ESS:  Hydrology Modeling Workshop

Students:  _________________________________

The h2olos Model

Guest:  Dominique Bachelet , http://www.fsl.orst.edu/~bachelet 
In this workshop you will build a preliminary stock and flow model, using the narrative description below.  Though these are not necessary to do the exercise, it is assumed you have read:

1. Meadows, Thinking in Systems,
2. Constanza, R. et al.  Ecological Modelling on modelling ecological and economic systems with STELLA, parts I, II, III, from Ecological Modelling 110 (1998) 1-4., 112 (1998) 81-84, and 143 (2001) 1-7.

3. Hanson, R. Storms of our Grandchildren.

If you need to refresh your memory about stocks and flows, recall that the basic approach to thinking about stock and flow models is quite simple:

1. Identify the major stocks in your model. 

2. Identify major flows between stocks.  Construct the basic structure of your model.  From here, the task is to figure out ways to estimate the magnitude of various stocks and flows and how they are interrelated.

3. Select ways to describe the size of the flows between stocks.  Constant?  Dependent on the source stock?  Dependent on the receiving stock?  Dependent on another flow elsewhere in the model?

4. Examine steady-state conditions.  Write out the steady-state equation for each stock.  If your system is “closed” or a conservation law applies, you might want to calculate the total amount of material or energy in the system.  Collect available data on stocks, flows or parameters, solve for steady-state conditions.  Determine residence times.

5. Examine transient dynamics.  Collect available data stocks. Flows, or parameters.  Draw a STELLA Model.  Run the simulation, you might need calculus, linear algebra, and differential equations to solve the model analytically.  STELLA makes this type of thinking more accessible.

In this workshop, you will probably only get through Step 2, and possibly into Step 3; however, once you identify the stocks and flows, you will draw a preliminary model, e.g., as in the simple fisheries model below:
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In this model, Fish is the stock;  it starts with a parameter or input that is the starting number of fish in the system.  Birth and Death are flows, and could vary over time. 

As we learned from reading Hanson, as the earth warms, water vapor in the atmosphere increases, which in turn can cause extreme weather events.  Thus, it is important that climate and weather models understand evaporation.  The overall model should be able to track evaporation over time, given precipitation and snowmelt over time, in order to track water vapor in the air.  
Our task is to build a conceptual model stock and flow model in one kind landscape:  a forested area (no human built structures).  Our model will be a first step in building a STELLA model that will show how much water is absorbed by the soil, and how much escapes via  evaporation, runoff (into streams), groundwarter.  We want to run the model month by month.   Below is a description of the natural processes involved:  

Hydrologic Processes:  A certain amount of water gets into the system via precipitation, snowmelt, and irrigation.  Some water (especially if it falls as snow) evaporates;  other water is absorbed by leaves in the trees and other plants both living and dead.  Some water runs off into streams, etc.  The remaining water enters soil as “saturated flow”.  Some water in the soil is taken up by roots of plants.  We know that soil has many layers but there are only up to 10 layers of soil (of course the number of layers and their composition differs by location).  Each soil layer has a certain absorption capability depending on soil type and is of a certain depth.  The amount of water absorbed at each depth is a function of soil type and depth.  We know that each element (biomass, soil layer) that absorbs water at some point reaches saturation, at which time, water flows out of that element.  Some water leaves the system at the bottom of the soil level into ground water or storm flow.  Other water leaves the system due to transpiration, as ground water fills and soil levels saturate.  Transpired water leaves the system via evaporation.  
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Read the above narrative (5 min).  Ask questions.  Working with one or two other persons, complete the tasks below (20 min).  We will then ask for two groups to present their diagram.  Juy will then present her stock and flow diagram, and Dominique will run the model for you. At the end of class today, each group will be asked to hand in this worksheet from the exercise.  
1. List stocks.  

2. List flows.  
3. Draw a preliminary stock and flow diagram, labeling stocks and flows.  Do this on a separate sheet of paper.
4. As you draw your preliminary diagram, 

a. Jot down aspects of the natural processes that you have decided to leave out, in order to simplify the first cut of your model.

b. Jot down variables that will be inputs to the system.

c. Jot down variables you think will be parameters to the system.  

d. Jot down maximum or minimum values for stocks and flows (e.g., capacities) you see for any of the stocks (or flows) in the system, if temperature < 32 degrees F.  Write down any questions you have about the processes you are modeling.
5. If time, continue thinking about the suggested method for developing a model

a. How would you test the model

b. What do you know about the size of the flows between stocks.  Constant?  Dependent on the source stock?  Dependent on the receiving stock?  Dependent on another flow elsewhere in the model?

c. Examine steady-state conditions.  Write the steady-state equation for each stock.  If your system is “closed” or a conservation law applies, you might want to calculate the total amount of material or energy in the system.  Collect available data on stocks, flows or parameters, solve for steady-state conditions.  Determine residence times.

d. Examine transient dynamics.  Collect available data stocks, flows, or parameters.  Draw a STELLA Model.  Run the simulation, you might need calculus, linear algebra, and differential equations to solve the model analytically.  STELLA makes this type of thinking more accessible.
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