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Making sense of Risk through Numbers 
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The ability to make risk-based decisions in a reproducible manner, especially 
where many risks appear to be impossible to quantify accurately gives any 
investor or decision-maker a competitive advantage.  Dr Graeme Keith 
explores how he managed to achieve this whilst working within Oil & Gas. 
 
Dr Keith explores how risky exploration truly is within the Oil & Gas sector, 
together with how you can offset some of this risk by viewing each opportunity 
within a portfolio – “win some, lose some”… but how many? 
 
 
Quantitative risk management | Oil & Gas | Portfolio hedging 
 

 
 
Exploration at risk 

Oil and gas exploration is fraught with risk. The exposure is substantial. A typical 
offshore exploration well costs between 50 and 150 million dollars. Onshore drilling in 
accessible areas is cheaper, but brings a litany of additional social, environmental 
and political risks. All wells have a substantial likelihood of failing to find oil - the 
discovery rate for exploration wells globally is a little over one third. And even if you 
find oil, the journey from discovery to commercial production is long and beset by a 
bewildering bestiary of potential threats. Fewer than half the discoveries we make 
result in commercial production and some of these don’t recover the initial 
exploration investment. 

Historically, successful exploration ventures have been enormously lucrative. 
Companies pay enormous premiums to “back in” to projects once the initial 
geological, political and commercial uncertainties have been resolved. Today, oil 
supply is abundant, reserves are ready to burst, and a nervous economic outlook 
together with environmental activism exert downward pressure on demand. 
Nonetheless, with companies (and states) both looking for lower cost production as 
well as to move production into more stable, regulated and environmentally 
responsible jurisdictions, the exploration pot is still worth competing over, though the 
need both to understand and manage the associated risks has never been greater. 

 

Traditional risk tossed about in the sea of exploration volatility 

Traditional risk management techniques are ill-suited to handle the extreme volatility 
of the exploration business. A common approach is to try to represent the diversity of 
potential outcomes in a single, supposedly representative case, and to enumerate 
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and rank the uncertainties and threats that could cause deviations from this case. 
Often, according to the risk picture thus painted, projects will be evaluated with risk-
adjusted discount rates in order to raise the threshold for returns to accommodate the 
perceived level of risk.  

These methods fall short for three main reasons. First, the focus is on “risks” - negative 
deviations - but the essence of exploration is not only protecting the downside, but 
capturing the upside and, in particular, ensuring the inherent risk is justified by the 
potential rewards.  

 

Secondly, it doesn’t make much sense to discuss the trade-off between irreducible 
risk and reward on a case by case basis. These considerations play out at a portfolio 
level where irreducible risks can be diversified (perhaps hedged) and upsides can 
realistically be realized. But these traditional methods have no obvious route to raising 
risks to a portfolio level. 

Finally, simple enumerations of risk, even ranked, scored or placed on a matrix, give 
little insight into the relative importance of the impact on value of different 
uncertainties, even at a project level. Thus workflows, investment analysis and due 
diligence have no guide to what really matters and where work can reduce 
uncertainty cost-effectively to support investment decisions. 
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Simple uncertainty modelling support (Sums) 

Simple, fit-for-purpose quantitative models bring clarity to the fundamental 
uncertainties that drive the value of exploration investments, provide a framework for 
maximizing investment returns at a given level of risk and reduce costs by informing 
the allocation of resources to the resolution of critical uncertainties.  

 

To illustrate the method, a model of a simple exploration venture is sketched below. 
The key outcomes are safety and environmental performance and monetary value - 
here articulated through net present value. 
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Project sanction entails not only that the exploration well demonstrates the presence 
of sufficient resources to warrant a healthy economic project, but also that all the 
other conditions for proceeding with a commercial exploitation are met, namely 
good commercial arrangements and terms, sufficient security and political stability 
and that social and environmental standards can be honoured. 

Models can be more or less sophisticated. Historical performance and analogue 
ventures can provide quick and simple route to characterization of strategic 
opportunities at a global level. At the level of a portfolio of particular individual 
investments, models will describe a range of outcomes for the size of the resource and 
its quality (essentially how well it flows and how much you can extract from a single 
well) and the costs associated with developing resources in different resource ranges. 
Detailed models will include appraisal programmes and the information value 
associated with them. 

