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In this paper the comparative literature on methodologies and 
applications of estimations of mathematical lagged distributed 
models & its applications are discussed. S. Vedula, P.P. Mujumdar 
and G. Chander Sekhar (2005) developed a mathematical model 
to arrive at an optimal conjunctive use policy for irrigation of 
multiple crops in a reservoir-canal–aquifer system. For this 
he selected the area in Chitradurga district, Karnataka State, 
India. The conjunctive use model is formulated with these 
constraints linked together by appropriate additional constraints 
as a deterministic linear programming model. A two-dimensional 
isotropic, homogeneous unconfined aquifer is considered for 
modeling. The aquifer response is modeled through the use of a 
finite element ground water model. A conjunctive use policy is 
defined by specifying the ratio of the annual allocation of surface 
water to that of ground water pumping at the crop level for the 
entire irrigated area. In this paper a mathematical model (LP) 
is developed for optimal conjunctive use planning in multicrop 
irrigation in a canal command area to maximize the sum of annual 
relative yields of crops in a normal year. The system is characterized 
by three main components: the reservoir, the irrigated area and 
the underlying aquifer with the associated dynamic relationships 
defining the interaction among them. The model considers varying 
soil moisture conditions and soil types and takes into account the 
dynamic response of the aquifer in the irrigated area to surface 
application, pumping and recharge. The constraint sets are the 
mass balance of the reservoir storage, soil moisture continuity in 
the cropped area, and the governing equations for ground water 
flow. These sets of constraints are linked together appropriately 
by additional constraints.
A two-dimensional, isotropic, homogeneous unconfined aquifer 
is modeled through a finite element ground water model. The 
governing partial differential equations representing groundwater 
flow are transformed into linear algebraic equations using Galarkin 
method of weighted residuals. These equations are written for each 
node and embedded into the optimization model as constraints.
Concept of a conjunctive use policy and a stable conjunctive 
policy are defined and the methodology of determining such a 
policy for a given canal command area is illustrated with model 
application to an existing reservoir command area in the state 
of Karnataka, India. The particular policy, for which the annual 
change in ground water storage is negligible when the model is run 
for a normal year, is identified as a “stable policy”. The real time 
implementation of the stable policy arrived through optimization 
is illustrated through a simulation model and applied to the case 
of an existing reservoir in Karnataka State, India.
Belaid Aouni and Ossama Kettani (2001) In this article describes a 
planning support system for rural land-use allocation. The system 
is called RULES (RUral Land-use Exploration System) and is 
based on a Geographic Information System (GIS). Other software 
components have been incorporated into the GIS to link external 
analytical models to the system. The system has been applied 
in Terra Chá (a region in NW Spain), thereby demonstrating its 
efficacy. The system enabled alternative land-use plans to be 

generated for this region according to different stakeholders’ 
perspectives. This tool contributes to directing and supporting 
discussion throughout the planning process. In this article a 
multiobjective linear programming model has been designed for 
the optimization of land-use areas, where the objectives include 
economic, social, and environmental aspects. Suitability maps 
and land-use areas obtained in the two previous stages are used to 
design the final land-use map using three techniques: hierarchical 
optimization, ideal point analysis, and an algorithm based on 
simulated annealing. land-use planning is closely linked to the 
spatial component of data, the basis of RULES is a GIS (GeoMedia 
Professional®); this facilitates data management and analysis. 
Other tools have been integrated into the GIS by programming 
including the LINDO API®, with libraries – a collection of 
subprograms to develop software – that were used to program 
a customized optimization application integrated in the GIS to 
solve linear programming models, and a heuristic algorithm 
that optimizes the spatial allocation of land uses. The RULES 
interface is a customization of the GeoMedia® interface, which 
incorporates the specific commands of the system through three 
menus: suitability, areas and allocation. The suitability pull-down 
menu provides the options weighted linear summation, ideal point 
analysis and FAO framework, which execute the methods of land 
evaluation. The options Model definition, ‘a posteriori’ assignment 
of priorities, ‘a priori’ assignment of priorities and interactive 
assignment of priorities are accessed from the areas menu. A sub-
menu appears when we click on the menu ‘a posteriori’ assignment 
of priorities, which allows us to choose between the constraint 
method and the weighting method, as well as in the menu 
interactive assignment of priorities, where a sub-menu enables 
us to select between the assignment of priorities or aspiration 
levels. The option allocation gives access to the menus hierarchical 
optimization, ideal point analysis and simulated annealing.This 
paper presents a support tool for rural land-use planning. The tool 
achieves an appropriate balance between scientific precision and 
applicability under the constraints of time, information, and expert 
personnel. The proposed system manages complex problems in 
which many factors need to be considered and a large amount of 
data handled, as well as enabling users to reflect on different and 
conflicting interests. The system explores land-use alternatives 
and the consequences of certain technical, socioeconomic, 
or environmental decisions. This type of analysis is useful in 
political and social debates on future land uses, and in the design of 
strategic land-use policies.We demonstrated RULES’ potential in 
generating alternative scenarios that reflect the different objectives 
and perspectives of the agents involved in a land-use planning 
process. These scenarios are defined by the user by modifying the 
evaluation factors, the weights assigned to the land uses, and the 
plan objectives; the inclusion or exclusion of certain uses; and 
the characteristics of the agroforestry uses (e.g., the requirements, 
technical coefficients, and demand), among others. The system 
was applied in the Terra Chá region of NW Spain to illustrate 
its potential as a decision support tool and its effectiveness in 
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resolving large-scale problems (306,691 cells) that involve the 
analysis of a large amount of spatial data. In this application the 
strengths and weaknesses of the system could be identified.
