 2.16
Production 1.20 1.23 1.25 1.28 1.32

North-
East 

Area 0.27 0.26 0.26 0.25 0.25
Yield 1.78 1.65 1.70 1.75 1.82
Production 0.47 0.43 0.44 0.45 0.46
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from 2.54 t/ha to 2.98 t/ha during this period. Both area and yield gains 
would result in the increase of maize production from 21.8 Mt to 27.19 
Mt during the period under projection. Such gains in production would 
be appreciable for a marginal crop like maize, and indicate the future 
potential of this important low value staple crop. The regional outlook 
for maize suggests promising potential for this crop in eastern, western 
and southern regions. Significant yield improvements are expected in 
all these three regions, though northern and hills are not far behind. 
However, maize production is projected to dip in north-eastern 
region with loss in area and stagnation in yield. On the demand side, 
projections have shown that use of maize both as food and feed will 
increase considerably. While the food demand for maize would increase 
from 9.10 Mt to 12.23 Mt, the feed demand would rise more or less at the 
same rate from 9.0 Mt to 10.6 Mt during the period of projection. The 
higher growth in demand over production would result in net trade to 
dip from 3.47 Mt to 2.86 Mt over the next fifteen years. 

The market clearing prices for rice, wheat and maize at which the 
supply-demand equilibriums were arrived at are presented in Appendix 4. The 
equilibrium outlook estimates presented above were essentially the ones 
corresponding the marketing clearing prices as explained previously. 

4.2. Simulation Results
As outlined in the methodology section, two separate simulations were 

carried out using Cereal Outlook Model and the results are presented in Table 
6 and 7. The first one corresponds to a sustained 2 per cent real annual 
increase in MSP of wheat, rice and maize during the projection period. 
The results are expressed in terms of percent changes over base-line. It was 
observed that increase in MSP, an exogenous policy variable, resulted in 
increase of area, production, consumption as well as net trade in all three 
commodities. The simulations indicate that, per cent increase in area under 
cultivation for wheat, rice and maize respectively would be 0.09 per cent, 
0.15 per cent and 0.09 per cent respectively in the immediate next period 
after the base-year (Table 4.4). The area would further increase consistently 
over the years to reach at 1.68 per cent, 2.50 per cent and 2.36 per cent by 
the year 2025-26 over the base-year. The increase in area under cultivation 
would resultantly cause production to rise over the years with subsequent 
positive effects on consumption as well. However, the magnitude of 
consumption rise would be a little less than production allowing the excess 
production to get exported thereby recording increase in net trade. In 
general, rice and maize were found to be better responsive to changes in 
MSP than wheat in terms of corresponding changes in area, production 
and consumption. However, this was converse in case of net trade, with 
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higher per cent increase in net trade of wheat as against that of rice and 
maize. Another notable finding was that, market clearing prices of all three 
crops decreased as a result of increase in MSP and consequent increase in 
area and production. This shows that, excessive dependence on MSP as a 
policy variable to improve farmers’ welfare may have unintended negative 
implications. Therefore, government interventions should based on proper 
evaluation of all dimensions of its effects on the economy. 

Table 4.4. Effects of sustained 2% annual increase (in real terms) in MSP of 
wheat, rice and maize

(% change over the base-line)

