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For Further Reading

A more extensive discussion of the economics of warfare can be found in my &ssay, "
Economics of Wal in J.E. Pournelle (ed.Blood and Iron(New York: Tom Doherty Associates,
1984).


http://daviddfriedman.com/Academic/economic_of_war/the_economics_of_war.htm
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3Thinki ng 6oTnh EReaopneert r y

A Geometric Interlude

of Choli

The simplest version of the grocery store problem is one in which each store sells only two
goods and the consumer has a fixed amount to spend. Two goods are sufficient to explain the
paradox and few enough to leerdiagram the problem dhe two-dimensionalscreenyou are

reading this on

(s1b) 1w

20—

10 e

(s1b) i

Figure 3-1a

Mrs. Smith in Kroger
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Figure 3-1b

Mrs. Smith in A&P

The logic ofrational choice is simple: Out of all the available alternatives, choose the one you
prefer. So our analysis ahoice requires a way of representing available alternatives and a way

of representing preferencdsgure 31a shows both.

Mrs. Smith enter&rogerwith twenty-five dollars in her pocket. Milk costs $1.50 a quart at
Kroger, meat (on sale) is $1/Ib. Heudget lineshows the alternative combinations of meat and

mil k (Abundl esodo) she

ten quarts, adding up to $25. Bun@econtains twentffive pounds of meat and no milk at all,
also adthg up to $25. If Mrs. Smitlklecides to buy a quart less of milk she can use the money to
buy a pound and a half of meat,B@s a straight line with a slope /3.
al
indifference curvesAn indifference curve such &son the figure showisundles all of which Mrs.
Smith considers equally desirable. Bundl®n indifference curveslis ten pounds of meat and
fifteen quarts of milk. BundldB, also on 4, is fifteen poundsrad ten quarts. Mrs. Smith is
indifferent between thepaloes not care which she has.
If one bundle has less meat than another yet is equally attractive to Mrs. Smith, it must have
more milk. The argument applies to any two bundles that are on the saffexendie curve, so

We show Mr s.

indifference curveslope down and to the right.

Smithos

ternatives wi t h a

C ¢

c o b, Fodexample; comtains ten pbuads antho n e y



The more you have of a good the less you value having a little therpr{nciple of declining
marginal valug. As you move down and right alongtd bundles with less milk and more meat

additional milk becomes more valuable and meat less. GoingArtorB, Mrs. Smith gives up

five quarts of milk in exchange for an extra five pounds of meat. BtotC, the amount of milk

drops by another five quarts and it takes an extra ten pounds of meat to make up for the loss. That
is why the indifference curves alabe the same general sh&pewith the curve gettingess steep

as you move right and down.

| do not actually know Mrs. Smith, nor her tastes for milk and meat. The purpose of
indifference curves is not to present real information aboutastes of a régerson but to help
us think clearly. The arguments we construct using budget lines and indifference curves to think
through the logic of rational choice will depend only on the general characteristics of indifference
curves, not on the precise shape bétcurves describing the tastes of a real person.

Every possible bundle is on some indifference curve: the curve showing all bundles equivalent
to that one. If | drew all of those curves, the figure would be solid black. Clirvesandls are
thethreel have drawn out of an infinite number | could draw.

If Mrs. Smith shifts from Poinf onlsto pointD onlz, she gives up both milk and meat; since

both are goods, she prefeks As you move down and left, you move to less and less desirable
indifference curves. The complete set of indifference curves would provide a complete description
of Mrs. Smithoés preferences with regard to mi
which she prefer§ the one on the higher indifference curve.

Since thee are the only goods available, M&snith might as well spend all of her money;
there is nothing else to buy (and never will be; in our simplified world she only goes shopping
once). Her choice is simple: Out of all the bundlefhienbudget line, pickie one she likes best.
The solution is bundIE.

How do we know thaFis the preferred bundld®is on b, which is the highest indifference
curve that touches the budget line. Mrs. Smith would prefer a bundite lmut she does not have
enough money to buy one. There are lots of bundlels trat she could afford to buyut she
prefersF.

We now know howto describe what happens when Mrs. Smith goes<intgergraphically,
butit is only when Mrs. Smith moves on to the A&P that our drawing begins to tell us things we
did not already know.