The first ones include its flexibility in dealing with any group of 
data, its interactivity with the user, and the way it can be adapted 
to the different planning strategies and perspectives of the agents 
involved in the planning process. Despite the complexity of the 
operational and IT aspects, the structure of RULES is easy for 
the user to assimilate, as it is organised into three stages that the 
planners are familiar with. Another advantage is the availability 
within each module of a group of different techniques. This 
permits two possibilities; all methods can be tried and the best or 
preferred solution selected, or the user can select “a priori” the 
most appropriate technique for each situation according to his/her 
experience. Generally, the first option will be more interesting for 
inexpert users or for group decision-making, and the second one for 
experienced planners. The modular design of the tool, which uses 
standard programming languages and methodologies, facilitates 
maintenance and future broadening of its scope of application. 
On the other hand, although RULES is an interactive tool that 
promotes debate between the different interest groups, one of its 
main limitations is that it lacks a mathematical model that enables 
different users’ opinion to be considered simultaneously. There is 
also a lack of a scenario evaluation module, which would speed 
up feedback in the process. We are currently working on this.
In this study, M. N. Azaiez (2001) has developed a model for 
conjunctive use of ground and surface water with opportunity 
costs. The researcher has developed a multi-stage decision model 
for the conjunctive use of ground and surface water with an artificial 
recharge. In this paper researcher assume a certain supply and a 
random demand. He explicitly integrate opportunity costs for the 
unsatisfied demand. He also incorporate in the model the importance 
weight attributed by the decision-makers to the final groundwater 
level at the end of the planning horizon. He show, under some 
mild assumptions, that the problem can be formulated as a convex 
program with linear constraints. He illustrate the methodology 
through a hypothetical example, and discuss the optimal decision 
policy and its sensitivity to a number of factors. In this study, the 
researcher is concerned with developing an optimal policy for 
the conjunctive use of ground and surface water with an artificial 
recharge. The area of study is Mornag, is located 20 km south of 
Tunis, the capital of Tunisia. This region suffers from a constant 
water deficit during dry seasons and from severe overdrafts because 
of the excessive pumping of the groundwater. It receives imported 
water from the north of the country through the “Madjerda-Cap 
Bon Canal” in limited quantity. Most of this imported water can 
be obtained only during wet periods (October–April), when the 
irrigation demand is naturally low. Imported water represents the 
only source of surface supply in the region. One way to use this 
imported water productively is to opt for the artificial recharge 
of the aquifer, mainly during wet periods, and to withdraw it in 
dry periods (May–September). Therefore, the artificial recharge 
starts to be applied in the region in an experimental phase. When 
used in conjunction with surface water, groundwater is typically 
considered as a supplemental source to surface water. However, 
as surface flows can be highly variable, aquifers function as a 
natural inventory system for smoothing the fluctuations in surface 
water supplies. This stabilization role of groundwater is referred 
to as the buffer value of groundwater. During wet seasons, the 
surface reservoirs permit the capture of large flows when water 
can not be used productively because of low irrigation demand or 
limited canal capacity. Artificial recharge of aquifers can be used 

to store the impounded water until it can be used economically. 
During dry seasons, when artificial recharge is rarely observed, the 
groundwater is used to offset deficits in surface supplies. However, 
from a study in the same region conducted by Azaiez and Hariga 
(2001) at crop levels, results of an illustrative example indicate 
that some substantial reductions in water allocation (provided 
that this allocation is appropriately managed) would only have a 
low effect on the profit. For instance, when total water allocation 
is limited to 82% of total demand, the corresponding decrease 
in profit is only of 4%. Also, when this allocation is reduced to 
represent only 56.4% of the total demand, then the total profit 
is only reduced by 10%. Consequently, we expect the model to 
serve both the objectives of the decision-makers and the growers. 
The researcher has developed a model for the conjunctive use of 
ground and surface water with an artificial recharge. The region 
of interest receives imported (surface) water and its aquifer suffers 
from severe overdrafts as a result of excessive pumping. Local 
water authorities are interested in protecting the aquifer from 
the negative impacts of overdrafts by applying artificial recharge 
as well as limiting the pumping size, even if it takes to partially 
not meeting irrigation demand. Local water authorities want to 
determine the size of pumping from the aquifer, as well as the 
amount of imported water to order and then to allocate to artificial 
recharge and to irrigation at each period of a year for a given 
planning horizon. Local water authorities are also concerned 
about keeping the pumping be performed at a safe yield after the 
planning horizon.
The model developed in this study attempts to tradeoff the impact 
of partially not meeting the irrigation demand for a particular 
period against the impacts of excessive groundwater pumping and 
not meeting future irrigation demands. The researcher formulate 
the problem as a convex program with linear constraints. The 
researcher explicitly introduce opportunity costs for not satisfying 
irrigation demand and penalty costs for reducing the residual 
groundwater level. He illustrate the process through an application 
that partially relies on hypothetical data. He shows that an optimal 
policy may in particular, suggest opting for deficit irrigation even 
if the current stock of water permits fully satisfying the current 
demands. It roughly proposes rejecting some fraction of irrigation 
demand for low-value crops, in order to protect the aquifer and/or 
in anticipation of future irrigation demand for large-value crops. 
It is worth noting that such a policy contradicts the common 
practice as well as many proposed policies in published studies 
that opt first for fulfilling current demand and then injecting 
surplus surface water, if any, in the aquifer for future demand. 
The researcher conduct a sensitivity analysis that indicates that the 
optimal decision policy heavily relies on the economic-value of 
summer/winter crops as well as the importance weight attributed 
by local water authorities to the residual ground level. This is 
strongly consistent both with the way we formulate the problem 
(opportunity/penalty costs) and the suggestions of the optimal 
decision policy.
