Exercise Session 3 – Chapters 14-22
1) COLLUSION. Given the following demand function P = 10-Q, there are two firms that manufacture q1 and q2 and compete simultaneously by using price as strategic variable. At present, marginal costs are equal to zero, while from next year onwards they will be equal to 2 for both firms. Compute the discount factor above which it is worth to collude. Is collusion easier or more difficult with respect to the standard case?

The Bertrand’s equilibrium corresponds to a price equal to the marginal costs, and profits equal to zero for both firms. 

Collusion, instead, will lead to monopoly profits. 

In the case of zero marginal cost, MR=MC: 10-2Q=0; Q=5; P=5; π = 25, which is equally split between the two firms.

In the case of marginal cost equal to 2, MR=MC: 10-2Q=2; Q=4; P=6; π = 16, which is equally split between the two firms.
Collusion can be sustained if both firms bypass the following discount factor level:


[image: image1.wmf]25

1

8

5

.

12

³

-

+

d

d

, therefore if 
[image: image2.wmf]d

> 0.61. 

Therefore, with respect to the standard case, collusion is less likely.

2) COLLUSION. Assume that there are two firms, A and B, that manufacture a homogeneous good and compete using the price as strategic variable. How big must the discount factor be, in order to induce collusion, if firm A has a shareholding of a% of firm B? How does your answer change if firm B, too, owns a share of a% in firm A?

Collusive profits are higher than profits from deviation from the collusive agreement (cheating) if 
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Firm B: 
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It turns out that, as compared to the situation without shareholdings, it is easier to collude for firm A, while the fact that firm B does not own 100% of its assets is irrelevant, because both collusive profits and deviation profits change.

In the case of symmetric cross shareholdings, instead, the collusive potential is greater than the no-cross shareholdings case and greater than the case of one-directional shareholding (i.e., only firm A owns a share of firm B). For both firms:
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3) COLLUSION. In which of the following cases collusion is easier? Motivate your answer.
a. Multi-market contact, asymmetry between firms and limited number of firms

b. Shrinking market, symmetric firms and price transparency
c. No information lags, symmetric firms and expanding market
The correct answer is c.

4) HORIZONTAL MERGERS
Assume a market structure in which three firms manufacture an homogeneous good and compete by choosing simultaneously the quantity. The demand function is P = a – bQ and marginal cost is constant and equal to c for all firms. Find the Cournot equilibrium (quantity, prices, profits). Assume now that two firms merge and that, after the merger, the merged firm chooses the quantity as first (the model is now sequential à la Stackelberg). Find the new equilibrium (quantity, prices, profits) and tell if the merger paradox emerges also in this case.

We must solve a Cournot model with three firms.
Profits are equal to π1 = (a-bq1-bq2-bq3-c) q1,  π2 = (a-bq1-bq2-bq3-c) q2 and π3 = (a-bq1-bq2-bq3-c) q3.

Setting the first derivatives with respect to q1, q2 and q3 equal to zero, one gets the following reaction functions: q1 = (a-c-bq2-bq3)/2b, q2 =(a-c-bq1-bq3)/2b and q3 = (a-c-bq2-bq1)/2b. By solving the system (or, by imposing, given the symmetry, q1=q2=q3) one gets q1= q2 = q3=(a-c)/4b. Price is equal to p=(a+3c)/4 and profits are equal to π1= π2 = π3 = (a-c)2/16b  

After the merger, one firm manufactures q1 e q2 and is the first mover. The Stackelberg model can be solved by directly substituting the reaction function q3 = (a-c-bq2-bq1)/2b in the profit function of the leader:

π1 + π2 = (a-bq1-bq2-bq3-c) q1 + (a-bq1-bq2-bq3-c) q2. For symmetry, q1=q2=q and the profits of the firm resulting from the merger can be simplified as follows:

π1 + π2 = 2(a-2bq-bq3-c) q . Substituting q3 with q3 = (a-c-2bq)/2b
the profit function becomes: π1 + π2 =2q (a-2bq-(a-c-2bq)/2-c)  = (a-c-2bq)q

