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If the marginal benefit of one action does not equal the marginal cost of that

action, the economic agent would be better off by changing that action

1 Chapter 18 Technology

There are technological constraints: only certain production tech-

niques to produce certain products are feasible.

The set of combinations of inputs and outputs, given the technological

constraints is called production set. The production function represents

the boundaries of this set. Since the inputs are costly, we focus only on

this boundary (if we can produce 100 given our technology and inputs, why

should we produce less than that???).

Isoquants represent are curves representing all the possible combinations

of inputs giving the same amount of output. Similar to indifference curves;

we have three kinds of basic indifference curves: with a kink (the case of

fixed proportion technology), straights (the case of perfect substitutes), or

curved (the case of Cobb-Douglas technology).

Two important properties of technology: monotonic (you increase one

input by at least one unit, the total production should increase); the tech-

nology is convex: two production techniques allow you to produce the same

amount of output, then a third technique, given by a weighted average of the

two first techniques, produces at least the same output level as the original

two techniques.

Marginal product: it responds the question: how much can I produce
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with one additional unit of one production factor? More precisely, it is the

derivative of the production function with respect to a production factor

(which tells me how much the output changes after an infinitesimal increase

in the amount of one prod. factor).

Holding constant the employed amount of all the inputs except one, each

increase of in the amount of this factor of production will increase less addi-

tional output (it simply means there is a concave relationship between ONE

input and the output) decreasing return to scale. Technical rate of

substitution (TRS) tells me how much I have to decrease the employed

amount of input 2, after I have increased the amount of input 1, to keep the

level of output constant.

∆y = MP1(x1, x2)∆x1 +MP2(x1, x2)∆x2 = 0 (1)

by re-arranging the previous equation, you get:

TRS(x1, x2) = ∆x1/∆x2 = −MP1(x1, x2)/MP2(x1, x2) (2)

If you look at the isoquant, it is downward sloping and its slope decreases

moving rightwards (normally), while it increases moving leftwards; this fea-

ture is called diminishing technical rate of substitution.

Decreasing return to scale and diminishing technical rate of substitution

are thus two completely different things, do not mess up!

The difference between short and long run is relative and depends only

on whether my firm can change all the production factors or not (e.g., I
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have a restaurant in Mallorca and this summer I have plenty of customers,

I cannot welcome all of them, I cannot change the size of the restaurant: it

requires months, at the moment I can just buy a couple of new tables and put

them on the outside; I have a large oil company firm, demand is increased so

I want to increase the supply: it will take a couple of years (maybe) to find a

new oilfield and install all the machines: for the moment I can just increase

the extraction rate).

The degree of homogeneous functions tells me whether the return to

scale are increasing/decreasing or constant: it all depends by the value

of t. The natural case is that of constant return to scale (even if more likely

there might be productions technologies such that at the beginning we have

increasing return to scale, then constant return to scale and finally decreasing

return to scalethis is good for your soul, you can forget it now)
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2 Chapter 19 Profit Maximization

The profit is given by the difference between total revenue and total costs.

The composition of the costs depends on the length of the time-period we are

considering: in the short run we have both variable and fixed costs; on the

long run they are all variable costs. In fact, in the short run only the quantity

of some factors can be changed to change produced amount (so what I pay

for these factors changes), others no (e.g. the restaurant; the waiters amount

can be changed in the short run, so the part of costs in waiters salary can

change: salaries are a variable cost, if the customers increase I can increase

the amount of waiters; on the contrary, the lease on the building is a fixed

cost: I cannot quit the lease contract from one day to the other because I

do not have clients, it might take a few months, and the amount I have to

pay does not change with the quantity of customers; in the short run I pay

fixed costs even if I produce zero, but I do not pay waiters if the restaurant

is close). In the long run the amount of all the inputs can be changed (e.g.,

I can quit also the building).

There also are quasi-fixed costs, but these costs will be considered in chp

21, and you will rarely meet them in an exercise (at least, I never met them!).

Condition to maximize the profit is value of the marginal product

= price of the marginal product: if one additional dinner increases by

10 my revenue and the cost of producing that additional dinner is 7, then

I should produce it; if one additional dinner increases my revenue by 8 and

its cost is 9, then I should not produce it. The profit function is a concave
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function. In other words, the profit is max when there is tangency between

the isoprofit and the production function; that is, when the profit is max,

the slope of the isoprofit equals the slope of the prod. function. The isoprofit

is the line which represents all the combinations of inputs and outputs which

give me the same level of profit.

In the short run the previous condition holds only for the factors whose

quantity can be changed, while in the long run the previous condition must

hold for all the factors. In the long run we have thus to solve a system of

equations.

The value of the marginal product PxMP(X1) is a function of the amount

of that product, X1, and equals the price of that productive factor, W1: this

is a simple equation which draws a curve!! (see page 355). The value of the

marginal product helps us to draw two economically meaningful functions:

the factor demand function PxMP(X1*)=W1 (the relationship between

the price of a factor, W1, and the profit maximizing choice of that factor,

X1*: given a certain price, how much should I buy in order to maximize the

profit? I know the price, what is the quantity?), and the inverse factor

demand function PxMP(X1)=W1 (given I am buying a certain amount

of productive factor not necessarily the optimal one–, what is its price? I

know the quantity, what is the price? This is the curve which is drawn on

the book).

Note that in this case the factor demand function is equalized to the

product price, which is the factor supply. In fact, in this case, the implicit

assumption is that that factors market is perfectly competitive. Thus, the
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factor supply curve is like that at page 398.

If a firm is profit maximizing and is producing y, then this implies that

to produce y the firm is spending the as little as possible: she is minimizing

the costs!

In the long run, the only possible profit is zero, you do not believe me? If

I have constant return to scale and I have positive profits, then I can double

the inputs, to double the production, doubling the costs and doubling the

profitbut then I was not maximizing the profit!!
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3 Chapter 20 Cost Minimization

Precious insights are obtained from the following confrontation.

PROFIT-MAXIMIZATION COST-MINIMIZXATION

Isocost is the line which represents all the com-

binations of inputs which give me the same level

of costs (it has a negative slope)

The isoprofit is the line which represents all

the combinations of inputs and outputs which

give me the same level of profit (it has a positive

slope)

In the cost-minimization problem, you will min-

imize a f s.t. a constraint, represented by a cer-

tain level of output

In the profit maximization, you will maximize

the profit, no constraint (all the constraints are

internalized)

In the cost-minimization problem, the solution

is represented by the tangency between isocost

(the object function) and the isoquant (the con-

straint f): the technical rate of substitution

must equal the ratio of the inputs prices. The

result tells you the minimum cost necessary to

achieve the desired level of output.

In the profit max problem, the solution is rep-

resented by the tangency between the isoprofit

and the production function (it has to be true

for each factor of production)

The result gives us the conditional/derived

factor demand (if I produce y and the input

price is w, how many machines, x, will I buy?)

The result gives us the factors demand (if a

machine costs w and the output price is p, the

amount of machines which max my profit is x*),

and from that we can obtain the inverse factor

demand (if I have x machines and the price of

the output is p, the price must be w)
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Note also the difference between the consumer problem and the cost-

minimization problem: in the consumer problem we moved along the budget

constraint, seeking for the best possible combination of goods (tangency with

the indifference curve, also called isoutility: iso comes from the greek and

means equal), we move on a line; in the minimization problem we move

along the isoquant curve, seeking for the best possible combination of factors

of production (tangency with the isocost line).

As said, a natural assumption about the technology we use is that it is

characterized by constant return to scale, a direct implication is that the

cost function is linear in the inputs.
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4 Chapter 21 Cost Curves

Short run costs - Fixed costs (FC) are stable, and its average (AFC)

decreases with the increase in the output; variable costs (VC) increase,

and their average (AVC) increases with the increase in the output (it hap-

pens because fixed factors will eventually constraint the production process);

total costs (TC) increases, and the average total cost (AC) is initially

decreasing and afterwards increasing (it is U-shaped, the initial decrease is

owed to the decrease in the fixed costs, the eventual increase is owed to the

increase in the variable costs).

