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Notation



Output



q, Q



Price



p



Values of variables in equilibrium by adding



∗



Inverse demand function



D−1 (q ) or p (q )



Intercept of the inverse demand function



A



Slope of the inverse demand function



b



Demand function



D (q ) or q ( p )



Profit function:



π(q )



Cost function



C (q )



Marginal cost function



MC(q)



Marginal revenue function



MR(q)



Reaction function:



R i (q j )



Iso-profit curve:



I ik



Share of i’s output in market output



mi



Price elasticity of demand



ε



Small quantity



ε



Consumer surplus



CS



Producer surplus (profit)



PS



Welfare



W



Equilibrium



G



Capacity constraint



z



Number of firms in the market



N



Willingness to pay for an innovation



V
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Why Study Competition Theory? Competition for scarce resources surrounds us. The salesman sets lower prices than her competitor to increase the number customers and her profits. The customer bargains with the salesman to get the most out of her purchase. Within the field of economics that studies the “allocation of scarce means to satisfy competing ends”, competition theory focuses on a specific allocative mechanism: markets.1 Markets are important because they often are very successful in allocating scarce resources efficiently. However, there are situations in which markets fail to provide efficient allocations. This collection of problem sets discusses market power as a cause of such market failures. In a nutshell, the problem sets aim at providing a deeper understanding of the links between market structure and the allocation of resources. After staking out equilibria at opposing ends of competition: Monopolies and perfectly competitive markets, we study equilibria in markets with an intermediate number of firms, the measurement of market power, and the theory of contestable markets. Building on this groundwork, we then turn to innovations, collusion, and mergers as phenomena that can alter the market structure for better or for worse regarding welfare. Finally, we discuss how policymakers can intervene to solve market failures, highlighting potential pitfalls of these interventions.
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See Backhouse and Medema (2009) for a retrospective on the definition of economics.



Perfect Competition, Monopolies, and Efficiency



What will you learn in this section? • Determine equilibrium prices and quantities in a market with perfect competition and in a monopoly • Compare the equilibria in terms of efficiency Why is this important? • Perfect competition (no market power) and monopolies (maximum market power) are two extreme cases that we can use as reference points for other forms of competition (oligopolies) • We show how markets can succeed (perfect competition) or fail (monopoly) to maximize welfare.
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Problem Set 1: Perfect Competition The cost function for a good is C (q ) = q2 . The demand for the good is D ( p ) = 900 − p. a) Calculate the price of the good and the demand for the good in the equilibrium with perfect competition. Provide a brief summary of the underlying assumptions. What we know



Note: Here, the marginal cost of producing the good increases in q.



Demand function: D ( p ) = 900 − p Cost function: C (q ) = q2



(1)



An intuitive example for increasing marginal costs is the exploitation of a



(2)



scarce natural resource that becomes increasingly costly at rising output levels.



Assumptions (perfect competition) • Large numbers of buyers and sellers • Price taking • Homogeneous, perfectly divisible output • Perfect information • No transaction costs • No externalities



Optimizing the firm’s objective function in the competitive market πw (q ) = pq − C (q )



(3)



A single firm optimizes its profits (3) by choosing the optimal level of output q. The first order condition (foc) for an optimum is: ∂ π(q ) ∂q



= p−



p=



∂ C (q ) ∂q



∂ C (q ) ∂q



Intuition: As long as p > M C, the firm can further increase its profits by



!



lowering p which results in a higher



=0



demand. For p = M C, there is no more incen-



= MC



(4)



tive to lower prices and we are in an equilibrium.
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Here: from (1):



p = D−1 (q ) = 900 − q



(5)



from (2):



M C = 2q



(6)



following (4):



900 − q = 2q



Note: With constant marginal costs, ∗ the optimality condition pw = MC



allows us to directly determine ∗ qw = D ( M C ).



In the equilibrium with constant



∗ qw = 300



marginal costs, the firm makes no profit.



∗ pw = D−1 (300) = 600



b) Show the consumer surplus CS, producer surplus PS, and welfare W (defined as the sum over consumer surplus and producer surplus) in the competitive equilibrium graphically and algebraically.



Graphical



p, MC p0



Figure 1: Perfect competition – equilibrium and welfare



MC



CS



p*w



G



Intuition: The inverse demand function reflects consumers’ marginal



PS



W=CS+PS



willingness to pay for the good and shows the utility that consumers derive from the consumption of the good. Because consumers with a marginal



D-1(q) O



q*w



willingness to pay that is higher than the equilibrium price level still can



q



buy the good at the equilibrium price, there is a consumer surplus. Likewise, firms with marginal costs below the equilibrium price level



Algebraic



make a profit from selling the good at a higher price than the cost of production. This results in the producer



Z



surplus.



∗ qw



CS =



D



−1



(q )



∗ ∗ dq − qw pw



(7)



0



–



1



= 900q − q



Note: Instead of using (7), we can



™300 2



2



calculate the consumer surplus as the



− 300 · 600



triangular area



0



1



= 45 000



∗ − pw )qw∗ , where



1



p0 is the prohibitive price. Similarly,



2



we can calculate the producer surplus



= (900 · 300 − 3002 ) − (900 · 0 − 02 ) − 300 · 600 2



1 ( p0 2



as



1 ∗ ∗ p q . 2 w w
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PS =



∗ ∗ qw pw



Z



∗ qw



−



M C (q ) dq



(8)



0



”



= 300 · 600 − q2



—300 0



= 90 000 W = C S + PS



(9)



= 135 000 c) Show that the competitive equilibrium is efficient, using an adequate concept. Concept: Pareto efficiency



Intuition: If the sum over consumer and producer surplus is maximal, we



• “Pareto efficiency, or Pareto optimality, is a state of allocation of resources in which it is impossible to make any one individual better



cannot make consumers or producers better off without making either consumers or producers worse off.



off without making at least one individual worse off.” • On a market, the allocation is Pareto efficient if the welfare (sum over consumer and producer surplus) is maximal.



Note: Pareto efficiency does not entail any notion of “fair” allocations. In a nutshell, a market that allocates unequal slices of a pie to



A simple test of efficiency



consumers and producers is Pareto efficient, as long as the size of the pie



To test if the competitive equilibrium is Pareto efficient, we first determine the welfare at the competitive equilibrium. We then evaluate the welfare for a prices above and below the equilibrium price. If changing the price in either direction lowers welfare, we conclude that we cannot find an allocation that makes an individual better off without making at least one individual worse off. I



Welfare in the competitive equilibrium



In the competitive equilibrium in Figure 1: ∗ C S = 4p0 G pw ∗ PS = 4OG pw



W = 4p0 GO We will refer to W in the competitive equilibrium as W ∗ .



is maximized.
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II



Welfare with p1 > p∗w p, MC p0 CS



p1 p*w



Figure 2: Welfare – positive deviation from equilibrium price



MC B G



PS F



D-1(q) O



q1



q*w



q



C S = 4p0 Bp1 PS = ◊OF Bp1 W = 4W ∗ − 4BF G ⇒ W < W∗ III



Welfare with p2 < p∗w



A firm will not produce the good at a price that is lower than the marginal cost because the firm would incur losses. Therefore, we assume that the firm sells the good at a price of p1 and the state ∗ subsidizes the good, so that the price for the consumer is p2 < pw .



For simplicity, we assume that the marginal cost is M C = q, instead of M C = 2q. p, MC p0



Figure 3: Welfare – negative deviation from the equilibrium price



MC p1



C CS



p*w



G PS E



p2



D-1(q) O



q*w



q2



q
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C S = 4p0 E p2 PS = 4OC p1 Cost of subsidy = −ƒp1 C E p2 W = 4W ∗ − 4GC E ⇒ W < W∗ ⇒ We cannot reach a higher welfare level by changing the price. ∗ ⇒ Welfare is maximal for p = pw .



⇒ The competitive equilibrium is Pareto optimal.



5



6



TOBIAS CAGALA



Problem Set 2: Monopoly Assume there is only one firm with monopoly power. The cost and demand functions are identical to problem set 1. a) At which price will the monopolist sell the good in equilibrium? Which quantity will she sell? What is her profit? Provide an algebraic and graphical solution.



Algebraic: Optimizing the firm’s objective function in a monopoly



π m = p (q )q − C (q )



(10)



Unlike a firm in a perfectly competitive market, the monopolist is the only producer of the good. Her production decision affects the market clearing price p = p (q ) = D−1 (q ).



πm = D−1 (q )q − C (q )



(11)



= (900 − q )q − q2 f oc :



∂ πm ∂ qm 900 − 2q | {z }



crease the quantity until the next unit



= 900 − 2q − 2q = 0 = 2q



=



4



the additional revenue the same unit provides, i.e. the monopolist increases



MC



900



is more expensive to produce than



(12)



|{z}



Marginal Revenue (MR) ∗ qm



Intuition: The monopolist will in-



!



production until M R = M C.



= 225



∗ pm = D−1 (225) = 900 − 225 = 675 ∗ ∗ ∗ π∗m = pm qm − cqm = 101 250



Note: M R =



∂ p (q )q ∂q
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Graphical



p, MC MR p0 p*m



Figure 4: Monopoly – equilibrium and rents



MC



Note: For a standard linear inverse



CS



demand function D−1 (q ) = A − bq, the marginal revenue function (MR) always has the same intercept as the



PS



inverse demand function and a slope that is twice as steep as the demand function’s slope:



D-1(q)



MR O



q*m



q



b) Show the consumer surplus CS, producer surplus PS, and welfare W in the monopoly both graphically and algebraically. Is the equilibrium price in the monopoly efficient?



Z



∗ qm



CS =



∗ ∗ D−1 (q ) dq − pm qm



(13)



O



–



™225



1



= 900q − q



2



− 225 · 675



2



0



= 25 312.5



PS =



∗ ∗ qm − pm



Z



∗ qm



∂ C (q )



∂q ” —225 = 225 · 675 − q2 0



dq



(14)



O



= 101 250 W = C S + PS



(15)



= 126 562.5 Because welfare could be increased by moving to a price equal to the marginal cost of production (assuming that we compensate monopolists for their loss by a non disruptive tax which is levied on consumers), the monopoly price which exceeds the marginal cost is inefficient. This corresponds to our welfare analysis of deviations from



∂ (A−bq )q ∂q



= A − 2bq.
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the price level in the competitive market in Problem Set 1 c). c) Assume that the production requires fixed costs of 90 000. How do fixed costs affect the production in a market with perfect competition and the monopoly? Make an argument using the average cost of production and provide an example for such a situation.



Average cost: AC =



C (q ) q



∗ If p = pw : AC (300) = ∗ If p = pm : AC (225) =



=



q2 + 90 000



(16)



q



3002 + 90 000 300 2 225 + 90 000 225



= 620 > pw∗ = 600 ∗ = 651.7 < pm = 675



There is only a supply of the good at the monopoly price. If the price equals the marginal cost, the firm would incur a loss because the average cost of producing the good is higher than the price. An example for such a scenario are natural monopolies, e.g. the provision of railway infrastructure.



Equilibria in Oligopolies



What will you learn in this section? • Deriving a generalized representation of equilibria in perfectly competitive markets and monopolies • Deriving Nash Equilibria in Oligopolies (Cournot and Bertrand) • Checking the robustness of the result for Bertrand competition to capacity constraints Why is this important? • Markets are often characterized by a small number of firms and a large number of consumers. Because of the large number of oligopolies in the real world, understanding strategic interaction between firms in this context is important. • The concept of Nash Equilibria is useful in many contexts. Think about a group project at the university. It might be collectively optimal for all group members to put in work. However, individually, group members have an incentive to free-ride on the contributions of others. Here, everybody might be worse off in the resulting noncooperative Nash equilibrium. Nevertheless, there is hope: A commitment device, social pressure or punishment for non-cooperation can prevent the group from ending up in the non-cooperative Nash equilibrium.2 2



There is a broad empirical literature on cooperation and how to prevent free-riding. Punishment, for example, has proven successful in preventing the erosion of cooperation in laboratory experiments. See, e.g., Fehr and Gächter (2000).
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Problem Set 3: Revisiting Perfect Competition and the Monopoly The cost function for a good is constant C (q ) = c. The inverse demand function is D−1 (q ) = A − bq. Calculate the price of the good and the demand for the good in the equilibrium with perfect competition. Provide a brief summary of the underlying assumptions.



What we know Inverse demand function: D−1 (q ) = A − bq Cost function: C (q ) = c



(1) (2)



Equilibrium in a market with perfect competition



We know that the equilibrium price equals the marginal cost: ∗ =c pw



(3)



We can therefore directly derive the equilibrium demand and profits: D( p) =



from (1):



A− p



∗ qw = D ( pw∗ ) =



(3) in (4):



(4)



b A− c b



∗ ∗ π∗w = ( pw − c )q w =0



(5) (6)



Equilibrium in a monopoly



The objective function of the monopolist is: π∗m = p (q )q − C (q )



(7)



C O M P E T I T I O N T H E O RY A N D P O L I C Y
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We can then derive demand and profits: πm = D−1 (q )q − C (q )



= (A − bq )q − cq foc :



∂ πm



!



= A − 2bq − c = 0



∂ qm



∗ qm =



A− c



(8)



2b



∗ ∗ pm = D−1 (qm ) = A− b



= A− = ∗ pm =



A− c



!



2b



A− c



2A



− 2 A+ c



2 A− c 2 (9)



2



c ∗ Instead of pm = A+ , we want to show the monopoly price as marginal 2



cost (price in the competitive market equilibrium) plus markup3 : ∗ pm =



3



The markup is the increase over marginal cost that results in profits for the monopoly



A+ c 2



= |{z} c−c+



A+ c



=c+ =c+



Note: Decomposing the monoploy



2



0



−2c



+



price into a component that covers



A+ c



the marginal cost and a markup com-



2 2 −2c + A + c



∗ pm = |{z} c + MC



ponent is convenient for two reasons. First, we can later easily compare the



2 A− c



equilibrium price with other market



(10)



2 } | {z



the markup later provides us with a



markup



π∗m



=



possibility to assess market power as the ability to increase prices over the



∗ ∗ ∗ pm qm − cqm



‚



A− c



marginal cost.