Mrs. Smith is still Mrs. Smith, so the indifference curves reprtsg her tastes are
unchanged. At A&P, however, milk is on sale and meat is not; the prices are $1.50/Ib for meat and
$1/quart for milk. With different prices, Mrs. Smith must now choose among a different set of
alternatives; her budget line on Figurdl3no longer runs through the poirt At t he A&P
prices, Mrs. Smith cannot afford the quantities of meat and milk she bougtdgasr. Krogerts
ad told the truth.

Does it follow tharogeris really a cheaper store and that Mrs. Smith is better affydwér
shopping there? No. She cannot duplicate what she bougtdgserfor the same amount at A&P.

But, if she were in the A&P, she would not want to.
PointD on Figure 31b is what Mrs. Smith would choose to buy at A&P with her twintgy

dollars. Like pointF on Figure 3la, it is, out of all the bundles she can afford, the one on the
highest indifference curve. Faced with a different pattern of prices, Mrs. Smith chooses a different
bundle of goods. Meat was cheap and milk expensieager, soshe bought lots of meat and

little milk; at A&P the pattern is reversed.



As it happensP andF are on the same indifference curve:The two bundles are equally
attractive to Mrs. Smith. She is equally well off whichever store she shops at.

Thesamepai of figures can be used for A&PO6s cus
tastes happen to be the same as Mrs. Smithos.
D, the optimal bundle on her budget line. She then go&sager, prices the sae bundle, and
finds that it costs about four dollars more. A&P too was telling the truth.

The situation is shown in FigureZ3 The vertical axis represents housing, the horizontal axis
expenditure on all other goods. The initial budget line shows tleeatit combinations of housing
and other goods you could have chosen at the initial price of housingAR®ihie optimal bundle
0 the amount of housing you bought.

A second budget line shows the situation after the price of housing has riseia. shiadlswer
slope, since more expensive housing means that you must give up more dollars to get an extra
square foot of house. The new budget line must still go through Agisince one of your
alternatives is to continue living in the house you already. You can choose to move away
from A along the budget line either up (sell your house and buy a bigger one, trading dollars for
housing) or down (sell your house and buy a smaller one, trading housing for money)

Amount of
housing

Dollars spent
on everything else

Figure 3-2

The effect on a homeowner of a change the price of housing The initial budget line shows the
alternatives available at the original price of housing; the other two budget lines show the alternatives
available if the price rises or falla.shows the homeowner's bundle of housing and all other consumption
after the house is built and before any change in housing prices.

The figure shows what you choose to do; your new optimal poBit$nce housing is now
more expensive, you have sold ytwouse and bought a smaller énehe gain in income is worth



more to you than the loss in space. You are now on a higher indifference curve than before the
price change.

A third budget line shows the situation if the price of housing goes down ratheughetter
you buy your house. Again you have the choice of keeping your original house, so the line has to
go throughA d but this time with a steeper slope, since housing is now cheaper. Your new optimal
point isC; you have adjusted to the lower pridehousing by selling your house and buying a
bigger one. You are again on a higher indifference curve than before the price change. The drop
in the price of housing has made you better off!

By looking at the figure, you should be able to convince youtlsetfthe result is a general
one; whether housing prices go up or down after you buy your house, you are better off than if
they had stayed the same. The argument can be put in words as follows:

What matters to you is what you consuinénhow muchhousing and how much of
everything else. Before the price change, the bundle you had ahogear house plus
whatever you were buying with the rest of your incOmeas the best of those available
to you; if prices had not changed, you would have condirtaeconsume that bundle.

After prices change, you can still choose to consume the same bundle, since the house
already belongs to you, so you cannot be worse off as a result of the price change.

But since the optimal combination of housing and other gdegdends on the price
of housing, it is unlikely that the old bundle is still optimal. If it is not, that means there
IS now some more attractive alternative, so you are now better off, a new alternative
exists that you prefer to the best alternative (iltebundle) that you had before.

The advantage of the geometrical approach to the problem is that the drawing tells us the
answer. All we have to do is look at Figure23The initial budget line was tangent to its
indifference curve at poiA, so any bdget line that goes throughwith a different slope must
cut the indifference curve. On one side or the other of the intersection, the new budget line is above
the old indifference curv&@ which means that you now have opportunities you prefer to bundle
A.
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Pounds of Potatoes
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Figure 3-3

Purchases of Potatoewith (A) and without (B) a subsidy and associated tax.

Appearances are deceiving. You are paying twenty dollars a month indaye®l so is
everyone else. You are receiving twenty dollars a month in subsidynd so issveryone else.