The marginal cost (MC) represents the derivative of the total cost

function, and it is the cost connected to producing an additional unit of

output; the marginal cost curve represents the curve obtained connecting

all the points representing the marginal cost for one additional unit of output.

Clearly, for the first unit AVC = MC, this means that they have the

same intercept. Initially, the MC is steeper than the AVC; in fact, if AVC is

decreasing, you are adding to the sum of the VC a number that is smaller

than the current average. On the contrary, when the AVC is increasing the

MC is steeper: you are adding to the sum of the VC a number that is larger

than the current average. When the AVC decreases the MC lies below it,

when the AVC increases the MC lies above it...→ the MC intersects the AVC

at the AVC min, so we have a second point where AVC = MC. The same

with the AC (because of the presence of the fixed costs, this intersection

normally occurs somewhere above and to the right of AVC = MC).

10



Now something which sounds magic: the area beneath the MC curve (the

integral) represents the VC!! See formula page 382. If your firm owns two

productive plants (1 and 2) which produce the same thing, and you want to

minimize the total cost given a certain amount of total product, you should

arrange the productions in the two plants such that MC1=MC2.

Long run costs How is shaped the long run average cost curve? You

might expect it to be just increasing, since in the long run all the costs are

variable, and an entrepreneur can decide to produce zero units of product at

zero cost, that is, the entrepreneur can decide to go out of businessHowever,

also in the long-run the average cost curve could be U-shaped, and this is

because of the presence of quasi-fixed costs; costs that do not vary with

output, but must be paid if the firm decides to produce a positive amount

but do not vary in the produced amount. An example is turning on the

lights or heating in a factory; if the factory stays closed, these costs do not

have to be paid, while when the factory opens, the amount to be paid is not

dependent on the output.1

How does the long-run average cost curve look like? In the short run

you have a cost function to be minimized given a certain production level

you established, and in the short run you can decide only upon the amount

of variable productive factors to be employed. Now, suppose you can also

1Below you will meet what I believed (in my bachelor/master years) to be the most

complicate concept of allthus, take a deep breath, take your book, shut down the music

(or stop whatever you are doing) and dig into it: beyond this hurdle, everything else can

just be easier.
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decide upon the fixed factors to be employed (e.g. the size of the building),

given the level of output established by the entrepreneur. There is a point

on the short-run average cost (SAC) curve in which, given a certain level of

output, the optimal amount of fixed factor (e.g. optimal the building size) is

optimized, i.e., k=k*. In this point the output is also the optimal one, i.e.,

y=y*.

Remember: !!The LAC is the cost curve you get adjusting k optimally!!

What does it imply? The SAC has to be at least as large as the long-run

average cost (LAC) But why? Since in the short-run you cannot adjust the

employed amount of fixed productive factors, if you vary the amount to be

produced (either reduce or increase), the SAC is larger than the LAC; these

curves coincide only when in the short-run also the fixed factor is optimized,

i.e., k=k* (the tangency point).

!!The LAC curve is the lower envelop of all the SAC curves!! (it is

an application of the envelop theorem, in mathematics for economics)

What about the long-run marginal cost? For discrete levels of k, given

a certain level of output, we are on the lowest SAC curve, therefore we

consider the short-run marginal cost (SMC) curve associated to that SAC

curve (see figure page 392). For continuous levels of k, the SMC and the long-

run marginal cost (LMC) curves coincide at the level of output y* where the

fixed factor level associated with the SMC is the optimal choice k* (see figure

393).
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5 Chapter 22 Firm Supply

So far, we have analyzed one type of constraint faced by the firms, that is,

the technological constraint: a certain level of output can be produced by

a few alternative inputs combinations. Since the production function, which

is what describes the alternative combinations of inputs, is the constraint

in the cost minimization problem, the technological constraint turns into

an economic constraint. This is what the firm focuses on in the cost

minimization problem.

We have also a second kind of constraint face by the firm: the market

constrain; this constraint is represented by the demand curve faced by the

firm and it is determined by the market environment in which the firm op-

erates. This is what the firm focuses on in the profit maximization problem.

The simplest market environment is represented by the pure competition.

In a market in pure competition there are sooooooo many firms that the

market price is not influenced by the quantity of product produced by single

firms; for instance, the corn production (there is soooo much corn in the

world that the entry in the market of one additional companyincreasing the

amount of corn in the marketdoesnt affect the world price). In this market,

firms are thus described as being price takers.

Important distinction. The market demand represents the relationship

between the market price and the total amount of a good sold in the market.

It is a negative relationship (a downward sloping line/curve: price goes up,

demand goes down). The market demand facing a firm represents the
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relationship between the market price and the output sold by that firm. It

is a vertical line when the firm asks a price larger than that asked in the

market, p>p*(and y=0), but becomes an horizontal line at the market price,

p*(the price does not change with y), and, finally, it is a downward sloping

line when the firms asks a price lower than that asked in the market, p<p*

(the firm good is cheaper so she attracts all of the customers).

When is the profit maximized? The profit is maximized when there is the

largest difference between the revenue and the costcrazy uh??? We know that

the cost function is convex, what about the revenue? The revenue is given

by the psimply a parametermultiplied by the amount of produced goods, i.e.,

the production function, which we have seen being concave. The difference

between these two curves is maximized when the slope of the revenue function

equals the slope of the cost function, i.e., marginal revenue=marginal

cost. In fact, for a lower production the revenue function is steeper (an

additional units of produced goods gives an additional revenue larger than

the cost faced by the firm for that additional produced firm, so the firm

should increase the production), while for a larger amount the cost function

is steeper (an additional unit of produced goods gives an additional revenue

lower than the cost faced by the firm for that additional produced firm, so the

firm should decrease the production). Normally, in the market environment,

the price is affected by the amount of goods produced by the firm, i.e., the

price is a function of y → p(y), so the marginal revenue is:

∂(p(y) ∗ y)/∂y = (∂p(y)/∂p) ∗ y + p(y) ∗ 1 (3)
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However, in the perfect competitive market the amount produced by the

firm does not affect the market price, i.e., the price is just a parameter, so

the marginal revenue is:

∂(p ∗ y) ∂y = p (4)

Since the market demand facing a firm is a horizontal line (for reasonable

amounts of product), p is the demand facing the firm. Thence, the equality

between the marginal revenue (in this case simply p) and the marginal cost

can be interpreted as the equality between the demand facing the firm and

the firm supply. Attention to a couple of caveats though!!

1. Since the marginal cost function is U-shaped, for levels of price lower

than the intersection of the marginal cost with the Y-axis, there will

be two levels of output at which p=MC. Which one of them should be

chosen by the firm? We know that when the marginal cost function

is decreasing, an additional unit of good produced by the firm costs

less than the previous one; hence, since the price is fixed, the differ-

ence between the price and the marginal cost increases for additional

units of produced good→ we discards all the candidate points in which

p=MC where MC is decreasing (therefore, the equality p=MC is not

a sufficient condition for profit maximization, rather it is a necessary

condition).

2. It might as well be that p=MC in a point where the firm is better

off not producing. The firm decides not to produce when producing
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she gets negative profits (in the short run, AVC>p is the shutdown

condition). Because the FC must be paid regardless of whether a firm

operates they should not be considered in deciding whether to produce

or shutdown. A firm might decide to temporarily shut down waiting

for the market conditions to improve, and for prices to increase, at a

certain point she resumes production. Therefore → we discards all the

candidate points which are beneath the AVC curve.2

Repeat it with me: !!the firm supply curve is the part of the

marginal curve which lies above the AVC!!

Note1: 2) is the shutdown condition in the short-run.

