Fall 2007
      Eco 102 Practice Equations – Supply and Demand with Excise Tax or Subsidy
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How to Solve and Understand Supply and Demand Problems with an excise tax or subsidy

Markets before Tax in Period “0”

Demand function for oil (millions barrels per day)  
Qd  =  80- 2Pob        

Supply function for oil (millions barrels per day) 
Qs = -20 + 48Pos

Price of oil per 42 gal. barrel(no tax or subsidy)
Ps = Pb -tax, but since tax=0, Ps= Pb

Market clearing price




Qs(Ps) = Qb(Pb)

Part 1. Find the equilibrium price and the equilibrium quantity in the oil market..  
Since tax = 0, remember that Pb = Ps, so simply solve for P.

Set the supply and demand equation equal to each other and solve for price. 

Qd  =  80- 2Pob   = Qs = -20 + 48Pos (  80- 2Pob = -20 + 48Pos
Since tax = 0, remember that Pb = Ps, so simply solve for P or even better learn now to substitute in for the seller’s net price in terms of (Pb – tax or + subsidy) which here is simply Pb.


  80- 2Pob =  -20 + 48Pob 

 First rule of algebra.  You must do the same thing to both            
+20                +20           
      
sides of the equation to keep it an equality. I am doing it the 
100-2Pob   =     0  + 48Pob 

long way so people can see each step.  


     +2Pob                         +2Pob

100+0         =           50Pob

One equation and one unknown Pob, 

 
 50                            50


so divide each side by 50(the coefficient in front of Pob


  
2  = Pob



Which you remember is the same for the buyer and the seller.

Now that we have the price for the buyer Pob
 and since there or no taxes or subsidies, for the seller Ps, 

Solve for Qb(Pb) and Qs(Ps) . If it is really a “set of market clearing prices”, then they should be equal so that Qs(Ps) = Qb(Pb).
Qd  =  80  -    2Pob      =  80  -    2x2  = 76  
Qs  = -20 +  48Pos      = -20 +  48x2   = -20 + 96 = 76.
Remember , the buyer decides how much to buy based on the price they actually pay (including tax or subsidy or rebate or whatever affects the final amount they pay).  This is Pb. The amount they are willing to pay as they buy more go down because of the law of diminishing marginal utility.

And the seller decides how much to produce and sell based on the total net amount that actually receive after paying excise or sales taxes or getting a per unit subsidy or rebate or whatever affects the final amount they get to pay for the marginal cost of the product they are selling including normal profit..  This is Ps.  For the purpose of teaching supply and demand initial we usually assume that the supply curve is upward sloping because of rising marginal costs.  This is reasonable in the short run because capital and even land is fixed, so the law of diminishing marginal product makes it more and more expensive to supply more units.  In fact, the supply curve could be vertical (absolutely inelastic) (Qs= 500 + 0Ps) for land in Manhattan or a famous painting or horizontal especially in the long run (perfectly elastic) in constant cost industries (tomatoes) (Ps = $6 + 0Qs) 

Intially we assumed that there were none of these things. so we could assume that Pb = Ps and we simply wrote “P” in both the “normal” supply equation and the demand equation before we introduce a tax.

Now try these problems for practice with different types of supply curves but no tax. : 

Qd = 80- 2Pob    Qs = -20  
      The answer is P = 50 and Qd = Qs = 20 (Vertical supply curve.

Qd  =  80  - 2Pob     Qs  =  48Pos       The answer is P = 1.6  and Qd = 76.8  and Qs = 76.8   (supply curve starting from the origin)

Qd  =  80  - 2Pob     Pos  =  10       The answer is Pob =Pos  = 10 (constant cost supply curve at $10  => any amount at 10) and Qd = 60





   And of course Qs = 60 because the suppliers will sell any amount at 10

Check your Qb and Qs answers by being sure that the quantity supplied at that net price received by the seller is equal to the quantity demanded by the buyer at the net price paid by the buyer.  This is especially important when there is a tax or a subsidy. 