The result is that you are worse 6ff and so is everyone else, with the possible exception of the
potato farmers.

To see why, consider Figure33 which shows the budget lines with and without the subsidy
and associated taA is the optimapoint with the subsidy, the point where the budget line just
touches an indifference curve. Itis the buridlef potatoes and everything eethat you choose
to consume, given the alternatives available to you.

Since potatoes are more expensive withthe subsidy, the budget line showing your
alternatives without the subsidy is steeper: You must give up more of everything else for each
pound of potatoes you consume. It still runs through giBuying that bundle will cost you an
extra twenty dolles, since potatoes are a dollar a pound more expensive without the sibsidy
and that is exactly the amount you no longer have to pay in taxes.

You can stillbuyAi f you want t o, but you dondt. As
attractive bundle ailable to you, with neither tax nor subsidyBisYou reduce your consumption
of potatoes by ten pounds, spend the money you save on other goods, and shift up to a higher
indifference curve.

The figure gives us the answ&Ye are better off @ than atA, so the combination of a potato
subsidy and a tax to pay for it has made us worse off. But just as in the previous example, we need
to convert the argument back into English before we can understand why.

We start by asking why | could not get frokto B without abolishing the subsidy. For the
population as a whole, tax collected equals subsidy paid, and the amount of subsidy paid depends
on how many pounds of potatoes people buy. If everyone cut his consumption of potatoes in half
we could cut the taxnihalf as well, putting all of us &t

But | do not control what everybody does; | only control what | do. If only I cut my
consumption my tax remains almost the same and | @®atworse off than if | remained #.



We would all be better off if we atlut our consumption of potatoes in half, but each of us would
be worse off if he cut his consumption of potatoes in half.
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The value to you of one more orangas a function of how many oranges you are consuming.
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Marginal value curve and consumer surplus for a lumpy goodThe shaded area under the marginal
value curve and above the price is consumer surplus: the net benefit from buying that quantityie¢ that p

Can we make this argument more precise? Can we say how much better off you are by being
able to buy as much water as you want at $0.01/gallon or as many eggs as you want at $0.80/egg?
The answer is shown in Figure24 By buying one egg instead of noneuyyeceive a marginal



value of $1.20 and give up $0.80; you are better off by $0.40. Buying a second egg provides a
further increase in value of $1.10 at a cost of another $0.80. So buying 2 eggs instead of none
makes you better off by $0.70.

This does nomean you have $0.70 more than if you bought no éggs the contrary, you
have $1.60 less. It means that buying 2 eggs instead of none makes you as much better off as would
the extra goods you would buy if your income were $0.70 higher than it is. Yood#ferent
between having your present income and buying 2 eggs (as well as whatever else you would buy
with the income) and having $0.70 more but being unable to buy any eggs.

Up to five eggs per week, each additional egg you buy makes you betteowofftotal gain
from consuming 5 eggs at a price of $0.80 each instead of consuming no eggs at all is the shaded
area on the figure, the sum of the little rectangles. The gain from consuming five eggs is the gain
from consuming five instead of four, pluetbain from consuming four instead of three, plus ... .

Next consider Figure-8, where instead of a lumpy good such as eggs we show a continuous
good such as wine. If we add up the gain on buying wine, drop by drop, the tiny rectangles exactly
fill the region A. That is your net gain from being able to buy wine at $10/gallon.

This area izonsumer surplusrhe net gain to you from what you consume. Think of it as the
value of what you buyA+B on the figure) minus what you give up to get it (B). It i®al f
many uses. In later chapters it will help us to measure the real cost of taxes, figure out how to run

Disneyland, and decide whether to legalize polygamy.

30 m—

I gallons/week I I
Figure 4-3

Marginal value and consumer surplus for a continuous goodA is the consumer surplus fromibg
able to buy all the wine you want at $10/gallon. B is what you pay for it. A+B is the total value to you of 2
gallons per week of wine.

Figure 44 shows your demand curve for potatoes. To simplify the problem, | assume that
potatoes cost $2/Ib to prode and are sold at a price that just covers their cost.

Without the subsidy the price is two dollars and your consumer surplus i8 avégh the
subsidy, the price is one dollar and your surplus is A+B. So your gain from the subsidy is the
difference: aea B.