Note2: since the price is the same for each and every firm, also the MC is

the same for each and every firm, and each and every firm is maximizing the

profit, even if their profits are very different! Producers profit = producers

surplus + FC. The profit is straightforwardly computed, while the producers

surplus can be computed in three different ways (see pages 403-405). A

change in the producers profit = a change in the producers surplus, because

FC do not vary with variations in the production. Since in the short-run we

cannot adjust the level of fixed factors, the firms supply will be less responsive

to changes in price than if we were in the long-run; it implies that the long-

run supply curve is less steep than the short-run supply curve. Since the

2This second caveat only apply to the short-run case, in a few lines we will re-phrase

it to be adapted to the long-run case. The first caveat instead is the same in both short

and long-run.
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FC do not exist in the long-run, the previous point 2) can be re-written as

follows:

2bis. It might as well be that p=MC in a point where the firm is better off

quitting the business. The firm decides to quit the business when producing

she gets negative profits (AC>p). Therefore → we discards all the

candidate points which are beneath the AVC curve.
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6 Chapter 23 Industry Supply

Industry supply curve=horizontal sum of the firms supply curves
∑

i Si(p)

The equilibrium is reached when S(p)=D(p), this gives p*, then you plug

p* in either the demand or the supply curve and derive q*.

In the short-run profit can be made, but not in the long-run in a perfectly

competitive market: if π > 0 then other firms want to enter the market (all

the factors are variable in the long-run: you can buy machinery, building, hire

people and enter the market). We have free entry !! Before we said that, in

the short-run the firm shuts down if AVC>p (AVC=p is the minimum price

to keep the firm open), while in the long-run the firm can exit the business

if AC>p (AC=p is the minimum price to keep the firm in the business). See

figure page 417; the entry of firms in a market where the profit is positive

pushes the price down till the break-even level.

The increase in the amount of firms in the market flattens the industry

supply curve; assume all firms have the same cost function, then with just

one firm, an increase in p by ∆p, increases y by ∆y, with n firms, an increase

in p by ∆p, increases y by n∆y, that is: the supplied quantity becomes more

and more sensitive to changes in the price.but then, if n→ ∞ the supply

curve tends to become horizontal and profit goes to 0!!

Firm in the long-run has 0 profits, so she is operating at the minimum

of her AC curve (which is U-shaped), producing Z; if all the firms have the

same cost function, they are all operating at the min of their AC curve →

this is the point intersected by the MC curveif we horizontally sum each of
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these points, we obtain an horizontal line.

This is similar to the case where we have just one firm with constant

returns to scale: if she has positive profits in the short-run, she will build a

new building and acquire new machinery, etcthe two combined factories will

produce more and the price will go down, if the profit is still positive she will

increase the amount of factories, this will happen till when the profit is 0.

Each factory will operate at AC=p summing up the MC at this price level

we will get a horizontal line.

What happens when a tax is introduced? In the long-run, we are in equilib-

rium when the industry supply curve (hmline) intersects the demand curve-

and the short-run supply curve. An introduction of a tax, t, will push back

the short-run supply curve in a way that the vertical distance between this

new short-run supply curve and the old one equals t. In this new short-run

equilibrium, part of the tax is paid by the producer and part by the con-

sumer, but you can see at page 421 that the producer is receiving a lower p

than the AC, so some firms will go out of businessthis process goes on till

the all tax is burden by the consumer: the long-run supply line goes up by

the entire amount of the tax.

Again about surplus VS profit. If you compute correctly all of the costs

(including the cost-opportunity of land, talent, etc), you will see there is no

profit even if it looks like: rent can be interpreted as a part of the fixed

costs. The efforts to keep or acquire rents are called rent seeking.
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7 Chapter 24 Monopoly

The monopolist profit maximization is the same as that for a firm in a

competitive market→MR=MC. However, in the competitive market MR=p,

while in the monopolistic setting:

MR = [p+ (∆p/∆y)] ∗ y = p [1− 1/|ε|] (5)

since ε is negative and equals (∆p∗y)/(∆y ∗p). So, the marginal revenue

is larger than the price!→ firm better offbut consumers worse off!!

Note three points concerning these formulae.

1. First, for every additional unit of good which is sold, the monopolist

earns p. Second, since she is the only one operating in the market,

she faces the market demand; thus, an additional unit of good also

increases the amount of goods sold in the market and reduces the price

applied to ALL the sold goods.

2. Also, notice that this formula applies to the competitive market case

as well: in that market each firm faces a flat market demand, for which

ε =∞, so MR = p.

3. The monopolist will never operate on a point of the market demand

which is inelastic, that is, |ε| < 1. In fact, when the demand is inelastic,

the monopolist could increase the profits simply decreasing the output,

which in turn decreases the costs. See page 442 for explanation on
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how to graphically find out y*, p*, and the profit. We can rearrange

MR=MC to get the following:

p(y) = MC(y)/(1− 1/|ε|) (6)

This formula simply means that the price applied by the monopolist is a

markup over the marginal cost, where the markup is 1/|ε| and it is greater

than 1 since the monopolist operate where the demand is elastic, that is,

where |ε| > 1.

A price on sold units increase the MC by t, while a tax on profits pro-

portionally reduces profits π(1− τ). What is the difference between the two

of them? In the first case, the tax is internalized in the profit maximiza-

tion problem of the monopolist, whilst in the second case it is not; thus, in

the second case, a tax on profits will not change the amount of output the

monopolist wants to produce.

There clearly is inefficiency, since at the monopolistic equilibrium, a

Pareto improvement is possible: there is someone willing to pay more than

the cost to produce the good (although less than the cost required by the

monopolist) for one extra unit of good, and the monopolist would sell that

unit at a price larger than its production cost still! Both of them would be

better off. However, the monopolist also accounts for the change in the price

of the inframarginal units of good (that is, all those units on sale up to that

level of production).

See page 448 about how to compute the deadweight loss due to monopoly

(and how to compute the surplus transfer from monopolist to consumers
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when passing from monopolistic setting to competitive setting).

Sometimes forcing a monopolistic firm to set a price equal to the marginal

cost creates problems. In fact, if the demand curve intersects the MC curve

under the minimum of the AC curve, forcing the firm to set the price equal to

the marginal cost would give her negative profit, so she would rather go out

of the business; therefore, in these cases the best thing to do is to ask the firm

to set a price equal to the AC (in the simplest case, since the firm operates

on the demand curve, as you can see from the graph at page 452, the best

point is Pac-Yac: no). This kind of firm is called natural monopolist, and

for instance it is a gas or phone company, in general it is a firm operating in

a business requiring high fixed costs but small marginal costs. An alternative

solution is that that the government manage the monopoly directly, setting

p=MC and covering the costs up to allow the firm the breakeven (this is not

inefficient, it just reflects the presence of higher fixed costs; however, what

is inefficient is that the public firms might be subject to lower scrutiny than

private firms).

What causes monopolies? Three alternatives:

1. Cartels: a few firms organized to keep low quantities (and high prices).

A possible solution to the inefficiencies coming from this structure is

represented by the government controlling the firms in the market.

2. Historical reasons: for instance, a firm who entered the market first

will try to discourage new comers (anticipating possible retaliations

against the new comers by lowering the price, and making it impos-
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sible for the new comers to cover the fixed cost encountered at the

beginning).

3. Minimum Efficient Scale (MES): it is the minimum of the AC

curve, and its level can determine monopoly. When the MES is rela-

tively small compared to the market demand, the competitive market is

likely to occur, while when the MES is relatively large compared to the

market demand, a monopoly is likely to occur (the natural monopoly

is an extreme case, where the MES is even larger than the market de-

mand). In this case the govern can solve the problem by increasing the

demand (i.e., by opening the market to foreign companies) or, when

the previous solution is impossible, by directly intervening (like in the

case of some natural monopoly).
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8 Chapter 25 Monopoly Behavior

The monopolists can increase their profit and the efficiency through price

discrimination. We have three kinds of price discrimination:

1. First-degree pr. discr., or perfect pr. discr.: product price differ

across units of goods AND across people, that is, each unit of good is

sold to whom values it the most highly (e.g., in Italy you pay university

tuition according to your incomehowever, it is not really perfect);

2. Second-degree pr. discr., or non-linear pricing: product price

differ across units of goods, but NOT across people (e.g., you but three

units of product, but pay only for two of them; or airline companies

differentiated fares, see the example on the book);

3. Third-degree pr. discr.: prices differ across people, but NOT across

people (e.g., student discounts); this is the most common form of price

discrimination.