Œ



A− c



A− c



−c 2b 2b A− c A− c A− c A− c =c + −c 2b 2 2b 2b A− c A− c



=



=



=b π∗m = b



c+



2



2 2b A− c A− c 2b 2b ‚ Œ2 A− c 2b



forms by comparing markups. Second,



∗ = b qm



€



Š2



(11)
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Graphical



p, MC, MR



Figure 5: Perfect competition and monopolies – equilibria



A p*m = c+(A-c)/2



p*w = c D-1(q) = A-bq MR(q) = A-2bq



O q*m = 1/2(A-c)/b



q*w = (A-c)/b



q
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Problem Set 4: Cournot Competition The demand and cost functions are the same as in problem set 3. a) There is a duopoly in which companies choose the amount of output they produce. What is the equilibrium output and price? Do the companies turn a profit in the equilibrium? Compare your results with the results in problem set 3. Duopoly with competition via output → Cournot competition (Main) assumptions: • The strategic variable is the output • The firms determine their output levels simultaneously • The good is homogeneous In the monopoly only the monopolist’s output determined the price; on the competitive market, single firms had no influence on the price. In contrast, in the duopoly, the output decisions of both firms (q1 , q2 ) affect the market price: D−1 (q1 , q2 ) = A − b (q1 + q2 )



(12)



Output in the Nash equilibrium Both companies know about the relationship between output levels and price in (12). In their objective functions, the firms take the effect of the other firm’s output decision on the price into account: π1 (q1 , q2 ) = D−1 (q1 , q2 )q1 − C (q1 ) € Š = A − b (q1 + q2 ) − cq1



(13)



π2 (q1 , q2 ) = D−1 (q1 , q2 )q2 − C (q2 ) € Š = A − b (q1 + q2 ) − cq2



(14)



There is an equilibrium, if none of the firms has an incentive to revise their output decision, given the decision of the other firm. We call such an equilibrium a Nash equilibrium.
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A firm has no incentive to deviate from the chosen output level, if their chosen output level maximizes the firm’s profit. Consequently, to find these optimal output levels, we optimize both firms’ objective functions.



∂ π1 ∂ q1



∂ π2



from (14):



∂ q2



function. Because optimization of the



!



A− c



1 − q2 = R1 (q2 ) 2b 2



profit function yields R i (q j6=i ), we know that for qi = R i (q j6=i ) the first



(15)



order condition is met and i’s profit is maximized. The extreme values of



!



the objective function provide a good



= A − 2bq2 + bq1 − c = 0



q2 =



given the output decision of firm j. by which we derived the reaction



= A − 2bq1 + bq2 − c = 0



q1 =



output qi maximizes firm i’s profit This follows naturally from the way



Optimization yields the first order conditions: from (13):



Intuition: The reaction function of firm i, R i (q j6=i ) shows us which



example for this notion:



A− c 2b



1



− q1 = R2 (q1 ) 2



(16)



The Nash equilibrium is in the intersection of R1 (q2 ) and R2 (q1 ). Here, both firms’ reaction to a the output decision of the other firm is optimal. For both firms, there is no incentive to deviate from this output level.



• R i (q j = 0) =



A−c : 2b



If firm j chooses an output of qi = 0, firm i is the only firm on on the market. Consequently, firm i chooses the same profit maximizing output level as a monopolist A−c 2b



∗ = qm .



∗ • R i (q j = q w ) = 0:



q2



If firm j chooses the output level at the competitive equi∗ librium qw



(A-c)/b



A−c b



=



for which



∗ p (q w ) = M C, choosing a nonzero



R1(q2)



output qi



>



0 would push the



price below the marginal cost and both firms would incur a loss.



1/2(A-c)/b



Consequently, firm i chooses an



q*2



output of qi = 0.



G



Figure 6: Impulse response functions and Cournot Nash equilibrium



R2(q1) O



q*1 1/2(A-c)/b



(A-c)/b



q1



Note: To illustrate impulse response functions, we need a diagram that maps from q1 to q2 using the reaction function R2 (q1 ) and from q2 to q1 using the reaction function R1 (q2 ). To construct this diagram: (a) Mark the optimal reaction of firm ∗ 2 if q1 = 0, which is qm =



A−c 2b



on the vertical axis. This is the intercept of R2 (q1 ). (b) Mark the output of q1 for which firm 2’s optimal reaction is to choose q2 = 0. This is the intersection of R2 (q1 ) with the q1 -axis at A−c . b



(c) The reaction function of firm 2, R2 (q1 ), is the straight line connecting the marks. (d) Repeat (a)–(c) for firm 1.
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To locate the Nash equilibrium algebraically, we first plug (15) into (16). Alternatively, we can solve (15) for q2 and equate the function with (16). R2 (q1 ) = q2 = q2 = q2 = 3



A− c



1 − R1 (q2) 2b 2



A− c 2b A− c 2b A− c



− −



1



A− c



2



2b



A− c 4b A− c



q2 =



!



− q2 2



1



+ q2 4



− 2b 4b 2(A − c ) A − c q2 = − 4 4b 4b 3 2(A − c ) − (A − c ) q2 = 4 4b A− c 3 q2 = 4 4b 4 A− c q2 = 3 4b A− c q2 = 3b 4 3



1



(17)



We can then either argue that because of symmetry in the cost functions, q1 =



A−c 3b



or we can solve for q1 by plugging (17) into (15). Intuition: To see why (q1∗ , q2∗ ) is an equilibrium and what happens if a firm chooses a different output level, we iteratively check for the best reaction in Figure 6. First assume that



Either way, in the equilibrium: q1∗ = q2∗ = Q∗c = q1∗ + q2∗ =



firm 1 chooses q1



1 A− c 3 b 2 A− c 3



b



=



A−c . 2b



Second,



determine firm 2’s optimal reaction



(18)



to this output level R2 ( A−c ). Third, 2b



(19)



optimally react to firm 2’s output € Š R1 R2 ( A−c ) . Fourth, now turn back 2b � € Š‹ to firm 2 with R2 R1 R2 ( A−c ) , 2b



now check how firm 1 would in turn



and so on. With each iteration we get closer to the Nash equilibrium.



€ 2 A−c Š



We find that the cumulative equilibrium output in the Duopoly 3 b € Š is higher than in the monopoly 12 A−c and smaller than in the comb € A−c Š petitive market . b



In the Nash equilibrium there are no further changes to the optimal output level, even if we keep on plugging the other firm’s output into the reaction function.
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Price in the Nash equilibrium



pc∗



=D



−1



= A−



(Q∗c )



= A− b



2 A− c 3



!



b



2(A − c )



3A



3 A− c



− 3 2 A + 2c



= pc∗ =



(20)



3



Instead of pc∗ = A+32c in (20), we want to show the duopoly price as the marginal cost plus markup: pc∗ =



A + 2c 3



= c−c+ =c+ =c+ pc∗



=c+



A + 2c



−3c



3



+



A + 2c



3 3 −3c + A + 2c 3 A− c



(21)



3



€ Š We find that the equilibrium price in the Duopoly c + A−c is lower 3 Š € A−c than in the monopoly c + 2 and higher than in the competitive market ( c ).



Profits in the Nash equilibrium π∗i = pc∗ qi∗ − cqi∗ ‚ Œ A− c A− c A− c = c+ −c 3 3b 3b A− c A− c A− c A− c =c + −c 3b 3 3b 3b A− c A− c



=



=b π∗i = b



with i ∈ {1, 2}



3 3b A− c A− c 3b 3b ‚ Œ2 A− c 3b



€ Š2



= b qi∗



(22)
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� € Š ‹ 2 We find that the equilibrium profits in the Duopoly b qi∗ are � € Š ‹ 2 ∗ ∗ lower than in the monopoly b qm ; qi∗ < qm and smaller than in the competitive market (π∗w = 0).



b) Two bicycle manufacturers F1 and F2 are faced with a demand for bicycles of D ( p ) = 2700 − 2p. The cost of producing bicycles is C (q ) = 300q. Write down the objective function for both manufacturers and derive the reaction functions. Calculate the equilibrium price, quantities and profits. Show your results in a figure.



What we know: 1 D ( p ) = 2700 − 2p ⇒ D−1 (q ) = 1350 − (q1 + q2 ) 2 C (qi ) = 300qi



with



i ∈ {1, 2}



Note: To find the equilibrium quantities in a Cournot Duopoly, we can



Step 1: Objective functions



always follow the same recipe: 1) Write down the objective functions



π1 = pq1 − C (q1 ) � ‹ 1 = 1350 − (q1 + q2 ) q1 − 300q1 2 � ‹ 1 π2 = 1350 − (q1 + q2 ) q2 − 300q2 2



2) Optimize the objective functions



(23)



(→ foc) 3) Solve first order conditions for



(24)



output (→ reaction functions) 4) Find the intersection of the reaction functions by plugging in one reaction function into the other and solving for output



Step 2 & 3: Optimization and reaction functions from (23):



from (24):



∂ π1 ∂ q1



1



!



= 1350 − q1 − q2 − 300 = 0 2



1 q1 = 1050 − q2 = R1 (q2 ) 2 ∂ π2 1 ! = 1350 − q2 − q1 − 300 = 0 ∂ q2 2 1 q2 = 1050 − q1 = R2 (q1 ) 2



(25)



(26)
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Step 4: Nash equilibrium q2 = 1050 −



(25) in (26):



1�



1 ! 1050 − q2 ) = 0 2 2



1 q2 = 525 − q2 4 q2∗ = 700



(27)



1 q1∗ = 1050 − 700 = 700 2



(27) in (25):



Graphical q2



Figure 7: Impulse Response functions and Nash equilibrium



2100



R1(q2)=1050-1/2q1



1050



G



q*2 =700



R2(q1)=1050-1/2q2



O



q*1 =700 1050



2100



q1



Equilibrium price and profits



π∗1



=



−1



Note: Cumulative profits in the P πi = 490 000)



1



Cournot duopoly (



2



are smaller than the profit of the



pc∗



=D



π∗2



= 650 · 700 − 300 · 700 = 245 000



(q1 + q2 ) = 1350 − (700 + 700) = 650



monopolist (π∗m



= 551 250). This



result is not efficient from the Cournot firms’ point of view. Both firms could



c) Compare equilibrium price, output, and profit between monopoly,



increase their profits by producing 1 ∗ q . 2 m



perfect competition, and the Cournot duopoly.



However, q1 = q2 =



1 ∗ q 2 m



is



no Nash equilibrium. You can see



perfect competition



monopoly



Cournot duopoly



output



∗ qw = A−c b = 2 100



∗ qm = 21 A−c b = 1 050



qi∗ = 31 A−c b = 700



price



∗ pw =c= 300



∗ pm = c + A−c = 2 825 � ‹2 π∗m = b A−c 2b



pc∗ = c + A−c = 3 650 � ‹2 π∗m = b A−c 3b



this if you plug



1 ∗ q 2 m



into a reaction



function. This situation in which both firms would benefit from cooperation but have individual incentives to deviate from the optimal cooperative



profit



π∗w = 0



= 551 250



= 245 000



output can be described as a prisoner’s dilemma. The resulting incentives for collusion and the stability of cartels are discussed in detail in Problem Set 12.
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d) Is the equilibrium in the duopoly efficient for the firms? Use a figure with iso-profit curve to answer this question. Figure 8: Iso-profit curves



2100



R1 (q2 )



q2



I22



I21 Note: To construct the exem-



1050



plary iso-profit curve I11 of firm



I11 I12 0



1, we need a function that maps from q1 to q2 , holding firm 1’s profit constant at π11 1 . We first set



R2 (q1 )



up the respective profit function € Š π11 1 = A − b (q1 + q2 ) q1 − cq1 . We then solve this profit function for q2 ,



0



1050



q1



2100



which results in the iso-profit curve I11 = q2 =



A−c b



− q1 −



π11 1 bq1



.



For an iso-profit curve of firm 2, we first set up firm 2’s profit function for a chosen profit level. We then either



Iso-profit curves



solve for q2 (which requires us to solve a quadratic equation and results in 2 values of q2 for each value of q1 )



• Iso-profit curves describe bundles of output that yield identical profits for the firm. The iso-profit curve I11 of firm 1, for example, shows alternative combinations of output levels q1 and q2 for which firm 1 makes π∗1 . Of course, the profit of firm 2 changes, depending on the output bundles on I11 . ∗ • The closer the iso-profit curve is to the monopoly output qm = 1050,



the higher is the profit level, the iso-profit curve represents for the respective firm. Profits of firm 1 at I12 , for example, are higher that the firm’s profits at I11 . • Both companies can increase their profits if they choose an output bundle within the lens between I11 and I21 (Both firms would reach an iso-profit curve that is closer to the monopoly output). However, bundles in this lens are no Nash equilibria. You can see this if you look for the optimal response of firm 1 if firm 2 chooses an output level within this lens and then check how firm 2 would in turn react to this output level.



or we solve for q1 .)
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• The existence of output bundles that are superior in terms of profits for both firms hints at an incentive for collusion.
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Problem Set 5: Bertrand Competition Assume that firms in the duopoly compete, choosing the price at which they offer the good. a) Is there an equilibrium in which firms offer the good at a price equal to the marginal cost? Which assumptions are necessary for this equilibrium to exist? The firms offer the good at a price equal to the marginal cost if the assumptions underlying Bertrand competition hold. (Main) assumptions • The strategic variable is output • The firms determine their output levels simultaneously • The good is homogeneous b) Explain the intuition, underlying your result. Show a formal and graphical representation of the strategies of both firms. Under the assumptions in a), the firm with the lower price will satisfy the entire demand that arises at the lower price level. For the duopoly this results in the piecewise linear firm specific demand function: 



D ( pi )    qi ( pi , p j ) = αi D ( pi )    0



for pi < p j , for pi = p j with 0 ≤ αi ≤ 1,



(28)



for pi > p j



with i ∈ {1, 2} and αi + α j = 1. Here, we assume that for pi = p j the demand is symmetrically divided between to both companies, i.e. αi = α j = 0.5. Intuition: The optimal strategy



Optimal strategy



described by equation (29) is comparable to the reaction functions in







∗ ∗ pi = pm for p j > pm ,      ∗  pi = pi − ε for pm ≥ pj > c pi ( p j ) =    pi = c for p j = c   



pi > p j



for p j < c



the Cournot oligopoly. Whereas the reaction functions (25) and (26)



(29)



show the optimal output level, given the output of the competitor, equation (29) shows us the optimal price, given the price level of the competitor.
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For identical marginal costs, the mutually optimal strategy for both firms is to choose pi = c (Nash equilibrium). Graphical



p2



Figure 9: Bertrand competition – Optimal strategies and Nash Equilbrium



p1(p2) p1= p2 p2(p1)



p* m



Note: How to construct Figure 9: 1) Draw the axes and the dashed line on which p1



= p2 . We will use



this line as a reference line when we construct the figure.



ε



2) Mark the marginal cost and the monopoly price in the figure. For



p*2 = c



the symmetric cost function in the



G



Bertrand model, both firms face the same marginal cost, resulting in the same monopoly price.