In this paper Yeonjeong Park, Jeff S. Shamma and Thomas C. 
Harmon (2009) developed a Receding Horizon Control algorithm 
for adaptive management of soil moisture and chemical levels 
during irrigation. In his study he says the capacity to adaptively 
manage irrigation and associated contaminant transport is desirable 
from the perspectives of water conservation, groundwater 
quality protection, and other concerns. This paper introduces the 
application of a feedback-control strategy known as Receding 
Horizon Control (RHC) to the problem of irrigation management. 
To test the RHC under real conditions, a field site was identified 
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in Palmdale, California (longitude 118°W, latitude 34°N) which is 
in the Mojave Desert area. The RHC method incorporates sensor 
measurements, predictive models, and optimization algorithms to 
maintain soil moisture at certain levels or prevent contaminant 
propagation beyond desirable thresholds. Theoretical test cases 
are first presented to examine the RHC scheme performance 
for the control of soil moisture and nitrate levels in a soil 
irrigation problem. Then, soil moisture control is successfully 
demonstrated for a center-pivot system in Palmdale, CA where 
reclaimed water is used for agricultural irrigation. Real-time soil 
moisture, temperature, and meteorological data were streamed 
wirelessly to a field computer to enable autonomous execution 
of the RHC algorithm. The RHC scheme is demonstrated to 
be a viable strategy for achieving water reuse and agricultural 
objectives while minimizing negative impacts on environmental 
quality. The researcher gives the conclusions that Irrigation 
scheduling has evolved toward automated systems that integrate 
meteorological and soil sensor measurements with simulation 
models. This technology development facilitates more precise 
management of soil and plant status in time and space, thereby 
enabling agriculturalists to minimize negative impacts on the 
environment (e.g., when reclaimed water is applied for irrigation). 
In this study, a Receding Horizon Control (RHC) was proposed 
and tested for the control of water content and contaminants in 
soil with the dual objectives of maximizing reclaimed water 
reuse while protecting groundwater from degradation by nitrate. 
By integrating observations from embedded sensors, predictive 
models, and optimization algorithms in the RHC scheme, water 
and/or nitrate levels in soil were continuously maintained 
near threshold levels while maximizing the reclaimed water 
applied. Results from different cases demonstrated that various 
optimization schemes, control vectors, and soil profile depths to 
be monitored can be implemented in RHC as dictated by site-
specific conditions. While these initial results are encouraging, 
several near-term modifications of the RHC irrigation algorithm 
should be undertaken to render more robust results. First, in many 
cases, it is desirable to control the moisture content throughout 
the root zone instead of at a specific depth. Second, since we 
are concerned about chemical leaching into the underlying 
groundwater, it may be preferable to control the chemical flux 
or total percolated nitrate below a root zone (in anticipation of 
the development of reliable chemical sensors are available, such 
as for salinity). Third, the previously noted lag-time between 
adjustment of the control variable (irrigation application rate) 
and feedback from the nitrate concentration levels suggests that 
multi-objective problem formulations addressing moisture and 
nitrate thresholds simultaneously may be more appropriate. 
Finally, because management decisions stemming from the RHC 
approach depend strongly on site-specific conditions (soil and 
crop type, meteorology, initial conditions, and limitations on 
control vectors), these factors need to be examined in a more 
comprehensive manner to identify the spectra of potential benefits 
and limitations of the approach. For example, the resilience of 
the RHC algorithm to random storm events and its stability for 
long-term operation should be tested extensively for a variety 
of soil and crop conditions. In most instances there are multiple 
solutes and particulates (e.g. pathogens) other than nitrate that 
are of concern in the reclaimed water. Multi-component control 
is possible using the RHC scheme if the sensors and models are 
available to measure and predict the state of these chemical or 
biological agents. Modified multi-objective functions similar 
to (8), for example, would need to be employed in such cases. 

Longer-term development should focus on increasing the error 
resiliency of the RHC irrigation approach. For example, network 
design strategies for identifying the optimal number and placement 
of sensors in the context of geospatial heterogeneity will be 
needed to scale-up the technique. Furthermore, errors stemming 
from sensors, model structure, and model parameters need to be 
propagated throughout the RHC scheme to quantify uncertainty 
associated with management decisions.
Walsh (1944) related cotton acreage to the prices of cotton and 
found a high degree of correlation between cotton acreage and 
cotton price in U.S.A. The period under analysis was split up in to 
sub periods i.e. 1910-24 and 1925-33. All the prices were lagged 
by one year and deflated by the index of prices paid by farmer. A 
simple linear regression was used and elasticity was found to be 
lying within 0.22 and 0.25.
Narain (1965) studied the supply response of cash crops such as 
cotton, jute, groundnut and sugarcane and food crops like wheat 
and rice in India. Weather and yields along with price were 
taken as determinants of acreage allocation. Price came out to be 
decisive factor determining area allocation especially for cash 
crops. However this study emphasized the need for investigating 
the supply function with better specification of variables.
Kahlon et al. (1965) obtained price elasticity and gross price 
elasticity of crop acreage under wheat and other crops of Punjab 
for the period from 1950-51 to 1961-62. they found that wheat 
acreage responded to price changes significantly. The price elastic 
ties of production of rice, wheat and sugarcane were higher than 
that of other crops. The price elasticity of wheat acreage was found 
to be 3.4253 and the cross elasticity of wheat acreage relative to 
gram price was-0.4262.
