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Course: Modeling Soil Processes  

 

Identification 
Code: SOL 855 
Credits: 4 (3 hours lecture - 1 hour laboratru) 
Level: Master’s/Doctorate 
Professors: Paulo Ivonir Gubiani, José Miguel Reichert, and Dalvan José Reinert 
System: Annual (I Semester) 
 
Discipline objectives  

Demonstrate the basic elements for modeling in soil science, discuss the equations that 
describe physical, chemical, and biological processes in soil, and demonstrate the effects of land 
management and land use on describing and understanding these processes. 

 
Syllabus 

The course presents the main processes and equations of transfer and transformation of matter 
and energy in the soil that enable the application and development of mathematical models. 

 
Methodology and teaching instruments 

Individual seminars, lectures, and practical classes. Laboratory, overhead projector, and 
blackboard. 

 
Forms of evaluation 

Written exams, seminars, class participations, and a monograph. 
 
Program: Title and Breakdown of Units 
 
Unit 1 

Matter and energy transfer processes in agricultural systems 
1.1 - Physical processes of matter and energy transfer in soil 

1.1.1 - Soil water energy state 
1.1.2 - Water movement in the soil 
1.1.3 - Saturated and unsaturated soil water flow 
1.1.4 - Soil temperature and heat flow 

1.2 - Chemical processes and solute movement in the soil 
1.2.1 - Solute transport in the soil 
1.2.2 - Convection and solute dispersion 

1.3 - Biological processes in the soil: organic matter dynamics and greenhouse gases 
1.3.1 - Content and functions of organic matter in the soil 
1.3.2 - Soil carbon dynamics 
1.3.3 - Greenhouse gases 

1.4 - Spatial variability of soil properties and geostatistical analysis 
1.4.1 - Factors controlling the spatial and temporal variability of soil properties 
1.4.2 - Geostatistical techniques 

1.5 - Empirical, conceptual, and physically-based models 
1.5.1 - Introduction to modeling 
1.5.2 - Models classification 
1.5.3 - Criteria for applying models in agricultural systems 
1.5.4 - Modeling steps 

 
Unit 2 

Modeling in agricultural systems 
2.1 - Modeling heat and gases in the soil 

2.1.1 - Equations and models for heat and gas transfer in soil 
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2.2 - Modeling subsurface soil water flow 
2.2.1 - Input and redistribution of matter and energy 
2.2.2 - Infiltration models 

2.3 - Surface water runoff modeling 
2.3.1 - Hydrological cycle 
2.3.2 - Empirical and physically-based models 
2.3.3 – Modeling processes in catchments 

2.4 - Erosion and sedimentation modeling  
2.4.1 - Erosive processes, redistribution, and transport of sediments 
2.4.2 - Empirical and physically-based models 
2.4.3 - Modeling processes in catchments 

2.5 - Solute modeling (ions and organic molecules) in soil 
2.5.1 - Basics of solute behavior modeling 
2.5.2 - Reactivity models 
2.5.3 - Transport models 

2.6 - Soil organic matter modeling 
2.6.1 - Simulation models of soil organic matter dynamics  
2.6.2 - Multicompartmental characteristics 
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