Variable Crop 2011-12 2016-17 2020-21 2025-26
Area Wheat 0.09 0.61 1.07 1.68

Rice 0.15 0.92 1.59 2.50

Maize 0.09 0.82 1.47 2.36

Production Wheat 0.09 0.43 0.70 1.01
Rice 0.16 0.74 1.22 1.83

Maize 0.09 0.71 1.26 1.98

Total 
consumption 

Wheat 0.06 0.40 0.66 0.97
Rice 0.14 0.70 1.16 1.75

Maize 0.08 0.69 1.22 1.91
Net trade Wheat 1.14 11.07 18.03 26.03

Rice 0.36 1.52 2.49 3.73

Maize 0.07 0.77 1.48 2.50

Market 
clearing 
price

Wheat -0.55 -2.84 -4.67 -6.75
Rice -0.95 -4.28 -6.84 -9.87

Maize -0.23 -1.86 -3.46 -5.77

Simulation results from the Model indicate that sustained increase in 
cost of cultivation at the rate of 2 per cent per annum would result in decline 
of area, production, consumption and net trade in all three commodities. 
Intuitively, as cost of cultivation increases, farmers would tend to reduce 
their area under crops. In case of wheat, the reduction of area would be 
to the tune of 0.08 per cent from the base-line by the year 2025-26 (Table 
4.5). Area reduction in rice would be at 0.02 per cent in relation to baseline, 
where as there would be negligible effects on maize area. Lower area under 
cultivation would therein result lower production and so are the indications 
from the simulations in the present context. The corresponding decline in 
production of wheat, rice and maize would be at 0.21 per cent, 0.13 per cent 
and 0.13 per cent respectively by the year 2025-26. The relatively higher 
magnitude in decline of production is due to reduction in yield of crops 
as well as a result of increase in cost of cultivation. Equivalent squeeze in 
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consumption as well as net trade would also follow in the course of time 
due to lower area and production of the cereals under consideration. As 
expected, increase in cost of cultivation also resulted in increase in market 
prices of crops, but by a lower magnitude. This shows that, cost increases 
may not result in equivalent increase in price so that farmers could make-
up for their loss by realizing higher prices of their produce. This calls for 
adequate safety-nets to be put in place to insulate farmers from excessive 
increases in cost of cultivation especially during bad years. 

Table 4.5. Effects of sustained 2% annual increase (in real terms) in cost of 
cultivation of wheat, rice and maize
 (% change over the base-line)

Variable Crop 2011-12 2016-17 2020-21 2025-26
Area Wheat 0.00 -0.10 -0.09 -0.08

Rice 0.00 -0.02 -0.02 -0.02

Maize 0.00 -0.01 0.00 0.00

Production Wheat -0.03 -0.19 -0.20 -0.21
Rice 0.00 -0.11 -0.12 -0.13

Maize 0.00 -0.16 -0.16 -0.13

Total 
consumption 

Wheat -0.03 -0.19 -0.20 -0.20
Rice 0.00 -0.11 -0.12 -0.12

Maize 0.00 -0.16 -0.15 -0.14
Net trade Wheat -0.35 -3.38 -3.38 -3.20

Rice -0.02 -0.29 -0.30 -0.30

Maize 0.00 -0.16 -0.17 -0.17

Market 
clearing 
price

Wheat -0.55 -2.84 -4.67 -6.75
Rice -0.95 -4.28 -6.84 -9.87

Maize -0.23 -1.86 -3.46 -5.77

The above simulations are indicative of the various utilities of the Model 
with special reference to policy conclusions that could be drawn under 
alternative scenarios. Similar simulations with respect to shocks in various 
exogenous variables like per capita income, international commodity 
prices, import tariffs, rate of inflation, population growth rates, price 
spread, etc. could be undertaken and their results could be used as policy 
inputs. However, they are not attempted here due to space constraints. 
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Conclusions and Policy Implications