Sud (1968) estimated long run price elasticity of acreage of cotton 
in Punjab for the period from 1950-51 to 1965-66. the acreage 
response was estimated with the help of Nerlovian adjustment 
models. The variables included were, harvest price of crop lagged 
by one year, harvest price of competing crop lagged by one year, 
the percentage of the area irrigated to the total cropped area lagged 
by one year, lagged yield and rainfall before the sowing in rain 
fed areas. The price elasticity of supply of cotton was significant 
and ragged from 0.45 to 2.789 in various districts of the state. 
It was concluded that the acreage under cotton was affected by 
cotton price, price of competing crop and yield. In the rain fed, 
rainfall prior to sowing season also affected the acreage allocation 
significantly. In irrigated districts, the extent of irrigation affected 
acreage under cotton.
Subbaro (1969) examined acreage and output response of 
sugarcane in Andhra Pradesh to changes in its relative prices 
for the period 1952-53 using ten different linear equations, with 
different variables and found positive response to prices. The 
author found that relative gross income per acre explained changes 
in relative acreage better than relative prices. The increase in the 
output was mainly because of shift in land from rice, rather than 
by increasing the relative yield. The rationality of the farmers 
response was studied by testing the predictive efficiency of lagged 
relative price by means of an auto-regression, which was found 
to be positive.
Jha (1970) examined the acreage response to prices for sugarcane 
at three points of time, 1912-13 through 1932-33,1933-34 through 
1949-50 and 1950-51 through 1964-65 in a factory area of North 
Bihar. He concluded that before 1932-33, the acreage under 
sugarcane was determined mainly by area under other main crops, 
but after that, the price became more important. The short run 
elasticties for relative prices of sugarcane worked out to be 0.35 
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and 0.63 during 1933-34 to 1949-50 and 1950-51 to 1964-65 
respectively through in the short run farmers responded to both 
sugarcane and gur prices, their long run decision were based more 
on the latter. The long run response was however found to be 
relatively inelastic in spite of a quick adjustment.
Madhavan (1972) examined an acreage response of sugarcane 
crop based on 1947-67 data in Tamil Nadu state, based on the 
model taking relative prices, yield and rainfall as the explanatory 
variables. The analysis for sugarcane was done separately by taking 
rice, ragi and groundnut as competing crops. It was observed that 
farmers response in Tamil Nadu was higher in case of sugarcane 
as short run acreage elasticity was almost twice as high as that 
reported in Punjab. the author did not include the risk variable 
in the model.
Sidhu and Sankhayan (1972) in their study entitled, “ Shifts in 
Cropping Pattern in Punjab” examined the changes in the area and 
production of various crops in Punjab during the periods 1950-51 
to 1964-65 (Period I) and 1964-65 to 1970-71 (Period II). The 
exponential trend was fitted to the data to work out the compound 
growth rates of area and production for all the crops. The study 
revealed that the actual trend lines for the area and production after 
the introduction of new technology fell above the extrapolated tend 
lines for the Period I, for all the crops except gram, total pulses, 
cotton and potato. In the case of rice, however, extrapolated trend 
line for the area fell above the actual trend for Period I, while the 
reverse was true for production. The authors concluded that the 
area as well as production ha increased at high pace, due to the 
effect of new technology than the rate at which they would have 
increased had there been no change in technology. More ever the 
study implied that for maintaining a proper balance in the area 
allocation among various crops, more attention was needed to be 
paid for suitable production technology in case of gram, pulses, 
cotton and potato.
Singh and Sankhayan (1976) analyses acreage response of 
sugarcane to various economic and non-economic factors in 
Punjab. They concluded that the relative gross profitability was 
one of the most important factors which influenced the decision 
of the farmers regarding year to year change in location of area 
under sugarcane crop. Besides, lagged acreage acted as catch all 
variables. The weather/rainfall did not affect the acreage under 
sugarcane. The study showed that in the short as well as in the long 
run, sugarcane growers responded rationally and substantially to 
the economic incentives, i.e. the gross profitability.
In recent decades, several Multi-Criteria Decision Aid (MCDA) 
methods have been proposed to help in selecting the best 
compromise alternatives. In the meantime, the PROMETHEE 
(Preference Ranking Organization Method for Enrichment 
Evaluations) family of outranking methods and their applications 
has attracted much attention from academics and practitioners. In 
this paper, a classification scheme and a comprehensive literature 
review are presented in order to uncover, classify, and interpret the 
current research on PROMETHEE methodologies and applications. 
Based on the scheme, 217 scholarly papers from 100 journals are 
categorized into application areas and non-application papers. The 
application areas include the papers on the topics of Environment 
Management, Hydrology and Water Management, Business and 
Financial Management, Chemistry, Logistics and Transportation, 
Manufacturing and Assembly, Energy Management, Social, and 
Other Topics. The last area covers the papers published in several 
fields: Medicine, Agriculture, Education, Design, Government 
and Sports. The scholarly papers are also classified by (1) year 
of publication, (2) journal of publication, (3) authors’ nationality, 

(4) PROMETHEE as applied with other MCDA methods, and 
(5) PROMETHEE as applied with GAIA (Geometrical Analysis 
for Interactive Aid) plane. It is hoped that the paper can meet 
the needs of researchers and practitioners for easy references 
of PROMETHEE methodologies and applications, and hence 
promote the future of PROMETHEE research. This paper has 
presented an extensive review of the literature on PROMETHEE 
methodologies and applications consisting of 217 papers from 
100 scholarly journals. For this purpose, a classification scheme 
was developed to organize each paper into several categories. The 
PROMETHEE papers in the proposed scheme were categorized 
into application papers and non-application papers, and then were 
classified by year of publication, journal of publication, authors’ 
nationality, PROMETHEE as applied with other MCDA methods, 
and PROMETHEE as applied with GAIA plane. Moreover, the 
papers under application areas were sub-classified into nine 
different topics. The methodology that was used in this review 
has some limitations. The first limitation is that the findings are 
based on the data collected from scholarly journals, which do not 
include conference proceeding papers, master’s theses, doctoral 
dissertations, textbooks, and unpublished working papers in the 
PROMETHEE literature. The second is that most of the findings 
were concentrated on English journals; hence the journals in the 
other languages were not concerned. Although this means that 
the review is not exhaustive, the authors believe that it provides 
a comprehensive review, and includes the majority of papers 
that were published by scholarly journals. Therefore, this paper 
would be able to provide useful insights into the anatomy of the 
PROMETHEE methods, and suggest academic researchers and 
practitioners a road map and framework for future attempts.
