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Abstract: In this paper the authors have tried to describe 

emerging trend in computational modelling used in the 

sphere of agriculture. Agricultural computational modelling 

with the use of intelligence techniques for computing the 

agricultural output by providing minimum input data to 

lessen the time through cutting down the multi locational 

field trials and also the labours and other inputs is getting 

momentum. Development of locally suitable integrated 

farming systems (IFS) is the utmost need of the day, 

particularly in India where about 95% farms are under small 

and marginal holding size. Optimization of the size and 

number of  the various enterprises to the desired  IFS model 

for a particular set of agro-climate is essential components of 

the research to sustain the agricultural productivity for not 

only filling the stomach of the bourgeoning population of the 

country, but also to enhance the nutritional security and 

farms return for quality life. Review of literature pertaining 

to emerging trends in computational modelling applied in 

field of agriculture is done and described below for the 

purpose of understanding its trends mechanism behavior and 

its applications. Computational modelling is increasingly 

effective for designing and analysis of the system. Computa-

tional modelling is an important tool to analyses the effect of 

different scenarios of climate and management options on the 

farming systems and its interaction among themselves. 

Further, authors have also highlighted the applications of 

computational modeling in integrated farming system, crops, 

weather, soil, climate, horticulture and statistical used  in 

agriculture which can show the path to the agriculture 

researcher and rural farming community to replace some of 

the traditional techniques. 
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1. INTRODUCTION 
 

Computational models are created to simulate a set of 

processes observed in the natural world in order to gain an 

understanding of these processes and to predict the 

outcome of natural processes given a specific set of input 

parameters [1]. Computational modeling exposes hidden 

assumptions in the theory; addressing those assumptions 

can extend the scope of the theorizing. Seen in this way, 

computational models become not only a way to 

concretize theories, but also a framework for theory 

construction. Three steps should be used to produce 

accurate simulation models: calibration, verification, and 

validation. Computer simulations are good at portraying 

and comparing theoretical scenarios, but in order to 

accurately model actual case studies they have to match 

what is actually happening today. A base model should be 

created and calibrated so that it matches the area being 

studied. The calibrated model should then be verified to 

ensure that the model is operating as expected based on 

the inputs. Verification is a set of techniques for 

determining the validity of a computational model’s 
predictions relative to a set of real data. To verify a model, 

the model’s predictions are compared graphically or 
statistically with the real data [2].  Once the model has 

been verified, the final step is to validate the model by 

comparing the outputs to historical data from the study 

area. This can be done by using statistical techniques and 

ensuring an adequate R-squared value. Unless these 

techniques are employed, the simulation model created 

will produce inaccurate results and not be a useful 

prediction tool [3]. 

 

2. METHODOLOGY OF COMPUTATIONAL 

MODELING 
 

There are some key parameters which are force to adopt 

computational intelligence systems for development of 

farming system model described below. 

1. Weather parameter: 
The interaction of natural resources, existing climate 

and demography determines the physical basis for farming 

systems. Particular crops only are the options to grow on a 

certain soil and water regimes. Similarly, some of the 

physical and geographical features e.g. drainage character-

istics, topography as well as climatic parameters viz., total 

rainfall and its distribution, temperature regimes, humidity 

and solar radiation etc. are other factors which have to be 

taken in to considerations while making decision with 

respect to selection of enterprise for a farming systems. 

These parameters must be considered and only possible 

through computational modeling. 
2. Region specificity: 

Development of a suitable IFS model for a region is not 

applicable at all because agriculture is highly influenced 

by farm holding size; food consumption pattern and 

climate of the locality make IFS more cumbersome 

research which can be solved by computational modeling. 

3.Multidisciplinary approach: 
Integrated farming systems gives greater emphasis on 

interdisciplinary research among different enterprises to 

solve agricultural problems that are of concern to farmers. 

Computational modeling gives a practical tool to research-

ers to reduce effort time and consideration of all parameter 

at equal importance [4]. 

The general methodology for computational modeling s- 
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ystem is depicted in fig.1. The main elements in the design 

techniques are identification of critical inputs and their 

interactions, software engineering for developing algori-

thm, calibration, verification and validation of the develo-

ped computational model. 

 

 
Fig.1. The Steps in a Typical Computational Modeling 

 

Input identification and their interactions: 
This phase defines the critical inputs and their interaction 

among themselves for optimum output. During identifica-

tion of the inputs, it is advised to take the minimum but 

most critical for the sake of simplicity of the model and to 

establish the interactions among the selected inputs. 