A far sighted food policy is essential to facilitate efficient functioning 
of food production and management systems, especially for a country 
like India where household level food security still remains elusive. 
In this context, reliable mechanisms for generating outlooks on key 
variables such as demand, supply, trade, prices, etc. of important food 
commodities forms an essential basis for planning. This Paper explores 
the theoretical underpinnings as well as practical applications of Cereal 
Outlook Model, a dynamic, partial equilibrium model, developed by 
the authors with the specific purpose of generating future outlooks 
on major cereals in India. Demand-and-supply-side outlook on key 
variables such as area, yield, production, consumption and net trade of 
wheat, rice and maize have been attempted with projections extending 
up to 2025-26. On the supply side, area, yield and production were 
modeled at the regional levels. For this, the country was divided into six 
regions, namely East, West, North, South, Hills and North-East and area 
and yield equations were fitted separately for each region under each 
crop. The estimates on production were obtained from the estimates on 
area and yield for each of these regions, and the national production 
estimates were computed by aggregating these regional estimates. On 
the demand side, the country was treated as a single region and equations 
for food and feed demand were laid out for estimating the total demand 
for each crop. The food demand equations were initially specified at 
the per capita level. Their estimated values were subsequently adjusted 
for population to obtain the national estimates on total food demand. 
Similarly, the stocks and trade were also modeled at the national level. 
In the modeling framework, each of the three primary crops was linked 
with the other auxiliary crops such as chick pea, pigeon pea, rapeseed 
and mustard, etc. through their competitive relationship on the supply 
side and substitutive relationship on the demand side. The technical 
coefficients appearing in the model were initially obtained separately 
using appropriate demand and supply estimation techniques. However, 
the final values of the elasticities were determined through model 
calibrations. The base data on all variables correspond to the period 
1994-95 to 2010-11, for which the elaborate demand, supply and trade 
core systems were laid out. Projections for future years were carried out 

5
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based on a recursive dynamic iterative algorithm that satisfy the closure 
condition that total demand of a particular commodity in an year equals 
its total supply, after adequately accounting for the respective trade and 
stock balances. Accordingly, the projections cover the period 2011-12 to 
2025-26 with the base-year of projections being 2010-11.

The model results indicate fast growing trends in demand and supply 
of the three cereals considered. At all-India level, the area under wheat is 
projected to increase marginally from the base-year level of 29.04 Million 
hectare (Mha) to 30.11 Mha by the year 2025-26. This implies that the scope 
of area increase in wheat is limited and the production increase should 
come mainly from improvement in yield in future. The yield projections 
indicate that wheat yield in the country would increase modestly from the 
base-year value of 2.99 tonnes/hectare (t/ha) to 3.39 t/ha in a span of 15 
years ahead. Consequently, the national production of wheat will increase 
by around 16 Million tonnes (Mt) during 2011-12 to 2025-26 with the 
respective production projections being 90.87 Mt for 2015-16, 95.59 Mt for 
2020/21 and 102.08 Mt for 2025-26.As in the case of wheat, area gains in 
rice would also be marginal, and within the range that has existed in the 
recent past. Projections from the Model indicate an area increase from 42.5 
M ha in the base-year to 44.5 M ha by 2025-26. Yield gains in rice would 
be modest from 2.25 t/ha to 2.61 t/ha during this period. Consequently, the 
total rice production is projected to rise from 95.7 Mt to 116.06 Mt. The area 
under maize is projected to increase at a higher rate than that of wheat and 
rice in relative terms. The Model projects an increase in area from 8.61 M 
ha in the base-year to 9.14 M ha by the year 2025-26 for maize. The yield 
of maize is slated to increase perceivably from 2.54 t/ha to 2.98 t/ha during 
this period. Both area and yield gains would result in the increase of maize 
production from 21.8 Mt to 27.19 Mt between the base-year and terminal 
year of projections. Such gains in production would be appreciable for a 
marginal crop like maize, and indicate the future potential of this important 
low value staple crop.

In nutshell, the outlooks on rice, wheat and maize obtained from the 
Model indicates that, though demand for these crops would increase 
considerably as a result of growing per capita income, population and 
urbanization, supply would keep pace owing to the emergence of new 
areas contributing towards incremental production. Regional supply 
projections indicate strong potential in the eastern region of the country 
with promising outlooks on area and yield for all three crops in this region. 
This augurs well with the recent initiatives of the government of India in 
extending green revolution to eastern India with substantial allocations for 
improving input delivery systems, market development and infrastructure 
creation. The prominence of northern region would continue particularly 



37

for wheat and rice. The southern and western regions would maintain 
their status quo, but production projections indicate a general tendency 
of stagnation in these two regions. The contribution of hill and north-
eastern regions would remain negligible as in the past. Consequent to the 
considerable supply response projected against the growing demand, the 
net trade of all three commodities would remain positive, though some 
signs of tapering off in net trade are expected in case of wheat and maize. 
Accordingly, no serious supply deficits are to be anticipated in case of the 
three cereals considered at least for the next one and a half decades in the 
country. 

