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Assignment 3

In this case, there is one agent with CRRA preferences and discount parameter d = 1. The

investment universe contains three securities; risk-free (R), risky market (R™) and risky company

(RY), whose details are presented in Table 2. The agent’s initial position is one share of the market

security and one unit of the risk-free. Short-selling is not allowed.

P o B Turbo Boom Up Normal Recession Bust Depression
Prob 7 25%  7.5%  20% 40% 20% 7.5% 2.5%
RF 1097 0 0 1 1 1 1 1 1 1
RM 1 0.15 1 1.25 1.18  1.08 1.05 1.02 0.92 0.85
R 1 0.30 1.5 1.40 1.27  1.18 1.14 0.96 0.85 0.76

Table 2: Security data.

(a) To solve the allocation problem between risky market and risk-free for different risk parameters

v, Excel problem-solver function was used to maximize the value function

V(%) = u(wo) + dz mju(x;)

J
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v 2 5 10
Number of RM | 0.97 0.75 0.38
Number of Rf 0 023 061

Table 3: Solutions to the allocation problem for different ~’s.

(b) In the residue of this section, the agent is promoted to CEO in the risky company and is given
the opportunity to receive either an option with strike price 1 or a cash payment as a part of
her renumeration package. Also, the agent’s risk aversion is assumed to be v = 2. The option’s

provided units of consumption in the different states are presented in Table 4.

State j Turbo Boom Up Normal Recession Bust Depression
Call payoff X 0.4 0.27  0.18 0.14 0 0 0

Table 4: The payoff X; for all states j of a call option on the risky company security.

(i) According to Table 3, since v = 2, the agent’s initial position is 0.97 shares of the market
security, such that xop = 1.97 — 0.97 = 1. The agent’s reservation price (p.qu) for the option
depends on the state’s marginal rate of substitution (p;) and on the payoff (X;) in the following

way:
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where

In this case, peqai; = 0.109.

(ii) The value S of the option to the CEO, such that she is indifferent to receive either an op-

tion or a cash payment as a part of her renumeration package (¢), should satisfy
V(iz4+c¢)=V(z+9), (15)

where ¢ is the cash amount considered equal to the call payoffs in the different states. Hence

Equation 15 is equivalent to

Zﬂju(zj +X;) = Zﬂju(zj +9).
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In this case,

> mjulr; + X;) = —0.893,
J

which by Excel problem-solver implies that S = 0.105.

(iii) Assuming that the company is fully diversified, we can use the discount rate of its stock to

11

price the call option. First, the expected value of the stock is reported below,
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E(R) =) mX; =0.12225;
J

then the discount factor is the ratio between the price and the expected value:

de = oY = 0.9116.

Finally, the price for the company of the call option is the expected value of its payoffs (as in Table

4) times the discount factor of the company’s stock.

Poan = E(Xcan) - de = 0.112.