The first-degree price discrimination is an idealized concept; it is hard to

meet it in reality, because the producer should precisely know the consumers

demand curves. It is such that the market equilibrium is Pareto efficient

since the producer produces at a level such that demand=MC; therefore,

whoever wants to buy a unit of product for a price larger than the cost of

producing that unit can do it. However, differently from perfect competition,

the consumer surplus is completely captured by the producer.

24



The second-degree price discrimination is a more usual and viable mecha-

nism which is adopted by the monopolist to increase the profit. The monop-

olist constructs price-quantity packages that give the consumers an incentive

to self-select. See page graph at page 466. The monopolist often encour-

ages self-selection not by increasing the quantity of the good, but rather by

adjusting its quality. In other words, the monopolist uses more often price-

quality packages (e.g., airline companies which serve specific routes). The

point of the reduced quality of the product is to dissuade those customers

with a high willingness to pay from purchasing the lower priced good. In

economics terms, the monopolist will differentiate the products up to the

unit of product where the marginal costgiven from the lower profit obtained

from the consumer with the lower willingness to payequals the marginal ben-

efitgiven from the higher profit obtained from the consumer with the higher

willingness to pay.

For more insights, look at:

http://www.youtube.com/watch?v=VBwlyTN6vlw

Notice that, although this discrimination might seem socially unfair, it

is useful: if the monopolist was not able to discriminate based on price, she

may decide that it is more profitable to sell the product only to high-demand

consumers (see example page 472).

The third degree-price discrimination is the most frequently used price

discrimination. Therefore, well also see how to solve the problem, from the

point of view of the monopolist. The monopolist sells one good, for which the
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cost of production is c(Y)where Y=y1+y2, in two different markets, markets

1 and 2, in which the inverse market demand is p1(y1) and p2(y2). The

solution to this problem is simply:

MC(y1 + y2) = MR1(y1) = MR2(y2) (7)

That is, the marginal cost of producing the good (all the units of the good

are identical and produced in the same factory, so the cost of producing a

good sold in market 1 or 2 is the same) equals the marginal revenue in each

market.

It is useful to write the marginal revenue formula as at page 14. In

this way, we can notice that if p1 > p2 the markup is larger in market 1,

which implies that the elasticity product market demand is lower in market

1!!....this is not surprising: the same good is sold at a lower price to the group

of individuals whose demand is more sensitive to changes in the price.

Sometimes, it may occur that the monopolists MC to provide a certain

product is constant (e.g., the amusement park: whether there are a lot of

people on the rides or just a few, the cost to add a ride tour is always the

same). Then, what price should she charge? She should charge a p=0 for

each ride and p=consumers surplus for the park entry. This is a special case

of the so called two-parts tariff. It is not always as easy as that though,

e.g., the subscription to sport clubs, like tennis or golf clubs: you pay the

yearly fee and then you pay a separate price for each time you use the club

courts/fields and tools.
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A third market structure is the monopolistic competition, which is

between the monopoly and the perfect competition. Each firm produces its

own product, but this is a close substitute to other firms product. Thanks

to this product differentiation, each firm has some market power and

faces the whole market demand (for its product!!): the market demand they

face is therefore downward sloping. However, the entry in the market is free

(someone else may enter the industry and produce a new product closely

related).

What happens when a new firm enters? The market demand of each firm

moves inwards and becomes more elastic.so also in this case the firms profits

will tend to zero; however, the demand faced by each firm is still downward

sloping. If the demand is downward sloping and the profit tends to zero,

where will be the equilibrium then? We will have a tangency between the

market demand for that firms product and the AC curve. Could the two of

them intersect? No, because otherwise there will be a point on the curve,

which allows the producer to obtain positive profits.and this would attract

other firms into the industry. Below the tangency point instead the firm does

not break even, so it would be better to quit.

Is this equilibrium Pareto efficient? No!!! Although profits are zero in

equilibrium, for each firm, the price will still be larger than the MC! Draw

the MC in figure 25.6, page 480, so that it intersects the AC at its min: you

see that p*(tangency between the demand and the AC is higher than the

point in which the MC intersects the demand curve). Monopolistic compe-

tition is thus inefficient: there are too few firms competing, but there is a
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larger product differentiation which improves consumers utility. Its hard to

establish which argument prevails.
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9 Chapter 26 - Factor Markets

Firm with a monopoly in the output market facing a competitive factor

market - Through profit maximization, we have seen that the the factor

demand is: PxMP(X1*). Now, the marginal product depends on the tech-

nological constraint (i.e., the production function) which does not change

whether the firm is monopolistic or not. What changes is the marginal rev-

enue, which is the revenue obtained for each additional unit of sold good;

in a competitive setting the marginal revenue equals the price of the good,

while in the monopolistic setting MR 6= p. So, in the monopolistic setting we

will have that the factor demand is MRxMP(X1*)=MRP, that is, marginal

revenue product.

What is its meaning? An increase in 1 unit of input x1, increases the

output by MPx; the increase in the output causes a change in the product

price, MRx. Also in this case, the MR can be re-written accounting for

the price elasticity of demand, thus the marginal revenue product can be

re-written as:

MRP = [p+ (∆p/∆y) ∗ y] ∗MP (x) = p [1− 1/|ε|] ∗MPx (8)

This formula shows us that in a competitive market the MRPx equals

the value of the marginal product (i.e., pMPx). You immediately see that

since MPx is the same in both formulae and the MR p [1− 1/|ε|] is smaller

than the price p, the marginal revenue product cannot be larger than value

of the marginal product. Is it a paradox? NO!! The total revenue is larger
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for the monopolist, but at a given level of output, an increase in the amount

of employed factors will increase the production but reduce the price! IT

implies that the monopolist will hire a smaller amount of inputs than an

equivalent firm in a competitive market.

To find the optimal amount of factors a monopolist will buy/hire, you

just have to compare the marginal revenue product to the cost of the factor

of production: MRPx=w. See page 488 to observe that actually the amount

of employed factors will actually be lower in a monopolist setting.

Firm in a competitive product market facing a monopolized factor market

- She will have some market power; this market setting is called monopsony

(from mono=only one/single and opsonia=purchase). Also in this case, being

the only agent in her side of the product market, the quantity bought by the

firm affects the price she pays. So, in this case the product supply curve is

not w, but is w(x) and is upward sloping (the more you buy, the more you

pay per unit of factor, since it becomes relatively scarce). As in a competitive

product market, the firm seeking for production factors is a price taker, in

a monopsonistic product market, the firm seeking for production factors is a

price maker.

Then, what happens to the MC of the buyer firm? Suppose the firm is

only buying manpower, maybe artisans belonging to a union. In this case,

the firm total cost is: TC=w(x)*x. Thus, the MC is:

MC = (∂w(x)/∂x) ∗ x+ w(x) (9)
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The interpretation is straightforward: an increase in one unit of input,

increases the costs directly by w (the price paid for that unit) and also

increases the costs indirectly, since one additional unit increases the demand

of that factor, which increases the price paid for all the units she is buying!!

The MC can be re-written using the price elasticity of supply, η:

MC = w [1 + (∆w(x)/∆x) ∗ (x/w)] = w [1 + 1/η] (10)

In this case, the elasticity is positive; an increase in the price, w, pushes

the supplier to provide a larger amount of factor. Also in this case, you can

see that as η increases the market power of the suppliers decreases, and with

η →∞ we have perfect competition in the factor market.