The functionality of the Model to undertake simulations under 
alternative technology and policy scenarios was also demonstrated in 
the Paper. The simulation results corresponding to two scenarios of 
sustained increase in MSP and cost of cultivation of the three crops 
were consistent with intuitive hypotheses. It was observed that increase 
in MSP, an exogenous policy variable, resulted in increase of area, 
production, consumption as well as net trade in all three commodities. 
Similarly, the simulations with respect to sustained increase in cost of 
cultivation resulted in decline of area, production, consumption and net 
trade in all the three commodities. In nutshell, the paper throws light 
on a time tested, but relatively less explored approach to derive future 
outlooks on important staple crops that could have significant say in the 
country’s food security in times to come.
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Appendix 2

Cereal Outlook Model: Specifications

Region Dependent 
variable

Explanatory variable Parameter Elasticity

Crop: Wheat

Area equations

East Wheat area Intercept
Wheat lagged area
Wheat lagged real gross returns
Chickpea lagged real gross 
returns
Rapeseed & mustard  lagged real 
gross returns
Wheat lagged real cost
Wheat real minimum support 
price

2291.57
0.134
0.009

-0.005
-0.006
-0.013
0.025

0.135
0.054

-0.031
-0.033
-0.083
0.075

West Wheat area Intercept
Wheat lagged area
Wheat lagged real gross returns
Chickpea lagged real gross 
returns
Rapeseed & mustard  lagged real 
gross returns
Wheat lagged real cost
Wheat real minimum support 
price

5524.63
0.331
0.031

-0.012
-0.003
-0.021
0.034

0.316
0.087

-0.026
-0.016
-0.112
0.094

North Wheat area Intercept
Wheat lagged area
Wheat lagged real gross returns
Chickpea lagged real gross 
returns
Rapeseed & mustard  lagged real 
gross returns
Wheat lagged real cost
Wheat real minimum support 
price

7121.68
0.557
0.029

-0.024
-0.014
-0.035
0.097

0.553
0.048

-0.027
-0.019
-0.061
0.048
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Region Dependent 
variable

Explanatory variable Parameter Elasticity

South Wheat area Intercept
Wheat lagged area
Wheat lagged real gross returns
Chickpea lagged real gross 
returns
Rapeseed & mustard  lagged real 
gross returns
Wheat lagged real cost
Wheat real minimum support 
price

137.35
0.531
0.002

-0.001
-0.001
-0.001
0.004

0.529
0.040

-0.057
-0.035
-0.093
0.107

Hills Wheat area Intercept
Wheat lagged area
Wheat lagged real gross returns
Chickpea lagged real gross 
returns
Rapeseed & mustard  lagged real 
gross returns
Wheat lagged real cost
Wheat real minimum support 
price

469.97
0.134
0.004
0.000
0.000

-0.002
0.004

0.134
0.058

-0.002
-0.007
-0.042
0.051

North-
East

Wheat area Intercept
Wheat lagged area
Wheat lagged real gross returns
Chickpea lagged real gross 
returns
Rapeseed & mustard  lagged real 
gross returns
Wheat lagged real cost
Wheat real minimum support 
price

10.61
0.228
0.000
0.000
0.000
0.000
0.000

0.252
0.319

-0.110
-0.114
-0.162
0.066

East Wheat yield Intercept
Trend
Wheat lagged revenue-cost ratio
Wheat trend revenue-cost ratio

1.359
0.018
0.178
0.153

0.125
0.094
0.076

West Wheat yield Intercept
Trend
Wheat lagged revenue-cost ratio
Wheat trend revenue-cost ratio