O



3) Now, we can include the optimal



p*1 = c



ε



p*m



p1



reaction to the other firm setting a price equal or below the marginal cost: choosing a price equal to the



Figure 9 shows the optimal strategies of both companies. At the intersection of both piecewise linear functions in p1 = p2 = c is the Nash equilibrium, denoted by G in the figure. c) Does your result change if there are N firms, instead of 2 firms in the market, assuming that N > 1? No, the number of firms does not alter our result. For N firms there is still a Nash equilibrium with prices equal to the marginal cost. This result relates to the Bertrand Paradoxon: Under the assumptions



marginal cost. ∗ 4) For prices pm ≥ q1 > c we first



choose a price for p1 in this interval. Our reference line then tells us which price p2 equals this exemplary price p1 . As in equation (29), we lower p2 by ε. This results in a price below our reference line. If we repeat this for all prices p1 in the interval, we end up with the red line below the reference line. For p2 , we follow



in the Bertrand model, the equlibrium price is equal to the marginal



the same logic and end up with



cost even if there are only two firms in the market. This result is driven



the line above the reference line.



by the assumption that demand is perfectly elastic to prices. d) Assume that the bicycle manufacturers in Problem Set 4 are in a market with Bertrand competition. The demand for bicycles is D ( p ) = 10 000 − 10p. The cost function for both firms is C (q ) = 280q. Both firms operate under a capacity constraint. A firm can satisfy only half of the demand that would arise at prices equal to the marginal cost. Is



5) Finally, we depict the reaction if the competitor chooses a price larger than the monopoly price: The firm will optimally choose the monopoly price.
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there a Nash equilibrium with prices equal to the marginal cost under these assumptions? Provide a complementary graphical solution to your algebraic result. What we know 1 • D ( p ) = 10 000 − 10p ⇒ D−1 (q ) = 1000 − 10 q



• C (q ) = 280q • capacity constraint = z =



1 D( p 2



= 280) = 12 (10 000 − 10 · 280) =



3600



Is p1 =p2 =MC a Nash equilibrium? For p1 = p2 = M C to be a Nash equilibrium, no firm can have an incentive to deviate from setting a price equal to the marginal cost, given the other firm’s choice of a price equal to the marginal cost. To see if there is an incentive to deviate, we assume that firm 2 sets a price equal to the marginal cost and determine the optimal reaction of firm 1. If the optimal reaction of firm 1 is to choose a price equal to the marginal cost, p1 = p2 = M C is a Nash equilibrium. If firm 1 can increase her profit by choosing a price p1 6= p2 = M C, there is no Nash Equilbrium at prices equal to the marginal cost. Assuming that firm 2 sets a price equal to the marginal cost, firm 2 will exhaust its capacity selling z bicycles. Because of the capacity constraint, not all of the consumers with a willingness to pay equal or greater than the marginal cost are able to buy a bicycle at this price. There remains a residual demand for firm 1 to satisfy:



Note: Alternatively, we can derive the inverse residual demand by plugging z into the inverse demand function:



DR ( p1 ) = 10 000 − z − 10p1



D−1 (q ) = 1000 −



= 10 000 − 3600 − 10p1 DR ( p1 ) = 6400 − 10p1 DR−1 (q1 ) = 640 −



1 10



q1



1000 −



(30) (31)



Because firm 1 is the only remaining firm in the market that can satisfy the residual demand, it can act as a monopoly, choosing the monopoly



1 (q 10 1



1 (q 10 1



+ z) = 1 + 3600) = 640 − 10 q1 .
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price (see equation (10)): A− c



∗ pm =c+



2 640 − 280



= 280 +



2



= 460 Because firm 1 has an incentive to choose p1 = 460 to maximize her profits, p1 = p2 = 280 is no Nash equilibrium. Graphical



p, MC 1000



Figure 10: Bertrand competition with capacity constraints



Note: We could now ask the question



640



if p2 = 280, p1 = 460 is a Nash



460



optimal reaction to p2



equilibrium. If we determine firm 2’s



MC



280



O



-1 DR(q1)



MRR 1800 3600



7200



=



280, we



see that firm 2 has an incentive to deviate from p2 = 280. In fact, there



D-1(q) q



exists no Nash equilibrium under the capacity constraint in this problem set.



Measures of Market Power



What will you learn in this section? • Calculating direct and indirect measures of market power. • Arguing the limitations of the measures of market power. Why is this important? • In Problem Set 1 c), we showed that deviations from a price, equal to the marginal cost, can be inefficient from the perspective of a social planner who strives to maximize welfare. Before regulating a market to increase efficiency, the social planner needs to assess the degree of market power and deviations from welfare maximizing prices — she needs to measure market power.
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Problem Set 6: Direct Measures In Problem Set 2 we compared the profits of a monopoly with profits under perfect competition and in oligopolies. We showed that monopolies made the highest profits. a) Formally derive a measure for market power, building on the markups of firms in a perfectly competitive market, a Cournot oligopoly, and a monopoly. Describe two additional measures of market power that draw on profits and the market value of a firm’s assets. Lerner Index Market power is the ability of a firm to sell a good at a price level above the marginal cost. In Problem Set 2, we derived the following markups (markup = p − c) for markets with linear demand functions and constant marginal costs: • Monopoly: p − c = • Cournot: p − c =



A−c 2



A−c 3



• Perfect competition: p − c = 0 Markups increase with rising market power. We can use the relative markup as a measure of market power:



Note: The higher the market power of a company, the larger the markup



Lerner Index = LI =



p−c p



(1)



as a share of the price. A question related to the LI is why we are not using the markup itself as a measure? Dividing by the price normalizes the



Other measures



measure and limits its domain to 0 



(a) Return on capital employed: The underlying idea is similar to the LI; profits and returns on capital increase with market power. (b) Tobin’s q: The underlying idea is that market power increases the



LI



< 1. The normalization



enables us to compare market power between markets for goods with different price levels. Think about comparing the market power of an automotive company with the market



market value of a firm relative to the replacement cost of the firm’s



power of an airline. Only because



assets



we look at relative increases over the



q=



market value . replacement cost of assets



power.



If q > 1, we infer that the firm has market



marginal cost instead of comparing markups of goods with drastically different price levels directly, a comparison is meaningful.
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b) What is the relationship between the reaction of consumers to a change in prices and the Lerner Index? Illustrate your result graphically for a monopoly and perfect competition. Our goal is to establish a link between the price elasticity of demand (reaction of consumers to a change in prices) and the Lerner Index, formally: ∂Q p ∂pQ



⇔



p−c p



Derivation of the relationship In this derivation, we will distinguish qi , the output of firm i and Q, the cumulative output of all firms in the market. Because the equilibrium markup is determined in the optimization of the firm’s profit function, this optimization is a natural starting point for deriving the relationship. The derivation proceeds in 4 steps:



1) Set up the profit function: πi = p (Q )qi − ci qi with Q =



N X



qi



(2)



i =1



2) Optimization of (2): f oc :



∂ πi ∂ qi



= p (Q ) +



∂p ∂ qi



qi − ci



(3)



3) We will derive the relationship for the equilibrium, i.e. a situation in which the first order conditions of all firms in the market are satisfied. Denoting the equilibrium price with p∗ and rearranging the terms in (3) yields: p ∗ − ci = − p ∗ − ci = −



∂p qi ∂ qi ∂ p ∂Q ∂ Q ∂ qi



(4) qi



(5)



4) In the Nash equilibrium, the production of one additional unit of output by firm i leads to the production of one additional unit of output on the market, i.e.



∂Q ∂ qi



= 1. We can show this with the



27



28



TOBIAS CAGALA



Envelope Theorem, which we derive in Problem Set 10. p ∗ − ci =



∂p



(6)



qi



∂Q



5) Then, we get: p ∗ − ci p∗ p ∗ − ci p∗ p ∗ − ci p∗



=− =−



∂ p qi ∂ Q p∗ ∂ p Q qi ∂ Q p∗ Q qi



= −



LI =



Q ∂ Q p∗ ∂ p∗ Q



mi ε



with mi =



qi



(7)



Q



Intuition: The market power of a



We can calculate the Lerner Index by diviving the market share of



firm depends on its market share mi and the responsiveness of consumers



company i by the price elasticity of demand.



to changes in prices. If consumers are price-inelastic, the firm can charge a high markup without loosing many customers. This corresponds to high



Graphical



market power.



p, MC, MR



Figure 11: Elasticities



ε>1



p*m ε=1



p*w = c



ε


MR(q) O



q*m



D-1(q)



q*w



q



• The monopoly chooses a price-output combination in the elastic part of the demand function (ε > 1). • Firms in a market with perfect competition choose a price-output combination in the inelastic part of the demand function (ε < 1).
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• Does this mean the LI (



mi ) ε



is smaller (less market power) in the



monopoly? – No, because at the same time the market share (mi → 0) of a firm in a market with perfect competition is much smaller than in a monopoly (mi = 1). – Market power depends on the price elasticity of demand and the market share. c) How does an increase in the number of substitutes affect the market power of a monopolist? The market power shrinks with a rising number of substitutes. If there are more substitutes, consumers can avoid high prices by switching to the substitute. Demand is more elastic to the price. In our formula for market power L I =



mi , ε



L I ↓ if ε ↑.



d) Calculate the value of the Lerner Index for the Equilbria in Problem Set 2 (Table 1 provides a summary of the results in Problem Set 2).



∗



p MC



With LI =



Monopoly



Cournot Duopoly



Perfect Competition



825 300



650 300



300 300



p−c , p



we get:



• Monopoly: L I = • •



Table 1: Prices and marginal cost



∗ pm −c



=



825 − 300



∗ pm p∗ − c Cournot Duopoly: c ∗ = pc p∗ − c Perfect Competition: w ∗ pw



825



= 0.64



650 − 300 650



=



= 0.54



300 − 300 300



=0



e) Calculate the value of the Lerner Index for the Nash Equilbrium in a symmetric Cournot oligopoly with N = 5 firms, the demand D ( p ) = 1 350 − 12 q, and constant marginal costs of 300. Calculate the Lerner Index based on the price elasticity of demand and a firm’s market share. Assume that the equilibrium price is p∗ = c + nA−c .4 +1 We will use the formula L I = market is symmetric: mi =



1 N



mi ε



for our calculation. Because the



= 0.2. To calculate ε we conduct a small



4



We will derive this formula for the equilibrium price in Problem Set 12 b).
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simulation. We calculate the demand at the equilibrium price and after a ten percent price increase. We can then calculate the price elasticity of demand by dividing the relative change in demand by the relative price increase. Price increase p∗ = c +



A− c n+1



= 300 +



1 350 − 300 5+1



= 475



pnew = 475 · (1 + 10%) = 522.5 Demand



D (475) = 2700 − 2 · 475 = 1 750 D (522.5) = 2700 − 2 · 522.5 = 1 655



Note: An alternative to this simlation is using the first partial derivative to calculate the price elasticity:



Price elasticity of demand



∂Q ∂p



ε=−



1 655−1750 1750 522.5−475 475



ε=



= 0.054



Lerner Index



LI =



mi ε



=



0.2 0.054



= 0.368



f) What are the disadvantages of the Lerner Index as a measure of market power? • To determine which share of the price of a good reflects a markup, we need to estimate the marginal cost. Whereas prices are observable in the marketplace, the marginal cost is private information of firms and cannot easily be estimated. However, we can, in some cases, overcome this problem by using the alternative formula for € Š market share the Lerner Index L I i = price elasticity . of demand • Monopolists have a smaller incentive to develop innovations that decrease marginal costs than firms in a competitive market (we will show this in Problem Set 11). Because of smaller incentives to innovate, monopolists produce at high marginal costs. High



=



∂ D( p)



∂p ∂Q p ∂p Q



=2



=2 475 1750



= 0.54
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∗ marginal costs imply low markups (pm =c+



A−c ) 2



and a low value



of the Lerner Index. If comparably high marginal costs and a low value of the Lerner Index are the result of market power, it would no longer be correct to interpret the Lerner Index as a measure that increases with market power.
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Problem Set 7: Indirect measures Intuition: We have seen that in



Alternatively, market power can be measured indirectly by looking at



symmetric markets, market power



market shares.



increases with a falling number of firms from perfect competition over the Cournot duopoly to the monopoly.



a) Describe two examples for such indirect measures.



The indirect measures capture this idea. Insetad of looking at markups



Herfindahl-Hirschman-Index (HHI)



directly, we follow the notion that a large number of companies and small



• Sum over squared market shares: H H I =



PN



2 i =1 m i



with mi =



qi . Q



• Properties:



market shares imply small markups. Note that if there is Bertrand competition, this relationship between the number of companies and markups



– In symmetric markets, HHI ↓ for N ↑



does no longer hold, as the equilib-



– HHI ↑ with rising asymmetry. Squaring corresponds to weighting



rium price equals the marginal cost as long as N > 1.



each market share with a weight that equals the size of the market share.



Intuition: The asymmetry property is similar to a property of the Ordi-



• Range: 0 < H H I ≤ 1



nary Least Squares (OLS) estimator. Squaring the residuals assigns a large weight to observations that are far off



Concentration Ratio (CR)



the regression line.



• Revenue of n firms with the largest market shares as a share of the total revenue in the market • Example: CR4 = 40% → The four largest companies make up 40% of the the total revenue in the market b) Calculate the HHI for a symmetric market with ten firms. Calculate the HHI for the same market if one firm has a market share of 60% and the remaining market share is symmetrically distributed among the remaining nine firms. Symmetric firms mi = HHI =



1 10 10 X



= 0.1 m2i



i =1



because of symmetry:



= N · m2i = 10 · 0.12 = 0.1
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Asymmetric firms



10 X



H H I = 0.62 +



1 − 0.6 9 {z



i =2



|



!2



}



remaining market shares



because of symmetry:



2



= 0.6 + 9



1 − 0.6 9



!2



= 0.378
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The Airline Mergers and Their Effect on American Consumers Excerpts from the Cogressional Hearing, March 21, 2001 “The lack of competition in the industry costs consumers dearly. Consumers do not see economic savings from hub operations. Instead, they endure higher prices and poor quality associated with the abuse of market power. . . . Flowing from this evidence, we find support for a number of traditional observations about public policy. Actual competition is vastly more important than the threat of competition. . . . The evidence suggests that one competitor in the hand is worth between three and six in the bush.”



