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SYSTEM DYNAMICS

• Methodology of model building popularized in the 1970s 

• System: interested in systems as a whole

• Dynamics: it deals with how systems change over time

• The interactions between variables define the system structure

• Key elements in system dynamics models

1. Causal Linkages

2. Feedback Loops

3. Stock and Flows



SYSTEM DYNAMICS – MODEL BUILDING

1. Causal Linkages: causal relationship between elements

-Arrows indicate causal influence

-Positive sign: direct correlation. “If 

A increases B increases”

-Negative sign: inverse correlation. If 

A increases B decreases
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2. Feedback Loops

Reinforcing loop
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2. Feedback Loops

Reinforcing loop

Balancing loop
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The equations that define the relationship 

between variables can be very complex 

(quantitative models) or simple (qualitative

models). 

Other elements: If/then statements, delays, 

table functions…



SYSTEM DYNAMICS – MODEL BUILDING

Participatory model building

Photo by Jared Berends, Lincoln UniversityPhoto from IMPADAPT Project
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CASE STUDY: JUCAR RIVER BASIN

• Mediterranean and continental climate. Long and frequent

drought

• Agricultural water share is over 80% of the total demand

• Competing agricultural uses in the middle and

the low basin

• Middle basin agriculture advanced in technology,

pumps from the aquifer

• Heavily managed system: 3 main reservoirs, water rights,

drought management plans.

• Lower basin agriculture more traditional. Has previous water

rights
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CASE STUDY: JUCAR RIVER BASIN

The system is divided into 5 interlinked subsystems

Advantages of separating into

subsystems:

1. Facilitates model building

2. Easier for other people to

contribute

3. Helps you keep your sanity



CASE STUDY: JUCAR RIVER BASIN

Subsystem 2: Mancha Oriental Aquifer – Jucar River interaction

• Two-unit embedded multi-

reservoir model.

• Provides an accurate 

representation of the stream-

aquifer interaction. 



CASE STUDY: JUCAR RIVER BASIN

Subsystem 4: Reservoir operating rules

• The “brain” of the system

• It manage water releases 

simulating the real operation of 

the system 



CASE STUDY: JUCAR RIVER BASIN

Subsystem 5: State Index and drought management
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Subsystem 5: State Index and drought management

• Drought management includes the use 

of emergency wells to balance the 

surface water scarcity

• Conjunctive use reduces the economic 

impact of drought
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CONCLUSIONS AND RESOURCES

• The inherent complexity of water resource systems demands a holistic 

analysis and evaluation of the interactions of the different components of 

the system

• System dynamics provides a methodology for realizing such analysis

• System dynamics allows for the integration of many different elements and 

realities into a single system

• Hydroeconomic modeling benefits for the flexibility brought by SD



CONCLUSIONS AND RESOURCES

• Software 

• Vensim PLE: free for educational use. https://vensim.com/free-download/

• Stella Online: free and web-based. https://www.iseesystems.com/store/products/stella-online.aspx

•Articles & Manuals
• A System Dynamics Modeling for Supporting Drought-Oriented Management of the Jucar River System, Spain 

https://doi.org/10.3390/w12051407

• Craig Kirkwood, Arizona State University free guide: https://www.public.asu.edu/~kirkwood/sysdyn/SDRes.htm

https://vensim.com/free-download/
https://www.iseesystems.com/store/products/stella-online.aspx
https://doi.org/10.3390/w12051407