1.646
0.019
0.159
0.065

0.122
0.076
0.033
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Region Dependent 
variable

Explanatory variable Parameter Elasticity

North Wheat yield Intercept
Trend
Wheat lagged revenue-cost ratio
Wheat trend revenue-cost ratio

2.557
0.030
0.220
0.193

0.120
0.062
0.052

South Wheat yield Intercept
Trend
Wheat lagged revenue-cost ratio
Wheat trend revenue-cost ratio

0.515
0.016
0.178
0.106

0.252
0.081
0.046

Hills Wheat yield Intercept
Trend
Wheat lagged revenue-cost ratio
Wheat trend revenue-cost ratio

0.960
0.023
0.117
0.049

0.217
0.065
0.032

North-
East

Wheat yield Intercept
Trend
Wheat lagged revenue-cost ratio
Wheat trend revenue-cost ratio

1.444
-0.003
0.113
0.064

-0.025
0.049
0.025

All 
India

Wheat 
household 
per capita 
food 
demand 

Intercept
Wheat lagged per capita food 
demand
Wheat real consumer price
Rice real consumer price
Maize real consumer price
Real per capita income

77.02
-0.057
-1.991
0.271
0.321
0.000

-0.056
-0.260
0.062
0.038
0.036

All 
India

Wheat 
total feed 
demand 

Intercept
Wheat lagged feed demand
Wheat real consumer price
Maize real consumer price

3173.00
0.013

-0.120
0.045

0.013
-0.401
0.138

All 
India

Wheat 
ending 
stock 

Intercept
Wheat lagged ending stock 
Wheat real minimum support 
price

10083.93
0.106
0.113

0.093
0.072

All 
India

Wheat 
export 

Intercept
Wheat lagged ending stock
Wheat world price-consumer 
price ratio

354.23
0.000

130.253
0.000
0.277
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Region Dependent 
variable

Explanatory variable Parameter Elasticity

All 
India

Wheat 
import

Intercept
Wheat lagged ending stock
Wheat world price-consumer 
price ratio
Import tariff

1403.38
-0.010

-140.157
-10.254

-0.095
-0.118
-0.124

East Rice area Intercept
Rice lagged area
Rice lagged real gross returns
Pigeon pea lagged real gross 
returns
Maize lagged real gross returns
Rice lagged real cost
Rice real minimum support price

14403.6
0.114
0.033

-0.012
-0.023
-0.015
0.104

0.116
0.037

-0.017
-0.014
-0.024
0.060

West Rice area Intercept
Rice lagged area
Rice lagged real gross returns
Pigeon pea lagged real gross 
returns
Maize lagged real gross returns
Rice lagged real cost
Rice real minimum support price

6175.32
0.146
0.008

-0.004
-0.007
-0.004
0.048

0.145
0.016

-0.007
-0.009
-0.007
0.062

North Rice area Intercept
Rice lagged area
Rice lagged real gross returns
Pigeon pea lagged real gross 
returns
Maize lagged real gross returns
Rice lagged real cost
Rice real minimum support price

8388.62
0.079
0.007

-0.007
-0.011
-0.001
0.062

0.078
0.028

-0.015
-0.011
-0.003
0.063

South Rice area Intercept
Rice lagged area
Rice lagged real gross returns
Pigeon pea lagged real gross 
returns
Maize lagged real gross returns
Rice lagged real cost
Rice real minimum support price

6232.34
0.054
0.017

-0.025
-0.022
-0.010
0.108

0.052
0.087

-0.034
-0.058
-0.045
0.146
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Region Dependent 
variable

Explanatory variable Parameter Elasticity

Hills Rice area Intercept
Rice lagged area
Rice lagged real gross returns
Pigeon pea lagged real gross 
returns
Maize lagged real gross returns
Rice lagged real cost
Rice real minimum support price

