IPAT Equation Homework for 2.83/2.813 revised Feb 5, 2014

1. Estimate the change in the amount of fertilizer needed for tomatoes if the number of tomato plants increase by 40% and due to efficiency improvements, the fertilizer used per tomato plant decreases by 30%.

1A.
In this case because of the large changes we cannot use the equation given in class (because it was only for infinitesimals).  Instead, write

Fertilizer = Number of tomato plants
[image: image1.wmf] = 1.4 X 0.7 = 0.98

OR,


[image: image2.wmf]
(F + F) = (T + T)(f + f) = Tf + Tf + fT + Tf
F = F + F – F = Tf + fT +  Tf

[image: image3.wmf]
Now T/T = + 0.4 and  f / f  = - 0.3


[image: image4.wmf] Hence fertilizer amount  goes down by 2%.
2. Let 
[image: image5.wmf] where R = Resources used, Q = Quantity of the Goods or Services using resources “R”, and e = “eco efficiency”, then

[image: image6.wmf] and 
[image: image7.wmf]
Write an expression for 
[image: image8.wmf] that is valid even if there are large changes in Q and e. Verify that it gives you the same result as in problem 1.
2A.

[image: image9.wmf] =(1.4)(0.7)-1.0 = -0.02
3. Consider a more general equation for resources used as 

R = KQe
Here K = constant.  This type of equation is not necessarily dimensionally homogeneous, instead it is based upon the observation that R is correlated with Q and e. Q and e may or may not be correlated.  Economists use these kinds of equations to characterize the behavior of complex systems.  (A specific example of an equation like this would be the so called Cobbs – Douglass production function which is intended to represent output R in terms of uncorrelated inputs. Our use of this equation is a little different but the general form looks the same).  The coefficients  and  can be obtained from regression analysis if one has the data. Furthermore these values are referred to as “elasticities” in the economics literature.

For example the change in resources used R, with respect to a change in the quantity Q is defined as the elasticity 
[image: image10.wmf]
Show that 
[image: image11.wmf]

 EMBED Equation.3  [image: image12.wmf]and 
[image: image13.wmf]
3A.

[image: image14.wmf]
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4. Following on from problem 2, if Q increases to Q and e increase to e  (l > 1) it follows that there should be no increase in R. For the more general case of problem 3 this is

R = KQe = K(Q)(e)
If R is unchanged by the same scaling of Q and e, then this requires that
4A.
R = KQe = K(Q) (e) = KQe


 = 1 when = 0


Under these conditions this equation is termed homogeneous of zero order. Note that when a = 1 and K = 1 , it is the same as the equation given in problem 2. (So as not to mislead, the Cobbs-Douglas function mentioned earlier would not be homogeneous of order zero. It would be homogeneous of order one, representing the so-called “returns to scale”. But this is a different story for a latter time.)
5. See paper by Waggoner and Ausubel 2002. p. 7862 “Forces Connect with each other”.

Verify their proposition that a + c = b ( a

5A.
They state that 
[image: image18.wmf], then 
[image: image19.wmf]

so 
[image: image20.wmf]

or in their notation c = (b-1)a.

6. See Waggoner and Ausubel p. 7863

Verify the proposition stated in the second paragraph on that page:  “If we know the income elasticity b of per capita consumption….

6A.
if  
[image: image21.wmf] then 
[image: image22.wmf]
7. See Waggoner and Ausubel p. 7863, fifth paragraph: …Verify their proposition stated as…”Let population in an area be related to income with an elasticity bp,…..”

7A.
Waggoner and Ausubel propose



P ~ Abp


C ~ Ab-1  (see problem 6)



T ~ AbT

Then for 
[image: image23.wmf] you get
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