By making the first derivative with respect to q: d (π1 + π2 )/dq= a-c-4bq=0, from which one gets
q =(a-c)/4b
Therefore, quantities, the price and profits do not change with respect to the initial situation and the merger paradox is not verified here. If there are more than 3 firms, we will discover that the profit of the firm resulting from the merger will increase if a sequential model à la Stackelberg is played after the merger.
5) VERTICAL MERGERS
A monopolist in the upstream market (wholesale) is selling a product to two oligopolists in the downstream market (retail). The marginal costs of the wholesaler are constant and equal to c. The price charged by the wholesaler is equal to r, there are no further costs for the retailers, who charge a price equal to p. Assuming that the demand of consumers is p = A – bQ and that the duopolists compete by using the price as strategic variable, find the optimal quantity, the price and the profits of the firms in the following cases:

a) Vertical disintegration 

b) Vertical disintegration and merger between the two retailers
c) Vertical integration (the monopolist merges with the two retailers)

a) With competition à la Bertrand in the downstream stage, the price p is equal to the marginal cost r, and there is no double markup. By imposing A – bQ = r one gets the demand for the wholesaler. By equating the marginal revenue of the wholesaler to its marginal cost, one gets the quantity sold by the wholesaler: A – 2bQ = c, from which Q = (A-c)/2b.  The wholesale price is equal to  r = (A+c)/2, while the retail price is equal to p = r. Profits are  (A-c)2/4b for the wholesaler and zero for the retailers. The solution, as far as quantity and price are concerned, is the same as the vertical integration solution (case c), with the only difference that here we have two downstream firms who are making zero profits. Similarly, case c) corresponds to case a) with the difference that the profits of the two retailers cannot be disentangled (since price r is now an internal transfer price).
b) By equating the retailer’s marginal revenue (stemming from the merger) to its marginal cost: A – 2 bQ = r one gets the demand for the wholesaler. By equating the marginal revenue of the wholesaler to its marginal cost, one gets the quantity sold by the wholesaler: A – 4bQ = c, from which Q = (A-c)/4b.  The wholesale price is r = (A+c)/2, while the retail price is p = (3A+c)/4. Profits are equal to  (A-c)2/8b for the wholesaler and (A-c) 2/16b for the retailer.
c) In the case of vertical integration, the marginal revenue in the retail market can be directly equated to the upstream marginal cost: A – 2 bQ = c, from which Q = (A-c)/2b.  The wholesale price is r = c while the retail price is p = (A+c)/2. Profit of the vertically integrated firm is equal to (A-c)2/4b, which is greater than the sum of profits of the two non- integrated firms (case b).

6)
ADVERTISING. A monopolist firm faces the following demand function Q=11-P+√A, where A represents advertising expenditures. Costs are equal to C = 2Q+A. Find the optimal price and the optimal amount of advertising expenditures. Verify that the Dorfman-Steiner condition applies in this case.

Profit is π = P (11-P+√A) – 2 (11-P+√A) – A. We need to maximize profit with respect to two variables (P and A). The first two derivatives are
d π /dP=0 ( 11-2P+√A+2=0 from which
P=(13+√A)/2

d π /dA =0 (P/2 A-1/2- A-1/2-1=0 from which A=(P-2)2/4

By solving the system of two equations in two unknown variables: A=9, P=8 Q=6, π=(8-2)x6-9=27.

The ratio advertising expenditures/sales is equal to A/(PQ) = 9/48=0.1875 and, according to the Dorfman-Steiner rule, should coincide with the ratio between the demand elasticity with respect to advertising (η) and the price elasticity of demand (ε).

ε = (dQ/dP) x P/Q = -1 x 8/6 = 1.3333

η= (dQ/dA) x A/Q = -1/2 x A-1/2 9/6 = -1/6 x (9/6)= 0.25

Since the ratio η/ε is equal to 0.25/1.3333=0.1875, the rule is confirmed.