What does the subsidy cost you? Just as in chapter 3, we assume that everyone buys the same
guantity of potatoes and pays the same share of taxes, so your taxes are just equal to the cost of



the subsidy you are receiving: a dollar a pound timestineber of pounds of potatoes you are
consuming Qs). That is B+C on the figure. You gain B, you lose B+C, so your net loss is C.

Where does the loss come from? It comes from consuming potatoes that are worth less to you
than they cost to produdgetween Qand @, the value to you of each additional pound of potatoes
is between one and two dollars, as shown by your marginal value curve, the same line as your
demand curve. Because of the subsidy, you are eating potatoes that cost two dollatsd® pro
and are worth less than two dollars to you. C is the resulting net loss.
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Your demand curve for potatoes A one dollar subsidy shifts the price from $2.00 to $1.00, increasing
your consumer surplus by B, costing you B+C in additional taxes, thkisgngou worse off by C.

Figure 45 shows your demand curve for popcorn. Suppose the theater sells it at a dollar a
bag. You buy one bag for a dollar, spending area B+D; your consumer surplus is area A. If popcorn
costs the theater fifty cents a bag, thweist is D, leaving them B a profit of fifty cents.

Next suppose they cut the price to fifty cents. Your expenditure is nowdD+tko bags at
fifty cents apiece. Their profit is zero, since they are selling at cost. It looks as though dropping
the pricelost them fifty cent® area B.

We have forgotten consumer surplus. At the lower price, your consumer surplus is A+B+C.
The value to you of the environment they are providing has increased by B+C, so when they cut
the price of popcorn they can raise thenasion price by that much without driving you off. They
have lost B on popcorn but gained B+C on admission, for a net gain of C.
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Figure 4-5
Calculating the profit maximizing price of popcorn
Suppose the theater decides to push your consumer surplus even higikiergohe popcorn
away. At a price of zero, you buy three bags. Their loss from producing three bags and giving them

away is their cost: D+E+F+G. The amount you are willing to pay for admission has increased by
the increase in your surplus: D+E+F. Theg worse off by G.
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Step I: Howto Spend Your Life

You can produce any of three goods, as shown in Tabler®owed lawns, washed dishes, or
meals. The price for a mowed lawn is & you can mow one lawn in an hour, so mowing pays
$10/hour. Washing seventy dishes per hour at $0.10/dish yields $7/hour and cooking two meals
per hour at $3 per meal yields $6 an hour. Since the only difference among the alternatives is the
implicit wage, you get out the mower.

Table 51
Lawn Mowing Dish Washing Cooking
Output 1 lawn/hour 70 dishes/hour 2 meals/hour
Price $10/lawn $0.10/dish $3/meal
Wage $10/hour $7/hour $6/hour

Step Il: How Much of Your Life to Spend

How many lawns do you mowrlgure 51a shows the marginal disvalue of labor. Just as the
marginal value of oranges depends on how many you have, so the marginal disvalue of working
depends on how much work you are doing. If you were enjoying 24 hours a day of leisure, it would
takeonly a small payment ($0.50 in the figure) to make you willing to work for a single hour; you
would be indifferent between zero hours a day of work and 1 hour of work plus $0.50. If you were
already working 10 hours a day, it would take a little over $1thake you willing to work an
additional hour.

The wage is $10/hour and you are working 5 hours per day. You would be willing to work an
additional hour for an additional payment of about $3; since you can actually get $10 for it, you
are better off workig the extra hour. The same argument applies to the next hour; it keeps applying
so long as the marginal disvalue of labor to you is less than the wage. So you end up working that
number of hours for which the two are equal; the number of hours of labcupply at a wage
of $10 is the number at which your marginal disvalue for labor is equal to $10. Your marginal
disvalue for labor curve is your supply curve for laBojust as, in Chapter 4, your marginal value
curve was your demand curve. You work temits (and mow ten lawns) a day

Producer Surplus

The wage is $10/hour. You are willing to work the first hour for $0.50; since you receive $10
for it, your net gairon that houis $9.50. The next hour is worth a dollar to you; you receive $10
for a gain & $9. Summing these gains over all the hours you work gives us the shaded area of
Figure 51a, the amount by which you are better off working at $10/hour than not working at all.
Just as consumer surplus was the area under the demand curve (equal tgittad vadue curve)
and above price, so producer surplus is the area under the wage and above the supply curve (equal
to the marginal disvalue curve) for labor.
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Figure 5-1a

Producer Surplus, the marginal disvalue of labor, and the supply curve for lawn mowinglhe aea
above the marginal disvalue curve and below the $10/hr wage is the producer surplus from being able to
work for $10/hr.
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Producer Surplus and the supply curve for lawn mowinglhe shaded area above the supply curve for
lawns and below the price is theoducer surplus from being able to mow lawns for $10/lawn. The supply
curve is horizontal at the price at which you switch to your next most profitable @ptiwashing dishes.