What will you learn in this section? • Assess the effect of the threat of competition on prices, drawing on the theory of contestable markets • Argue how potential competition limits market power of monopolies • Understand the limitations of the theory of contestable markets Why is this important? • The initial example from the congressional hearing shows that the theory of contestable markets plays a role in merger control • The theory itself conceptualizes a powerful idea: Because of the threat of competition, markets can be efficient even if there is only small number of active firms on the market
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Problem Set 8: Contestability with Decreasing Average Costs A natural monopoly is characterized by the demand function D ( p ) = 14 − p. The marginal cost of producing the good are c = 2. Additionally, entering the market requires fixed costs of F = 27. a) What is the shape of the average cost curve?



C (q ) = 2q + 27 AC (q ) =



C (q ) q



=



2q + 27 q 27



AC (q ) = 2 +



q |{z}



lim AC (q ) = 0



q→∞



The average cost curve is L-shaped. With increasing output, average costs converge against two. b) Use a figure to show for which price-output combination the market



Figure 12: Contestable markets



is contestable. Show that the market is not contestable for deviating



The idea behind contestable markets is that the threat of competition



p,) MC, MR



pushes the price below the price level that we would expect from standard theory. We can determine the price-output combination that is realized if



n io . tit n ble pe dow sta ) om e) nte ich f)c ric o h ) )o )p f)c )w to at e )o us l) re s)th ry ls) eve Th ive theo )tel ce)l dr e) ets ri Th ark er))p )m w t (lo pec ex



price-output combinations.



incumbents react to the threat of entries into the market that we expect in such a setting. The new price-output combination has to satisfy two conditions to be feasible and sustainable: 1) i. No active firm incurs losses



O



ii. The market is cleared ⇒ If i. and ii. hold, the price-output combination is feasible 2) No potential competitor can enter the market and make a profit



Intuition: Feasibility means that we can plausibly expect this to happen (it would implausible to expect active firms making losses). Sustainability



⇒ The price-output combination is sustainable



means that there will be no market entries, i.e. we do not expect there to be changes to the output or price level due to new entries.



q
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Figure



14 Figure 13: Contestable markets



p



p2



p0



AC(q) D −1 (q)



p1 0



0



q2



q



q0



q1 14



Configurartion: (p0 , q0 ) 1) i. No active firm incurs losses: AC (q0 ) = p0 , therefore π0 = 0



Note: If the firm chooses a priceoutput combination on the average cost curve, profits equal zero (as long



ii. The market is cleared:



as D (qi ) = qi ):



D ( p ) = q0 |{z} | {z0}



Demand



π i = p i q i − C (q i )



Supply



⇒ Configuration is feasible



pi = AC (qi ) :



=



C (q i ) qi



q i − C (q i )



= C (q i ) − C (q i )



2) No potential competitor can enter the market and make a profit:



=0



⇒ The price-output combination is sustainable: If a firm enters the market at a price-output combination on the Note: To turn a profit, a firm has to



demand curve, either average costs are higher than pnew and



choose a price-output combination in



the firm makes a loss, or pnew is higher than p0 and there is no



the area above the average cost curve



demand. Therefore, a competitor can not enter the market and turn a profit.



and below (or on) the demand curve. If this is only possible at a price that is higher than the incumbent’s price, a firm can not enter the market and



⇒ The market is contestable at (p0 , q0 ).



turn a profit as long as the incumbent satisfies the whole demand at this price level.



C O M P E T I T I O N T H E O RY A N D P O L I C Y



37



Configurartion: (p1 , q1 )



1) i. The active firm incurs losses: AC (q1 ) > p1 , therefore π0 < 0 ⇒ Configuration is not feasible ⇒ The market is not contestable at (p1 , q1 ).



Configurartion: (p2 , q2 )



1) i. No active firm incurs losses: AC (q2 ) = p2 , therefore π2 = 0 ii. The market is cleared: D ( p 2 ) = q2



Note: If firms choose a price-output combination to avoid firm entries into the market (instead of the combination that maximizes profits), we can not use the formula for the Lerner Index that divides the market share



⇒ Configuration is feasible



by the price elasticity of demand. To derive this alternative formula, we



2) A potential competitor can enter the market and make a profit:



started with the maximization of a profit function. However, if a mar-



⇒ The price-output combination is not sustainable:



ket is contestable, the price-output combination is not the result of an



A firm can enter the market at a price-output combination on the



optimization of the profit function but



demand curve and turn a profit with p0 > pnew > p2 .



rather an attempt to prevent market



⇒ The market is not contestable at (p2 , q2 ).



entries. Therefore, the link between relative markets and price elasticity of demand that we established in our derivation of the formula in Problem Set 6 b) breaks down for contestable



The market is only contestable at the price-output combination (p0 ,q0 ).



c) Calculate the price and the output of the monopoly on the contestable market. Compare your result to the equilibrium price and output of a monopolist who is protected from firm entries by regulation.



Monopolist on the contestable market The market is contestable in the intersection between average cost



markets.
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curve and the inverse demand curve, i.e. for AC (q ) = D−1 (q ). D−1 (q ) = 14 − q AC (q ) =



(2) = (1) :



14 − q =



(1)



2q + 27



(2)



q



Note: To solve the quadratic formula, we use 0 = ax 2 + bx + c p b ± b2 − 4ac



2q + 27 q



x 1,2 =



2



14q − q = 2q + 27



2a



0 = q2 − 12q + 27 p 12 ± 144 − 108



qa,b =



2



qa = 3, pa = D−1 (3) = 11 q b = 9, p b = D−1 (9) = 5 On the contestable market, the monopolist chooses q = 9 and p = 5. Monopolist on the regulated market If the monopolist is protected from market entries by the regulator, she will choose the price-output combination that maximizes her profit. There is no reason to deviate from the profit maximizing price to prevent market entries: ∗ pm =c+



A− c 2



= 2+



14 − 2 2



=8



∗ qm = 14 − 8 = 6



⇒ On contestable markets, the threat of market entries leads to a priceoutput combination that is closer to the competitive equilibrium and is therefore more efficient than the price-output combination on the regulated market. d) On real markets, we see prices above average costs, despite the threat of market entry by potential competitors. Which assumptions of the theory of contestable markets do not always hold outside of our model? Intuition: The costs for the fleet of airlines can be reversible. When the



• A “hit-and-run” strategy of potential competitors has to be feasible. For a “hit-and-run” strategy to be successful, a firm has to be able to enter the market and turn a profit (cover fixed costs) before



entrant leaves the market, the fleet can be sold to cover the fixed costs. Alternatively, airplanes can be leased for a limited amount of time. In contrast, costs for marketing are an example of irreversible fixed costs.
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the incumbent reacts and reduces her price. For this strategy to be feasible, the time it takes the incumbent to react to the market entry by lowering prices has to be sufficiently long. • If a “hit-and-run” strategy is not feasible, fixed costs must be reversible.



Note: In order for the threat of the incumbent to be effective, it must be



• If there are irreversible fixed costs and a “hit-and-run” strategy is not feasible, the market is not contestable. The incumbent can



credible. Because for the incumbent, a price below average costs still allows her to cover part of her sunk fixed



prevent market entries by threatening to lower prices below average



cost and thereby lower her losses, the



costs.



threat is credible. In contrast to the incumbent, the entrant has not yet incurred sunk costs; she can avoid a loss if she does not enter the market.
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Problem Set 9: Contestability with U-shaped Average Costs Note: We get U-shaped average



On a market, average costs are U-shaped. The inverse demand curve



cost curves for cost functions with



intersects the average cost curve at the ascending branch to the right of



increasing the marginal cost, e.g.



the curve’s minimum. Use a figure to show if there is an equilibrium for



C (q ) = 12 q2 + 8.



which the market is contestable.



p



Figure 14: Contestable markets wit U-shaped average cost curve



p1 p0 0



0



q0



q



q1



Configurartion: (p0 , q0 ) 1) i. No active firm incurs losses: AC (q0 ) = p0 , therefore π0 = 0 ii. The market is not cleared: D ( p 0 ) < q0 ⇒ Configuration is not feasible ⇒ The market is not contestable at (p0 , q0 ) Configurartion: (p1 , q1 ) 1) i. No active firm incurs losses: AC (q1 ) = p1 , therefore π1 = 0
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ii. The market is cleared: D ( p1 ) = q1 ⇒ Configuration is feasible 2) A potential competitor can enter the market and make a profit:



Figure 15: Contestable markets with U-shaped average cost curve and cleared



⇒ The price-output combination is not sustainable:



market



A firm can enter the market at a price-output combination on the demand curve and turn a profit with p0 > pnew > p1 .



With this U-shaped average cost curve, inverse demand function, and one firm in the market, we do not find a price-output combination for



p



⇒ The market is not contestable at (p1 , q1 )



p0



which the market is contestable.



0



0



q0



q



2q0



Note: Figure 15 illustrates that if there are two firms that each offer q0 at a price of p0 the market is cleared and contestable. This is because here 2q0 = D ( p0 ).



Incentives for Process Innovations



What will you learn in this section? • Compare the incentives for process innovations (innovations that lower the marginal cost) between different market forms • Show that monopolies have smaller incentives for process innovations than firms in a competitive market • Derive the Envelope Theorem Why is this important? • We show that monopolies have a smaller incentive for welfareimproving process innovations than firms on a competitive markets. This can explain inefficiently high marginal costs in monopolies and adds to the inefficiency that is caused by the monopoly markups (see b) of Problem Set 2). • Finding that a lack of competition lowers innovativeness and competitiveness of firms has implications for development. The theory of import substitution industrialization that was particularly popular in Latin America in the 1930s until the late 1980s, prescribed isolation of domestic markets from international competition as a recipe for industrialization and development. However, we can show in our simple model that this strategy might have an important disadvantage: Because isolating domestic markets limits competition, the domestic firm in a developing country might not be innovative enough to eventually compete with firms in developed countries.
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This can help to explain why the success of import substitution industrialization was limited in Latin America. • Our finding also provides a formal underpinning for our argument in Problem Set 6 f) that monopolies are less innovative and therefore might have smaller markups as a result of their market power. • The Envelope Theorem helps us to determine how the value of an objective problem in an optimization problem changes if one parameter changes. It allows us to learn something about the impact of these changes in parameters without requiring us to solve the optimization problem. This is particularly useful if our assumptions do not allow us to explicitly optimize the objective function.



43



44



TOBIAS CAGALA



Problem Set 10: The Envelope Theorem A possible advantage of monopolies are larger incentives to innovate because of higher potential profits in monopolies than on competitive markets. In the following problem set, we will show that this notion does not hold true for process innovations. To this end, we will first derive the Envelope Theorem. The Envelope theorem provides the formal underpinning to show that monopolists have a smaller incentive for process innovations than firms on a competitive market. a) A monopolist with marginal costs of c is on a market that can be described by the demand function D ( p ) = 1 − p. The monopolist optimizes her profit function by choosing the optimal price level p∗ . Show how changes in c affect the monopolist’s profits. Take into account that changes in c affect the optimal price level p∗ = p∗ ( c ). Optimal price level π( p, c ) = pD ( p ) − c D ( p ) = p (1 − p ) − c (1 − p ) ∂π ∂p



(1)



!



= 1 − 2p + c = 0



p∗ =



1+c



(2)



2



D ( p∗ ) = q∗ = 1 −



1+c 2



=



1−c 2



(3)



The optimal price level p∗ depends on the marginal cost: p∗ = p∗ ( c ). To determine the influence of changes in c on profits, we plug (2) back into (1). The resulting profit function only depends on c. We can then use the partial derivative to find the influence of c on profits.
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Influence of changes in the marginal cost on profits



(2) in (1) :



π( p ∗ ( c ), c ) =



= ∂ π( p ∗ ( c ), c ) ∂c



=



1+c 2 1+c 2 1 2



(1 − −



1+c



) − c (1 −



2 � 1 + c ‹2 2



−c+c



1 1+c



−



2 | 2 {z2 }



with the chain rule



1



1+c 2



)



1+c



2 1+c 1 + c −1 + 1 | 2 {z 2 }



with the product rule



1



=− + c =−



2 2 1−c 2



= −D ( p∗ )



with (3):



(4)



⇒ An increase in the marginal cost leads to a decrease in the firm’s profit of q∗ . b) Derive the Envelope Theorem for a function f ( x, a ). Assume that the



Intuition: In essence, we follow the same steps to derive the Envelope



function is maximized with respect to x and that you are interested in



Theorem that we followed to derter-



the effects of changes in a.



mine the influence of changes in the marginal cost on profits. 1) Optimize the objective function with respect to



Unconstrained maximization problem



x. 2) Plug the optimal value of x, x∗ back into the objective function. 3)



f ( x, a )



Objective function:



(5)



Determine the effect of changes of a on the resulting function f(x∗ ,a).



Maximization with respect to x yields x ∗ ( a ), the value of x that optimizes the objective function for a given value of a:



Note: “arg max” is short for argumentum maximi. The value of x that



∗



arg max f ( x, a ) = x ( a ) x



(6)



We assume that x ∗ ( a ) is a unique solution to the optimization prob-



maximizes the function f ( x, a ).



Note: So far, the optimization problems for profit functions we studied



lem for a given a:



all had a unique solution. However, ∗



∂ f ( x ( a ), a ) ∂x



this is, of course, not the case for all



=0



(7)



optimization problems. For simplicity, we make the assumption that x∗ is a unique solution.



What is the effect of changes in a on the objective function? 1) Plug x ∗ ( a ) back into the objective function:



Intuition: We choose x ∗ , so that the first order condition is satisfied,



f ( x ∗ ( a ), a )



(8)



i.e. if we plug x ∗ into the partial derivative of f for x, we get zero: ∂ f ( x ∗ ( a ),a ) ∂x



= 0.
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2) Total differential of (8): d f ( x ∗ ( a ), a ) = d f ( x ∗ ( a ), a ) da



=



∂ f ( x ∗ ( a ), a ) ∂a



da +



∂ f ( x ∗ ( a ), a ) d a ∂ a{z



|



d a} 



1



+



∂ f ( x ∗ ( a ), a ) ∂x



d x∗



∂ f ( x ∗ ( a ), a ) d x ∗ |



∂ x{z



2



da}



(9)



(10)



There are two effects of changes in a:



1 Direct effect on the objective function



2 Indirect effect: Effect of changes in a on optimal level of x Figure 16: Envelope Theorem



which in turn affects the objective function We chose x ∗ , so that the first order condition for an optimum is satis∂ f ( x ∗ ( a ),a ) ∂x



= 0. At this optimal value of x, the objective function is



flat. This means that marginal changes in x do not affect the objective function. With (7), (10) reduces to:



d f ( x ∗ ( a ), a ) da



=



f(x, a)



fied



f(x, a)



∂ f ( x ∗ ( a ), a )



(11)



∂a



0



This is the Envelope Theorem. If we are interested in the effect of



0



marginal changes in x on f ( x, a ), we can evaluate the partial derivative with respect to a and do not have to take the indirect effect via changes in the optimal level of x into account.



x ∗ (a)



x



Note: In Figure 16, we find x ∗ by searching for the value of x for which the slope of f ( x, a ) is zero, i.e. the curve is flat at x ∗ . Because the curve



c) Show how the Envelope Theorem simplifies the solution to a).



is flat at x = x ∗ , marginal changes of x ∗ do not affect f ( x ∗ ( a ), a ) in Figure



∗



∗



∗



∗



π( p ( c ), c ) = p D ( p ) − cD ( p ) with (11):



dπ( p∗ ( c ), c ) dc



=



∂ π( p ∗ ( c ), c ) ∂c



(12)



17. Therefore, we do not have to take the indirect effect 2 of changes in a



∗



= −D ( p )



(13)



Comparing this to the steps we had to go through in a) to get to (4),



via x ∗ ( a ) into account.