Interaction of the inputs conceptualizes the mechanism 

and behaviour of the systems for a particular set of 

objectives [5]. 
Software engineering for developing algorithm: 

After establishing the concept behind a set of objectives, 

algorithmization of the interaction is the next step for 

developing the computational model using the concept of 

software engineering. 

Calibration verification and validation: 
These three steps, calibration, verification and validati-

on are the important steps to bring accurate simulation 

models. A base model should be created and calibrated so 

that it matches the area being studied. The calibrated 

model should then be verified to ensure that the model is 

operating as expected based on the inputs. Verification is a 

set of techniques for determining the validity of 

computational models predictions relative to a set of real 

data. To verify a model the models predictions are 

compared graphically or statistically with the real data [6]. 

  

3. COMPUTATIONAL MODELING RELATED TO 

MULTIDISCIPLINE COMPUTER SOFTWARE 
 

Computational modelling software has emerged as the 

most popular medium for data analysis and its interpreta-

tion. Software comes with various values added features 

which make simulation software truly multipurpose 

equipment. Software can be used as a result of the raw 

data. Many models exist for predicting how crops respond 

to climate, nutrients, water, light and other conditions. One 

of the most widely used modelling systems across the 

world is the DSSAT model Decision Support System for 

Agro-technology Transfer Currently the DSSAT shell is 

able to incorporate models of 27 different crops including 

several cereal grains grain legumes and root crops[7] 

[8][9]. Important computer simulation software's applied 

in the field of agriculture are listed below.  

 ASCEND - open source equation-based modelling 

environment. 

 Galatea - A multi-agent, multi-programming language, 

simulation platform. 

 GNU Octave-An Open Source mathematical modeling 

and simulation software very similar to MATLAB. 

 Open FOAM - an open-source used for Computational 

Fluid Dynamics (or CFD) 

 Scilab - Free Open Source Software for Numerical 

Computation & Simulation similar to matlab 

 Any Logic - Multi method simulation modeling tool 

for business and science. Developed by The Any Logic 

Company. 

 APMonitor - Dynamic simulation, validation, and 

optimization of multi-domain systems with interfaces 

to Python and MATLAB 

 Enterprise Dynamics - A simulation software platform 

developed by INCONTROL Simulation Solutions. 

Features include drag-and-drop modeling and instant 

2D and 3D Animation. 

 Hyper Works - Multi-Discipline Simulation Software 

 Wolfram System Modeler – Modeling and simulation 

software based on the Modelica language 

 Modelica is an open standard for modelling software 

 Simulations Plus - Modeling and simulation software  

http://en.wikipedia.org/wiki/ASCEND
http://en.wikipedia.org/wiki/Galatea_\(MA_simulator\)
http://en.wikipedia.org/wiki/GNU_Octave
http://en.wikipedia.org/wiki/OpenFOAM
http://en.wikipedia.org/wiki/Scilab
http://en.wikipedia.org/wiki/AnyLogic
http://en.wikipedia.org/wiki/APMonitor
http://en.wikipedia.org/wiki/Enterprise_Dynamics
http://en.wikipedia.org/wiki/HyperWorks
http://en.wikipedia.org/wiki/Wolfram_SystemModeler
http://en.wikipedia.org/wiki/Modelica
http://en.wikipedia.org/wiki/Modelica
http://en.wikipedia.org/wiki/Simulations_Plus
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for pharmaceutical research 

 SimulationX - Modeling and simulation software based 

on the Modelica language. 

 

4. FARMING SYSTEMS COMPUTATIONAL 

MODELING 
 

Computational model mimics the situation of real world 

through the inbuilt algorithms developed on the interacti-

ons among the provided critical inputs. Enhancement in 

the farm productivity in short time, particularly on the 

small and marginal farms is possible through development 

and application of suitable whole farm computational 

models. Computational farming system models are very 

much useful as it improve the understanding of farming 

systems which will be helpful in prioritization of 

components and enterprises for better strategies and 

designing of experimentations on framing systems mode. 

To examine the different scenarios of climate change and 

its impact on output of particular enterprises is feasible 

through an accurate and locally calibrated farming systems 

model. Improvising the system for its wider application in 

varying situations i.e. under varying resource availability 

and resource constraints situations. It is useful in 

identification of lack of fundamental knowledge of the 

farming systems for better understanding and planning of 

the research [10].   

