Note: Need to adjust the following to fit directly with physical model data

>Create a stock; name it “Atmospheric Moisture”

>Create a second stock; name it “Surface Water”

>Create a flow from “Atmospheric Moisture” to “Surface Water”, named “Precipitation”

>Click globe to toggle map/model, should show ‘chi-squared’ icon

>Double-click on “Atmospheric Moisture” and enter a value [5] in the INITIAL value data field. You can/should also click on ‘Units’, and then from the “Units of Measure” pull-down menu select ‘Distance/Area/Volume’ and then ‘centimeters’.  Then click ‘OK’ to return to the main stock information page and ‘OK’ again to return to the main page.

· We should probably enter this value as a volume; however, to keep things simple, we are going to measure water ‘in the atmosphere’ the same way we measure it after it falls, as a depth of rainfall.  Remember this presumes ‘onto a given area’. We have entered 5 centimeters as the total rainfall that will come from a single precipitation event.

>Double-click on “Surface Water” and enter a value [0] in the INITIAL value data field. If you click on ‘Units’, you will note that the units have already been selected as centimeters, to coincide with the connected  “Atmospheric Moisture” stock.  Click ‘OK’ to return to the main stock information page and ‘OK’ again to return to the main page.

· This value is the amount of water starting on the surface, which starts at 0.

>Double-click on “Precipitation”.  If you click on “Units”, you will notice that the units are preset as “cm/time”. Click ‘OK’ to return to the precipitation page and ‘OK’ again to return to the main page.  We will enter an equation for ‘Precipitation’ later.

· We want to enter a value to represent how fast the water flows from ‘Atmospheric Moisture’ to ‘Surface Water’, but because we will want to use this value in another location, we will put it into a converter instead of entering it directly into the flow.  To stay consistent, we will want to input a rate in terms of centimeters per time unit.

· We have yet to set the standard time unit for Stella, so let’s do so...

>From the main menu select Run->Run Specs.  Under unit of time, select ‘days’.  Now the precipitation flow rate has units set as days. For ‘length of simulation’ we want to run from [0] to [20] days, with a DT of [.25]. Click ‘OK’.

· The ‘DT’ is ‘delta time’ which is the time unit that Stella uses for its calculations.

>Create a converter and name it ‘Precipitation rate’

>Create an action connector to connect ‘Precipitation Rate’ to ‘Precipitation’

>Double click on ‘Precipitation rate’ and input a value of [2].  We will presume a rainfall of 2 centimeters per day.  Click on ‘Units’.  You will find, however, that ‘cm per day’ does not exist in the Units of Measure menu, even under the appropriate ‘Velocity/Acceleration’ category.  Instead select ‘Unit Editor’ from the menu.  From this page you should be able to find and select ‘cm/day’, and click ‘OK’ three times.

>Double-click on “Precipitation”.  Click on ‘Precipitation Rate’ under ‘Required Inputs’ and you should see ‘Precipitation Rate’ appear in the formula text box.  Click on Units.  There should be a message noting that ‘Units appear to be consistent’’. Click OK twice to return to the main page.

>Create a graph by selecting the light blue ‘Graph Pad’ and dragging it onto the worksheet. Double click on the graph icon to bring up a graph.  Then select ‘Model-

>Define Graph’.  Double click on ‘Atmospheric Moisture’ and ‘Surface Water’ to move each from the ‘allowable’ to the ‘selected’ column.  Then click ‘OK’ to return to the graph and close it.

>Select ‘Model->Model Prefs…’ On the right side, under the word  ‘Animate:’ click on the stock box and the flow picture to highlight them.  Then click ‘OK’

>From the Main Menu select ‘Run->Run’

-
What happens to the two stocks?  Open the graph again.  How does it reflect what happens to the two stocks?   The precipitation in this model occurs at a constant rate – how does this align with how the water accumulates on the surface?  When does this precipitation event (storm) end? How do you know?

>Create a new stock, name it ‘Unsaturated Zone’

>Create a new flow from ‘Surface Water’ to ‘Unsaturated Zone’; name it ‘Percolation’

>Double click on ‘Unsaturated Zone’ and set the initial value to zero.  Click ‘Okay’ to return to the main screen.

>Open the graph and from the Main Menu select ‘Model->Define Graph’. Double click on ‘Unsaturated Zone’ to move it from ‘Allowable’ to ‘Selected’. 


