
©Encyclopedia of Life Support Systems (EOLSS) 

CONTENTS 
 

 
SYSTEMS ANALYSIS AND MODELING IN FOOD AND 
AGRICULTURE 
 

 

 
 
 
 
 
 
 
Systems Analysis and Modeling in Food and 
Agriculture - Volume 1 
No. of Pages: 494 
ISBN: 978-1-84826-133-4 (eBook) 
ISBN: 978-1-84826-583-7 (Print Volume) 
 
 
For more information of e-book and Print 
Volume(s) order, please click here 
 
Or  contact : eolssunesco@gmail.com

https://www.eolss.net/ebooklib/bookinfo/systems-analysis-modeling-food-agriculture.aspx


SYSTEMS ANALYSIS AND MODELING IN FOOD AND AGRICULTURE 
 

CONTENTS 
 
An Overview of the Food System         1 
Catherine Cantley, Department of Biological Systems Engineering, Washington State University, & 
Department of Agricultural and Biological Engineering, Purdue University, USA 
Juming Tang, Department of Biological Systems Engineering, Washington State University, USA  
Barbara Rasco,Department of Food Science and Human Nutrition, Washington State University, USA 
Lester A. Wilson, Department of Food Science and Human Nutrition, Iowa State University, USA  
 
1. Introduction 

1.1. Current Problems Facing the Food System 
1.2. The Importance of Food 

2. Food System 
2.1. Farming 
2.2. Food Processing 
2.3. Food Distribution Network 

2.3.1. Traceability 
2.3.2. Labeling 

2.4. Retail 
2.5. Waste Management 

3. Topics of Concern in World Agriculture 
3.1. Poverty and Food Security 
3.2. Foodborne Illness 
3.3. Trade Regulations 

3.3.1. Monitoring Chemical Residues  
3.3.2. Microbiological Concerns and Food Safety  

4. Conclusions 
 
 
Energy Use in Production of Food, Feed, and Fiber      38 
D. R. Mears, Bioresource Engineering Department of Plant Biology and Pathology Cook College Rutgers 
University USA 
 
1. Introduction 
2. After the 1973 Oil Embargo 
3. Overview of Energy Use and Food Production 
4. Agriculture and Alternative Energy 

4.1. Overview 
4.2. Alternative Sources for on Farm Use 
4.3. Agricultural Sources of Energy for off Farm Use 

5. Conclusion: Systems Approach to Energy and Food Sustainability 
 
 
Environmental Impact of Food Production and Consumption     56 
Palaniappa Krishnan, Bioresources Engineering Department, University of Delaware, USA 
 
1. Introduction 
2. Soil Bio- diversity in Agricultural Food Production 
3. Water Use and Water Pollution 
4. Energy 
5. Climate Change 
6. Food Safety and Biotechnology 
7. Use of Chemicals 
8. Desertification 
9. Conclusion  
 
 

©Encyclopedia of Life Support Systems (EOLSS) 
i 



SYSTEMS ANALYSIS AND MODELING IN FOOD AND AGRICULTURE 
 

Environmental Accounting of Agricultural Sustainability Using Emergy Analysis   69 
D.R. Tilley, Department of Environmental Science & TechnologyUniversity of Maryland, College Park, 
Maryland USA 
Jay F. Martin, Department of Food, Agricultural and Biological Engineering The Ohio State University, 
Columbus, Ohio USA 
 
1. Introduction 
2. Environmental Decision-making with Emergy 
3. Food Production 
4. Biofuels 
5. Aquaculture 
6. Forestry 

6.1. Timber yielding systems 
6.2. Agro-forestry alternatives 
6.3. Non-timber  
6.4. Numerical Simulation of Emergy 

7. Conclusions 
 
 
Social and Policy Issues of Agriculture and Food       96 
Luther Tweeten, Department of Agricultural, Environmental, and Development Economics, Ohio State 
University, Columbus, Ohio, USA. 43210 
 
1. Introduction 
2. Stages Underlying Contemporary Social and Policy Issues of Agriculture 

2.1. Stages II and III: The Rise and Decline of Agriculture 
2.2. Stage IV: Mature Economies 

3. Food Supply and Demand 
3.1. Food Supply-Demand Balance and Real Price 
3.2. Agriculture is Not Just for Food and Fiber Production Any More 
3.3. Biotechnology 

4. Market Structure in Food Industries 
4.1. Production Agriculture 
4.2. Structure in Food Marketing 
4.3. Farm Input Supply Sector 

5. Coping with Excess: The Problem of Obesity 
6. Coping with Scarcity: Underdevelopment and Food Insecurity 

6.1. The Standard Economic Model 
6.1.1. Public Administration 
6.1.2. Sound Macroeconomic Policies 
6.1.3. International Trade and Investment Policy 
6.1.4. Infrastructure Investment 
6.1.5. Public Services 
6.1.6. Environment 
6.1.7. Food and Income Safety Net 