Figure 17: Envelope Theorem



f(x ∗ (a + da)) = f(x ∗ (a))



we no longer have to determine the functional relationship between p∗ and c. We only assume that a unique solution to the optimization



want to make assumptions on the functional form of the demand function which would be necessary to determine the relationship



f(x, a)



problem for a given c exists. This is particularly useful if we do not



between p∗ and c.



f(x, a) 0



0



x ∗ (a) x ∗ (a + da)



x
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Problem Set 11: Incentives for Process Innovations The profits depend on the chosen price and constant marginal cost: π = f ( p, c ). Each supplier on the market chooses a price. For all suppliers, productions incur constant marginal costs. Demand for the good depends on the firm specific price level q = D ( p ). Assume that one firm can develop a process innovation that lowers the marginal cost of production for the innovator from c to c. a) What is the willingness to pay (wtp) of a social planner for the innovation?



p, MC A



Figure 18: Incentives for process innovation of social planner



Intuition: The social planner’s goal is



wtp of social planner



to maximize welfare. To determine the social planner’s willingness to pay, we compare welfare (exclusive of the cost



J



of developing the innovation) before



c



and after the innovation. Her willing-



K



c



ness to pay equals the increment in



L



O



D-1(q)



welfare. If the increment in welfare



q



of the innovation, the innovation is



is larger than the development cost welfare improving and is developed by the social planner.



• The social planner maximizes welfare. She therefore chooses a price Note: Because the social planner



equal to the marginal cost (see Problem Set 1 c)).



chooses a price, equal to the marginal



• The willingness to pay of the social planner for the process in-



cost, the producer surplus is zero and welfare equals consumer surplus



novation equals the increase in welfare that is achieved by the innovation: Vs = K + L. Zc Vs =



Note: The willingness to pay of the



D ( c ) dc c



(14)



social planner is equivalent to the area under the demand function within the limits c and c.
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b) What is the willingness to pay (wtp) of a monopolist for the innovation? Compare the monopolist’s willingness to pay to the social planner’s willingness to pay.



Monopolist’s willingness to pay



p, MC, MR A



p*m(c) p*m(c)



Figure 19: Incentives for process innovation of monopolist



J K



L



M



N



c c



D-1(q) O



D(p*m(c)) D(p*m(c))



q



The willingness to pay of the monopolist is:  π∗m ( c )



= J + K



π∗m ( c ) = K + L + M + N



Vm = L + M + N − J



(15)







Comparison to social planner Comparing the willingness to pay between social planner and monopolist is difficult. We have to find a way to show that the area Rc Vm = K + L + M + N in Figure 19 is smaller than Vs = D ( c ) dc in c



Figure 18 for all innovations that lower the marginal cost and a general linear demand function. This is why we use an alternative way to



Intuition: If we find a way to describe Vm as an integral, we can easily com-



describe the monopolist’s willingness to pay that allows for a simple



pare the area that corresponds to this



algebraic and graphical comparison.



integral in our Figure with the area



We start by describing the willingness to pay as the increment in the



of the social planner. The idea is to



representing the willingness to pay start with a simple representation of



monopolist’s profits through the innovation:



the willingness to pay as a difference in profits. We then work our way



Vm =



π∗m ( c ) − π∗m ( c )



(16)



back to the integral via the primitive function that would result in this difference.
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Figure 20: (Simple) example for an



We then restate (16) as a primitive function:



integral



f(x)



Vm = π∗m ( c ) − π∗m ( c ) = [π∗m ( c )] cc



(17) z



f(x) = z



Restating (17) as an integral yields:



Vm = [π∗m ( c )] cc =



O



Zc



dπ∗m ( c ) dc



=



Note: Figure 20 provides an example



dπ∗m ( c ) dc



the integral for the wtp of the mo-



=



nopolist. To calculate the area under f ( x ) = z between a and b:



(see Problem Set 10 c)):



Vm =



Zb



c



c



Z



dπ∗m ( c ) dc



Z dc =



c



x



that helps to illustrate how we derive



Applying the Envelope Theorem to (18), we know that ∗ −D ( pm ( c ))



b



(18)



dc



c



∂ π∗m ( c ) ∂c



a



∗ ( c )) dc −D ( pm



(19)



z d x = [z x ] ab = z b − za



a



More general:



c



Finally, we can reverse the sign of the function in (19) by reversing the limits of the integral:



Zb



f ( x ) d x = [ F ( x )] ab = F ( b ) − F ( a )



a



To find the wtp of the monopolist,



Zc Vm = c



∗ −D ( pm ( c )) d c



Zc



=



∗ D ( pm ( c )) dc



(20)



c



we essentially reverse this order. We Rb search for f ( x ) d x and know a



that it corresponds to the difference F ( b ) − F ( a ). We start by restating



∗ This leaves us with the question to which curve D ( pm ( c )) corresponds



this difference as a primitive func-



∗ in Figure 19. D ( pm ( c )) is the demand in the monopoly if the monop-



tion F ( x ). We then derive the first



olist chooses the price that maximizes her profits at a given marginal



derivative of this primitive function to recover f ( x ).



cost c. This is precisely what we can learn from the inverse marginal return curve M R−1 ( c ). Figure 21: Inverse marginal returns q



D(p*m(c'))



MR-1= D(p*m(c)) O



c'



A p



Note: Figure 21 illustrates that ∗ D ( pm ( c )) corresponds to the inverse



marginal return function. If we plug, for example, c 0 into M R−1 ( c ), we get D ( p∗ ( c 0 )) as the demand in the monopoly at a marginal cost of c 0 if the monopolist chooses the optimal ∗ price level pm ( c ) that maximizes her



profits.
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This allows us to illustrate the wtp of the monopolist as the area under the inverse marginal return function between c and c.



p, MC, MR A



Figure 22: Comparison of incentives for process innovation between monopolist and social planner



wtp of social planner wtp of monopolist



c c



D-1(q) O



q



Figure 21 illustrates that:



Note: Because the wtp of the monopolist is smaller than the wtp of the



Zc Vm =



∗ D ( pm ( c )) d c 



c ∗



Zc



social planner, the monopolist will



D ( c ) dc = Vs



(21)



that would be welfare increasing. This



c



Because p ( c ) > c for an arbitrary value of c < A,



not develop some of the innovations shows a further source of inefficiency



∗ D ( pm ( c ))



< D(c )



and Vm < Vs .



c) What is the willingness to pay (wtp) of a firm in a Bertrand Duopoly for the innovation? Compare the monopolist’s willingness to pay to the monopolist and the social planner.



of monopolies besides the monopoly markup that we discussed in Problem Set 2 b).



Intuition: The optimal price after the innovation relates to the optimal strategy of firms in a Bertrand duopoly (see Problem Set 5 b)). If the competitor has marginal costs that ∗ are higher than pm , the innovator



Case differentiation



can act as a monopolist. At a price ∗ of pm ( c ), she has the lowest price on



the market which draws the whole ∗ 1) Drastic innovation: pm ( c ) < c ⇒ firm acts as monopolist and ∗ chooses p = pm (c ) ∗ 2) Non-drastic innovation: pm ( c ) > c ⇒ firm can not act as monopolist



and chooses p = c − ε



demand to her. In contrast, if the competitor has marginal costs that are ∗ lower than pm after the innovation, ∗ for pm ( c ), the whole demand would



accrue to the competitor. Therefore, the innovator chooses a price that is marginally smaller than marginal costs before the innovation, i.e. a price that is smaller than the price of the competitor. That way, the innovator chooses the closest price to ∗ pm ( c ) for which she draws the whole



demand to herself.
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1) Drastic innovation Comparison to the social planner The willingness to pay equals the difference between profits after and before the innovation. Before the innovation, i.e. in the Bertrand Nash equilibrium, prices equal the marginal cost and the firm does not make any profit. Therefore, the willingness to pay equals the monopoly profit after the innovation. Vbd = π∗m ( c ) − 0



(22)



∗ ∗ ∗ = D ( pm ( c )) · pm ( c ) − D ( pm ( c )) · c



|



{z



demand



} | {z } price



|



{z



demand



(23)



} |{z} MC



∗ (c ) pm



∗ = [ D ( pm ( c )) c ]c



(24)



∗ pm (c )



Z



Vbd =



∗ ( c )) d c D ( pm



(25)



c



p, MC, MR A



Figure 23: Comparison of incentives between firm on market with Bertrand competition and social planner – Alternative 1



wtp of social planner wtp of firm (Bertrand competition)



c p*m(c)



c



D-1(q) O



D(p*m(c))



q ∗ Note: the function D ( pm ( c )) in (25) ∗ is different from D ( pm ( c )) in (20).



Figure 23 illustrates that:



∗ D ( pm ( c )) is the value of the function,



evaluated at c; a constant function



∗ pm (c )



Z



Vbd = c



∗ D ( pm ( c )) d c 



Zc



similar to f ( x ) = z in figure 20. In



D ( c ) dc = Vs c



(26)



∗ contrast, D ( pm ( c )) gives the demand



as a function of the marginal cost.
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∗ ∗ ∗ Because 1) D ( c ) ≥ D ( pm ( c )) for all c ≤ pm ( c ) and 2) pm ( c ) < c, the



wtp of the firm in the Bertrand oligopoly is smaller than the wtp of the social planner: Vbd < Vs .



Figure 24: Comparison of incentives – reasoning q



Comparison to the monopoly 1)



To make a comparison to the monopoly, we first derive an alternative



D(p*m(c))



way of illustrating the firm’s willingness to pay. We begin with the same difference in profits before and after the innovation as in (22) but



2)



O



c



use the monopolist’s profit function as the primitive function. Vbd = π∗m ( c ) − 0



(27)



c



= [π∗m ]A



(28)



p*m(c) c



Figure 25: Comparison of incentives – need for alternative way of illustrating wtp p, MC, MR A



wtp of monopolist wtp of firm (Bertrand competition)



If we plug the limit A into (28) we get the zero profit in (27). This is because for marginal costs equal to the prohibitive price π∗m ( c ) = � ‹2 b A−c = 0. We then can derive the integral using the Envelope 2b Theorem, as in (19):



p, MC, MR



c p*m(c)



c



c



Z



O



∗ −D ( pm ( c ))



Vbd =



D-1(q)



dc



D(p*m(c))



q



(29)



A



Note: Figure 25 illustrates the prob-



We finally reverse sign and the limits as in (20) and end up with: ZA Vbd =



lem of using the area in the red demarcation to describe the wtp of the firm. Because neither area en-



∗ D ( pm ( c )) dc



(30)



compasses the other, it is hard to tell whether the monopolist or the firm on



c



a market with Bertrand competition



The area described by (30) allows for a simple graphical and algebraic comparison between the wtp of the monopolist and the firm in the Bertrand Duopoly: ZA Vbd = c



∗ D ( pm ( c ))



dc >



Zc



∗ D ( pm ( c )) dc = Vm



(31)



c



Because A > c the wtp of the firm in the Bertrand oligopoly is larger than the wtp of the monopolist: Vbd > Vm .



has the larger wtp.
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Figure 26: Comparison of incentives between firm on market with Bertrand competition and social planner – Alternative 2



wtp of monopolist wtp of firm (Bertrand competition)



c
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p*m(c)



c



D-1(q) O



D(p*m(c))



q



Of course, (30) and (25) as well as the corresponding areas in Figure 27 and Figure 23 describe the same willingness to pay, i.e.: ZA



Figure 27: Alternative 1 and Alternative 2 for describing the wtp p, MC, MR



∗ pm (c )



∗ D ( pm ( c ))



c



Z



dc =



∗ D ( pm ( c )) dc



equals



(32)



c



O



2) Non-drastic innovation



q



The firm chooses p = c − ε. Because ε is a small quantity, we assume that p ≈ c for simplicity. This implies a wtp of:



p, MC, MR A



wtp of social planner wtp of monopolist wtp of firm (Bertrand competition)



p*m(c) p=c



c



D-1(q) O



D(p*m(c)) D(c)



q



Figure 28: Comparison of incentives between firm on market with Bertrand competition (non-drastic), monopoly, and social planner
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Vb = π( c ) − 0



(33)



= D ( c ) · |{z} c − D(c ) · c |{z} |{z} |{z} demand



=



price



demand



(34)



MC



[ D ( c ) c ]cc



(35)



Zc Vb =



D(c ) d c



(36)



c



Comparison to the monopoly Figure 29: Comparison of incentives



Zc Vb =



D(c ) d c >



c



Zc



between firm on market with Bertrand ∗ D ( pm ( c )) dc = Vm



(37)



c



competition (non-drastic) and monopolist p, MC, MR A



∗ ∗ Because 1) c < pm ( c ) for a non-drastic innovation, D ( c ) > D ( pm ( c ))



1)



and therefore 2) D ( c ) > D ( pm ( c )) for all c ≥ c, the wtp of the firm



D(c)



2)



in the Bertrand duopoly is higher than the wtp of the monopolist: 1) D(p*(c))



Vb > Vm .



m



O



q



Comparison to the social planner Note: We first compare the point



Zc Vb =



D(c ) d c 



c



for which we get the highest value of



Zc D ( c ) dc = Vs



(38)



∗ D ( pm ( c )) in Vm with D ( c ). Second,



we argue that we get even smaller ∗ values if we D ( pm ( c )) plug higher



c



Because D ( c ) < D ( c ) for all c < c the wtp of the firm in the Bertrand



∗ values of c into D ( pm ( c )).



duopoly is smaller than the wtp of the social planner: Vb < Vm . Intuition: Because of all the market



