1 - Oil Price Modelling

Project Supervisor: Reidar B Bratvold 

Suitable for: MSc or BSc

The development of models for making future predictions of oil price is a crucial element in economic evaluation and decision-making.  Whilst there is little belief that oil prices can, or should, be predicted deterministically (a single price at a single time) there is a requirement to develop accurate probabilistic models of oil prices.    At a minimum these models can help to predict the uncertainty, and its associated risks and upside potential, of a particular decision.  Used to their full extent, they offer the possibility of making better investment decisions.  They are also key in helping to predict free cash flow, which is a key indicator of the financial health of a company, and tax revenues for governments.

A number of mathematical models for oil prices have been proposed (Geometric Brownian Motion, mean reverting, …).  The student will be expected to implement these models and to test them against historical oil price data going back to c. 1900 (adjusted for inflation) by deriving model parameters from this data.  There is also the potential to develop new and better models.   Finally, a sensitivity analysis may be performed to investigate the impact of the uncertainty in model type and parameters. The work will be largely carried out through Monte Carlo simulation in Excel using @Risk.  

A variation/addition to this project would be an investigation of the causal mechanism for significant oil price fluctuations over time.

Prof. Bratvold would be happy to discuss any variations of this project proposed by interested students.

2- Modelling dependencies in Monte Carlo Simulations.

Project Supervisor: Reidar B Bratvold 

Suitable for: MSc or BSc

The industry makes widespread use of Monte Carlo simulation to investigate the impact on model results of uncertainty in model parameters.   Such models could be related to reserves, economics, drilling times, costs, etc, etc.  Often, the model parameters are correlated with each other.  There are several techniques that can be used for capturing these dependencies (rank correlation, conditional expectations,/ bounding envelope).    However, there is little knowledge about the relative merits of these techniques, for example, what are their pros and cons and a function of the type of dependency to be modelled.   There are also problems in ensuring consistency between multiple correlated variables and in exploring their impact on the sensitivity of output parameters.

This project offers the student a number of different paths to explore within the broad topic of the title.  There is opportunity for a more theoretical approach or a more experimental approach.  It is anticipated that the work will be largely carried out through Monte Carlo simulation in Excel using @Risk.  

Prof. Bratvold would be happy to discuss any variations of this project proposed by interested students.

3 - Tax Regime Efficiencies

Project Supervisor: Reidar B Bratvold 

Suitable for: BSc

The States’ involvement and fiscal arrangements on the economics of exploration and field development can take on many forms. However, for the purpose of this study, we will be concerned only with forms of state involvement which have a quantifiable effect on exploration and development and more specifically with the components of the fiscal regimes that involves the States’ financial take.
Quite separate from the relative severity of of fiscal regimes is the question of their economic efficiency. That is the question of how efficient the regimes are at taxing a range of different field sizes and types. From a purely economic standpoint, an efficient fiscal regime would be one which leaves untaxed or taxes only lightly those projects which are not very profitable and taxes more severely those projects which are very profitable.

In this project the student will investigate the efficiency of various fiscal regimes. A realistic project investment example will be used as a basis for the evaluation by calculating the effect on the country’s share and overall project profitability by varying various input parameters such as Production and decline rates, Opex, Capex, oil price, etc. Monte Carlo simulation will be used to look at a large number of variations in these parameters and how they impact the relevant economic parameters of the project such as NPV or cash flow.
Prof. Bratvold would be happy to discuss any variations of this project proposed by interested students.

4 - A Critical Evaluation of Real Option Valuation Methods for Petroleum Investment Opportunities

Project Supervisor: Reidar B Bratvold 

Suitable for: MSc 
The term “real options” was coined by Stewart Myers of MIT in 1977. It referred to the application of option pricing theory to the valuation of investments in non-financial or “real” assets where much of the value is attributed to flexibility and learning over time. Many of the early examples came from the applications of real options to the oil industry. 
The real options perspective suggests that classical discounted cash flow (DCF) techniques (including decision analysis or Monte-Carlo simulation) capture only part of an asset’s value; significant value also derives from the uncertainties and options inherent in the asset. For example, when considering the development of a new oil field, if oil prices,

production rates, or reserves exceed their expectations, or if production technology improves, the firm might be able to develop more aggressively or expand to nearby fields. Similarly, if prices, rates, or reserves are below expectations, the firm might be able to scale back planned investments and limit their downside exposure. These options may give the field additional value. 