6.2. Empirical Evidence for the Standard Model 
 
 
Decision Support Systems for Food and Agriculture      122 
P. H. Heinemann, Department of Agricultural and Biological Engineering, The Pennsylvania State 
University, USA 
 
1. Introduction 
2. Systems Definition and Systems Theory 

2.1. Agricultural Systems 
2.2. Systems Analysis Techniques & Decision Support 
2.3. Structure of a Decision Support System 
2.4. Qualitative and Quantitative Decision Paths 

©Encyclopedia of Life Support Systems (EOLSS) 
ii



SYSTEMS ANALYSIS AND MODELING IN FOOD AND AGRICULTURE 
 

2.5. Examples of Decision Support Systems used in Agriculture 
2.5.1. Application Areas 
2.5.2. Example of Qualitative DSS – Expert Systems 
2.5.3. Example of Quantitative DSS – Simulation Modeling 
2.5.4. Example of Combination DSS 

3.  Conclusion 
  

 
Spatial Food and Agricultural Data        136 
R. Ehsani, Citrus Research and Education Center, University of Florida, USA 
C. Divaker Durairaj, Zonal Research Centre, Tamil Nadu Agricultural University, India 
 
1. Introduction 
2. Precision Agriculture 

2.1. Yield Monitoring and Mapping 
2.2. Sensors for Collecting Spatial Soil and Plant Data in Agriculture 
2.3. Variable Rate Application Technology 
2.4. Irrigation Water Management 

3. Spatial Data and Geographical Information System (GIS) 
3.1. Spatial Analysis 
3.2. Developing and Maintaining Precision Farming Data 

4. Food and Agricultural Product Traceability Systems 
5. Infrastructures for Building, Upkeep and Use of Spatial Data 

5.1. Spatial Data Infrastructures 
5.2. Geospatial Data Development 
5.3. Expert Systems 

6. Conclusions 
 
 
Data Assimilation Systems         156 
N. Kondo, Department of Technology Development, SI Seiko Co., Ltd., Japan 
K. Ninomiya, Department of Technology Development, SI Seiko Co., Ltd., Japan 
 
1. Introduction 
2. Physical Properties of Biomaterials 

2.1. Fundamental physical properties 
2.2. Mechanical properties 
2.3. Sonic properties 
2.4. Electrical properties 
2.5. Optical properties 

3. Sensors and Data Acquisition Systems 
3.1. Design of machine vision system 
3.2. Data collection 

3.2.1. Color conversion 
3.2.2. Preprocessing 
3.2.3. Feature extraction 

3.3. Data from a grading machine 
4. Database and Data Utilization 

4.1. Data linkage of agricultural products 
4.2. Design of database 

4.2.1. Purpose and effectiveness of database 
4.2.2. Information management system 
4.2.3. Data organization in database 
4.2.4. Data accumulation 

4.3. Utilization of database 
5. Conclusion 
 
 

©Encyclopedia of Life Support Systems (EOLSS) 
iii



SYSTEMS ANALYSIS AND MODELING IN FOOD AND AGRICULTURE 
 

Statistical Analysis Design Including Biostatistics      182 
Kaustubh D. Bhalerao, Department of Agricultural and Biological Engineering, The University of Illinois 
at Urbana-Champaign, 1304 W Pennsylvania Ave, Urbana, IL 61801, USA. 
 
1. The Need for Statistical Data Analysis 
2. Principles of Statistical Analysis 

2.1. Probability The Foundation of Statistics 
2.2. Basic Axioms of Probability Theory based on Set Theory. 
2.3. Types of Probability Distributions 

2.3.1. The Uniform Distribution 
2.3.2. The Binomial Distribution 
2.3.3. The Poisson Distribution 
2.3.4. The Exponential Distribution 
2.3.5. The Normal Distribution 

2.4. Outcome and Expectation 
2.5. Estimation and Statistical Inference 

2.5.1. The Bayesian Method 
2.5.2. Estimation using Loss Functions 
2.5.3. The Maximum Likelihood Estimate (M.L.E.) Method 

2.6. Estimators and Their Distributions 
3. Strategies for Statistical Data Analysis 

3.1. Hypothesis Testing 
3.2. Exploratory Data Analysis 
3.3. Probabilistic Models for Data 

3.3.1. Regressions Models 
3.3.2. Time Series Analysis 
3.3.3. Multivariate Data Analysis 

4. Biostatistics 
4.1. Some Principles for Modeling Biological Data 

4.1.1. Cause and Effect Relationships 
4.1.2. Correlated data 

5. Conclusion 
 
 
Data Presentation Systems         210 
T. Kataoka, Department of Agricultural Engineering, Graduate School of Agriculture, Hokkaido 
University, Japan 
 