We now have the supply curve for labor but what we want is the sapplg for lawns. Since
| can mow 1 lawn per hour, a price of $10/lawn corresponds to a wage of $10/hour and a labor
supply of 10 hours per day corresponds to mowing that many lawns. It appears that the supply
curve for lawns and for labor are the same] &lave to do is relabel the vertical axis "price in
$/lawn" and the horizontal axis "lawns/day."

Appearances are deceiving; there is one important difference between the two supply curves.
When the amount | get for mowing a lawn drops below $7, my oofpmbwed lawns drops to
zero; | am better off washing dishes. The resulting supply curve is shown on Fjorelbe
shaded area is my producer surplus.

To see why it does not includg the area below the line at $7, consider what my surplus
would beif | could get $7 for each lawn | mowed. How much better off am | being able to mow
lawns at $7 than not mowing lawns? | am not better off at all; at that price, | can do just as well
washing dishes.

Cost is opportunity cost: The cost to me of mowing laisivghatever | must give up in order
to do so. If the best alternative use of my time is leisure, the cost is the value of my leisure. If the
best alternative use is washing dishes, the cost is the money | would have gotten by washing dishes.
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Figure 5-2b

Producer Suplus for two producers.



Step Ill: Summing Peopled The Aggregate Supply Curve

Producers differ in how good theyeaat producing different goods and in how willing they
are to work, so different people have different supply curves. A producer who igo@uayat
mowing lawns or very bad at doing anything else will mow lawns even at a low price; one who is
bad at mowing lawns or good at something else will mow lawns only when the price is high. Figure
5-2 shows the supply curves for two such producers, &(and B(ill), and theicombined supply
curve.

At prices below $2.50/lawn, neither Anne nor Bill produces. At prices above $2.50/lawn but
below $5/lawn, only Anne produces. At a price of $5, Bill enters the market, mowing 6 lawns per
day for a total outpi{Anne plus Bill) of 15. When the price goes from $5 to $6, Anne increases
her output by another unit and so does Bill; total output increases to 17.

The combined supply curve is a horizontal sum; we are adding up quantities (shown on the
horizontal axislat each price. The same would be true if we were deriving an aggregate demand
curve from two or more individual demand curves. All consumers in a market pay the same price,
so total quantity demanded at a price is the quantity consumer A demands pusritiey
consumer B demands plus . . ..

As you should be able to see from the figure, the sum of the producer surplus that B receives
at a price of $6 plus the producer surplus that A receives is equal to the producer surplus calculated
from the combinedupply curved the area above their combined supply curve and below the
horizontal line at $6. The result applies to any number of producers, as does a similar result for the
consumer surplus of any number of consumers. So we can find the sum of theesurpbteived
by consumers or producers by calculating the surplus from their aggregate demand or supply curve
just as if it were the demand or supply curve for a single individual.

Wages
40—
- A
3
0
-
g Labor Supply
2 Curve
20
Hours per day worked

| T
5 10
Figure 5-3
A backward-bending supply curve for labor.As the wage increases, thenmoer of hours worked first
increases (up to A) then decreases.
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Figure #1a shows supply and demand curves for widgets, an imaginary commodity consumed
mostly by economicgrofessors. The vertical axis is price, the horizontal axis is quantity; any point
on the diagram represents a quantity and a price.

Supposewidgetscostten dollars apiece.At that price, producerswish to produceand sell
morewidgetsthanconsumersvantto buy. Producersvith widgets they cannot sell are willing to
cut their price to get rid of them. Price fallsandcontinuego fall aslong asquantitysuppliedis
greaterthanquantity demanded.

What if, instead of ten dollars, the initial price wagfdollars? At that price, consumers want
to buy more than producers want to sell. Some consumers finth#hatannotbuy as many
widgets as they want. Figure 7-1b showsthe marginal value curve of one such consumer. At
$5/widget he would like to bugix widgets but can only find four for sale. He is willing to pay
anything up to nine dollarr one morewidget, sincethat is its marginalvalue.He, and other
consumers with the same problem, bid the price up.
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Figure 7-1a

Market equilibrium. At point E, price = B, quantity demanded equals quantity supplied. At lower prices, less
is supplied; individuals are consuming quantities for which MV > P, as shown on Fighrend so are
willing to offer a higher price for addihal quantities.

