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Dr. Simonovic’s primary research interest focuses on the application of systems approach to,  and development of the decision support tools for, management of  complex water  and disaster management systems.  Most of his work is related to the integration of risk, reliability, uncertainty, simulation and optimization in water resources and natural disasters management. Second research field of Dr. Simonovic is water resources decision support.  He has undertaken applied research projects that integrate the mathematical modelling, data-base management, geographic information systems and intelligent interface development into decision support tools for water resources decision makers.  Most of his reseacrh is being conducted through the Facility for Intelligent Decision  Support (FIDS)  at the University of Western Ontario.
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Topical Area - Reservoirs; Flood control;  Hydropower energy; Operational hydrology.
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Introduction

System Dynamics is an academic discipline introduced in the 1960s by the researchers at  the Massachusetts Institute of Technology.  System Dynamics was originally rooted in the management and engineering sciences but has gradually developed into a tool useful in the analysis of social, economic, physical, chemical, biological and ecological systems.

System Dynamics simulation approach relies on understanding complex inter-relationships existing between different elements within a system. This is achieved by developing a model that can simulate and quantify the behavior of the system. Simulation of the model over time is considered essential to understand the dynamics of the system. Understanding of the system and its boundaries, identifying the key variables, representation of the physical processes or variables through mathematical relationships, mapping the structure of the model and simulating the model for understanding its behavior are some of the major steps that are carried out in the development of a system dynamics simulation model.  It is interesting to note that the central building blocks of the principles of system dynamics approach are well suited for modeling any physical system. The power of simulation is the ease of constructing “what if” scenarios and tackling big, messy, real-world problems. In addition, general principles upon which the system dynamics simulation tools are developed apply equally to social, natural, and physical systems. Using these tools in disaster management allows enhancement of models by adding social, economic, and ecological sectors into the model structure.

In the field of system dynamics, a system is defined as a collection of elements which continually interact over time to form a unified whole.  The underlying pattern of interactions between the elements of a system is called the structure of the system. One familiar disaster management example of a system is a temporary water storage tank. The structure of a tank is defined by the interactions between inflow, storage, outflow, and other variables specific to a particular tank location. The structure of the tank includes the variables important in influencing the system. The term dynamics refers to change over time. If something is dynamic, it is constantly changing in response to the stimuli influencing it. A dynamic system is thus a system in which the variables interact to stimulate changes over time. System Dynamics is a methodology used to understand how systems change over time. The way in which the elements or variables composing a system vary over time is referred to as the behavior of the system. In the tank example, the behavior is described by the dynamics of tank storage growth and decline. This behavior is due to the influences of inflow, outflow, losses and environment, which are elements of the system.  One feature, which is common to all systems, is that a system’s structure determines the system’s behavior. System Dynamics links the behavior of a system to its underlying structure. System Dynamics can be used to analyze how the structure of a physical, biological, or any other system can lead to the behavior which the system exhibits. By defining the structure of a water tank, it is possible to use system dynamics analysis to trace out the behavior over time of the tank based upon its structure. 

The structure-behavior link need not be limited to systems which are well defined historically or analytically. System Dynamics can also be used to analyze how structural changes in one part of a system might affect the behavior of the system as a whole. Perturbing a system allows one to test how the system will respond under varying sets of conditions. Once again referring to a water tank, someone can test the impact of a limited water source on the tank or analyze the impact of the elimination of a particular user on the behavior of the entire system.  

Course objectives

This course introduces systems analysis and design using system dynamics simulation.  The general objectives are for the participant to become able to:

· Use systems thinking in addressing disaster managment problems by understanding: system structure; links and interrelationships between different elements of the structure; feedback; and behaviour of systems over time.

· Understand and use the system dynamics mathematical model as a device for formalization, standardization and treatment of disaster management problems.

· Develop an awareness of the potential utility of system dynamics modelling approach to disaster management.

· Recognize the need for life-long learning, interdisciplinarity and  use of the system dynamics approach in managing disasters as one way for addressing complexity.

Specific learning objectives

Introduction to systems thinking.  At the end of this section, the participant should be able to:
a) Distinguish between linear and systems thinking.

b) Understand definitions of system, systems approach, systems engineering.

c) Use the concept of mathematical modelling and system dynamics simulation.

System dynamics  simulation.  At the end of this section, the participant should be able to:
a) Formulate and analyse an engineering problem using simulation.

b) Use VENSIM system dynamics simulation tool.

Course project

Participants will have open hands to select one problem of their choice, formulate the problem using system dynamics simulation, and solve the problem using VENSIM.

Course deliverables

Each participant will be provided with a USB containing: (a) a set of lectures by Professor Slobodan P. Simonovic that will be delivered during the course; (b) one copy of the course notes (Chapter 5 of the book “Systems Approach to Management of Disasters” by Prof. Simonovic); (c) eight selected publications to supplement the course notes; (d) student version of the VENSIM system dynamics development tool; and (e) a set of examples in VENSIM used during the course.
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Who should attend?

This short course is primarily designed for practicing disaster managers (in consulting, government and other professional organizations) and researchers (in academia and research institutes) with interest in the solution of complex disaster management problems. Presented material and the modelling tool to be introduced have a considerable value in addressing requirements of modern management projects: consideration of social and environmental impacts; integration of quantitative and qualitative analyses; investigation of various future scenarios; and answering many of ‘what if?’ questions.
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