1. Introduction 
2. Data Flow 
3. Tools for Data Presentation 

3.1. The Personal Computer 
3.2. Data Management and Analysis 
3.3. Graphic Presentation 
3.4. Data Presentation 

4. Conclusion 
 
 
Crop Models - in Open Field         219 
D. H. Fleisher, Crop Systems and Global Change Laboratory, USDA-ARS, Beltsville, MD  USA 
 
1. Introduction 
2. Brief history 
3. Crop modeling components 

3.1. Concepts 
3.2. Data files 
3.3. Implementation 
3.4. Validation and Calibration 

©Encyclopedia of Life Support Systems (EOLSS) 
iv 



SYSTEMS ANALYSIS AND MODELING IN FOOD AND AGRICULTURE 
 

4. Case Studies 
4.1. Regional level decisions 
4.2. Yield decline assessments 
4.3. Scientific Inquiry 
4.4. Educational applications 
4.5. On-farm applications 

5. Conclusions and Future Directions 
 
 
Crop Models - Within Controlled Environment       236 
David H. Fleisher, Crop Systems and Global Change Laboratory, USDA-ARS, Beltsville, MD USA 
 
1. Introduction to Controlled Environments  

1.1. Overview 
1.2. Research 

2. Crop Modeling 
2.1. Concepts 
2.2. Brief History 

3. Model Applications 
3.1. Design and Planning 
3.2. Management and Operation 

4. Conclusions and Future Directions  
 
 
Food Processing Models          249 
Soojin Jun,  Department of Human Nutrition, Food and Animal Sciences, University of Hawaii at Manoa, 
Honolulu, HI, USA 
Chenxu Yu, Department of Agricultural and Biological Engineering, Purdue University, West Lafayette, 
IN, USA 
Joseph Irudayaraj, Department of Agricultural and Biological Engineering, Purdue University, West 
Lafayette, IN, USA 
 
1. Introduction 
2. Modeling Basic Transport Process and Kinetics 

2.1. Case study 1: Modeling heat transport and fungal inactivation kinetics during IR heating 
2.2. Case Study 2: Modeling Microwave heating 
2.3. Case study 3: Modeling Ohmic heating of food systems 
2.4. Case study 4: Modeling temperature fields in plate heat exchangers 
2.5. Case study 5: Modeling fouling plate heat exchangers 
2.6. Case study 6: Modeling on mixing performance evaluation 

3. Conclusion 
 
 
Water Resource Models          268 
D. K. Borah, Borah Hydro-Environmental Modeling, Champaign, Illinois, USA 
 
1. Introduction 
2. Watershed-Scale Models 
3. Flow-Governing Equations 

3.1. Dynamic Wave Equations 
3.2. Diffusive Wave Equations 
3.3. Kinematic Wave Equations 
3.4. Storage Based or Nonlinear Reservoir Equations 
3.5. Curve Number and Empirical Equations 

4. Mathematical Bases of Watershed Models 
4.1. Long-Term Continuous and Short-Term Storm Event Models 
4.2. Model Algorithms and Efficiencies 
4.3. Fully Developed Continuous Models 

©Encyclopedia of Life Support Systems (EOLSS) 
v 



SYSTEMS ANALYSIS AND MODELING IN FOOD AND AGRICULTURE 
 

4.4. Fully Developed Storm Event Models 
4.5. Potential Use of the Compilation Tables 

5. Summary and Conclusions 
 
 
Agricultural Meteorological Models        293 
S. E. Hollinger, Illinois State Water Survey, Champaign, Illinois, USA 
 
1. Introduction 
2. Approaches in Developing Agricultural Meteorological Models 

2.1. Statistical Approaches 
2.2. Process Approaches 

3. Models of Weather Variables not commonly measured 
3.1. Solar radiation models 
3.2. Leaf wetness duration 
3.3. Dew-point models 
3.4. Evapotranspiration models 
3.5. Soil moisture models 

4. Derived Weather Variables 
4.1. Diurnal temperature distribution 
4.2. Growing degree units 
4.3. Chilling units 

5. Models Linking the Microclimate to Atmospheric Forcing 
6. Crop, Livestock, Insect, and Disease Weather Response Models 
 
 
Data Collection and Analysis Methods for Data from Field Experiments    312 
S. Shibusawa, Faculty of Agriculture, Tokyo University of Agriculture and Technology, Japan 
C. Hache, Faculty of Agriculture, Tokyo University of Agriculture and Technology, Japan 
 
