Kenilworth Aquatic Gardens, National Capital Parks, East
Mathematical Models Using Excel Program
Computer models are mathematical representations of processes or systems that can be manipulated to make predictions.  They are based on the idea that relationships can be expressed mathematically.  While change over time will require calculus to track relationships, a snapshot model can be done using math most students can grasp.  If it doesn’t inspire them to become mathematicians, at least they will see why it’s important.  

The first step in making a mathematical model is to determine what the variables are that affect what you want to study.  For instance if you wanted to see the impact made on the Chesapeake Bay by your school yard the variables might be the impervious surfaces, the vegetated surfaces, the amount of rain that falls in an hour in any part of the school yard.  

Impervious surfaces   Meter 2               Vegetation  M2                                       Rain 
roof                               5000                           trees     10                                    inches/hour
sidewalks                        500                            grass     50
asphalt                           1000
                   total     6500                              60
Make observations to see relationships of variable.  Do impervious surfaces cover more area than vegetation areas?  How can these be expressed
Impervious area/ total area  gives a percent of the total that is impervious (I = x%(T))

The vegetation can be represented as a variable of the impervious (V= T-I)

(I + (T-I) =T)

6500/6560 = 99% =99/100

area of impervious surfaces=99/100 total area.  total area tmes inches per hour =volume of rainfall on school yard/hour times number of hours of rain in a month or year 

How much of that rain soaks in to the each surface? If you hold a bottle or can with the bottom and top open and pour in a measured amount of water to equal a half inch how much soaks in during a quarter hour?  Multiply that by 4 to get the amount that might soak in during an hour storm raining a half inch an hour.   

(Total amount of water in container - Amount left) 4 = amount that soaks in for each surface type per hour of rain in a half inch rain
Exp: .2 liters to begin with – 0.01 liters that soaked in during the 15 minute trial = 0.19 liters times 4 = 0.76 liters /hour of run off for that surface.

Total of all surface types = amount that soaks in for the school yard.  Amount that is left is run off.  

10 meters 2   of trees x 0.78/hour = 76 liters per hour runs off  surfaces with trees
Set up equations in Excel based on relationships and how much water from the test ran off each surface.  Area x percent of rain that ran off for columns A-D times inches/hour gives the run off for that storm.   Say you found that the sidewalk and roof had all of the water left in the test (100%) impervious.  The asphalt has cracks in it and you had 95% of the water left.  The vegetated areas lost 20%, so you had 80% left in the bottle.  
Your Excel page might look like this

A                  B                C                    D                  E                    F                  
Sidewalk             Roof                     Asphalt               Vegetation           Inches/hour               Runoff

(area)100%       (area)100%            (area)95%          (area) 80%             x/1  hour              (A+B+C+D)  E
So now you have the amount of run off in inches/hour for your school for a half inch of rain in an hour.    How does changing the area of each of these surfaces change that?  Set up changes in area down the columns.

A                  B                     C                    D                  E                  F

Sidewalk             Roof                        Asphalt               Vegetation           Inches/hour               Runoff

(10 m 2)100%      (10,000 m 2 )100%  (10 m 2)95%        (10 m 2) 80%              x/1 hour                (A+B+C+D) E
(5)100%            (10)100%                (4)100%                  (20) 80%                   x/1 hour               (A+B+C+D)  E
( 0 )  100%          10,000 (100%         (0) 95%                 (100) 80%                  x/1 hour                (A+B+C+D) E