282.97
0.210
0.000

-0.001
0.000

-0.001
0.002

0.209
-0.035
-0.024
-0.013
-0.041
0.065

North-
East

Rice area Intercept
Rice lagged area
Rice lagged real gross returns
Pigeon pea lagged real gross 
returns
Maize lagged real gross returns
Rice lagged real cost
Rice real minimum support price

738.16
0.148
0.001

-0.001
-0.002
-0.003
0.007

0.146
0.029

-0.015
-0.018
-0.060
0.080

East Rice yield Intercept
Trend
Rice lagged revenue-cost ratio
Rice Trend revenue cost ratio

1.54
0.010
0.140
0.084

0.071
0.056
0.035

West Rice yield Intercept
Trend
Rice lagged revenue-cost ratio
Rice Trend revenue-cost ratio

0.85
0.026
0.085
0.074

0.255
0.073
0.057

North Rice yield Intercept
Trend
Rice lagged revenue-cost ratio
Rice Trend revenue-cost ratio

1.73
0.049
0.149
0.078

0.247
0.066
0.034

South Rice yield Intercept
Trend
Rice lagged revenue-cost ratio
Rice Trend revenue-cost ratio

2.48
0.016
0.110
0.086

0.074
0.042
0.035

Hills Rice yield Intercept
Trend
Rice lagged revenue-cost ratio
Rice Trend revenue-cost ratio

1.43
0.023
0.098
0.071

0.158
0.058
0.040
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Region Dependent 
variable

Explanatory variable Parameter Elasticity

North-
East

Rice yield Intercept
Trend
Rice lagged revenue-cost ratio
Rice Trend revenue-cost ratio

1.52
0.021
0.083
0.049

0.140
0.056
0.036

All 
India

Rice 
household 
per capita 
food 
demand 

Intercept
Rice lagged per capita food 
demand
Rice  real consumer price
Wheat real consumer price
Maize real consumer price
Real per capita income

80.29
-0.031
-1.206
0.709
0.562
0.000

-0.031
-0.230
0.078
0.057
0.026

All 
India

Rice total 
feed 
demand 

Intercept
Rice lagged feed demand
Rice  real consumer price
Maize real consumer price

0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000

All 
India

Rice ending 
stock 

Intercept
Lagged ending stock 
Rice real minimum support price

8693.36
0.238
0.030

0.211
0.0265

All 
India

Rice export Intercept
Rice lagged ending stock
Rice world price-consumer price 
ratio

2082.80
0.004

984.915
0.013
0.426

All 
India

Rice import Intercept
Rice lagged ending stock
Rice world price-consumer price 
ratio
Import Tariff

0.068
0.000
0.023

-0.056

0.062
0.031

-0.105

East Maize area Intercept
Maize lagged area
Maize lagged real gross returns
Pigeon pea lagged real gross 
returns
Rice lagged real gross returns
Maize lagged real cost
Maize real minimum support 
price

239.89
0.616
0.010

-0.001
-0.001
-0.001
0.015

0.596
0.137

-0.023
-0.016
-0.019
0.087



50

Region Dependent 
variable

Explanatory variable Parameter Elasticity

West Maize area Intercept
Maize lagged area
Maize lagged real gross returns
Pigeon pea lagged real gross 
returns
Rice lagged real gross returns
Maize lagged real cost
Maize real minimum support 
price

1226.51
0.459
0.069

-0.004
-0.005
-0.002
0.029

0.447
0.162

-0.020
-0.026
-0.010
0.053

North Maize area Intercept
Maize lagged area
Maize lagged real gross returns
Pigeon pea lagged real gross 
returns
Rice lagged real gross returns
Maize lagged real cost
Maize real minimum support 
price

820.96
0.159
0.006

-0.001
-0.001
0.000
0.006

0.160
0.055

-0.027
-0.026
-0.003
0.035

South Maize area Intercept
Maize lagged area
Maize lagged real gross returns
Pigeon pea lagged real gross 
returns
Rice lagged real gross returns
Maize lagged real cost
Maize real minimum support 
price