Also in this case, we have inefficiency. In fact, the supplied quantity is

lower than in a perfect product market. This quantity is determined by the

intersection between the pMP (i.e., the factor demand, which in this case is

assumed not to have market power) and the MC, which we have just seen

being steeper than the supply function (which is just w(x)). While the price

is determined by the supply curve, for a given equilibrium quantity.

Interestingly enough, not only the equilibrium quantity is lower, but also

the equilibrium price is lower; this is due to the fact that the marginal cost

of an extra unit of input exceeds the factor price.

The effect of a minimum wage might have a negative impact in terms of

efficiency if the factors market is perfectly competitive, but it might have

positive effects in a market whit a monopsony.
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Last thing, the book proposes the case of upstream and downstream

monopolists, which produces a double markup. The upstream monopolist

is the only producer of a factor of production which is sold to a monopolist

(but also to agents in other markets), who uses this factor to produce and

sell a good to consumers. In this case, the amount of final good is inefficient

because the price is high and the quantity is low; the price is even higher

(and the price even lower) than it would have been otherwise, because also

the downstream monopolist buys a product at a marked-up price.

If you had to solve an exercise of this kind, do not panic! You should solve

the profit maximization problem of the downstream monopolist, which gives

you the factor demand; then you should have to solve the profit maximization

problem of the upstream monopolist, which faces an inverse demand function

represented by the factor demand found in the previous point.
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10 Chapter 28 - Game Theory

In this chapter we learn the tools we will use (just in part) in the chap-

ter on oligopoly. These tools will help us to study the strategic interac-

tion between economic agents. A strategic interaction implies the ability

to see through the future, taking into account competitors possible behav-

iors. Thus, within this framework, each agent’s results depend not only on

her decisions but on her competitors decisions as well. In this chapter, the

agents will be called players (at the end we are in GAME theory, no?). The

agents’ decisions will be called strategies; when a player decides upon one

strategy and sticks to it throughout the game this strategy is called pure

strategy; when a player randomize the strategies, the player is playing a

mixed strategy.

What is the meaning of mixed strategy? A player playing a mixed strategy

assigns a probability to each strategy to be played; each time she has to

play, she picks a strategy according to the probability assigned by the mixed

strategy.

10.1 Simultaneous games

See page 523 to learn what a payoff matrix is and what a dominant

strategy. The dominant strategy is thus the strategy that an agent will

play, no matter what the other agent will play. When both players have a

dominant strategy, the final outcome can be easily predicted.

Although a dominant strategy equilibrium is nice, it does not occur that
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frequently. More often we have the so called Nash Equilibrium, that is,

rather than requiring each players’ choice being optimal given all the possible

choices of another player, the N.E. requires one player’s choice being optimal

given the optimal choices of the other players (in the next chapter we see

that this is the mechanism behind oligopoly dynamics).

The N.E. is thus an equilibrium in which no participant can gain by a

unilateral change of strategy if the strategies of the others remain

unchanged.

In both the previous cases, dominant strategy equi. and Nash equi. are

given by the players playing pure strategies.

There are two main problems with the Nash equilibrium concept: i) a

game might have more than 1 equilibrium strategy, ii) there might be no

Nash equilibrium in pure strategies at all. See the payoff matrix at

page 526: there is no Nash equi. in pure strategies. However, we can still

find a Nash equi. in mixed strategies; that is, each player chooses the

optimal frequency with which to play her strategies given the frequencies

with which the other players play their strategies.

Now, it is important that you know that a Nash equilibrium is not

necessarily a Pareto efficient!3

3Remember the Pareto efficiency definition: it is a state of allocation of resources in

which it is impossible to make any one individual better off without making at least one

individual worse off
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You do not believe me? Look at page 528, the infamous prisoner’s

dilemma. We have a Nash equi. which is also a dominant strategy equilibria

but which clearly is NOT Pareto efficient! Both of the prisoners end up

confessing, getting each 3 month in prison, whereas they could have gotten

each 1 single month in prison by denying (this equilibrium would be Pareto

efficient). The prisoners’ dilemma can explain a wide spectrum of human

interactions. In the next section we will see that the a equilibrium quantity

set by a cartel 4 is Pareto efficient (in terms of total profit of the cartel), but

each firm has incentive to cheat (...if not threatened to be punished by the

other firms). A possible way to get a Pareto efficient solution when the Nash

equi. is represented by a different set of strategies is to coordinate, maybe

establishing a binding agreement, if possible.

The solution of a game does not depend only on the existence of an equi.

(either dominant strategy or pure/mixed strategy Nash equi.), but also on

whether the game is a just one shot game or is repeated a fixed/indefinite

number of times. In first case, the defection (i.e., confessing or producing

more) it is a reasonable strategy; at the end, you are always better off de-

fecting (which is a dominant strategy, although not providing an efficient

outcome). Instead, in a repeated game, each player has the opportunity to

establish a reputation for cooperation (or a reputation for not cooperating...);

however, whether the reputation building is a fruitful process ultimately de-

pends on whether the game is played a fixed/indefinite number of times and

4In this case ”deny” becomes ”stick to the original quotas” and ”confess” becomes

”produce more than your quota of output”
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whether the cooperation might be enforced in the last interaction. In the

simplest case, the indefinite amount of times gives the same result as the

fixed amount of times with enforceable cooperation at the last round (see

example in the text at page 529). In a more complicated case, the indefinite

amount of times gives a result that depends on threatening by other players:

the threat of non-cooperation in the future might be strong enough to induce

a Pareto efficient outcome.

The simplest streategy involving a punishment is the tip-for-tat; basically,

you play whatever the other player played on the last round. This strategy

offers an immediate punishment for defection, and is also a forgiving strategy:

it punishes the other player only once for each of her defections.

10.2 Sequential games

Instead of a payoff matrix, in this case we are going to use the extensive

form game. This game can represent the same situation (in terms of payoffs)

as in the payoff matrix, but it also provides additional insights when the

game is sequential; in fact, we can read the time pattern of the choices in it.

You solve this game by backward induction. Let’s see the graph page 533

and work on the backward induction. In this game, the player who gets to

play in second place might carry on a threat in order to obtain a larger final

reward; this threat is credible only if the second player is somehow able to

let to know to the other player that she is committed to the threat (i.e., only

if she convinces the other player hers is not an empty threat). An example of
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game with a threat is the entry deterrence game (the incumbent might buy

some extra production to carry on a threat).
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11 Chapter 27 - Oligopoly

We have previously seen the case in which different firms with market

power compete versus each others, i.e., monopolistic competition; in that

case, the market power was conveyed by the product differentiation. Now,

we are going to focus on a similar setting, i.e., the oligopoly (from the greek,

oligo=a few, poly=to sell). Although also in the oligopoly (simple case)

there is market power, this is not necessarily given by product differentiation;

rather, the market power is simply given by the reduced amount of firm in

the market.

There are 5 different kinds of problems:

1. Quantity leadership, in a sequential setting;

2. Price leadership, in sequential setting; 5

3. Simultaneous quantity setting;

4. Simultaneous price setting;

5. Collusion = cartel, which is a cooperative setting.

All these cases are discussed within the easiest framework of the duopoly

(guess what is the meaning?!) All these cases can be described within the

game theory framework we have just studied. While the 1st and 2nd cases

can be described using the extensive form version of the payoff matrix, the

3rd, 4th, and 5th cases can be described using the payoff matrix.

5These first two cases are similar to that of the upstream and downstream monopoly,

for the way they are solved
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11.1 Quantity leadership, in a sequential setting

This kind of setting is usually referred to as the Stackelberg model. In

this case we have a quantity leader and a quantity follower; the quantity

leader gets to choose the quantity first and the quantity follower will choose

the quantity afterwards. Since there are only two firms in the market, the p

will depends upon the produced quantity. The quantity in the market is (Yl

+ Yf).