1. Introduction 
2. Data Collection 

2.1. Conventional Data Collection 
2.2. Precision Agriculture 

2.2.1. Remote Sensing 
2.2.2. Soil Sensors 
2.2.3. Crop Sensors 

3. Methods for Data Analysis 
3.1. Multivariate Analysis 

3.1.1. Data Treatment 
3.1.2. Calibration Model 
3.1.3. Model Accuracy 

3.2. Geostatistics 
4. Concluding Remarks 
 
 
Telecommunications for Data Collection and Dissemination in Agricultural Applications  339 
Q. Zhang, Department of Agricultural and Biological Engineering, University of Illinois, USA 
R. Ehsani, Citrus Research and Education Center, University of Florida, USA 
 
1. Introduction 
2. Data Collection in Agriculture Production 
3. Wired Data Communication in Agriculture 

3.1. Wired Data Communication Methods 
3.2. Serial Bus Communication 
3.3. Computer Networks Communication 

4. Wireless Data Communication in Agriculture 
4.1. Point-to-Point Communication 

©Encyclopedia of Life Support Systems (EOLSS) 
vi 



SYSTEMS ANALYSIS AND MODELING IN FOOD AND AGRICULTURE 
 

4.2. Point-to-Multipoint Communication 
5. Data Telecommunication Technology in Agriculture 

5.1. Technical Advantages of Telecommunication 
5.2. Disadvantages and Problems of Telecommunication 
5.3. Implementation of Telecommunications in Agriculture 
5.4. Applications of Telecommunications in Agriculture 

6. The Future of On-farm Data Telecommunication 
 
 
Food Research and Development         362 
S. Kawamura, Department of Bio-production Engineering, Hokkaido University, Japan 
S. Koseki, National Food Research Institute, Japan   
 
1. Introduction 
2. Non-destructive Quality Assessment of Foods 

2.1. Non-destructive Quality Assessment 
2.2. Near-infrared Spectroscopy 
2.3. Performance of Near-infrared Spectroscopy for Determination of Constituent Contents of Milk 

and Rice 
3. Prediction of Microbial Growth in Foods 

3.1. Microbial Growth in Salad Vegetables 
3.2. Growth Models 
3.3. Performance of Growth Model in Lettuce Distribution from Farm to Table 

4. Issues of Food Development in the 21st Century 
4.1. Improving human health 
4.2. Improving food safety 
4.3. Improving food quality 
4.4. Improving food distribution 

5. Conclusion 
 
 
Watershed Modeling for Water Resource Management      374 
D. K. Borah, Borah Hydro-Environmental Modeling, Champaign, Illinois, USA 
 
1. Introduction 
2. SWAT Applications 

2.1. SWAT Calibrations and Validations 
2.2. Use of SWAT in Water Resource Management 

3. HSPF Applications 
4. DWSM Applications 
5. Conclusions 
 
 
Meteorological Forecasting for Agricultural Production      397 
S. E. Hollinger, Illinois State Water Survey, Champaign, Illinois, USA 
 
1. Introduction 
2. Application of Agricultural Meteorological Forecasts 

2.1. Strategic 
2.2. Tactical 
2.3. Operational 

3. Meteorological Forecasts 
3.1. Precipitation 

3.1.1. Application of forecasts 
3.1.2. Soil moisture 

3.2. Temperature 
3.2.1. Temperature stress 

3.3. Solar radiation 

©Encyclopedia of Life Support Systems (EOLSS) 
vii



SYSTEMS ANALYSIS AND MODELING IN FOOD AND AGRICULTURE 
 

3.4. Humidity 
3.5. Wind 
3.6. Evapotranspiration 

4. Forecast Users 
 
 
Current Use And Prospects Of Informatics in Modeling, Analysis and Management of Natural 
Resources           410 
Tong Zhai, Department of Agricultural and Biological Engineering, Purdue University, USA 
Rabi H. Mohtar, Department of Agricultural and Biological Engineering, Purdue University, USA  
 
1. Introduction 

1.1. Data Depot, Knowledge Base, and Encyclopedia Assembly 
1.2. System Ecological Modeling and Web-GIS 
1.3. Integrated Web-based Decision Support System (Web-DSS) 
1.4. Improving the Capacity of Modeling Systems on Usability, Performance, Management, and 

Technology Transfer 
2. Web-based Environmental Modeling System: A Case Study 

2.1. Background: 
2.2. The models: 

2.2.1. 2DSTREAM 
2.2.2. SPARG/AIRFIX 
2.2.3. The Silvopasture GRAzing Simulation Model (SGRASIM) 
2.2.4. Water Harvesting AHP 

2.3. The Web environment: 
3. Future Works 
4. Conclusions 
 
 
Index           429 
 
 
About EOLSS          437 

©Encyclopedia of Life Support Systems (EOLSS) 
viii