113.78
0.838
0.018

-0.008
-0.001
-0.001
0.018

0.787
0.174

-0.038
-0.016
-0.017
0.052

Hills Maize area Intercept
Maize lagged area
Maize lagged real gross returns
Pigeon pea lagged real gross 
returns
Rice  lagged real gross returns
Maize lagged real cost
Maize real minimum support 
price

551.17
0.121
0.001

-0.001
0.000

-0.003
0.005

0.121
0.016

-0.007
-0.006
-0.059
0.043
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Region Dependent 
variable

Explanatory variable Parameter Elasticity

North-
East

Maize area Intercept
Maize lagged area
Maize lagged real gross returns
Pigeon pea lagged real gross 
returns
Maize lagged real gross returns
Maize lagged real cost
Maize real minimum support 
price

173.70
0.150
0.002
0.000
0.000

-0.001
0.002

0.139
0.062

-0.037
-0.018
-0.040
0.069

East Maize yield Intercept
Trend
Maize lagged revenue-cost ratio
Maize Trend revenue-cost ratio

1.59
0.026
0.230
0.132

0.162
0.069
0.042

West Maize yield Intercept
Trend
Maize lagged revenue-cost ratio
Maize Trend revenue-cost ratio

0.94
0.024
0.294
0.174

0.208
0.121
0.068

North Maize yield Intercept
Trend
Maize lagged revenue-cost ratio
Maize Trend revenue-cost ratio

1.29
0.015
0.237
0.097

0.121
0.087
0.037

South Maize yield Intercept
Trend
Maize lagged revenue-cost ratio
Maize Trend revenue-cost ratio

2.29
0.042
0.295
0.187

0.173
0.073
0.054

Hills Maize yield Intercept
Trend
Maize lagged revenue-cost ratio
Maize Trend revenue-cost ratio

1.55
0.015
0.096
0.081

0.104
0.051
0.046

North-
East

Maize yield Intercept
Trend
Maize lagged revenue-cost ratio
Maize Trend revenue-cost ratio

1.18
0.015
0.270
0.169

0.127
0.080
0.054
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Region Dependent 
variable

Explanatory variable Parameter Elasticity

All 
India

Maize 
household 
per capita 
food 
demand 

Intercept
Maize lagged household per 
capita demand
Maize  real consumer price
Wheat real consumer price
Maize real consumer price
Real per capita income

8.68
0.063

-0.331
0.052
0.023
0.000

0.061
-0.359
0.062
0.048

-0.019

All 
India

Maize 
total feed 
demand 

Intercept
Maize lagged feed demand
Maize  real consumer price
Wheat real consumer price

16606.75
0.051

-1.331
0.045

0.048
-1.501
0.056

All 
India

Maize 
ending 
stock 

Intercept
Lagged ending stock 
Maize real minimum support 
price

455.79
0.159
0.020

0.159
0.174

All 
India

Maize 
export 

Intercept
Maize lagged ending stock
Maize world price-consumer 
price ratio

1104.53
0.200

804.453
0.083
0.363

All 
India

Maize 
import

Intercept
Maize lagged ending stock
Maize world price-consumer 
price ratio
Import tariff

7.59
0.000
2.515

-0.039

0.017
0.195

-0.206

Note: NA denotes ‘Not Applicable’
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Appendix 3

Projected GDP, population and per capita income in India: 2010-2025

Year GDP (Billion Rs.) Population (‘000) Per capita income (Rs.)

