Suggested Assignment Questions
“Investment in Information in Petroleum: Real Options and Revelation”

By Marco A.G. Dias (Petrobras) - Seminar Real Options in Real Life, May 2nd 2002 at MIT

1) Conceptual Questions

a) We know that lower volatility means lower option value. Investment in information is a learning process that reduces the variance of the technical uncertainty. Why learn? Why investments in information frequently rise the real option value and the option premium? Why the concept of revelation distribution solves this apparent paradox?

b) What is the practical relevance of the concept of new expectation (or conditional expectation) when evaluating investments in information? Why this conditional expectation concept has sound theoretical relevance for learning processes?

c) Set some differences between the oil prices uncertainty (continuous-time stochastic process) and the revelation process for technical uncertainty through sequential investment in information.

d) Why is used a normalized threshold curve (V/D)* and not V* itself for the optimal decision to develop the oilfield? Why the computational time is higher? What are the parameters that change the curve (V/D)* for the assumed Geometric Brownian Motion process for the oil prices P?

e) Imagine you have to decide between two alternatives to develop an oilfield, which remains some technical uncertainties. Your option to present the Development Plan to National Petroleum Agency is expiring next month. Alternative 1, overall development, demands higher investment but has higher NPV due scale gain with a large permanent system. The Alternative 2, phased investment, is a smaller temporally system (Phase 1) that will produce for about 5 years, and will be replaced by a larger permanent system (Phase 2). The Phase 2 size will be conditional to the new information generated by Phase 1. What do you recommend? The volatility of the oil prices adds option value for the alternatives? 

2) The Investment Decision Problem (use the spreadsheet "Timing with Dynamic Value of Information")
2.1) The Decision Problem

An oilfield was discovered in 1998. Between 1999 and 2001, some appraisal wells were drilled in order to delineate the oilfield. But residual technical uncertainties on the reserve size (B) and reserve quality (q) remain in this oilfield. In addition, the long-run oil prices are uncertain. 

The deadline to present the Development Plan (development investment commitment) to National Petroleum Agency is May 2nd 2004. In other words, the Oil Company’s right to develop this oilfield expires in two years (without this commitment, the oilfield returns back to National Agency). The asset manager has in her hands several reports from technical studies, which were prepared for the economic analysts team. This team needs to help the manager decision, answering the following questions:

1) Is optimal the immediate development investment commitment?

2) If yes
, what is the Net Present Value (NPV) considering the remaining technical uncertainty? Why this value is lower than the NPV without technical uncertainty?

3) For the negative case, what is the best: the “wait and see” policy (wait for better market conditions) or to invest in additional information in order to reduce the technical uncertainty?

4) What is the oilfield value (real options value) with technical uncertainty but without investing in additional information (Alternative 0)? 

5) What is the difference between the traditional real options value (without technical uncertainty) and the previous value?

6) The reservoir engineers team presented three alternatives to gather additional information, with different costs, times to learn, and revelation powers (power to reduce the technical uncertainty). What is the best alternative of investment in information considering an immediate investment in information?

7) What are the real options values with the investment in information for these three alternatives? What are the dynamic net values of information for each alternative?

8) Take the best alternative of investment in information, and let us examine the timing of learning. What is the best: immediate investment in information or to postpone the investment in information
 (analyze only two cases of delay, six months and one year)? 

2.2) Data for the Economic Analysis (Oilfield 1 in the paper with one additional alternative)

2.2a) Data from Financial Analysts Team

r  =  risk-free interest rate, assumed to be 6% p.a.;

 =  convenience yield of the oil, assumed to be 6% p.a., too; 

 =  volatility of the long-run oil price, assumed to be 20% p.a.; 

Long-run oil prices follow a Geometric Brownian Motion, and initial value P(t = 0) = 20 US$/bbl;

Development cost (D) function
 with the reserve size B  (B in million barrels and D in million US$):  linear with fixed and variable parameters given in the equation:  D = 310 + (2.1 x B);

Economic Quality of the Reserve (q) for the base case: By making a sensitivity analysis NPV x P, the inclination points q = 15%;

Penalty Factor up due capacity limitation in case of upside:  up  =  75%

2.2b) Data from Reservoir Engineers and Risk Analysis Experts

Expected Reservoir Volume = 600 million barrels. The technical uncertainties are modeled with triangular distributions
 (minimum; most likely; maximum) by the experts:

B ~ Triang (300; 600; 900)

q ~ Triang (8%; 15%; 22%)

The distribution of reservoir quality considers only the technical uncertainty on the reserve productivity.

Reservoir team supplies the production profiles for the base case (without capacity limitation) and for the upside case with capacity limitation. The financial team uses these production profiles to calculate the NPV for the base case, the economic quality of reserve (q), and the penalty factor (up).

The risk experts consider three relevant alternatives to invest in additional information. Two alternatives are in the paper (Oilfield 1 case). The third one is given below. 

Alternative 3 (full revelation): suppose that one alternative that costs US$ 45 million and takes a time to learn of 90 days, but reveal all the uncertainties on q and B (100% of reduction of variance). 

Is this full revelation alternative better than the others presented in the paper? See in the spreadsheet the resultant gross benefit of information (cell C13) and compares with the difference between NPV without technical uncertainty (cell C6) and the NPV with technical uncertainty (cell 9). Is the benefit of information leveraged by the dynamic real options framework?

For all cases, the distributions of conditional expectations (revelation distribution) are assumed triangular with variance that depends of the alternative of learning (Proposition 3). The revelation distributions have the same means of the initial technical uncertainty (Proposition 2) and are assumed by the experts to have the same most likely values
.

� Answer these questions anyway (even if the previous answer was negative).


� Consider that, in case of learning postponement, the exercise of the development option is optimal only after the investment in information.


� These function parameters depend of the oilfield water depth and other factors, and here are assumed deterministic except that the value of the reserve size B changes with new technical information (revelation). This function is obtained from the E&P portfolio data: for a range of water depth the analyst plot the chart D x B, performing a regression analysis (in general the linear regression is a good approximation). Without a portfolio of projects, the analyst can imagine different reserves size and estimate the development cost for each reserve size. The function doesn’t need be linear, but it is very common.      


� Triangular (a; b; c) distribution has mean = (a + b + c)/3 and variance = (a2 + b2 + c2  ab  ac  bc)/18


� So that the values for the maximum and minimum for revelation distribution are determined in the following way: multiply the equation of variance (last footnote) by the % of variance reduction; c = (3 x mean)  b  a ; substitute it in the equation of variance. You get a quadratic equation for the parameter "a". One root is "a" itself and the other one is "c". See in the spreadsheet the comments at cells N5 and N13 and the equations in the cells below them.