The follower maximization problem - The leader maximize its profit ac-

counting for the follower’s maximization problem; therefore, we first solve

the second problem. The profit function to be maximized is the following

one:

πf (Yf , Yl) = p(Yf + Yf ) ∗ Yf − Cf (Yf ) (11)

This means that the price depends upon the total production, but the

follower’s costs depends only from the followers’ production! Like always,

the solution is given by the equality MRf=MCf.

p(Yl + Yf ) + (∆p/∆Yf )Yf = ∆Cf (Yf )/∆Yf (12)

It is important to note that Yf = Ff(Yl), which tells us that the profit

maximizing output of the follower is a function of the profit maximizing

quantity of the leader. This special kind of production function is called

reaction function. See graph page 501; you have a graph with Yf on the y

axis and Yl on the x axis, you first draw the reaction curve, i.e., Yf=Ff(Yl)
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and then the isoprofit curves. In this case the isoprofit curves represent all

the possible combinations of Yf and Yl which grants the same level of profit

to the follower.

Note that since the profit function is a concave function, and the isoprofit

curves can be intended as being level curves, the profit of the follower increase

moving to isoprofit curves closer to the y-axis. This should not be of any

surprise: the less the leader produces, the more the follower can produce

increasing its own profit. Note moreover, that for each level of production of

the leader, the follower will pick the level of production which maximizes its

profit, that is, the top of its isoprofit curve. The locus of these points is the

reaction function.

The leader maximization problem - It is a constrained problem in which

the constraint is represented by the reaction function of the follower; it fol-

lows:

πl(Yf , Yl) = p(Yf + Yl) ∗ Yl − Cf (Yf ) (13)

such that Yf = ff (Yl) (14)

Which leads to:

πl(Yf , Yl) = p(Yf + ff (Yl)) ∗ Yl − Cl(Yl) (15)

Once you have solved this problem, you plug Yl into the follower reaction

function and find its optimal production. Graphically, the problem is solved

as finding the tangency between the follower’s reaction function and the
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leader’s lower isoprofit curve. See graph page 504.6

11.2 Price leadership, in a sequential setting

In this case we have a price leader and a price follower; the price

leader gets to choose the price first and the price follower will choose the

price afterwards. What is different from the previous problem is that the

leader has to set the price and the follower will sell its output at the price

fixed by the leader. However, also in this case we first have to start by the

follower’s maximization problem (guess why?)

The follower maximization problem - This problem simply amounts to

solve a problem like if we were in a competitive setting: the follower takes

the price as given, since it is decided by the leader. Keep in the back of

your mind that the follower’s inverse supply curve, as usual, is S(p), i.e., the

inverse of the MC.

πf (Yf ) = p ∗ Yf − Cf (Yf ) (16)

The leader maximization problem - The amount of output the leader sells

is R(p) = D(p) - S(p). So, first thing find the inverse of R(p). hen, the leader

is going to maximize the following problem:

πl(Yl) = R(Yl) ∗ Yl − Cl(Yl) (17)

6You may note that it is possible to find the reaction curve also for the leader; remember,

the reaction firm is simply the locus of the points representing the tops of the isoprofit

curves. However, we are not interested in it now.
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And now you simply have to maximize a monopolist problem.

Notice that the Quantity Leadership and the Price Leadership gives two

different equilibria, i.e., two different prices and two different quantities.

11.3 Simultaneous quantity setting

This kind of setting is usually referred to as the Cournot model. Here,

firms are making their choices simultaneously; therefore, there is no dis-

tinction between leader and follower. As an example, I propose the firm 1

problem (firm 2 problem is symmetric).

π1(Y1, Y2) = p(Y1 + Y e
2 ) ∗ Y1 − C1(Y1) (18)

such that Y1 = f1(Y
e
2 ) (19)

This problem shows that since firm 1 does not know what is the pro-

duction level of firm 2, she will have to forecast it (this is the reason of the

apex e: it means it is the expected production of firm 2). For each firm’s

maximization problem, you find the reaction function; then, you have to

solve the system of equation represented by these two reaction functions.

Graphically, the equilibrium is found at the intersection of the two reaction

functions: this is the only point where the two firms will have correctly fore-

cast the produced quantity of the other firm. This point is called Cournot

equilibrium, which is a stable equilibrium.

A special case of the Cournot model - What happens when instead of

n=2, we have n> 2 in the Cournot model? In equation (18), we would have
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p(Y), with Y = Σiyi; therefore, its derivatives would be:

MRi(Y ) = p(Y ) +
∆p

∆y
∗ yi = MC(yi) (20)

Multiplying the second term by Y/Y and factoring by p(y), we would get

the following:

MRi(Y ) = p(Y )[1 +
∆p

∆y

Y

p(y)

yi
Y

] = MC(yi) (21)

Using the definition of price elasticity of demand
∆p

∆y

Y

p(y)
= |ε| and letting

si = yi/Y , we get teh following formula:

MRi(Y ) = p(Y )[1− si
|ε|

] = MC(yi) (22)

MRi(Y ) = p(Y )[1− 1

|ε|
si

] = MC(yi) (23)

We can think of si = yi/Y as representing firm’s i market share and of

|ε|
si

as representing the elasticity of the demand curve facing the firm: the

smaller the market firm, the larger the elasticity. If si = 1, we are in the

monopoly case: the demand faced by the firm is the market demand, so the

firm has to deal with the elasticity of the demand of the whole market. If

si →∞, then the demand faced by the firm is extremely elastic: we are in a

competitive market.

The Cournot equilibrium is generalized by the Nash equilibrium previ-

ously seen; in fact, in a Cournot equilibrium, each firm is maximizing the

profit given other firms’ behavior.
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11.4 Simultaneous price setting

This kind of setting is usually referred to as the Bertrand competition.

In this case, what is interesting to notice is simply that the only possible

equilibrium price is the competitive price. In fact, when a firm charge a

lower price, she will get the whole demand; in this case, the other firm will

react by charging a price even lower; and so on and so forth...the only possible

equilibrium is where p=MC, because no firm will charge a price lower than

that. so, this is the model which provides the consumers with the lowest

price and the largest output.

11.5 Collusion

In this case, the firms in the market collude, so what they try to do is

to maximize the joint profit. Therefore, we will have that the joint profit is

optimized when the MCi of each firm i is equalized to the MR of the cartel.

This condition is obtained by the following problem:

πTOT (y) = p(Σn
i=1yi) ∗ (Σn

i=1yi)− C1(Y1)− ....− Cn(Yn) (24)

Think of the case in which the cartel is small, n=2. Also in this case, the

solution is given by a sort of reaction function; this reaction function rep-

resents the locus of the output combinations which maximize the combined

profit. The optimal output which maximizes the joint profit is that in which

the isoprofits of the firms are tangent.

A peculiarity of this model is that there is temptation to cheat. If one firm
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thinks that the other firm’s output will remain constant, it will be tempted

to increase its own output and make higher profits. You see that if firm 1

increases the output, while firm’s 2 output is constant, we move downward

on the line similar to the reaction function, which implies higher profits for

firm 1. However, if each firm thinks of the possibility to cheat, eventually

the cartel will break. For this reason, a punishment strategy can be adopted:

the Cournot level output may be adopted as retaliation (remember that the

Cournot output is that level of production which maximizes the level of

profit in a sequential process of adjustment). Since the optimal response to

the Cournot behavior is the Cournot behavior, the industry will probably

end up in a equilibrium whit higher total production, lower prices and lower

profits, than what would have been in the cartel optimum. So, if the prospect

of future punishments is sufficiently important, the firm will be better off to

stick to the quota decided within the cartel.
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12 Chapter 34 - Externalities

So far we have analysed one reason why there might not be a Pareto effi-

cient equilibrium: the presence of market power of some kind does not allow

(in most of the cases) to attain an efficient equilibrium. A second reason for

inefficiency is the presence of externalities; these goods are not traded on the

market, nonetheless they affect the utility/profit of the agents in the market,

either negatively or positively. Therefore, it is absence of well-defined prop-

erty rights which lead to inefficiencies in presence of externalities. Moreover,

we can distinguish between consumption and production externalities:

the first case pertains to the scenario where a consumer’s utility is affected

by the externality produced by another consumer or by a producer, the lat-

ter case pertains to the scenario where the producer’s profit is affected by a

consumer or by another producer.