Also remember the we cannot force buyer to buy more than they want at Pb, and  we cannot force sellers to offer more on the market than they want to at Ps, at least in competitive markets with many buyers and sellers, etc.  This is important with price supports (minimum wage) and price ceilings (rent control, taxi fares, bridge tolls at rush hour)

2.  Excise Taxes: Now as part of an international policy to reduce energy use, world governments put a unit excise tax of $10 on each gallon of fuel oil sold.  This tax is collected and paid by the seller (refiner of the oil) to the government for the sake of efficiency.  Naturally, the refiners all  first try to raise their prices to cover the cost of the tax.  In the short run, the supply and demand equations are the same except for the tax. Here the buyers  can only respond to this tax by buying less at the higher price and  sellers cutting high cost output if the net price after tax falls. But now  Ptb and Pts are different:  Pts= Ptb – tax.  The sellers receive less than the buyers pay.
(The tax will only shift the demand curves and supply curves in the long run.).   If the amount supplied at first remains at 76 because the sellers think they can get $2/gal. , what is the quantity demanded at 12 (the old price of 2 plus the tax of 10 so that Pb = 12).  Qd(12)  = 66 while Qs(2) = 76.  There is excess supply so some suppliers cut their prices Pts.  At lower prices, high cost oil producers drop out of the supply market.  

So now what are the new equilibrium prices and quantity and how much more did the buyers pay (the part of the tax shifted forward onto the buyers) and how much less are the remaining suppliers receiving (the part of the tax shifted backward to the sellers) after paying the tax.?  Same functions. 
Short Run Demand function for fuel   Qtd  =  80   -  2Ptb    
Short Run Supply function for fuel 
 Qts =  -20 + 48Pts

Ps = Pb minus the tax 

Tax = 10

Ptb= _______,       Pts = ____ -10 = ____ = Pts          Qtd(Ptb) = ______   Qts(Pts) = _________

These two quantities should be equal even though Pb is much > Ps.  Why?

Solution

First, since Pts = (Ptb minus the tax) and the tax = 10, so Pts = (Ptb –10)  notice the parentheses

We can replace Pts  by substituting in (Ptb –10). This gives us the following equations

Qd  =  80- 2Ptb, Qs = -20 + 48(Ptb –10), Pts = (Ptb –10)   

Since both Qd and Qs are both express now in terms only of constants, coefficients and Ptb,  we have 3 equations and 3 unknowns.

Set the supply and demand equation equal to each other and solve for the price Ptb. 

Qtd  =  80- 2Ptb   = Qts = -20 + 48(Ptb –10) .  Here the source of many mistakes. Multiply the coefficient “48” x ((Ptb –10) = 48Ptb –480  so the the supply function is now Qs = -20 + 48Ptb –480 = -500+48Ptb 

So we now have 

Qtd  =  80- 2Ptb = -500 + 48Ptb  = Qts
After we solve this for Ptb and and calculate Pts = Ptb –10  to be in equilibrium  Qtd(Ptb) must equal  Qts(Pts),   That is, the higher Ptb will cut the quantity demanded, while the decline in the net price Pts to the sellers will reduce the quantity supplied.
Setting quantity demand and quantity supplied equal, we can solve for Ptb, the price paid by the buyer 


    80- 2Ptb =    -500 + 48Ptb 

 First rule of algebra.  You must do the same thing to both            
+500               +500          
      
sides of the equation to keep it an equality. I am doing it the 
580-2Ptb  =     0  + 48Ptb

long way so people can see each step.  