We want all three of the graphs to be on the same scale, so we do the following

>Click and drag to highlight all three of the stocks listed in the ‘Selected’ box. Then click once on one of the vertical double arrows to the right: all three should redraw with horizontal lines on either end. You will also note that the ‘Min’ box next to ‘Scale:’ is highlighted.  Click on ‘Set’ to set the same scale [0] to [5] for all three stock values. Click ‘Set’ and then click ‘OK’ to return to the main screen.


From physical experiments we’ve seen that how fast water seeps into soil is dependent upon the porosity of the soil. 

>Create a new converter, and name it ‘Porosity’

>Double click on the Porosity converter and input a porosity value [.35]

>Porosity is unitless (it represents a fraction of something else, that probably does have units).  Click on ‘Units’, select ‘Unit Editor’ and find and select ‘Unitless’. Click OK (three times)

>Create a connector from Porosity to Percolation

>Create another connector, this time from Precipitation Rate to Percolation.


Why? What happens if we have 100 percent porosity (i.e. nothing is there – no soil, all holes!)  We would then expect the water to flow through the ‘surface’ (which would be sort of imaginary!) at the same speed that it arrives.  So at the fastest (with the least stuff – i.e. nothing in the way) the ‘Surface water’ will leave as fast as it arrives.

>Double-click on ‘Percolation’.  You should see two ‘Required Inputs’. Make sure the ‘{Place right-hand side of equation here}’ statement is highlighted, and click on ‘Porosity’, then ‘*’ (on the calculator or type it in) and then ‘Precipitation Rate’.  Click ‘OK’ to return to the model.

>Run the model (Main Menu, ‘Run->Run’). 

· What does the surface water do?  When has all the water run off the surface?  If you click and hold on the graph, a vertical line will appear that you can drag horizontally.  As you do so, numbers will appear on the graph giving the values of each graph and the time value corresponding the location of the line. You should see that surface water reaches it’s peak at 2.5 days (the same time it stops raining) and drains all away after 7.25 days.

· What would you expect to happen with a higher porosity?  Would the surface water go away faster or slower?  Would the maximum amount of surface water be higher or lower? Change the porosity to 65 percent (.65) and test your predictions.

· What would you expect to happen with a lower porosity?  Would the surface water go away faster or slower?  Would the maximum amount of surface water be higher or lower? Change the porosity to 15 percent (.15) and test your predictions.

· What would you expect to happen if the porosity was 100 percent? Change the porosity to 100 percent (1.00), run the model and see if the graph corresponds to your expectations.

· What would you expect to happen if the porosity was 0 percent? Change the porosity to 0 percent (0.00), run the model and see if the graph corresponds to your expectations. The animation makes it look like there is water in the Unsaturated Zone, but what does the graph say?

· Leave the Porosity at 0 for now

· In our physical model, if we had too much surface water, it didn’t build up, but became ‘runoff’.  Let’s add that to our model

>Add a new stock; name it ‘Total Runoff’

>Double click on Total Runoff and enter an initial value of 0, select units in centimeters.  Click ‘OK’ twice.

>Add a new flow, from ‘Surface Water’ to ‘Total Runoff’; name it ‘Runoff’

>Add a new converter; name it ‘Surface Capacity’

>Double click on ‘Surface Capacity’ and input a value of 1.  Click on Units and select centimeters under ‘Distance/Area/Volume’.  Click OK twice

>Create a new connector from ‘Surface Capacity to ‘Runoff’

-  
Surface capacity represents how much water can accumulate on the surface before it starts flowing away as run off.

>Create another connector, this time from ‘Surface Water’ to ‘Runoff’

· Stella will need to know how much water is on the surface to compare it to the capacity

>Create a new converter; name it ‘Unit Runoff Time’

>Double click on ‘Unit Runoff Time’, give it a value of 1.0. Click on Units and select ‘Days’.

· What is this?  This will be a length of time that it takes one ‘unit’ of water to run off the surface.  In this case, we are saying it will take one day for 1 centimeter of surface water to run off.  Click ‘OK’ twice.

>Create a connector from ‘Unit Runoff Time’ to ‘Runoff’.