One way to solve the inefficiency is thus to allocate property rights. In

general, the resulting solution will depend upon who is the agent with the

property rights (either who suffers the effect of the externality or who causes

the externality). This is the solution normally adopted in consumption exter-

nalities. In the special case of quasilinear utility curves, the efficient amount

will instead be independent from the holder of the property right (i.e., from

the income distribution, since property rights directly affect people’s income),

this case is described by the Coase theorem: in each and every Pareto ef-

ficient allocation, the amount of externalities will be the same. 7

7Therefore the Coase theorem holds in case of no income effects.
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In the case of production externalities, the way to reach an efficient equi-

librium is that to create a market for the externalities. Below we’ll deal with

the production externalities.

12.1 Production externalities

Let’s say there is a iron mill which produces steel (which is traded) and

pollution (the production of pollution is not sold on the market, but it has

positive impact on the cost function). A higher production of steel increases

the costs in producing steel, and also increases pollution which decreases the

costs (now you see why many countries are reluctant to stick to international

agreements on pollution: free pollution is less costly than using filters or

machines for water treatment, dump radioactive barrels is cheaper than treat

them, etc...). Her optimization problem is:

maxps ∗ s− cs(s, x) (25)

Which leads to the two conditions:

ps = ∂cs(s, x)/∂s (26)

and

0 = ∂cs(s, x)/∂x (27)

Neither of the two conditions is surprising: i) the MR of a good has to

equal the MC of that good, ii) the price of ”pollution” 0, so MCx=0. The

obvious consequence is that there is too much pollution.
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At the same time, there is a fisher: the fish is traded on the market and

her profit is affected by the amount of pollution, which instead is not traded.

Her optimization problem is:

maxpf ∗ f − cf (f, x) (28)

Which leads to the condition:

pf = ∂cf (f, x)/∂f (29)

Not even this condition is surprising. What you should note is that

the fisher’s optimal choice (P=MC) is affected by the presence of pollution

(through Cf(f,x)). In fact, the presence of polluton rises the fisher cost of

production, and this additional cost is called social cost.

If we merge the two firms, the extrenality will be internalized, that is,

a single firm produces both iron and fish and will also choose the a level of

pollution, now accounting for its negative effect on the production of fish (so,

now there is a trade off: more pollution -> cheaper production if iron, but

also -> less production of fish. The problem of this single firm is now:

maxps ∗ s+ pf ∗ f − cs(s, x)− cf (f, x) (30)

Which leads to the following three conditions:

ps = ∂cs(s, x)/∂s (31)

pf = ∂cf (s, x)/∂f (32)
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AND

0 = ∂cs(s, x)/∂x+ ∂cf (f, x)/∂x (33)

−∂cs(s, x)/∂x = ∂cf (f, x)/∂x (34)

Which means that the marginal cost to the firm to reducing pollution from

steel production has to equal the marginal benefit of the reduced pollution for

the fishery. The latter could be called marginal benefit, MBf, is positive (each

additional unit of pollution, reduces the available amount of non-polluted

water: the marginal benefit of cleaned water increases with the increase

in the pollution); also, MCs is negative (each additional unit of pollution

generate a lower profit, so each additional unit of pollution is less valuable).

12.2 How can we correct this inefficiency?

Besides the possibility of a merger, we have other three solutions.

• We introduce a tax per unit of pollution, where the tax = social cost

of pollution, so that the iron mill now internalize the externality. This

tax is called Pigouvian tax.

We now have:

maxps ∗ s− cs(s, x)− tx (35)

Which leads to the two conditions:

ps = ∂cs(s, x)/∂s (36)
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and

∂cs(s, x)/∂x = t (37)

Although this solution is elegant, there is a problem: we do not know

the optimal level of solution, thus we cannot know the optimal level of

taxation per unit of pollution.

• We can give to the harmed agent (the fisher) the property right of clean

water, so that if the producer wants to pollute the water, she has to

pay a price per unit of polluted water to the fisher. In this case the

producer problem is:

maxps ∗ s− cs(s, x)− qx (38)

While the fisher problem is:

max pf ∗ f − cf (f, x) + qt (39)

In this case, we will get 4 F.O.C.s and two of them will represent the

demand and the supply of pollution. The interpretation of this equality

is like in equation (34).

• Let’s assume now that the right to pollute up to a certain level, x̄, is

given to the iron mill, also in this case the optimization condition will

be the same. The iron mill profit maximization problem is:
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max ps ∗ s+ q(x̄− x)− cs(s, x) (40)

While the fishery profit maximization problem is:

max pf ∗ f − q(x̄− x)− cf (f, x) (41)

What is the main difference between the three solutions here proposed?

The optimal level of pollution will be the same, however, the resulting

distribution of income is different. In the first case, the iron mill gives

money to the State, through taxation, and the State redistribute it to

everybody through public services. In the second case, the iron mill

gives money to the fisher. In the third case, the fisher gives money to

the iron mill.
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13 Chapter 35 - Information Technology

In this chapter we will go through economic models relevant to the infor-

mation revolution: at the end—as Varian says—we do not need new economic

theories to explain the economic of information.

13.1 Economics of networks

The problem of the complements - In this case we see how to deal with

the problem were two complements are produced by two different firms (both

of them are monopolist of the good they produce). Because they are comple-

ments the demand of either product depends on the price of both products

(e.g., there are firms specialized in producing left shoes and firms specialized

in producing right shoes: the demand of right shoes depends on the price

of left shoes, and vice-versa). Below, you can see the profit max problem of

firm 1 (the symmetric problem will be for firm 2).

maxπp1 = D(p1 + p2) ∗ p1 −D(p1 + p2) ∗ c1 − FC1
8 (42)

Equalizing MR to MC for both firms, we obtain a system of two equations

and two unknown (p1 and p2). You find p1 and p2, then you sum them up

obtaining the price of the final product (e.g., a pair of shoes).

It is interesting to observe that if one firm will produce both complemen-

tary goods, she will set a lower price than the combined price obtained by the

two disjoint firms. Therefore, consumers will be better off; also, the profit of

8xxx
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the individual firm is larger. Everybody is better off!! A merger of two mo-

nopolies of complementary goods-which set their prices independently-gives:

lower prices and higher profits.

An alternative solution to that of the merging is that the two firms were

able to reach an agreement to keep prices lower, or more indirectly they could

incentivize competition.

13.2 Switching costs

It might be expensive-at least in terms of time and mental effort-to switch

from one technology to another (e.g., when you change the email provider).

When these switching costs are elevated we have the so called lock-in: a

situation in which the cost of switching to another technology make the

switch virtually inconceivable. The locked in users have a very inelastic

demand (because of the high switching costs, let’s call them s), this conveys

market power to producers. Then, how can firm compete with each others?

For instance, by pushing down the price for the initial purchase (let’s call it p

- d); then, each additional customer will provide the producer with a steady

revenue stream afterwards (the present value of the price is p/r, where r is

the discount rate).

The problem from the perspective of the consumer - A consumer will

switch when the present value of the payments to the new provider (p/r)

+ the switching cost (s, non discounted, because you do the effort today)

+ the reduced price for the first purchase (p-d, which is the price you pay
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today for the new good and is not discounted because you pay it today) ¡

the present value of the payments to the old provider (p/r, which is the same

as that given to the new provider) + the non discounted price of the old

good (that is p, which is the price you pay today for the old good). The

consumer is indifferent between the two products when there is an equality

instead of <, and solving the equation you get d=s. Which means that the

offered discount just cover the switching cost.