Summary of Problem Set 11



forms we studied, the monopolist makes the largest profits, there is an



Vs > Vbd , Vb > Vm



(39)



incentive to innovate and reap the beneifts from the innovation. How-



The monopolist has the smallest wtp for the innovation. The monopo-



ever, whereas the monopolist makes profits before the innovation and



list does not develop innovations that increase welfare, i.e. innovations



her wtp equals additional profits, a



that a social planner would develop. Because the wtp of firms in the



firm in a Bertrand duopoly does not



Bertrand duopoly is higher than the wtp of the monopolist, this potential source of inefficiency is smaller in the Bertrand duopoly.



turn a profit before the innovation. The firm’s wtp therefore equals the entire profit after the innovation. This explains why there are larger incentives to innovate in a market with competition than in a monopoly.
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Problem Set 12: Incentives for Process Innovations – an Example On the market for bicycles, demand is D ( p ) = 1 000 − p. The marginal cost of producing bicycles is c = 400. A process innovation lowers the marginal cost to c = 250. a) Compare the incentives to develop the innovation between a social planner, a monopolist, and a firm in a Bertrand duopoly. What we know • D ( p ) = 1 000 − p ⇒ D−1 (q ) = 1 000 − q • c = 400, c = 250



Social planner Zc Vs =



D(c ) d c c



1



= [1 000c − c 2 ]400 250 2



1



1



2



2



= (1 000 · 400 − 4002 ) − (1 000 · 250 − 2502 ) Vs = 101 250



Monopolist Zc Vm =



∗ D ( pm ( c )) dc



(40)



c ∗ D ( pm ( c )) in (40) is the demand under monopoly pricing as a function



of the marginal cost: ∗ D ( pm ( c ))



Here :



= =



Figure 30: Demand and inverse marginal



A− c 2b 1000 − c 2b



returns q



1



= 500 − c 2



(41)



1000



D-1(q) = 1000 - p



500



O



p, MC, MR
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Plugging (41) into (40), we get: Zc Vm =



1 500 − c d c 2



c



1



= [500c − c 2 ]400 250 4



1



1



4



4



= (500 · 400 − 4002 ) − (500 · 250 − 2502 ) Vm = 50 625



Firm in Bertrand duopoly Is the innovation drastic? ∗ pm (c ) =



A+ c 2



=



1 000 + 250 2



= 625



Because the monopoly price is higher than the old marginal cost of c = 400, the innovation is not drastic. Zc Vb =



D ( c ) dc



(42)



c



Plugging D ( c ) = 1 000 − 400 = 600 into (42), we get: Zc Vb =



600 d c c



= [600c ]400 250



Note: Vs



= 600 · 400 − 600 · 250 Vb = 90 000



b) What is the willingness to pay of a firm in a Bertrand duopoly for an innovation that lowers the marginal cost of c = 700 to c = 100. Is the innovation drastic? ∗ pm (c ) =



A+ c 2



=



1 000 + 100 2



= 550



= 101 250 < Vb



90 000 < Vm = 50 625



(43)



=
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Because the monopoly price is lower than the old marginal cost c = 700, the innovation is drastic. ZA Vbd =



∗ D ( pm ( c )) dc



(44)



c ∗ D ( pm ( c )) in (44) is the demand under monopoly pricing as a func-



tion of the marginal cost. We derived this demand already in (41): ∗ D ( pm ( c )) = 500 − 21 c. This yields:



Note: Alternatively, we can use (26) and (43) to calculate the wtp:



ZA



∗ (c ) pm



1



500 − c d c 2



Vbd =



(45)



Z



c



c ∗ (c ) pm



1



= [500c − c 2 ]1000 100



Z



4



1000 − 550 dc



=



1



1



4



4



= (500 · 1000 − 10002 ) − (500 · 100 − 1002 ) Vbd = 202 500



∗ D ( pm ( c )) dc



Vbd =



c



= [450c ]550 100 = 450 · 550 − 450 · 100 Vbd = 202 500
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Collusion



What will you learn in this section? • Derive the equilibrium in a Cournot oligopoly with n firms • Determine the optimal output of firms that form a cartel • Show why cartels are not stable in the static model Why is this important? • So far we have discussed how competition lowers firms’ profits. This problem set offers an analysis of a way for firms to overcome the negative effects of competition on profits: Collusion. Because collusion leads to markets failing to provide efficient outcomes, it is important to understand under what conditions we expect collusion and what limits firms’ ability to collude.
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Problem Set 13: Nash Equilibria in Cournot Oligopolies with n firms A Cournot oligopoly is characterized by the inverse demand function n P D−1 (Q ) = A − bQ, where Q = qi . All of the n firms have marginal costs i =1



of production of c. a) What is the equilibrium output of firm i?



Note: To find the output level in the Nash equilibrium, we follow the same steps as for the Cournot Duopoly in



Objective function



Problem Set 3. We first set up the profit functions. Second, we maximize



πi = D−1 (Q )qi − cqi



the profit functions by deriving the first order conditions. Third, solving



= (A − bQ )qi − cqi πi =



�



A − b qi +



n−1 X



qj



‹



the first order conditions for output



! qi − cqi



where j 6= i



(1)



j



allows us to set up the reaction functions. Fourth, at the intersection of the reaction functions is the Nash equilibrium.



Because the marginal cost is the same for all firms, we get n−1 P



q j = ( n − 1)q j . Plugging this into (1):



j



€ Š πi = A − b (qi + ( n − 1)q j ) qi − cqi



(2)



Maximization and reaction function πi qi



!



= A − 2bqi + ( n − 1) bq j = 0



2bqi = A − c − ( n − 1) bq j qi =



A− c



1 − ( n − 1)q j 2b 2



(3)



Likewise, optimization of π j and solving for q j yields the reaction



Intuition: The reaction function (3) shows that if the competitors of firm



function:



i choose a zero output, the optimal



qj =



A− c 2b



1



− ( n − 1)q i 2



strategy of the firm is to choose the



(4)



∗ monopoly output qm =



A−c , 2b



∗ as qm



maximizes profits of a single firm on the market.
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Nash equilibrium at intersection of reaction functions qi =



(4) in (3):



qi = qi − 4qi 4



−



( n − 1)2 q i 4



( n − 1)2 q i 4



= =



4qi − ( n − 1)2 qi =



A− c



‹ �A− c 1 1 − ( n − 1) − ( n − 1)q i 2b 2 2b 2



A− c



− ( n − 1)



2b A− c



−



2b



4



4b



2(A − c )



−



4b



( n − 1)(A − c ) 4b



2(A − c ) − ( n − 1)(A − c ) b



(2 − ( n − 1))(2 + ( n − 1))qi = (2 − ( n − 1))



qi∗ =



4b



1



+ ( n − 1)2 q i



( n − 1)(A − c )



(4 − ( n − 1)2 )qi = (2 − ( n − 1))



qi =



A− c



(A − c )



Note: To transform (4 − ( n − 1)2 )



b



into (2 − ( n − 1))(2 + ( n − 1)),



(A − c )



we use the binomial formula



b



x 2 − y 2 = ( x + y )( x − y ).



(A − c ) b (2 + ( n − 1)) (A − c ) b ( n + 1)



Intuition: Expanding (6) by



1 , n



we



see how the cumulative equilibrium



(5)



output changes with a rising number of firms Q∗c =



n 1n (A−c )



b ( n 1n +1 1n )



=



A−c . b (1+ 1n )



For a large number of firms, we get the same cumulative output as in



We then turn to the cumulative output of all firms in the Nash equilib-



the perfectly competitive equilibrium



rium Q∗c



n→∞



lim Q∗c ( n)



=



A−c . b



For one firm,



we get the equilibrium output of



with (5) and symmetry:



Q∗c =



n X



the monopolist Q∗c ( n = 1) =



qi∗ = nqi∗



Consequently, the output in the Nash equilibrium of the Cournot oligopoly



i =1



Q∗c =



n(A − c ) b ( n + 1)



A−c . 2b



lies between the monopolist’s out-



(6)



put and the cumulative output in a market with perfect competition. The position of the output in the Cournot oligopoly with respect to these reference points depends on the number of firms.



Figure 31: Cumulative output Cournot



qw∗ Qc∗ = n(A − c)/(b(n + 1)) qm∗



00



n
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b) What is the equilibrium price?
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Intuition: For the equilibrium price in the Cournot oligopoly, we find that the markup decreases in n. For



pc∗



=D = =



−1



(Q∗c )



= A− b



n(A − c )



!



b ( n + 1)



a large number of firms, the markup converges against the marginal costs (equilibrium price in market with



( n + 1)A n(A − c ) − n+1 n+1



perfect competition) lim pc∗ ( n) = c.



A − nc



markup.



n→∞



For one firm, we get the monopoly



n+1



= c−c+



A − nc



Figure 32: Price Cournot



n+1 ( n + 1) c A − nc =c− + n+1 n+1



=c−



pm∗ pc∗ = c + (A − c)/(n + 1)



A− c n+1



pw∗



c) What is the equilibrium profit of firm i?



π∗c



=



00



( pc∗ − c )qc∗ �



=b



‹ A− c



−c n+1 b ( n + 1) � A− c ‹ A− c



= c− =b



A− c



b ( n + 1) b ( n + 1) � A − c ‹2



b ( n + 1) � ‹2 π∗c = b qc∗



n



Intuition: The relatiopnship between equilibrium profits and n reflects the relationship between qc∗ and n.



Figure 33: Profit Cournot



πm∗



d) Why do firms on markets with a large number of firms not collude? Profits decrease with a larger number of firms on a market. However, collusion to increase profits is difficult if a large number of firms are involved: • Coordination of firms to reach cartel agreement more difficult with large number of heterogeneous firms • Higher costs of enforcement of the cartel agreement → Firms can easier deviate from the agreement unnoticed • Probability of detection by antitrust division increases with number of members of cartel



πc∗ = b(qc∗ ) 2 πw∗ = 0



0



n
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Problem Set 14: Cartels in the static model The popularity of fondue was no accident. It was planned by a cartel of Swiss cheese makers, that ruled the Swiss economy for 80 years. Two Swiss cheese producers A and B produce Emmentaler. The firms



Note: For a podcast on the Swiss Cheese Union, Cartels and deviations from the cartel agreement, listen to



decide to form a cartel to divide the market for Emmentaler symmetrically



the npor podcast here.



between themselves. Marginal costs to produce Emmentaler are c = 50 and demand is D ( p ) = 1300 − 2p. a) What are the profits of the firms if both firms adhere to the cartel agreement? What we know 1 D ( p ) = 1300 − 2p ⇒ D−1 (q ) = 650 − q 2 c = 50 Cartel agreement • Cartel exists for one period → static model • Firms coordinate output decision to maximize profits We optimize the joint profit function of the cartel:



Intuition: The cartel acts like a monopolist (the producer surplus is



πcar t el = ( p (q ) − c )q � ‹ 1 = 650 − q − 50 q 2 ∂ πcar t el ! = 650 − q − 50 = 0 ∂q ∗ qcar t el



symmetric market division:



qA∗ car t el = qB∗



= 600 1



car t el



∗ pcar t el



= 600 = 300 2



= D−1 (600) 1



= 650 − 600 = 350 2



π∗A



=



pB∗



= (350 − 50)300 = 90 000



b) What are the profits of the firms if only one firm complies with the cartel agreement?



maximal in the monopoly). It optimizes her profit function as if it was one firm. Then, the cartel’s members share the monopoly profit by producing half of the monopoly output each.
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Assumption: Firm B complies with the cartel agreement and produces qB∗



car t el



= 300.



Note: This is similar to the optimization in the Bertrand oligopoly with



Firm A then optimizes her profits with respect to the residual demand



capacity constraints in Problem Set 5



(the consumers that did not buy the good from B).



d).



The residual demand is: DR ( pA) = 1 300 − qB∗



car t el



− 2pA



= 1 300 − 300 − 2p1 DR ( pA) = 1000 − 2p1 1 DR−1 (qA) = 500 − qA 2



(7)



We can then optimize the profit function of A, considering residual demand (7): ‹ � 1 πA = 500 − qA − 50 qA 2 ∂ πA ! = 450 − qA = 0 ∂ qA qA∗ = 450 Q = qA∗ + qB∗



car t el



= 450 + 300 = 750



p = D−1 (750) 1



= 650 − 750 = 275 2



π∗A



= (275 − 50)450 = 101 250



π∗B



= (275 − 50)300 = 67 500



Note: By deviating from the cartel agreement, firm A can increase her profits from 90 000 to 101 250. Firm B on the other hand has lower profits than in the cartel (67 500).



c) What are the profits of the firms if both firms take into account that there is no enforcement of the cartel agreement and both firms have incentives to deviate from the agreement? Because there is no enforcement of the agreement, the agreement does not enter the objective functions of the firms. Both firms optimize their profits as if there was no cartel agreement. The equilibrium in this situation is the Nash equilibrium in the Cournot duopoly. We can use the formulas from Problem Set 13 c) to calculate equilibrium profits in



64



TOBIAS CAGALA



the Cournot oligopoly: � ‹2 π∗A = π∗B = π∗c = b qc∗ � A − c ‹2 =b b ( n + 1) !2 1 650 − 50



=



2



1 (2 + 1) 2



= 80 000 d) Table 2 shows the profits of both firms (πA, πB ) for the output levels in this problem set. Which output level would you recommend to the firms, given the output level of their competitor?



πB



qB = 300 qB = 400 qB = 450



Table 2: Profits in the Cournot duopoly



qA = 300



πA qA = 400



qA = 450



(90 000, 90 000) (100 000, 75 000) (101 250, 67 500)



(75 000, 100 000) (80 000, 80 000) (78 750, 70 000)



(67 500, 101 250) (70 000, 78 750) (67 500, 67 500)



Note: In a dynamic model cartels can be stable. If a firm retaliates for deviations from the cartel agreement by never entering the cartel again (grim trigger strategy), the deviating firm compares the present value of her future profits in the cartel with the present value if she deviates and the



Assuming that firm B chooses qB = 300, we select the column that



profits she makes after her deviation



maximizes πA (here: the third column). We mark this column and



when the other firm refuses to form a



then do the same for qB = 400 and qB = 450. We then assume that



tion from the agreement is lower than



qA = 300 and choose the row that maximizes πB , followed by selecting



the present value if she complies with



the row that maximizes πB for qA = 400 and qA = 450:



cartel. If the present value for a devia-



the agreement, the cartel is stable in the dynamic model with an infinite time horizon.