     +2Ptb                        +2Ptb

580+0         =           50Ptb

One equation and one unknown Ptb
 
 50                            50


so divide each side by 50 (the coefficient now in front of Ptb)

Ptb  =11.60  the price for the buyer Ptb,  so the net price received by the seller Pts=Ptb-10 = $11.60-$10.00 = $1.60 
Is this really a “set of market clearing prices”?, If so,  Qts(1.60) should equal Qtd(11.60).
Qts($11.60)  =  80  -    2 x $11.60      =  80  -    23.20 



 = 56.80 gals

Qts( $1.60)   = -20 +  48 x $1.60         = -20 +  48 x 1.60   = -20 + 76.80 
 = 56.80 gals.
How much of the tax was shifted forward to the buyer? (Hint: take the higher price now paid by the buyer after the tax and subtract the original price Pob = $2.00.  Tax shifted forward to buyer = 9.60

Part of the tax is shifted back to the seller because at the higher price to the buyer, buyers buy less. So sellers have to cut prices to Ps or be left with excess supply. Tax shifted back to sellers = $0.40  At the lower prices, some sellers drop out of the market. (This is caused by the lower after-tax price paid to the sellers.  Every tax is shifted forward and/or backward completely.)  

The Long Run

After four or five years, buyers have changed their behavior in response to such a high prices on fuel.  They moved closer to their jobs, drive hybrid hi-MPG cars, ship by rail, insulated their houses, turn off lights and electronics, etc.  Some suppliers also have simply dropped out of production because of losses. Now the long-run demand Qtlrd and long-run supply curves Qtlrs are completely different.  Remember the $10.00/gal tax is still being paid by the sellers so the prices we calculate are affected by the tax.
Long-run demand  function for fuel: Qtlrd  = 40- Ptb     Long-run supply  function for fuel: Qtlrs = -50 + 3Pts

Ps = Pb minus the tax.  The tax is still $10.

Qtlrd  = 40- Ptb    Qtlrs = -50 + 3Pts  Net price to the seller after paying the tax. So Qtlrs = -50 + 3(Ptb–10) = -50 + 3Ptb–30

Solve it the same way you solved the second part of the first question: Answers below. 

Price to the buyer: Ptb = 30, the price to the seller: Pts= 20    Qtlrd(30)  = 10   Qtlrs(20) = 60-50= 10
Calculating who paid what share of the tax was more difficult and hence extra credit.  First we find the price assuming that the tax = zero and calculate the new equilibrium quantity and the new equilibrium price using the same equations but without the tax in the prices so that that Pb = Ps because there is no tax.  This is the tax-free equilibrium price and give us the equilibrium tax-free quantity demand and supplied.).  

Qtlrd  = 40- Pb    Qtlrs = -50 + 3Ps  but   Pb=Ps,  so 4Pb = 90  and Pb=Ps=$22.50.  Qlrd($22.50)  = 17.50 gal   Qlrs($22.50)  = -50 +3 x 22.50 = -50 + 67.50 = 17.50 gals   This is the market clearing price and quantity without the tax.   
The difference between the higher price with the tax Ptb  of 30 and the equilibrium price Pb without the tax of 22.50 is $7.50 and is the amount of the tax is shifted forward to the buyer. Similarly, the -$2.50 difference between the lower price received by the seller after paying the tax Pts  = 20 and the higher equilibrium price they would have received without the tax of $22.50 is the amount of tax shifted backward to the seller.   $7.50 on the buyer and $2.50 on the seller equals the division of the burden of the tax of $10.00

Hint: for tomorrow practice this problem as if the supply and demand functions were subsides for buses and trains. These subsidies made them very low cost by paying a very high subsidy to the bus companies.  Use a $10 subsidy.  Ps = Pb+subsidy.  Example

Without subsidy now: Qd = 600 – Pb   Qs = 500 + 9Ps  Sub = 0   Pb=Ps = 10

With subsidy of $10, 
Qd = 600 – Pb   Qs = 500 + 9(Pb + 10) = 500 + 9Pb + 90   Pb= 1, Ps = 11.

What are the equilibrium quantities with and without the subsidy and who benefits from it. 

Tomorrow I shall review the graphing techniques for the first set of equations. 

Prof. Dohan Saturday night 11:00 PM, November 3.