 

5. SCOPE OF THE COMPUTATIONAL MODELS 
 

Computer simulations have become a useful part of 

mathematical modeling of many natural systems in 

physics, computational physics, astrophysics chemistry 

and biology human systems in economics, psychology, 

social science and engineering [11]. The current challen-

ges crop production faces in the context of required yield 

increases while reducing fertilizer water and pesticide 

inputs have created an increasing demand for agronomic 

knowledge and enhanced decision support guidelines 

which are difficult to obtain on spatial scales appropriate 

for use in a multitude of global cropping systems 

[12][13][14]. The applications of agricultural computatio-

nal models identified in this review are summarized 

below. 

 Computational modeling is a tool to make decisions for 

solving the daily complex problems in poultry production 

and research. A chronological review of publications 

related to software which was developed to help the 

establishment of poultry nutritional strategies showed that 

they are based on growth modeling associated with models 

of nutritional requirement and minimum cost diets The 

evolution and sophistication of those programs are coming 

with the advance of information technology [15][16].  

 Computational intelligence including mathematical 

modeling and statistical analysis is always used in 

economy activities for quantitative analysis. For agricult-

ure is so important that almost all states and regions pay 

special attention to its development. The size of agricult-

ural databases continues to increase and sources of 

information are growing more and more diversified This is 

especially the case for databases dedicated to the 

traceability of agricultural practices Some data are directly 

collected from the field using embedded devices other data 

are entered by means of different computer based 

applications [17].  

 The major applications of the models are yield 

forecasting, yield gap and yield trend analysis, evaluating 

agronomic management strategies, evaluation of cropping 

options in new locations, impacts of climate change on 

yields, prediction of greenhouse gas emissions, pest and 

disease management and in forming government planning. 

However, the impact of the application of the models on 

decision making by farmers and their advisors and policy 

makers is generally less clear. Usefulness of models is 

enhanced if they can be operationalized and harnessed 

directly or indirectly for farmer’s benefit. In production-

oriented agriculture, optimum sowing or transplanting 

time and suitable cultivars on local area basis are vital 

aspects that not only determine farm economy and 

profitability but also intimately associated with sustainable 

crop productivity [18]. 
 

6. IMPACT ON COMPUTATIONAL MODELING OF 

INTEGRATED FARMING SYSTEMS 
 

Farming systems research is considered a powerful tool 

for natural and human resource management in developing 

countries such as India. This is a multidisciplinary whole 

farm approach and very effective in solving the problems 

of small and marginal farmers. The approach aims at 

increasing income and employment from smallholdings by 

integrating various farm enterprises and recycling crop 

residues and byproducts within the farm itself [19]. 

Farming techniques for maximum production in the 

cropping pattern and takes care of optimal resource 

utilization. The farm wastes are better recycled for 

productive purposes in the integrated farming system. The 

interrelated interdependent and interlinking nature of IFS 

involves the utilization of primary produce and secondary 

produce of one system as basic input of the other system 

thus making them mutually integrated as one whole unit. 

This incidentally helps to reduce the dependence on 

procurement of inputs from open market making thereby 

the IFS a self-supporting entity and sustainable system 

over time. 

 

7. FUTURE THRUST OF THE COMPUTATIONAL 

MODELING 
 

The emerging trends agricultural economists can make a 

strong contribution to the development of computational 

modeling given the long tradition in agricultural econom-

ics, productivity, sustainability, profitability and equity for 

sustainable agricultural development. There is a need to 

develop extension models based on farming systems 

approach using participatory methods incorporating suita-

http://en.wikipedia.org/wiki/SimulationX
http://en.wikipedia.org/wiki/Modelica
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ble mechanisms for public-private linkages in assessing 

and transferring appropriate technologies. Local self-

government in the form of Panchayati Raj institutions are 

expected to play an important role in promoting and 

transferring suitable technologies at village level and 

generating effective linkages with various development 

agencies. Inter sectorial micro level planning for rural 

development involving different sectors like forestry 

environment, irrigation agroindustry, health and education 

will become a necessity for synergizing their collective 

output. Women empowerment through capacity building 

programmes will also have be developed to ensure 

livelihood security. Combined use of satellite imagery GIS 

and computational model is useful for mapping potential 

land productivity and suitability. 
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