πB



qB = 300 qB = 400 qB = 450



qA = 300



πA qA = 400



qA = 450



(90 000, 90 000) (100 000, 75 000) (101 250, 67 500)



(75 000, 100 000) (80 000, 80 000) (78 750, 70 000)



(67 500, 101 250) (70 000, 78 750) (67 500, 67 500)



Table 3: Nash equilibrium in the Cournot duopoly Intuition: Because firms have individual incentives to deviate from the cartel agreement, they end up in the Nash equilibrium with lower profits than in the cartel. Although in



We end up with one Nash equilibrium in qA = qB = 400, for which both firms have no incentive to change their output given the choice



the Nash equilibrium both firms are worse off than in the cartel, the lack of an enfoircement mechanism implies



of output of their competitor. The table also illustrates the instability



an instable cartel and the Cournot



of cartels. No matter which output the competitor chooses, complying



solution. This is a classic prisoner’s



with the cartel agreement is never optimal for a firm.



dilemma.
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Additional illustration Figure 34: Cartel with iso-profit curves



R1 (q2 ) q2



I22 qm∗ R2 (1/2 · qm∗ ) 1/2 · qm∗



I12



R2 (q1 )



00 1/2 · q ∗ q ∗ m m



q1



Figure 34 shows the cartel output



€1



q∗ 2 m



Š



in an illustration with iso-



profit curves from Problem Set 4, Figure 8. Both firms can reach a higher iso-profit line in the lens between I12 and I22 . The instability follows from the optimal reaction deviating from the agreement. For ∗ firm 1 choosing q1 = 12 qm , the optimal strategy of firm 2 is to deviate ∗ ∗ from the agreement and to choose R2 ( 12 qm ) 6= 12 qm .
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Mergers



What will you learn in this section? • Evaluate mergers from a consumer perspective • Derive asymmetric equilibria for Cournot oligopolies with heterogeneous cost functions • Evaluate the effect of mergers on the consumer surplus using stock market prices of comeptitors of the merging firm Why is this important? • Mergers are commonplace in markets and merger control is an important aspect of competition policy. It is important to understand which aspects of a merger determine its effect on consumers and decisions of institutions in charge of merger control. • Limited avialiability and access to data are a common problem for empirical research. The method of Duso et al. (2007) provides an example of how to deal with limited availability of data.
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Problem Set 15: Mergers and consumer surplus This problem set draws on Duso et al. (2007) who discuss European merger control from a consumer perspective. To prepare for this problem set, read pp. 455–461 of the journal article. a) The European Commission wants to evaluate the effects of mergers on consumer surplus. Show in which case you expect a positive effect on consumer surplus, using a figure. Effects of mergers on consumer surplus The sign of changes in output equals the sign of changes in consumer surplus:



Note: sgn is short for “signum”, meaning sign. Relationship between Q and CS



sgn(∆Q ) = sgn(∆ C S )



The relationship between con-



(1)



sumer surplus and total output for D−1 (Q ) = A − bQ is:



1) The merger lowers number of firms on the market • The total output decreases ceteris paribus → The equilibrium price increases • A lower output and a higher equilibrium price ceteris paribus lower consumer surplus post merger 2) The merged firm is more efficient than the firms were pre merger (e.g. because of economies of scale) • The total output increases ceteris paribus → The equilibrium price decreases • A higher output and a higher equilibrium price ceteris paribus increase consumer surplus post merger ⇒ Because 1) and 2) go in opposite directions, the net effect of the merger on the consumer surplus can be positive or negative. Therefore, the merger control has to judge each merger separately to determine the merger should be vetoed from the consumer perspective.



Š 1€ A − P (Q ) Q 2 Š 1€ A − (A − bQ ) Q = 2 1 KR = bQ2 2 ∂ KR = bQ > 0 ∂Q KR =



Effect of n ↓ From Problem Set 13 a), we know that Q∗c ( n) = €A−c Š . b 1+ 1n



For n ↓ →



1 n



↓ → Q∗c ↓ → C S ↓ .



Efficiency effect From Problem Set 13 a), we know that qc∗ ( n) = b(A−c . 1+ n) For n ↓ → qc∗ ↑ → C S ↑ .
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Graphical



Note: A merger in a duopoly is a spe-



For Figure 35, we assume that firms in a Cournot duopoly face the inverse demand function D



−1



(q ) = 4 −



1 q 2



and that marginal costs before



the merger are c = 2.5. Before the merger, the output in the Nash equilibrium is Q∗c ( c ). The merger creates a monopoly. Depending on



cial case, as the profits of the megered firm is always (irrespective of efficiency) larger than the cumulative of the firms pre merger. This is because the merger creates a monopoly.



the efficiency effect of the merger, the consumer surplus can increase or decrease post merger. If there is no efficiency effect on marginal costs, the output decreases to Q∗m ( c ) and there is thus a negative effect of the merger on the consumer surplus. If the merged firm increases efficiency and marginal costs decrease to c − e the output increases to Q∗c ( c − e ) and consumer surplus increases.



p, MC, MR



Figure 35: Merger effects on consumer surplus



c D-1(q) c-e O



e



MR Q*m(c) Q*c(c)



Q*m(c-e)



q



b) Which data do you need to evaluate the effects of the merger on the consumer surplus? We need information on the efficiency effect before the merger. The prediction of these effects is very difficult for outsiders. c) Discuss the method that Duso et al. (2007) apply to evaluate the effect of mergers on consumer surplus. Develop a figure to illustrate the relationships between efficiency, profits and consumer surplus. Duso et al. (2007) evaluate effects of a merger on consumer surplus without information on the efficiency effect of the merger. The effect of mergers on consumer surplus is recovered from changes in the profit expectation of competitors of the firms that announce a merger. Figure 36 shows the relationships between efficiency, profits and consumer surplus. We denote the effect of the merger on marginal
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costs, i.e. the efficiency effect, with e. Intuition: To see why a merger de-



∆π f : the profit of the merged firm (π f ) is only larger than the cumulative profits of the merging firms if the merger increases



creases profits, consider a merger between two firms in a symmetric Cournot oligopoly with three firms.



efficiency. Otherwise, the merging firms loose market shares



Before the meger, the cumulative mar-



and the merger leads to a loss in profits.



ket share of the merging firms is



2 . 3



Post merger, there is a duopoly with



∆ C S: With increasing efficiency, the consumer surplus after the merger increases. This is because the merging firm increases her output at a higher efficiency. For an efficiency effect



market shares



1 . 2



This loss in market



shares is responsible for the negative effect of the merger on π f .



that is greater than the critical vale e0 , the efficiency effect dominates and the net effect of the merger on consumer Intuition: To see why a higher ef-



surplus is positive.



ficiency increases the firm’s output,



∆π1 : The changes in the competitor’s profits π1 mirror changes in the consumer surplus. For a low efficiency effect, profits



consider the equilibrium output in the symmetric Cournot duopoly qc∗ =



The lower marginal costs, the higher



increase because the merger eliminates a competitor (the



the output of a firm. For a small



number of firms decreases). If the firm increases the efficiency



efficiency effect of the merger, the



of the merged firm, the market shares are no longer symmetrically distributed but the firm with lower marginal costs in-



A−c . 3b



negative effect of a lower number of firms in the market dominates and the merger reduces consumer surplus.



creases her market share while the competitor’s market share decreases. This loss in market shares reduces post merger profits of the competitor. If the efficiency effect is larger than e0 , the competitor of the merging firm’s post merger profits are lower than her pre merger profits.



∆CS, ∆πf , ∆π1



Figure 36: Mergers



∆πf



Note: The critical value for a positive effect of the merger on welfare is smaller than e0 . This is because welfare incorporates the positive effects of



∆CS



O



∆π1



e



e0



⇒ Changes in the consumer surplus have the opposite sign of changes



the merger on the producer surplus.
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in profits of the competitor: sgn(∆ C S ) = −sgn(∆π1 )



(2)



The critical value e0 is the same for consumer surplus and changes in the competitors’ profits. d) How does Duso et al.’s method simplify the evaluation of a merger’s effect on the consumer surplus? The systematic relationship between changes in profits of competitors and changes in the consumer surplus allows us to evaluate mergers from the consumer perspective without evaluating the efficiency effect



Note: We make the assumption that stock markets aggregate all available information resulting in stock prices that reflect changes in expected profits of competitors due to mergers. For a critical discussion of this “efficient



ourselves. Instead, we evaluate changes in competitor’s profit expecta-



market hypothesis”, see, e.g., Malkiel



tions with data about abnormal stock market returns of competitors.



(2003).



If the value of competitor’s stock prices increases after the announcement of the merger, we conclude that these changes reflect changes in profit expectations and allow us to infer changes in consumer surplus.



An important aspect of the empirical analysis is that we want to identify the causal effect of a merger announcement on stock market prices. We need to separate the influence of



Because stock market data is easy to access and we do not need to



the announcement from any other



predict efficiency effects ourselves, Duso et al.’s method simplifies the



factors that affect stock market prices



evaluation of a merger’s effect on the consumer surplus.



at the time. To this end, Duso et al. (2007) consider abnormal returns. That is, they look for changes in stock market prices that cannot be explained by a trend in stock prices or other events at the time of the announcement.
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Problem Set 16: Mergers and consumer surplus (model) We now turn to formally deriving the relationships between efficiency, profits and consumer surplus that we described c). To this end, we evaluate a merger of two firms in a Cournot oligopoly. Before the merger, three firms are active on the market and face the inverse demand function D−1 (Q ) = A − Q, with Q = q1 + q2 + q3 . The cost function before the merger is C (qi ) = cqi . The cost function of the merged firm is C f (q f ) = ( c − e )q f . a) Derive the output and profits of all firms before and after the merger. What we know D−1 (Q ) = A − Q



(3)



C (qi ) = cqi C f (q f ) = ( c − e )q f Before the merger Before the merger, the Nash equilibrium in the symmetric Cournot oligopoly is: qi∗ = Q∗c =



A− c b ( n + 1)



=



A− c 4



3(A − c )



4 € Š2 � A − c ‹2 π∗i = qi∗ = 4



(4) (5)



After the merger Two firms with output q1 and q f Firm 1 (not part of the merger) € Š π1 = D−1 (Q ) − c q1



= (A − q1 − q f − c )q1 ∂ π1 ∂ q1



!



= A − c − 2q1 − q f = 0



q1 =



A− c 2



1 − qf 2



(6)
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Firm f (result of the merger) € Š π f = D−1 (Q ) − ( c − e ) q f Intuition: Eq. (8) shows that in the



= (A − q1 − q f − c + e )q f ∂ πf ∂ qf



equilibrium, the output of firm 1 is !



negatively affected by an increase in



= A − c + e − 2q f − q1 = 0



efficiency in the merged firm. This is



qf =



A− c + e 2



1



− q1 2



(7)



why we see a negative relationship between e and ∆π1 in Figure 36. Eq. (9) shows the equilibrium output of the merged firm. A higher efficiency



Nash equilibrium



works to the merged firm’s advantage, with equilibrium output increasing



(7) in (6):



(8) in (7):



q1 =



A− c 2 A− c



−



1�A− c + e 2 2 A− c + e



1



− q1 2



‹



1 q1 − q1 = − 4 2 4 2(A − c ) − (A − c + e ) 3 q1 = 4 4 A− c − e 3 q1 = 4 4 A− c − e ∗ q1 = 3 A− c + e 1�A− c − e ‹ qf = − 2 2 3 A− c + e A− c − e − = 2 6 3(A − c + e ) − (A − c − e )



=



= q∗f = Q∗post merger



= =



in efficiency. This positive effect on on firm f’s output is stronger (+2e) than the negative effect on firm 1’s output (−e). The stronger positive effect provides a first indication that for a sufficiently strong efficiency effect, the merger increases total output and thus consumer surplus. This is reflected in the relationship between e



(8)



Note: The relationships between efficiency and asymmetric Equilibrium outputs does not only hold for



6 2A − 2c + 4e



mergers. In Cournot oligopolies with different marginal costs between firms



6



(e.g. because of innovations), we



A − c + 2e 3 A− c − e



(9)



+



3 2(A − c ) + e



asymmetries.



3 (10)



3



D−1 (Q∗post merger ) = A −



=



2(A − c ) + e



3 A − 2c − e 3



= c−c+ ∗ ppost merger



=c+



A + 2c − e



3 A− c − e 3



get the same formulas for output in the Nash Equilibirum and the same



A − c + 2e



For the equilibrium price, we get: (10) in (3):



and ∆ C S in Figure 36.



(11)
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For profits, we get: ∗ ∗ π∗1 = ( ppost merger − c )q1 � ‹A− c − e A− c − e = c+ −c 3 3 � A − c − e ‹2



=



3 € Š2 ∗ = q1 € Š ∗ ∗ π∗f = ppost merger − ( c − e ) q f ‹ A − c + 2e � A− c − e −c+e = c+ 3 3 � A − c − e + 3e ‹ A − c + 2e π∗1



=



= π∗f



3 � A − c + 2e ‹2



(12)



3



3



€ Š2 = q∗f



(13)



b) Determine the level of e at which consumer surplus is unaffected by the merger. In Problem Set 15 a) we show that the sign of changes in the consumer surplus equals the sign of changes in total output. To find the level of e at which consumer surplus is the same before and after the merger, we can therefore evaluate the relationship between e and ∆Q. With (4) and (10), we get:



∆Q = Q∗post merger − Q∗c 3(A − c ) − 3 4 8(A − c ) + 4e 9(A − c ) = − 12 12 8A − 8c + 4e − 9A + 9c



=



=



∆Q =



2(A − c ) + e



12 −A + c + 4e 12



(14)
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Properties of ∆Q(e) Figure 37: Mergers (change in output)



intercept: ∆Q ( e = 0) = − A−c 12 slope:



∆Q e



=



1 3



e0 : To find the critical value of efficiency, we set ∆Q = 0. −A + c + 4e 12



∆Q



0



=0



−A + c + 4e = 0 e0 =



A− c



(15)



4



−(A − c)/12



∆Q/ e = 1/3



e0 = (A − c)/4



c) Determine the level of e at which profits of the competitor are unaf-



e



fected by the merger. With (5) and (12), we get: € Š2 € Š2 ∆π1 = q1∗ − qi∗ � A − c − e ‹2 � A − c ‹ 2 − = 3 4



(16)



Figure 38: Mergers (change in competi-



Properties of ∆π1 (e)



tor’s profits and output)



intercept: ∆π1 ( e = 0) = slope:



∆π1 e



= 2 − 13 €



�



A−c 3



‹2



Š A−c−e 3



−



�



A−c 4



‹2









∆Q



0



e : To find the critical value of efficiency, we set ∆π1 = 0. 0



� A − c − e ‹2 3



−



� A − c ‹2 4 A− c − e 3



=0 =



∆π1



A− c 4



e0 = (A − c)/4



4A − 4c − 4e = 3A − 3c e0 =



A− c 4



Result We find the same critical value e0 for ∆Q and ∆π1 and: sgn(∆ C S ) = sgn(∆Q ) = −sgn(∆π1 )



e



(17)
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Therefore:  0



for π1 > 0 for π1 = 0 for π1 < 0



Note: Duso et al. (2007) evaluate



(18)



167 merger control decisions between 1990 and 2002, using the stock market price of the merging firm’s comeptitors. They find that the European commission’s decisions are not solely explained by protecting consumer surplus. Besides consumer surplus, market definition, procedural aspects, and country and industry effects explain the commission’s decisions. They do not find a significant influence of firms’ interests on decisions.