Shifting Curves

Much confusion can be avoided by distinguishing carefully betwhanges in demarn(the
demand curve shifting) and changeguantity demandedand similarly forsupplyandquantity
supplied In Figure 72, for example, demand changes, which changes price, which changes the

mi



quantity supplied. But supply has not changed; the supply curve is the same after the change as
before.

New Price i e

Old Price § — — — — ™

Old New Q3
Quantity Quantity
Qi Q2
Figure 7-2

The effects of shifts in supply and demand curves.

Being carefulwith such distinctions can help you avoid some of the worst absurdities of
newspaper economics. Consider the following:

AThe demand for memory chi
t

ps increased, wh
the supply, which brought e

h price back do\

Thisis the change illustrated on Figur€7An increase in demand (the demand curve shifts
out) raises price; the increased price reduces quantity demanded belatwvdudd havebeenif
the demandcurve had shifted but the price had remained the sam@3). The new quantity
demanded (@) is less than @but morethan the old quantity demandediJQQ2 must be greater
than Q because quantity demanded is equal to quantity supplied, the supply curve has not shifted,
and a higher price applied to the samepbupurve results in a larger quantity supplied.

Who Pays Taxes?

We are now ready to start on one of the quessongetimessked of economists; the number
of pages it has taken us to get this far may explain why answers that-ea@@d news storyar
generally wrong. The question is "Who really pgages?” When a government imposes a tax on
some good, does the money come out of the profits of those who produce it or do the producers
pass it along to the consumers in higher prices?

Suppose the tax B1/widget; for every widget sold, the producer must pay the government
$1. The result is to shift the supply curve up by $1, f&ro S, as shown in Figure-3a.

Why? What matters to the producer is how much he gets, not how much the consumer pays.
If he gets $6/widget, of which he must hand over $1 to the government, his return for each widget
sold is the same as if he were selling them at $5/widget. So he produces the same quantity of



widgets at $6/widget after the tax is imposed as he would haveqeodt $5 before and similarly
for all other prices. Each quantity on the new supply curve corresponds to a price $1 higher than
on the old; the supply curve shifts up by $1.

This does not mean that the market price goes up $1. If it did, producersprodidte the
same amount as before the tax, consumers would consume less than before, making quantity
supplied greater than quantity demanded. If, on the other hand, price did not rise at all, quantity
demanded would be the same as before the tax, quampiplied would be lessince producers
would be getting a dollar less per widget, so quantity supplied would be less than quantity
demanded. As you can see on Figw&a7the price rises, but by less than a dollar. All of the tax
is paid by the producen the literal sense that the producer hands the government the money, but
in fact the price paid by the consumer has gone wpdnd the price received by the producer net
of tax has gone down by wherea+b adds up to the full amount of the tax.
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The effect of a $1 tax on widgetdrigure 73a shows the effect of a tax paid by the producer; the supply
curve shifts upFigure 7#3b shows the effect of a tax paid by the consufigure 7-3c shows the same
situation, with the supply curve depending on price received by the producer (market price minus
any tax on producers) and the demand curve on price paid by the consumer (market price plus



any tax on consumers). The difference between the two prices is the tax, whichever one actually
hands the money over to the government.

Suppose the government decides to tax consumstesad of producergor every widget you
buy, you must pay the government $1.The result is shown on FigBioe This time it is the
demand curve that is shifted by the tax. Widgat $5 with no tax cost you the same amount as
widgets at $4 with a $1 tax, payable by the consumer; either way you give up, for each widget
purchased, the opportunity to buy $5 worth of something else. Since the cost to you is the same in
both cases, yobuy the same quantity in both cagesand so does everyone else. So the total
quantity demanded is the same at a price of $4 with the tax as it would be without the tax at a price
of $5, and similarly for all other prices. The demand curve shifts dov@ihe amount of the
tax.

Looking at Figure #3b, you can see that the tax lowers the price received by the producer by
b and increases the cost (including tax) to the consumay doyd thata andb are the same as on
the previous figure. If we ignorée old supply curve on one figure and the old demand curve on
the other, figure -Bb is simply #3a shifted down by $1. On Figure3a, the price shown on the
vertical axis is price after tax, since the tax is paid by the prodDo€er-3b, it isprice before tax,
since the tax is paid by the consumer. The difference between price before tax and price after tax
is the amount of the tax: $1.