2010 (Base year) 48,778 1176742 41452

2011 53,519 1192506 44880

2012 57,541 1208116 47629

2013 62,179 1223581 50817

2014 67,503 1238887 54487

2015 73,173 1254019 58351

2016 79,173 1268961 62392

2017 85,586 1283600 66677

2018 92,519 1298041 71276

2019 1,00,013 1312240 76215

2020 1,08,114 1326155 81524

2021 1,16,871 1339741 87234

2022 1,26,338 1352695 93397

2023 1,36,571 1365302 100030

2024 1,47,633 1377442 107179

2025 1,59,592 1388994 114897

Source: USDA ERS growth projections; GoI (2001)
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Appendix 4

Market clearing prices at supply-demand equilibrium for rice, wheat and
maize (Rs./tonne)

Crop 2011-12 2016-17 2020-21 2025-26

Wheat 11411 17493 22954 28433

Rice 20027 31310 42327 52616

Maize 9766 12158 14595 16608

Source: USDA ERS growth projections; GoI (2001)
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Appendix 5

Comparison of Cereal Outlook Model projections with that of FAO/OECD and 
FAPRI models (Area in Mha; Yield in T/ha; Production, consumption and Net 
trade in mt)

Variable Model 2010-11 
(Base-
year)

2011-12 2016-17 2020-21 2025-26

Wheat

Area Cereal Outlook 
Model

29.04 29.20 29.37 29.68 30.11

FAO/OECD 27.58 27.58 27.51 27.90 NA

FAPRI-CARD 28.70 28.54 30.18 30.59 31.07

Production Cereal Outlook 
Model

86.76 86.55 90.87 95.59 102.09

FAO/OECD 80.80 85.93 85.47 88.48 NA

FAPRI-CARD 80.71 80.60 87.25 91.98 98.05

Total  
Consumption 

Cereal Outlook 
Model

81.61 88.65 90.80 95.52 102.01

FAO/OECD 81.98 83.61 88.15 90.96 NA

FAPRI-CARD 82.44 82.38 85.46 86.83 87.3

Net trade Cereal Outlook 
Model

0.68 0.13 0.07 0.08 0.1

FAO/OECD -0.18 1.82 -2.53 -2.56 NA

FAPRI-CARD -0.10 0.81 1.71 5.43 10.72

Rice

Area Cereal Outlook 
Model

42.51 44.17 44.20 44.34 44.53

FAO/OECD 42.75 45.90 45.26 44.84 NA

FAPRI-CARD 44.01 44.14 44.85 NA NA

Production 

Cereal Outlook 
Model

95.74 100.01 104.82 109.60 116.07

FAO/OECD 95.32 103.00 110.87 117.10 NA

FAPRI-CARD 98.07 98.72 104.51 NA NA
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Variable Model 2010-11 
(Base-
year)

2011-12 2016-17 2020-21 2025-26

Total  
Consumption 

Cereal Outlook 
Model

90.21 96.55 100.81 105.72 112.03

FAO/OECD 91.42 95.55 106.86 112.84 NA

FAPRI-CARD 91.38 92.57 98.38 NA NA

Net trade Cereal Outlook 
Model

2.77 4.27 4.04 4.03 4.0

FAO/OECD 3.40 4.95 4.73 4.91 NA

FAPRI-CARD 4.44 5.76 6.75 NA NA

Maize

Area Cereal Outlook 
Model

8.61 9.04 9.26 9.19 9.14

FAO/OECD NA NA NA NA NA

FAPRI-CARD 8.20 8.61 7.80 7.57 7.35

Production 

Cereal Outlook 
Model

21.84 23.72 25.26 26.31 27.20

FAO/OECD NA NA NA NA NA

FAPRI-CARD 20.00 20.24 18.03 18.33 18.61

Total
Consumption 

Cereal Outlook 
Model

18.10 20.64 22.55 23.50 24.34

FAO/OECD NA NA NA NA NA

FAPRI-CARD 17.80 18.28 19.88 21.39 23.03

Net trade Cereal Outlook 
Model

3.48 3.16 2.72 2.81 2.9

FAO/OECD NA NA NA NA NA

FAPRI-CARD 2.00 1.86 -1.87 -3.07 -4.44

Note: For FAPRI-CARD Outlook on rice, the base-year is 2009-10; NA denotes ‘not available’. 
Source: Authors; http://www.fapri.iastate.edu/outlook; http://www.oecd.org/site/oecd-faoagriculturaloutlook.
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