In this paper researcher X.S. Qin, G.H. Huang, G.M. Zeng, 
A. Chakma and Y.F. Huang (June, 2006 says that Planning for 
water quality management systems is complicated by a variety of 
uncertainties and nonlinearities, where difficulties in formulating 
and solving the resulting inexact nonlinear optimization problems 
exist. In this paper the researcher has developed IFNP model for 
water quality management under certainly. Methods of interval and 
fuzzy programming were integrated within a general framework 
to address uncertainties in the left- and right-hand sides of the 
nonlinear constraints. Uncertainties in water quality, pollutant 
loading, and the system objective were reflected through the 
developed IFNP model. The method of piecewise linearization 
was developed for dealing with the nonlinearity of the objective 
function. A case study for water quality management planning 
in the Changsha section of the Xiangjiang River was the area 
selected for research. The results demonstrated that the accuracy 
of solutions through linearized method normally rises positively 
with the increase of linearization levels. It was also indicated 
that the proposed linearization method was effective in dealing 
with IFNP problems; uncertainties can be communicated into 
optimization process and generate reliable solutions for decision 
variables and objectives; the decision alternatives can be obtained 
by adjusting different combinations of the decision variables 
within their solution intervals. It also suggested that the linearized 
method should be used under detailed error analysis in tackling 
IFNP problems. 
1.  In this paper, an interval-fuzzy nonlinear programming (IFNP) 

model was developed for stream water quality management. 
Uncertainties in water quality related parameters, pollutant 
loadings and water quality objectives were taken into 
account. Through the proposed model, the allowable 
wastewater discharge amounts could be determined for 
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different discharging sources, generating a cost-effective 
water quality management scheme for local decision makers 
under uncertainty. 

2.  A linearization approach was developed to solve the IFNP 
model through piecewise conversions due to the difficulty 
in dealing with nonlinear cost function through conventional 
linear method. As the linearization approach is suitable for 
nonlinear function in different styles, it has a potential in 
dealing with other real world problems with more complicated 
nonlinear issues.

3.  The developed method was applied to water quality management 
planning in the Changsha section of the Xiangjiang River. 
The result indicated that the proposed linearization method 
was effective in dealing with IFNP problems; uncertainties 
can be communicated into optimization process and generate 
reliable solutions for decision variables and objectives; the 
decision alternatives can be obtained by adjusting different 
combinations of the decision variables within their solution 
intervals. It also suggested that the linearized method should 
be used under detailed error analysis in tackling IFNP 
problems.

4.  In this study, BOD and DO levels were considered as the 
main water quality indicators. This situation is suitable to 
pollution control for water bodies in the vicinity of urban 
zones with residential sewage being the main pollution 
sources. Future work will consider not only residential 
sewage but also industrial wastewater where more toxic 
pollutants are discharged would be desired.

In this study the researcher Omar Ahumada and J. Rene Villalobos 
in February 2008 given his views about the supply chain of 
agricultural products has received a great deal of attention lately 
due to issues related to public health. Something that has become 
apparent is that in the near future the design and operation of 
agricultural supply chains will be subject to more stringent 
regulations and closer monitoring, in particular those for products 
destined for human consumption (agri-foods). This implies that the 
traditional supply chain practices may be subject to revision and 
change. One of the aspects that may be the subject of considerable 
scrutiny is the planning activities performed along the supply 
chains of agricultural products. In this paper, we review the main 
contributions in the field of production and distribution planning 
for agri-foods based on agricultural crops. We focus particularly 
on those models that have been successfully implemented. The 
models are classified according to relevant features, such as the 
optimization approaches used, the type of crops modeled and the 
scope of the plans, among many others. Through our analysis of 
the current state of the research, we diagnose some of the future 
requirements for modeling the supply chain of agri-foods. In this 
paper we focus primarily on planning models used in the different 
aspects of the supply chain of agricultural food products obtained 
from crops, or agri-food products. This review does not include 
the supply chains of other products such as cattle, meats, and other 
agricultural products not directly related to crops. 
Grewal and Rangi(1983) examined the growth pattern of agriculture 
in Punjab for the period 1960-61 to 1982-83. The authors used 
secondary data and worked out compound growth rates of area, 
production and yield of principal crops from 1966-67 to 1981-82. 
the results showed that rice production had recorded an increase 
of 17.93 percent per annum of which the growth rates of area and 
yield were 12.24 and 6.0 percent respectively. Wheat crop recorded 
a production growth rate of 5.37 percent of which the growth 
rates of area and yield were 2.84 and 2.64 percent respectively. 

Potatoes and American cotton also recorded significant growth 
rates of 12.88 percent and 6.80 percent respectively in this period. 
