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Seminar exercise 10
1. a) Discuss reasons why some variables and functions of the hydropower management problem may be stochastic. (Hint: check slide 2 of lecture slide 11 and the curriculum.)
b)  Consider two periods and assume that inflow in period 1 is certain, but that inflow in period 2 is uncertain. There are no other stochastic elements. Explain why the hydropower production in period 2 becomes a stochastic variable. (Hint: look at the water accumulation equation for period 2.)
2. Consider the social planning problem for two periods 
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The demand function is assumed to be known and deterministic. The inflow in period 2 is assumed to be stochastic. 

a) Discuss the assumption that inflow in period 1 is known. (Hint: think about the length of the period.)
Assume that electricity is produced in every period and assume non-satiation of demand in every period. 
b) Discuss whether spilling of water in period 1 and 2 can be optimal under these assumptions. (Hint: use the consequence of non-satiation.)

3. Explain how the planning problem can be reformulated to a problem without constraints given the assumptions above such that 
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is the only endogenous variable in the problem. (Hint: use the water accumulation equation for the periods under the assumptions introduced in question 2.)

4. Derive the first-order conditions and discuss also corner solutions. (Hint: check what happens when the decision variable takes the extreme values of the feasible values.)
5. Discuss the concept of an expected water-value table. (Hint: check slide 12 of Lecture 11 and the curriculum.)
6. Consider the figure below for period 1. AC is the available water for the period, and BC is the size of the reservoir. The two periods represent our simplification, and in reality the analysis can be applied to many periods. Assume that the social planner considers three different periods of a year as period 2, and that distributions for inflow in period 2 correspond to expecting a dry period (D), a normal period (N) and a wet period (W). For ease of presentation the available water for period 1 is the same for the three alternative period 2- distributions. (This means that D, N and W are relative to the situation in period 1.)
a) Show the price in period 1 that is socially optimal for each of the three distributions, and the corresponding amount of water that will be transferred to period 2. (Hint: use the discussion in question 5 about the expected water value table.)
b)  Demonstrate that the figure discussion is in accordance with the first-order conditions developed under question 4.          
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