Vertical Integration



Does Vertical Integration Decrease Prices? Evidence from the Paramount Antitrust Case 1948 Excerpts from Gil (2015) in the AEJ: Economic Policy “This exercise should be of interest to all economists, but particularly those interested in organizational economics, industrial organization, and antitrust policy. . . The US Supreme Court determined in the 1948 antitrust case of the United States versus Paramount that Paramount and four other studios (RKO, Warner, Fox and MGM) had to sell their theatrical divisions. . . Spengler’s (1950) seminal paper in industrial economics has its origin in the empirical setting studied here. Spengler argued that while horizontal integration may increase prices and lower welfare, vertical integration may actually decrease prices and increase welfare through the elimination of double-marginalization. Therefore, antitrust policy should not rule against all types of integration and focus in discouraging horizontal integration. While this applies to many industries, Spengler was inspired by the US vs. Paramount antitrust case.”



What will you learn in this section? • Use a simple model to show that vertical integration increases consumer surplus Why is this important? • Following Gil’s (2015) argument, the effects of vertical integration are different from the effects of horizontal integration (mergers) studied in Problem Set 16. This has important implications for antitrust policy that should not hinder firms from integrating vertically in our model.
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Problem Set 17: Vertical integration A film studio produces a movie at a fixed cost. The owner of a movie theater has to pay pz to the film studio for every ticket she sells to the moviegoers. The ticket price is p and the demand for tickets is D ( p ) = 200 − 4p. a) Assume that the theater has the exclusive right to show the movie. Which prices p and pz do the film studio and the theater owner choose? What are their profits? What we know



STAGE 1:



Film studio



arg max πF(pz,c) = pz*



STAGE 2:



Theater



arg max πT(p,p*z) = p*



Consumers



Figure 39: Vertical integration (double marginalization)



pz



p



D(p) = 200-4p



There is a two-stage value chain. Importantly, the price pz , set by the film studio, enters the optimization problem of the theater owner as marginal costs. We solve the optimization problem by backward induction.



Intuition: We start with the stage for which we have most information. Because we know the demand function



Backward induction



and the optimization problem, this



Stage 2:



is stage 2. Optimization in stage 2 yields a demand funtion for stage 1. We can then solve the optimization



π T ( pz , c ) = ( p − pz ) D ( p )



problem of the film studio on stage 1



= ( p − pz )(200 − 4p ) ∂ πT ∂p



and can determine prices and profits.



= 200 − 8p + 4pz



p∗ = 25 +



1 2



pz



(1)



€ Š € 1 Š D p∗ ( pz ) = 200 − 4 25 + pz 2 D T ( pz ) = 100 − 2pz



(2)
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Stage 1: π F ( pz , c ) = ( pz − c ) D ( pz )



= pz (100 − 2pz )



with ( c = 0) and (2): ∂ πF ∂ pz



= 100 − 4pz



pz∗ = 25



(3)



Now we can calculate quantities, prices, and profits in the equilibrium:



Note: The demand for tickets by consumers equals the demand of the



(3) in (1):



1



p = 25 + 25 = 37.5 2



theater for rights to sell tickets, i.e.



∗



with D T ( pz∗ ) = 100 − 2 · 25 = 50.



∗



D ( p ) = D (37.5) = 200 − 4 · 37.5 = 50



D ( p ) = D T ( pz ),



π∗F = (25 − 0)50 = 1 250 π∗T = (37.5 − 25)50 = 625 b) How would profits change if the film studio owned the theater? If the film studio owns the theater, there is no more double marginalization, i.e. there is a single monopoly on the market that produces films and sells tickets.



Figure 40: Vertical integration (single monopoly)



ONE STAGE Film studio



arg max πT(p,c) = p*



Consumers



D(p) = 200-4p



πm ( p, c ) = ( p − c ) D ( p )



= p (100 − 2p )



with ( c = 0): ∂ πm ∂p



= 100 − 4p



∗ pm = 25



D (25) = 200 − 4 · 25 = 100 π∗m = (25 − 0)100 = 2 500



p
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c) Use a figure to discuss the effects of vertical integration on consumer surplus.



p,nMC, nMR



Figure 41: Vertical integration (single and double marginalization) Note: To construct Figure 41, we fol-



CSnw/onverticaln integration



low the same logic as for the algebraic solution with backward induction. First, we derive the demand function



p*



CSnwithnverticaln integration



of the theater owner from an optimization with respect to moviegoers inverse demand function D−1 (q ). To this end, we include the marginal



p*zn=np*m



return function of the theater owner: M R. This marginal return function maps from marginal costs of the theater owner (pz ) to her inverse



-1



D (q) MCn=n0



demand function D−1 T (q ) (to see why this is the case, see Figure 21 in Prob-



MRT MR(q)=D-1T(q) O



q*



qm*



lem Set 11). Second, with the demand



q



function D−1 T (q ) we can now solve the optimization problem of the film studio. To this end, we include her



Figure 41 shows the output and prices with and without vertical integration. Vertical integration increases consumer surplus. This is because vertical integration eliminates double marginalization. In the integrated monopoly, there is only one markup markup of p



∗



− pz∗



∗ pm



− c. The second



is eliminated by the integration.



d) How does vertical integration affect consumer surplus if two theaters



marginal return function M R F . The intersection of marginal costs (c = 0) with M R F yields the optimal output and price pz∗ for the film studio. Third, using pz∗ as marginal costs for the theater owner, we can finally derive her optimal price level p∗ . Vertical integration eliminates the second stage. We can optimize the profit function of the integrated mo-



compete in a Bertrand duopoly and the film studio does not sell the



nopolist simply with the intersection



exclusive rights to one theater.



of M R and the marginal cost function MC = 0.



In the Nash equilibrium in the Bertrand duopoly, prices equal marginal costs. Therefore, there is no double marginalization and p∗ = pz without vertical integration. Vertical integration does not affect consumer surplus in this case.



Note: Gil (2015) provides empirical evidence that is in line with the predictions of our model. The antitrust case against Paramount that forced Paramount and her competitors to sell their theaters (vertical desintegration) led to an increase in ticket prices.



Rate-of-Return Regulation



What will you learn in this section? • Deriving optimal factor input with and without the Rate-of Return regulation • Showing that the regulation can affect the choice of factor inputs by the firm, something that is not intended by the regulator Why is this important? • So far, we have studied the effects of market power and market structure on efficiency and market outcomes. This naturally leads to the question if and how the regulator can interfere in the market to increase welfare. • In this problem set, we focus on unintended consequences of the Rate-of-Return regulation. The regulation’s goal is to limit profits by limiting returns to capital and thereby force firms to lower prices, increase output, and ultimately move the equilibrium closer to the welfare maximizing price equal to marginal costs. We show that firms can comply with the regulation by choosing an inefficient factor input in the production function without changing output and price level. This result in a negative welfare effect of the regulation which lowers producer surplus without lowering prices and increasing consumer surplus.
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Problem Set 18: Optimal factor input with Rate-ofReturn regulation A monopolist uses Labour ( L ) and capital ( K ) in her production function F ( K, L ), with F L = and FK 2 =



∂ 2 F ( K;L ) ∂ K2



∂ F ( K;L ) ∂L



> 0, F L 2 =



∂ 2 F ( K;L ) ∂ L2



< 0, FK =



∂ F ( K;L ) ∂K



> 0,



< 0. We denote the cost per unit of capital with r and



the cost per unit of labour with w. a) Derive the optimal factor input of the monopolist.



Intuition: Here, we optimize the



The profit function of the monopolist with the revenue function R(Q ) is:



profit function with respect to factor inputs. Therefore, instead of breaking down revenue into price and output to find the optimal output, we break



π = R(Q ) − W L − r K



(1)



down costs into capital and labour costs.



The monopolist has to consider a technical constraint in her choice of optimal factor inputs:



Intuition: Plugging K and L into the production function, the technical



F ( K, L ) = Q



(2)



constraint allows a maximal output of Q. Put differently, the technology



We can find the optimal input of labour and capital by optimizing the



used in the production function allows the monopolist to produce Q if she



objective function of the monopolist under this constraint with the



employs K and L.



Lagrange method: Note: We can extend the profit func-



from (2): with (3) and (1):



0 = F ( K, L ) − Q



(3)



€ Š L = R(Q ) − w L − r K + µ F ( K, L ) − Q



tion by F ( K, L ) − Q because F ( K, L ) − Q = 0.



(4)



Optimization yields the first order conditions: ∂L ∂L ∂L ∂K ∂L ∂Q ∂L ∂µ



!



= −w + F L = 0 !



= −r + r K = 0



(5) (6)



!



= R0 − µ = 0



(7) !



= F ( K, L ) − Q = 0



Intuition: Rearranging (7) fits the interpretation of the Lagrange param-



(8)



Interpreting the Lagrange parameter



eter as the willingness to pay for loosening the constraint is R0 = µ. The marginal revenue for an additional unit of output is R0 . Consequently,



The Lagrange parameter measures the shadow price or willingness to pay of the monopolist for loosening the constraint. Here, the technical



the willingness to pay of the monopolist for being able to produce an additional unit of output at the given factor input is R0 .
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constraint limits the output the monopolist can produce at given factor input. Consequently, the Lagrange parameter µ measures the shadow



Note: We interpret the Lagrange parameter as a measure of a shadow



price for being able to produce an additional unit of output with a



price because this price is not visible



given factor input.



in an actual market but follows from setting up the Lagrange function. Rearranging the constraint (3) as



Optimal factor input



0 = F ( K, L ) − Q results in (7). Rearranging as 0 = Q − F ( K, L ) would



from (5):



w = FL



(9)



from (6):



r = FK



(10)



w



from (9)/(10):



r



=



FL FK



(11)



!



lead to the foc R0 + µ = 0, i.e. R0 − µ. In this case, the Lagrange parameter would have a negative sign. We could interpret the parameter as the shadow cost of tightening the constraint.



In the optimum, the firm chooses the factor input, so that the ratio of marginal factor prices ity



FL FK



w r



equals the ration of marginal factor productiv-



.



b) The regulator decides to limit the rate of return to capital to s. The constrained rate of return is lower than the rate of return without



Intuition: After paying for labour costs, the remainder of revenues (R(Q ) − w L) is allocated as a return



regulation m and higher than the interest rate r: r < s < m. Derive the optimal factor input of the monopolist considering the regulation as an



to investors. This results in a return of



R(Q )−w L K



for every unit of capital,



which the regulator limits to s.



additional constraint. When does the regulation have an effect? The regulation limits the maximal rate of return:



Intuition: The market power by the monoplist leads to inefficient prices



R(Q ) − w L K



≤s



(12)



(from the perspective of the social planner) and profits for the monoplist. These profits are reallocated as re-



To consider this inequality as a constraint, we need to employ the



turns to capital to investors. The idea



Kuhn-Tucker method. We simplify the solution by assuming that the



of the regulation is to limit profits by



monopolist fully exhausts the regulatory framework which allows us to solve the optimization with the Lagrange method. We then get a



limiting returns to capital. Thereby, the regulator hopes to increase efficiency because the monopolist will lower prices to lower her profits and



second constraint:



comply with the regulation. However,



R(Q ) − w L



there are alternative ways for the



=s



(13)



monopolist to lower her profits apart



sK + w L − R(Q ) = 0



(14)



output: changing factor input. A



K



from lowering prices and increasing reaction by changing factor input



The Lagrange equation with both constraints is:



would render the regulation ineffective and add inefficient factor inputs



€ Š € Š L = R(Q ) − w L − r K + µ F ( K, L ) − Q + λ sK + w L − R(Q ) (15)



and a lower producer surplus to the inefficiency from monopoly prices.
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Optimization yields the first order conditions: ∂L ∂L ∂L ∂K ∂L ∂Q ∂L ∂µ ∂L ∂λ



!



= −w + F L + λw = 0



(16)



λ



= −r + r K s !=0



(17)



!



= R0 − µ + λs = 0



(18)



!



= F ( K, L ) − Q = 0



(19) !



= sK + w L − R(Q ) = 0



(20)



Interpreting the Lagrange parameters



Intuition: If the regulation is inef-



The interpretation of the Lagrange parameter µ of the technical con-



fective, the willingness to pay for loosening the regulation and therefore



straint does not change. The Lagrange parameter λ is the shadow price



the Lagrange parameter is zero. The



of loosening the constraint, i.e. the firm’s willingness to pay for being



firm would not pay for loosening a



allowed to increase the rate of return by one unit. Optimal factor input from (16):



w − λw = F L



(21)



from (17):



r − λs = FK



(22)



w − λw



from (21)/(22):



r − λs



=



FL



(23)



FK



Rearranging (23) yields: w (1 − λ) r −λr + λr −λs | {z }



=



FL



(24)



FK



0



w (1 − λ) r (1 − λ) + λ( r − s )



=



FL



(25)



FK



Equation (25) shows that if the regulation is not binding, i.e. if λ is zero, we get back to the efficient factor input decision



w r



=



FL FK



.



However, if the regulation is binding and λ > 0, the firm deviates from the efficient choice of input factors. Because r < s, the term λ( r − s ) is negative and lowers the denominator. This lowers the ratio on the right side of (25). For the equation to hold, the firm has to change factor inputs in a way that changes the ratio of marginal factor productivities



FL FK



constraint that is not affecting her optimization.



on the left side of the equation.
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For the firm, there are two complementary ways to lower the factor productivity ratio: By increasing marginal factor productivity of labor (the nominator) or by lowering marginal factor productivity of capital (the denominator). Because of decreasing marginal factor productivity F L = and FK =



∂ F ( K;L ) ∂K



∂ F ( K;L ) ∂L



>0



> 0, increasing the factor productivity of labor



can be achieved by lowering the labor input and decreasing the factor productivity of capital can be achieved by increasing capital input. In other words, for the equation to hold, the firm can substitute labor by capital. Deviating from the efficient factor input lowers profits and the rate of return and allows the firm to comply with the regulation without increasing output or lowering prices. This means the regulation does not achieve its goal to increase consumer surplus and increases inefficiency by lowering the producer surplus.
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