The problem from the perspective of the producer - The competition forces

the present value of the profit to be 0. Remember that in equilibrium d=s

and c is the cost of production, then the problem of the firms is: today’s

profit (p - s - c) + present value of future profits [(p - c)/r]. If you solve

this equation for p, you find that the price of the good is a markup on the

marginal cost, and this markup is proportion to the switching cost. If you

solve this equation for s, you find that the cost of switching equals the present

value of the future profit + the profit from the first purchase. Switching cost,

s, pushes the monthly price up, but competition forces the initial price, p -

s, down. Although investing on switching cost schemes is profitable, it might

be worthy only for a while; ultimately, the service quality plays a decisive

role in attracting and retaining customers.

13.3 Network externalities

This is a special kind of externalities: a person’s utility in consuming

one good depends on the number of other people consuming that good. For
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example, the cellphones: if you are the only one with it, who can you ever

call? Without going through the model, what is interesting to see here is the

shape of the market demand: it is a concave function; and the equilibrium

quantity is defined by the intersection with the supply curve, an horizontal

line. As you can see from the figure at page 680, this causes three possible

equilibrium quantities.

1. In the second point, we have low quantity and low price: since there

are no many people using the network, the willingness to pay of the

marginal individual is low.

2. In the third point, we have high quantity and, again, low price: ev-

eryone who valued the network more than that is already connected to

the network.

3. The first point is less obvious and is represented by the intersection of

the supply curve with the y-axis; here nobody is connected, so nobody

is willing to pay anything to get connected.

What about the supply curve? We have already said it is horizontal,

but why? If we assume the producer is using a constant return to scale

technology, the supply curve is a flat line at the level of the average cost.

Which equilibrium will we end up with? If the demand is larger than

the offer (the willingness to pay for an additional unit of network is larger

than its marginal cost), more and more people connect to the network, while

when the demand is lower than the offer, less and less people wish to connect.
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Thus, we can rule out the equilibrium with a low quantity (the market forces

are such that the demand either decreases or increases).

What about the other two equilibria? It depends on the cost of produc-

tion and on the market strategies. It is easy to see that if the supply curve is

very high, we have only one possible, and stable, equilibrium: a quantity = 0

is chosen. If the cost decreases enough, we have the three possible equilibria

previously found, and the 0 quantity equilibrium is the initial equilibrium.

Since it is stable, the market will move away from it only thanks to ”per-

turbations” (such as discounts or subsidies–the latter is adopted when two

complementary networks are sold: the price of one good is very low, so to

pull the demand of the other more expensive complementary good), but then

we would be pushed back when we reach the unstable equilibrium.

Summing up, the only way to get to the equilibrium with high quantity

is that the costs are low enough to avoid the unstable equilibrium, that is,

in this case we should have MC=0, and that there are perturbations.
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14 Chapter 36 - Public goods

A special case of consumption externalities is that of the public goods:

each person evaluates it differently, but she is given the same amount of

public goods, and because of that the utility levels of the individuals are

inexorably linked. The level of public goods is normally decided through

vote, when these goods provided by the State.

A necessary condition for the provision of the public good is the following:

for each consumer (or voter) the reservation price for the public good, r

(i.e., the maximum amount they are willing to pay), has to be larger than

the contribution for that public good, g, she would be asked to pay in case

the public good were provided.

A sufficient condition for the provision of the public good is that the

sum of the reservation prices for the public good is larger than the cost of

the public good (if it was just equal, then the voters would be indifferent

between having the public good provided or not). If this condition is fulfilled

then there always exists a payment scheme such that the all the consumers

will be better off with the provision of the public good. In this case, we

will have a Pareto improvement: a reallocation of resources such that

all the consumers involved in this reallocation will be better off than before

the reallocation. It is also important to note that whether the sum of the

reservation prices is larger than the public good price depends on the initial

distribution of the wealth; in fact, for the same good, richer persons might

have a higher reservation price than poorer persons. However, also for public
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goods, we have a case in which the provision of public goods does not depend

from the distribution of wealth, that is, when the consumers’ utility functions

are quasi-linear in the public good. 9

Despite the fulfilment of the necessary condition, the public good might

not be provided or might be provided at a low level; this ultimately depends

upon the method consumers adopt to decide whether to acquire the public

good or not. People might not be honest when revealing their willingness

to pay: each consumer try to pay as less as possible for the provision of

the public good; at the limit she would declare 0, hoping that the other

consumers will pay for the public good. Eventually, she will enjoy the public

good too (...it is public!). We say that this person is trying to free ride the

other consumers (she wants the other consumers to pay for the ride she will

also go on); for this reason, the public good might be provided at low levels.

At the limit, If each person thinks the same, the public good might not be

provided at all, even if the sum of the reservation prices is larger than the

price of the public good. Therefore, since the provision of public goods on a

voluntary base can lead to inefficient equilibria, the involvement of the State

can be necessary.

Does this situation reminds you of the prisoners’ dilemma? In fact,

they are similar (see table page 700); the difference is that in the prison-

ers’ dilemma the Pareto efficient equilibrium is that each player makes the

same choice (cooperate - cooperate), while in the provision of public goods

the Pareto efficient equilibrium (from the point of view of the singular per-

9This should remind you of the Coase theorem in the externality section.
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sons) is achieved when the players adopt different strategies.

14.1 How do we numerically solve the problem?

So far we have seen the case where you either buy it or not, G = 1 or G =

1, now we work also on the intermediate cases, 0 < G < 1. The intermediate

cases might represent the quality of the public good to be provided. The

problem you have to solve is:

maxU1(x1, G) (43)

s.t.U2(x2, G) = Ū2 (44)

x1 + x2 + c(G) = w1 + w2 (45)

Where x is the consumption of private goods, w is the personal wealth

(i.e., income), U is the utility of an individual, and c(G) is the cost of the

public good. These conditions mean you should maximize the utility of one

consumer, subject to a given utility of the other consumer (that is, we are

moving consumer’s 1 indifference curve, within the Edgeworth box, to find

the tangency to a given indifference curve of the other consumer) and subject

to the total wealth in the society. 10

The solution to this problem is: the sum of the MRS’s (MU(G)/MU(xi))

of individuals 1 and 2 must be equal to the MC(G). We can interpret the

MRS as the marginal willingness to pay –in terms of private consumption–

10Note that here there are two constraints, thus you will have λ and µ; I suggest to take

a look to the appendix to this chapter, at page 716.
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for an extra unit (or additional quality) of a public good, and the sum of these

willingnesses to pay has to be equal to the cost to provide one additional unit

(or additional quality) of the public good. If the sum of the MRS is larger

than the MC, you should decrease the public good level, while the amount

of public good should be increased when the sum of the MRS’s is larger.

If you consider again the case of quasi-linear utility functions; you could

revisit the problem of externalities previously seen (the pollution from steel

production damages fishing businesses). You take the case where there are

two fisheries and they are merged with the steel mill, the result will exactly

be that the sum of the MRS’s (which in the quasi-linear case are simply

MU(G), since MU(x)=1) must be equal to the MC of that public good.

14.2 A way to decide

We have to mechanisms command mechanism and voting system. We

focus on the second mechanism, which, despite being democratic, presents

some problems:

• The paradox of voting, which is present when consumers’ preferences

are not transitive. For example, there are three alternatives A, B, C and

voters are summoned to vote between two of them a few times. Voters

might prefer A to B, they might prefer B to C...and they might prefer

C to A. You see that there is a loop, and a decision might never be

reached. To solve this problem, a possible restriction on preferences is

that they should be single-peaked, that is, the utility level is a concave
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function of the expenditure on the public good being voted (i.e., only

one of those three alternative is located in correspondence of the max

of the function);

• What ultimately matters is the median voter, which decides how much

should be spent. The quantity being provided might be inefficient, this

is caused by the fact that this mechanism helps us to decide whether

a public good has to be provided, but the quantity being provided

only represents the median voter preferences, all the other voters are

neglected;

• People might misrepresent their preferences to manipulate the vote

outcome.
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