In case of potatoes, the growth of yield was 3.92 percent per 
annum and the area of 8.66 percent. In case of American cotton, 
the entire increase in production had been due to the increase 
in the area. The yield had rather declined overtime. Sugarcane 
witnessed a zero growth rates in production on account of decline 
in acreage through the growth in productivity was quite high. All 
the other crops, viz, maize, barely, pulses, oilseeds and desi cotton 
had negative growth rates for production over the period under 
reference as a result of decrease in acreage. The area released 
from maize had shifted under paddy and that from rabi pulses 
and oil seeds to wheat.
Das(1985) studied the trends in oilseed production in India from 
1950-51 to 1982-83. Five major oilseed namely groundnut, 
rapeseed-mustard, sesamum, linseed and caster were covered in 
he study. The compound growth rates for are, production and yield 
for oilseeds worked out to 0.27,1.04 and 0.76 percent respectively 
for the period 1967-68 to 1980-81. The study observed that yield 
of oilseeds stagnated due to constraints like technology transfer 
and adoption. It was suggested that to increase the productivity, 
the above constraints should be removed through development 
efforts. There was also a need for adopting a realistic price-cum-
distribution approach in the edible oils sector to curb the activities 
of the near monopoly situation prevailing in the country.
ADRT (1987) analyzed the growth and supply behaviour of edible 
oilseeds in India based on the secondary data covering the period of 
1954-55 to 1983-84 and by using the Nerlovian adjustment model. 
The results of the study showed that area had been the main factor 
of growth of output for most of the edible oilseeds in the country. 
In case of rapeseed and mustard the yield increased due to the fact 
that it was sown mostly as mixed crop with wheat. The area under 
rapeseed- mustard expanded significantly in most states during 
1967-68 to 1981-82 was good in Gujrat and Orissa. The production 
performance of Kharif oilseed was impressive than that of rabi 
oilseeds during 1971-72 to 1983-84. the area under groundnut, 
sesamum, rapeseed-mustard had expanded due to technological 
factors(like yield), price, rainfall and irrigation.
Sidhu and Sidhu (1988) examined the changes in the composition 
growth as well as area response of commercial crops like cotton, 
sugarcane. Oilseeds and potato over time in Punjab. to estimate the 
area response the Nerlovian lagged adjustment model was used. 
Secondary data for different variable for the period of 1967-68 
through 1985-86 were used for analysis. The study showed that 
area under commercial crops decrease substantially from 17.63 
percent of gross cropped area in 1965-66 to 10.95 percent in 1984-
85. But in 1985-86 with government’s effort area under commercial 
crops again increased to 12.24 percent. The introduction of new 
seed-irrigation-fertilizer technology supported by remunerative 
pricing policy encouraged the farmers to put more and more area 
under the two most profitable cereals crops, i.e. paddy and wheat. 
While estimating the acreage response of different commercial 
crops they found that relative prices and price stability were most 
important factors that influenced the area under these crops.
Pal and Sirohi (1988) studied the sources of growth and instability 
in the production of commercial crops and changes in their pattern 
in pre green revolution period of 1950-51 to 1964-65 and post 
green revolution period of 1967-68 to 1983-84 for the various 
states of India. In view of the changes in area variance being mainly 
responsible for increase in production instability in sugarcane, 
jute and potato, they concluded that the growth and stability in 
the production of commercial crops were complementary rather 
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than competitive process in intensively irrigated regions. There 
was no change in the frequency of short fall in their production. 
However the intensity of short fall had increased over time. 
Jain et al(1988) examined growth and instability in commercial 
crops for the period of 1950-51 through 1983-84 in different districts 
of Punjab. secondary data on area and yield were taken for the 
period under study and Schultz’s instability index and Bohrnsted 
and Goldberger decomposition scheme were used to study the 
instability in these crops. The results indicated a declining trend of 
oilseeds production in the post green revolution period (1965-66 
through1983-84) after witnessing a significant growth trend in the 
pre green revolution period (1950-51 through 1964-65) . cotton 
production got concentrated in the three districts of Firozepur, 
Bathinda and Sangrur under the impact of green revolution. 
Sugarcane production stagnated in the post grain revolution 
period through the yield levels had improved significantly. The 
declining trend in the area under sugarcane, according to the 
authors, could be arrested and reversed by establishing more sugar 
mills in different areas and ensuring remunerative prices for the 
produce. Instability in yield showed inverse relationship with 
the area under the crop. The relationship was significant in the 
case of sesamum and American cotton. Modern technology was 
found to reduce the instability in yield levels between districts 
and among oilseeds crops.
Sharma et., (1988) examined the trends in area, production and 
yield of commercial crops in Indian agriculture with special 
reference to oilseeds during 1949-50 and 1966-67 to 1984-85. 
The study indicated that the growth rates of production of different 
oilseed crops either remained constant or declined in period II as 
compare to that in Period I. However in case of caster deed and 
sesamum, the growth rates of production were higher in [Period 
II than Period I. High growth rates of area were responsible for 
higher growth of production in Period I, where as the growth 
in yield rates contributed significantly towards high growth of 
production in Period II. State wise analysis showed that in majority 
of the states, productivity growth rates were higher compared to 
those for area in major oilseed producing states.
Gulati and Sharma(1990) tried to estimate the supply response 
of wheat and paddy in India from 1967-87. They used output as 
a dependent variable in Nerlovian partial adjustment model to 
estimate the output elasticities of wheat and paddy with respect 
to price and non price variables. In the all India equation lagged 
output, lagged relative price, rainfall during crop growth period 
and irrigation turned out to be statistically significant variables 
affecting supply response. The price variable yielded a short 
run elasticity of 0.28 and long run elasticity of 0.83 for wheat 
and 0.33 in short run and 0.72 in long run for paddy. Irrigation 
variable turned out to be significant in all states. It was found that 
supply response for wheat and paddy was higher with respect 
to technology variables like irrigation than with respect to price 
variables. 