A third way of describing the same situation is shown in Figt8e. Here supply is shown
as a function of pce received, demand as a function of price paid. Before the tax was instituted,
market equilibrium occurred at a quantity (1.1 million widgets/year) for which price received was
equal to price paidAfter the tax was instituted, market equilibrium ocaitra quantity (1 million
widgets/year) for which price received is a dollar less than price paid, with the difference going to
thegovernment.

What we left out of our analysis of the cost of a one dollar tax on widgets was consumer (and
producer) surplusvhose function is to measure the net benefit of being able to buy (sell) goods.
Before the tax, the consumer could purchase and the producer sell as many widgets as he wanted
at $5 apieceAfterwards the cost to the consumeas $5.60/widgetandthe revenuereceivedby
the producerwas $4.60/widget. The cost to producers and consumers of the tax is the difference
betweertheir surplus in the first case atigkeir surplus in the second, shown in Figurd.7

The area under the demand curve and above $S&ioter surplus before the tax. The area
under the demand curve and above $5.60 is consumer surplus after the talxieHnea above
$5 is the difference between the twioe cost of the tax to consumers. It is made up of two:parts
a rectangle (increasecbst/widget times number of widgets purchased) plus a triangle (lost
consumer surplus on widgets no longer bought because of the tax).

Similarly, thegreenarea below $5 is the cost of the tax to prodydeesr loss of producer
surplus. It too consistsf a rectangle (lost revenue on the widgets still being produced) plus a
triangle (lost producer surplus on widgets no longer sold because of the tax).

If we sum the two rectangles, we have the amount of theheaxlifference between cost per
widget to onsumers and revenue per widget to prodytienss the number of widgets produced
that isthe totalrevenueproduced by the tax. If we sum the two triangles, we havexbess
burdenof the tax a loss for producers and consumers with no correspondinga@ anyone.
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Figure 7-4

The effect on surplus of a $1 tax on widget§.he dark shaded area is lost consumer surplus, the lightly
shaded area lost producer surplus. Lost surplus equals revenue collected (the two rectangles) plus excess
burden (the twariangles).
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The effect of elasticity of the demand curve on the relation between revenue and excess burden.
very elastic demand curve (Figuré@) produces a high ratio of excess burden to revenue; a very inelastic
demand curve (Figure-5b) producs a low ratio.
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The effect of the size of the taxA large tax (¥6a) produces more excess burden per dollar of revenue
than a small tax (Bb).
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Effect of regulations on the rental market.Figure 7#7a shows the effect of a compulsory ff@nsfer
from landlords to tenants. Figure7b shows the effect of requiring landlords to provide tenants with six
months' notice. The requirement is equivalent to a $10 tax on landlords and a $5 subsidy to tenants.

Figure #7a shows the result; for simgty | am treating housing as if it were a simple
continuous commaodity like water and defining price and quantity in terms of some staizeard



apartment. Since both curves shift up by $10, their intersection shifts up by $10 as well. The new
equilibrium rent is precisely $10 higher than the old. The law neither benefits the tenant nor hurts
the landlord.

Next consider a more realistic regulation. The city council decides that the terms of some
existing leases are unfair to tenants and announces ttieg foture landlords must give tenants
six months' notice before evicting them even if the tenants have agreed in the lease to some shorter
period. Again we consider the effect after enough time has passed to let rents reach their new
equilibrium.

The newrule increases operating costs by making it harder to evict undesirable tenants. From
the standpoint of the landlord, it is like a tax. Suppose it is equivalent to a tax dfé§idords
are indifferent between having to provide each tenant with six reamtice and having to pay a
$10/month tax on each apartment. The supply curve for apartments shifts up by $10, as shown in
Figure #7b.

The additional security is worth something to the tenants. Suppose it is $&dntonth; a
tenant who was willing togy $500/month for an apartment without six months' tenure is willing
to pay $505 for one with the additional security. The demand curve shifts up by $5, as shown in
Figure 7#7b.



8The Big Picture

How to solve an economyStarting with pices of all goods, productive abilities, and preferences of all
consumers, derive quantities supplied and demanded. If they are equal for all goods, the initial set of prices
describes a possible market equilibrioma solution for that economy.































