>Double click on ‘Runoff’ where you will see three required inputs. Type or click to build the following equation for runoff: “(Surface_Water – Surface_Capacity)/Unit_Runoff_Time”.  A click on units should verify that they are consistent.  Click ‘OK’ twice to get back to the main page

>Open the graph and select ‘Model->Define Graph’ once again, adding Total Runoff to the list.  Select all four, click the arrows to group and then set the scale to a common range ([0] to [5]) again.  Click ‘Set’ and then ‘OK’.

>Run the model.

· How is the shape of the graphs different from the previous runs? (Curvature)

· Does the surface water go to zero?  Why not?

· What would you expect to happen if you changed the ‘Surface Capacity’?  Change it to a value of 2 and run the model again.

· What would you expect to happen if you lengthen the Unit Runoff Time? Change it to 2 (days) and run the model again.

· What would you expect to happen if you shorten the Unit Runoff Time? Change it to 0.5 (days) and run the model again.

· Now change the Unit Runoff Time to 0.10.  What happens?  Remember that for this model, we set the DT to .25 days, in other words, Stella calculates in time segments that represent 1/4 day.

      However, when we set the runoff time to 1/10 of a day, we are representing                

      something faster than Stella is set to make the calculations.  This can (and does in this 

      case) result in some choppy results!  We can make things ‘smooth’ again, by asking 

      Stella to make calculations more often, but that will mean more calculations.  Select 

      ‘Run->Run Specs’ and set the DT to .025.   Run the model again.  What happens to   

      the graph?

· Now set the porosity from 0 to .35 and run the model.  Where does the water go?

· Set the porosity to .15.  Does more or less water go into runoff?

· What happens if the Unsaturated Zone fills up? Our model cannot account for that!

>Add a new converter called UZ depth.  Give it an initial value of 10 and set units as centimeters

>Add a new converter called UZ capacity.

>Create a connector from UZ depth to UZ capacity

>Create a connector from Porosity to UZ capacity

>Double click on UZ capacity and set the equation as “Porosity*UZ_depth” and the units to centimeters.  Click ‘OK’ twice.

· What we are doing here is saying that if the unsaturated zone is a certain depth (10 centimeters), then a certain percentage of that depth can be filled with water, based on the porosity (remember, that is how we measured porosity, except in terms of volume, not of height).

>Create a connector from UZ capacity to Percolation.  This should bring up a new Question mark in the percolation flow.

>Also create a connector from Unsaturated Zone to Percolation.

>Double click on Percolation.  We want to change the function so that there is only flow if there is room (so IF the amount in Unsaturated Zone is less than UZ capacity).  Type and/or click so that the formula reads  “ IF (Unsaturated_Zone < UZ_capacity) THEN Porosity*Precipitation ELSE 0 “

· Now there will only be a flow if the unsaturated zone isn’t full.

· Run the model – does the Surface Water go to zero this time?  What does the Unsaturated Zone do?

· Change the porosity to .35.  How do things change?

· According to our model, what does the porosity have to be so that there is no water left on the surface? <.42>

· Water doesn’t stay in the UZ, however, but flows out as groundwater, we will assume in the same fashion that water runs off the surface.  First we need to figure out how much the soil can absorb.

>Create a new converter; name it ‘Absorptive fraction’.  Set it at .05 and give it ‘Unitless’ units (should now be found easily under ‘Used in this model’)

>Create a new converter; name it ‘Absorptive capacity’.

>Connect UZ depth to Absorptive capacity

>Connect Absorptive fraction to Absorptive capacity

>Set the function on Absorptive capacity by multiplying the two inputs.  Set units to centimeters.

>Create a new stock, name it ‘Groundwater’. Give it an initial value of 0, set units to centimeters.

>Create a new flow, ‘GW Runoff’ from Unsaturated Zone to Groundwater

>Open the graph and select ’Model->Define Graph’ to add Groundwater to the Graph.  Set the scale along with the other 4.

>Create a new converter, name it ‘GW Unit Runoff Time’ and set units in days, with a value of 1

>Add a new connector from Absorptive capacity to GW Runoff

>Add a new connector from GW Unit Runoff Time to GW Runoff

>Add a third connector, this time from Unsaturated Zone to GW Runoff

>Set the formula in GW Runoff to (Unsaturated_Zone – Absorbtive_Capacity)/GW_Unit_Runoff_Time)