Sangwan(1991) explained the changes in potato acreage in Uttar 
Pradesh which had recorded a relatively higher increase in the 
production compared to other major potato growing states of 
India. Nerlovian model was used to explain the acreage allocation 
behaviour of potato cultivators in terms of their responsiveness to 
price and non price factors over the period 1955-56 to 1982-83. 
It was found that elasticities of potato acreage with respect to 
its price were not only positive in Uttar Pradesh but also higher 
than those important food crops like wheat, maize and rice. This 
supported the view that supply response of cash crops was more 
responsive to its price. It was observed that the profitability was 

the main concern for farmers in allocation of the area. As a part 
of policy suggestion the author recommended strengthening of 
market facilities in the eastern part of the state to encourage potato 
production.
Kaushik(1993) studied growth and instability of oilseeds 
production for the last 24 years from 1968-69 to 1991-92 for the 
country as a whole. The study brought out the growth in oilseeds 
production during the period under reference had been much less 
than in cereal crops like wheat and rice. It was observed that growth 
in production and productivity of oilseeds crops which was 1.87 
and 1.65 percent per annum during 1968-69 to 1970-80, increased 
to 2.31 and 1.75 percent respectively during the latter period. It 
was made possible because of strategies and measures taken by the 
government under favorable weather conditions and introduction 
of minimum support prices for oilseeds. The main reason for low 
growth in area, production and productivity of oilseeds crops 
was the Instability in yield as oilseed crops were more sensitive 
to natural risk factors, and were generally cultivated in rain fed 
areas. It was suggested that in order to control fluctuations in 
yield of oilseed, concerted research efforts should be made in 
developing varieties with high potential and stable yield across 
different agroclimatic regions.
Tripathy and Gowda(1993) studied the growth, instability and area 
response of groundnut to various factors like price, irrigation and 
yield in Orissa during post green revolution period. The stability 
of coefficient were examined by Chow’s test, when period were 
divided in to two sub periods, i.e. Period I (1970-71 to 1979-80) 
and Period II (1980- 1981 to 1989-90). For example instability 
the area and yield were deterended for each period separately 
using linear equations. After deterending the data, the residuals 
were centered around the mean areas or yield for each period, z 
resulting in deterended time series data of the form z = et + z and 
estimated of deterended area and yield series and were added for 
all the districts to get deterended production for the state. Chow 
test revealed that there had been a structural change in the growth 
of area, yield and productivity of groundnut in Orissa between the 
two decades. The multiple regression showed that lagged area, 
lagged price and irrigation had a positive and sufficient effect 
on the area under crop. The risk had appositive but insignificant 
effect. The rainfall showed a negative and significant effect on 
the area.
Tripathy and Srinivasam (1993) made an attempt to study growth, 
instability and area response of groundnut in Orissa during post 
green revolution period of 1970-71 to 1989-90. Nerlovian lagged 
adjustment model was used to examine the area response. It was 
found that groundnut production in the state recorded a significant 
increase at the rate of 10.29 percent per year which was primarily 
due to a significant expansion of the area at 10.36 percent per 
annum. Short run and long run price elasticities were estimated 
to be 0.3340 and 0.3619 respectively. It was seen that lagged area, 
lagged prices and irrigation had significantly positive impact on 
area under groundnut.
Jha (1994) estimated growth and instability in agriculture associated 
with new agricultural technology in Kurukshetra district for the 
period 1972-73 to 1990-91. The instability in agriculture was 
estimated by coefficient of variation separately for two time 
periods i.e., 1972-73 to 1980-81 and 1981-82 to 1990-91. To test 
the significance of change in growth rates in two time periods ‘t’ 
statistics were computed. The study revealed that the instability in 
gross returns of crops was highest in oilseeds, followed by gram, 
coarse cereals, cotton, wheat and paddy. The compound growth 
rate for yield of wheat increased significantly at maximum rate of 
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around 11 percent per annum during this period. The study also 
found that instability in gross returns and yield largely declined 
over years in crops of paddy and wheat.
Aggarwal and Patel(1994) examined growth and instability in 
production of groundnut in Saurashtra region of Gujrat for the 
period of 1960-61 through 1988-89. The period was further 
divided in to two sub periods i.e. Period I (1960-61 to 1969-70) 
and Period II (1970-71 to 1988-89). Instability in area, production 
and productivity was examined by working out the coefficient 
of variation for deterended data. The compound growth rates 
of area, production and productivity of groundnut crop in the 
state had shown a negative growth during both the study periods. 
The co-efficient of variation of acreage for the state as a whole 
increased from 7.59 percent in Period I to 14.18 percent in the 
second period. Production performance of groundnut oilseed in the 
Gujrat state was not encouraging mainly due to negative growth 
rate in productivity of the crop.
Singh and Mathur(1994) examined growth and instability in the 
production and prices of potato for the major potato growing 
states of India namely, Assam, Bihar, Madhya Pradesh , Punjab, 
Uttar Pradesh and Bengal during 1970-71 to 1989-90. It was 
found that production of potato in India increased at 6.70 percent 
annual compound rate due to 3.60 percent growth in area and 2.99 
percent growth in yield. Potato production was unstable in nature 
in all states but the magnitude of instability varied from state to 
state. The value of coefficient of variation was relatively high in 
Punjab as 33.1 percent. The study also indicated that acreage of 
potato was responsive to comparative returns and prices of its 
competing crops in the region.
