



Review of 421
Will be restricted to production theory alone and not with combined methods.  Work out detailed calculation. 
In the following discussions, S represents economic value of a project, r, the rate of return and (, the rate of uncertainty of the economic value of the underlying asset. The incremental value of S can be represented by a lognormal process:
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The total project costs can be divided into a pre-committed project cost component K, and a variable cost component C. The pre-committed project cost component K is defined as the project cost incurred before the start of the project. K may include costs for feasibility study, evaluation, bidding, pre-planning, and some equipment costs. The project cost C refers to the project costs that have been incurred after the project has started. From the Feynman-Kac formula (Øksendal, 1998, p. 135), the project cost C, as a function of the economic value of the project S, satisfies the following equation:
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with the initial condition:
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When the duration of a project is T, solving equation (2) with the initial condition (3) yields the following solution
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where 
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The function N(x) is the cumulative probability distribution function for a standardized normal random variable.  

Formula (4) provides an analytical relation among the economic value S of a project, pre-committed project cost component K, the project cost C, duration of the project T, uncertainty level ( in the project, and the discount rate.   


In the following, we will provide a more detailed and intuitive understanding of (4) and (5). (5) can be rewritten as 
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From (4) and (6), C, the variable cost, is determined by three factors, S, Ke-rT, and σ2 T. K is the level of fixed cost in a project and Ke-rT represent how duration of a project affects variable cost. The longer the project, the more the fixed cost is spread out, which will make variable cost higher. The symbol σ2 represent the level of uncertainty per unit time and  σ2 T  is the total uncertainty. From (4) and (6), the increase of uncertainty affects variable cost in two different ways. As
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The increase of uncertainty increases d1 relative to d2, which relatively increased the first term in (4) relative to its second term. Intuitively, when uncertainty increases, the second term of (4) indicates the fixed asset becomes less effective in producing the product and the first term of (4) shows that it becomes more expensive in activities involving the product. 

In general, several properties can be derived from (4) (Hull, 2006). First, when the fixed cost investment, K, is higher, the variable cost, C, is lower. Second, for the same amount of fixed investment, when the duration, T, is longer, the variable cost is higher. Third, when uncertainty, (, is higher, the variable cost increases. Fourth, when the fixed cost approaches zero, the variable cost will approach to the value of the product. Fifth, when the value of the product approaches zero, the variable cost will approach zero as well. All these properties are consistent with our intuitive understanding with production processes. 

1. Alberta has large amount of oil sand fields. It is more expensive to produce oil from oil sand than from conventional oil fields. Suppose the fixed costs of oil sand operation and conventional oil  field are 100 and 40 and diffusion rates of oil sand operation and conventional oil  field are  0.7 and 0.35 respectively. Output for oil sand operation and conventional oil  field are  50 and 40 respectively. Assume discount rate to be 8% and duration of projects to be 5 years. What are the profit figures for both operations when oil prices are 20 and 60 respectively? How the change of oil price affects the profits of both operations? 
2. Entrepreneurship and environment. Suppose there are two firms, one a small independent firm and the other a large branded firm. Both firm produce a product with unit value of 1. Large firm has a fixed cost of 5 and small firm has a fixed cost of 2.  We further assume the discount rate is 10% per year and the duration of the fixed assets of both firms are 10 years. If the uncertainty rate in a environment, is 80%, and the market size is 15, what are profits of each firm?  If the uncertainty rate in a stable environment, is 35%, and market size is 60, what are profits of each firm? If the profit differential of two firms is large, the more profitable firm can squeeze out the other one by lowering prices to achieve monopoly or oligopoly. From the calculation, explain why entrepreneurship thrives in a highly uncertain environment with low market size. 
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