In the time period following the initial applications of real option valuation to oil & gas investments, a number of real option approaches have been proposed for calculating the value of an uncertain investment. Unfortunately, the assumptions underlying these various approaches and the conditions that are appropriate for their application are often not spelled out.  Where they are spelled out or can be inferred, they differ widely from approach to approach and are even contradictory.  Furthermore, the difficulties in implementing the different approaches are rarely discussed, and the pros and cons of alternative approaches are not explained. 

This project attempts to help remedy this situation by comparing different real option approaches using a relevant oil & gas investment case that is realistic on a business level both in structure and data, critically evaluating strengths and weaknesses of the various approaches. The emphasis is on three fundamental issues surrounding each proposed approach:

· Applicability: what does the calculated real option value represent, and where is it appropriate to use this calculation?

· Assumptions: what are the notable assumptions underlying the approach and what is the evidence regarding the validity of these assumptions?
· Mechanics: what steps are involved in applying the approach, and what are the associated difficulties? 

Prof. Bratvold would be happy to discuss any variations of this project proposed by interested students.

5 - Using Commercial Decision Analysis Software for Real Option Valuation

Project Supervisor: Reidar B Bratvold 

Suitable for: MSc or BSc

The term “real options” was coined by Stewart Myers of MIT in 1977. It referred to the application of option pricing theory to the valuation of investments in non-financial or “real” assets where much of the value is attributed to flexibility and learning over time. Many of the early examples came from the applications of real options to the oil industry. 
The real options perspective suggests that classical discounted cash flow (DCF) techniques (including decision analysis or Monte-Carlo simulation) capture only part of an asset’s value; significant value also derives from the uncertainties and options inherent in the asset. For example, when considering the development of a new oil field, if oil prices,

production rates, or reserves exceed their expectations, or if production technology improves, the firm might be able to develop more aggressively or expand to nearby fields. Similarly, if prices, rates, or reserves are below expectations, the firm might be able to scale back planned investments and limit their downside exposure. These options may give the field additional value. 
Binomial trees is a popular and powerful way of valuing real options. 
However, the common assumption of a lognormal geometric Brownian diffusion as a model of the underlying stochastic process may not be valid for many real option valuation problems, such as projects with cash flows that depend on mean-reverting commodity prices. Empirical studies of historical data have found that mean-reverting models accurately capture the evolution of commodity prices such as oil and gas prices.
If the oil and gas prices are indeed mean-reverting, then a lognormal geometric Brownian diffusion model can significantly overestimate uncertainty in the resultant cash flows from a project, and result in overstated option values.

This project will investigate the use of commercial decision analysis software such as DPL and @RISK for modelling both Geometric Brownian Motion and Mean-Reverting processes.

Prof. Bratvold would be happy to discuss any variations of this project proposed by interested students.

6 - The MAD Approach for Real Option Valuation using Market Information
Project Supervisor: Reidar B Bratvold 

Suitable for: MSc

The term “real options” was coined by Stewart Myers of MIT in 1977. It referred to the application of option pricing theory to the valuation of investments in non-financial or “real” assets where much of the value is attributed to flexibility and learning over time. Many of the early examples came from the applications of real options to the oil industry. 
The real options perspective suggests that classical discounted cash flow (DCF) techniques (including decision analysis or Monte-Carlo simulation) capture only part of an asset’s value; significant value also derives from the uncertainties and options inherent in the asset. For example, when considering the development of a new oil field, if oil prices,

production rates, or reserves exceed their expectations, or if production technology improves, the firm might be able to develop more aggressively or expand to nearby fields. Similarly, if prices, rates, or reserves are below expectations, the firm might be able to scale back planned investments and limit their downside exposure. These options may give the field additional value. 
This project will seel to enhance the real option methodology developed by Copeland and Antikarov, the MAD approach, with relevant market information.  The study will be using a binomial decision tree to determine the cash flows and probabilities that give the correct project values when discounted to each period and to each uncertain state. Project flexibilities, or real options, can then be modeled easily as decisions that affect these cash flows. This specification of project uncertainties, cash flows, and decisions allows the problem to be modeled and solved using commercially available decision tree software. The MAD valuation methodology will be implemented both in its original form using subjective probabilities for market information as well as by using information about oil & gas prices available in the market (futures and forwards). A comparison and evaluation of the resulting real option values will be included.
Prof. Bratvold would be happy to discuss any variations of this project proposed by interested students.

“Open” Project.

Project Supervisor: Reidar B Bratvold 

For students who would like to devise their own projects, we would be happy to discuss supervising any that fall in the following areas

Economic Evaluation

Uncertainty modelling & risk analysis – stochastic simulation

Decision-Making, Value of Information & Flexibility

Optimization and Stochastic Optimization of uncertainty problems
Portfolio Analysis

Performance measurement

Psychological factors related to uncertainty assessment and  decision-making