Despande(1996) made a review of all the study response studies 
till now. He found that initially the studies showed that farmers 
in under developed countries were not responsive to economic 
parameters due ti subsistence level of cultivation. It was also seen 
that most authors used Nerlovian type of models. He pointed 
out that Raj Krishna’s (1963) study had served as a land mark 
in utilizing the data of pre dependence period of Punjab. Raj 
Krishna arrived at two important conclusions that Punjab farmers 
adjusted acreage of wheat and cotton crops based on economic 
stimuli. He (Despande) mentioned that Behram was the person 
who modified the Nerlovian model by including risk factors. 
He found that Parikh’s (1967) work of supply response through 
distributed lag models was very close to Nerlovian model and it 
was estimated that non price factors were more important than 
price factors. Despande found some authors like Sethi(1966), 
Medhavan(1972) Pal(1975), Bapna et .al. (1984) and upmapathi 
et. al.(1994) utilizing alternative methodologies for estimating 
supply response. Sethi(1966) used a log linear model out of several 
other non-linear forms and found it better fitted than linear ones. 
Madhavan(1972) had utilized a frame work to arrive at the desired 
demand for land. The estimated equation indicated that the actual 
planted area of crop in the given period was a function of logarithm 
of relative price and other variables. 
Bapna et. al. (1984) derived a system of output supply and factors 
demand equation from profit function generalized leontiff and 
normalized system. He found out that price responsiveness of 
farmers were high. The author found that only a few studies 
included trend as an explanatory variable to eliminate the effect 
of trend.
Dhindsa and Sharma(1997) studied growth behaviour and factors 
influencing the supply of various pulse crops in Punjab from 1966-
67 to 1991-92. to estimate the area response Nerlovian adjustment 
log model was used. It was found that the performance of the pulses 

in the state of Punjab was dismal during the post green revolution 
period. The negative growth of production of pulses can be mainly 
attributed to decline in area and stagnation in the yield of various 
pulse crops. The study reveled that with the increase in irrigation 
facilities, the farmers have shifted the area from unirrigated pulse 
crops to more profitable crops like wheat and rice which required 
assured irrigation facilities. The supply response analysis exhibited 
that non price variable like irrigation facilities, yield and trend 
rather than price variables were significant in determining the area 
response of various pulse crops.
Dutt(2001) indicated that variation in cane acreage were explained 
mainly by the relative price of sugarcane. Kaul and Sidhu(1971) 
commented that decision of allocating acreage did not depend 
upon past prices alone, but also upon extent of relative prices, 
variation in yield, irrigation, etc. So in the present study besides 
the influence of prices or relative prices , response of the factors 
like yield risk, irrigated area etc. was also examined to estimate 
area response and supply response of commercial crops.
Gopalan (2001) in his article “Sustainable food production and 
consumption” showed that the current methods of food production 
and consumption are imposing a severe burden on the environment 
and the constituent natural resources. New production and 
processing methods driven by biotechnology (Genetically modified 
organism (GMOS), hormones and other growth promoters) affect 
food safety. He also looked at the significance of empowering 
women, as consumers, with awareness and education on food 
safety, nutrition and its dependence on sustainable practices to 
exert a “pull” on the market.
Bansil (2000) estimated demand for food grain in India by 2020 
AD by using NSS data and found that the behaviour of food 
consumption in India has dramatically changed over the last 
25 years. The consumer food basket of an average Indian has 
not only replaced coarse cereals by fine grains to a large extent, 
but has also reduced the quantity of food grain consumed. At 
the same time, the share of total expenditure on food has also 
decreased with a corresponding increase on non food. This has 
happened in response to increase per capita income, urbanization 
changes in food habits and tastes etc. It was also found that gross 
requirement of food grains will not exceed 241 million tones by 
2020. That would mean an additional production of 40 million 
tones during the coming 20 years from today or say 2 million tones 
annually. It was highlighted that the northern region which has so 
far contributed more than 50 percent in the average incremental 
production of food grains during 1962-65 to 1990-93 will not be 
able to maintain its performance. Western, Southern and Central 
regions also do not give much hope. We will have to depend for 
a major contribution, on the eastern region only.
Damodaran (1998) studied the similarities of an IFDRL, study 
based on IMPACT [International model for Policy Analysis of 
commodities and trade) and NSSO quinquennial surveys’ data; 
while projecting the region wise demand for food commodities 
for ensuring growth in population, income, changing life style 
and expenditure elastic ties etc. This study showed a clear shift 
from food to feed in food grain usage. The trend of feed demand 
for grains out stripping food demand was essentially due to the 
rapid jump in meat and livestock products consumptions. NSSO 
study confirmed the shift both in rural and urban areas. The study 
expecting a 3 percent growth for coarse cereals demand in the next 
25 years conducting that developing countries would be forced 
to import grains due to the current inability to produce more of 
them. 
Gadgil, Abrol and Rao (1997) analysed the variation of all India 
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food grain production over the last four decades to assess the 
typical magnitude of year to year fluctuation. They found that the 
growth rates of food grain production under the business as usual 
scenario and not adequate to meet the demands in the forth coming 
years. Further more, even when the year to year fluctuation is of 
magnitude expected for years of normal monsoon, the impact 
on GDP has been large. It is suggested that to attain adequate 
growth rates in food grain production over irrigated areas as well 
as the rain fed belt is the need of the hour for sustaining per capita 
availability, a genuinely inter disciplinary approach is required 
with active participation of the farmers in identifying the optimal 
strategies. 
The review of literature shows that in most of the above mentioned 
studies, Nerlovian model has been used and previous year’s price 
has been taken to reflect producer’s expectations. Price alone 
determine supply. Non price factors such as yield, irrigation, 
rainfall also play important role. Another aspect which need 
analysis is estimating to which price, absolute or relative price, 
farmers respond. 
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