7) INNOVATON-LEARNING BY DOING. Consider the following two-periods model. A firm is monopolist in a market with the inverse demand function p1 = a - b q1 for the first period and p2 = a - b q2 for the second period. Marginal cost is constant and equal to c1 in the first period and c2 = c1 - mq1 in the second one. Compute the optimal choice for the monopolist (quantity produced) in the two periods. Assuming a=4, c1=1, b=2 and m=1, find prices and profits for the two periods. Compare the results with the optimal choice in the case in which parameter m is set equal to zero.

The monopolist maximizes profits in the two periods:

π = π1+ π2 = (a-bq1)q1+(a-bq2)q2- c1q1- (c1-mq1)q2

Making the first derivatives with respect to q1 and q2, and setting them equal to zero, we obtain two equations in two unknown variables
d π/dq1=0;            a-2bq1-c1+mq2=0

d π/dq2=0;            a-2bq2-c1+mq1=0

Since the two equations are symmetric, the solution is q1=q2= (a-c)/(2b-m).

In the case in which a=4, c1=1, b=2 and m=1, the solution is:

q1=q2= 1;  p1=p2= 2; π1=1 and π2=2 (because c2= 1-q1=0). 

In the case in which a=4, c1=1, b=2 and m=0 (monopoly repeated for two periods without intertemporal link)

q1=q2= 3/4;  p1=p2= 2.5; π1=π2=9/8=1.125
If the marginal cost in the second period reduces, due the production made in the first period (learning by doing), it is better to increase the production in the first period (and reduce first period profits), so as to reduce marginal costs in the second period and increase the second period profits. The monopolistic firm enjoys higher total profits π = π1+ π2, but there is also a gain for consumers, who buy more units at a lower price. 
8)
CHOICE AMONG DIFFERENT TECHNOLOGIES. 
Consider the following strategic game concerning the choice between two technologies. Find the Nash equilibrium of the simultaneous game. Assume now that a firm chooses the technology before the rival (sequential game). For Microsoft, is it better to be first- mover or second-mover?

	                                Apple

Microsoft
	Technology 1
	Technology 2

	Technology 1
	(10,6)
	(12,4)

	Technology 2
	(13,2)
	(11,5)


In the simultaneous game, there is no Nash equilibrium.

As it is clear from the two sequential games below, for Microsoft it is better to act as second mover (second mover advantage), because payoffs are 12 instead of 11.
                                           (10,6) 

                              1                   (12,4)

          1           A        2 

M                               1      (13,2)

          2            A                 (11,5)
                                    2                  

                                           (10,6) 

                              1                   (13,2)

          1          M        2 

A                               1        (12,4)
          2           M                  (11,5)

9) RESEARCH AND DEVELOPMENT. Consider a duopoly with differentiated products and price competition, where the demand functions are respectively: q1 = 1-p1+p2 and q2=1-p2+p1 and marginal costs are respectively c1=c-h1 and c2=c-h2. h1 and h2 represent R&D investments that have the effect of lowering the marginal costs.

Find the equilibrium prices and comment on the role of h1 and h2. Assuming h1=h2=h, compute equilibrium prices, quantities and profits for the two firms. Comment again on the role of h.

Profit functions are: 

π1= (p1-c+h1)(1-p1+p2), π2=(p2-c+h2)(1-p2+p1)
Setting the first derivatives with respect to the prices equal to zero, one gets the best response (reaction) functions:  

dπ1/dp1=0; 1-2p1+p2+c-h1=0 from which p1=(1+p2+c-h1)/2 

dπ2/dp2=0; 1-2p2+p1+c-h2=0 from which p2=(1+p1+c-h2)/2

By equating the two reaction functions: 

p1=1 + 2/3(c-h1)+1/3(c-h2)= 1/3 (3+3c-2h1-h2) and 

p2=1 + 2/3(c-h2)+1/3(c-h1)= 1/3 (3+3c-2h2-h1).

In the case in which h1=h2=h:  p1=p2=1+c-h, q1=q2=1 and π1= π2= 1.

In this example, the R&D investments reduce the equilibrium prices, but quantities and profits do not change, so firms do not change the amount of profits, and only consumers are better off.

_1293001394.unknown

_1557228695.unknown

_1557228696.unknown

_1294571444.unknown

_1294571419.unknown

_1293001330.unknown

_1293001379.unknown

_1293001318.unknown