 

Prospect characterization 

Whatever the level of sophistication in the model and however much optimization of 
policy and concepts has taken place, results for individual opportunities will, broadly 
speaking, be characterized by an opportunity cost, a probability of sanction and a 
range of value in the case of sanction. Failure to sanction leads to the loss of the 
opportunity cost. 

The structure of the uncertainty around such an investment option can be seen in an 
exceedance plot, like the one here. NPV is plotted horizontally with the probability of 
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exceeding a given NPV plotted vertically. Essentially the plot shows all the outcomes 
sorted into order of value and then plotted from the top down.. 

 

The long vertical is the opportunity cost. There is a substantial probability the project is 
not sanctioned and the opportunity cost is sunk. There is a possibility of losing more 
than the opportunity cost if the project is sanctioned, but goes badly - either owing to 
cost or schedule overruns or because of fluctuations in commodity price. For the same 
reasons, we may not recover the opportunity cost and the probability of losing money 
is consequently a little greater than the simple probability the project is not 
sanctioned. The upside here is clear and derives from potentially plenteous resources 
and the possibility of rising commodity prices. 

The oil and gas industry traditionally uses expected monetary value (EMV) as a guide 
to investment. The EMV is a probability weighted sum (integral actually) over the full 
range of outcomes (including the lost opportunity). In this example, the EMV is around 
450 (say, millions of dollars). Relative to an opportunity cost of 70 million, this doesn't 
sound at all bad, but just a quick glance at the figure above shows the nuance of the 
risk profile of these kinds of opportunities. The probability of actually achieving that 
value is around 10%. "Expected" is a miserable misnomer where the uncertainty range 
is so large. 

 

Portfolio is king 

We can reduce this uncertainty, a little, by looking at a portfolio of potential projects. 
If we consider a handful - say, for the sake of example, nine - we may end up with an 
exceedance curve like this. 
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We would have to be pretty unlucky for none of the projects to get sanctioned (at a 
cost of 520 million dollars), though it's still a very real possibility, and the probability of 
making back your opportunity costs (not the capital you invest after sanction) is now 
around 60%, up from 10% for the single venture. The expected value is now 2.8 billion 
dollars, a number marginally less meaningless at a portfolio level than at a venture 
level. 

The ability to produce figures like the one above for diverse selections of venture 
options brings the possibility of rich discussions regarding risk and return. As an 
example, say I don't have 520 million to invest in my nine ventures, but only 200 million. 
How can I choose which of the ventures to back? 
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Notwithstanding misgivings regarding EMV as a meaningful metric, it is quickly and 
relatively easily calculated and for large portfolios at least, worth a look. The plot 
below shows the EMV of a portfolio of ventures plotted against the cost for all of the 
different combinations of nine ventures from doing nothing at all to taking on all nine. 
Each point corresponds to a portfolio - a collection of ventures. The envelope 
overlying these points represents a kind of ideal return on investment in the sense that, 
on that curve, you can not exceed the expected outcome without increasing cost 
and you can't reduce cost without reducing the expected outcome. 

With my 200 million to spend, I can choose a portfolio with an EMV slightly shy of 1.5 
billion. A little wary after the revelations of the previous section, I might want to take a 
look at where that 1.5 billion sits on the exceedance curve. 
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Well, at least we know. 

Not sure who fortune favours, but it isn't always the brave 

What if instead of trying to maximize expected value, we try to maximize the 
probability of recovering our opportunity costs? This will give us a more conservative 
portfolio - switching out the high risk (low probability, high cost), high return ventures 
in favour of those with lower risk, lower return. 
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The approach is essentially the same, but now we plot the probability of recovering 
opportunity costs - the probability at which the exceedance curve crosses zero 
vertically. For a given budget, we can choose the the portfolio that gives us the 
greatest probability of recovering our costs. This has the following risk profile, plotted 
together with the EMV maximizing portfolio at the same cost. 
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Eight times out of ten, fortune tweaks the nose of the brave and favours prudence 
instead. 

Perspectives 

These methods are immensely insightful and the possibilities are myriad. In practice 
we use the methods above to select four or five different portfolios: a gung-ho EMV 
maximizer, a conservative "maximum probability of recovering costs", another 
conservative "best of a bad year (Value at Risk)", perhaps a theoretical lady-luck 
bang-for-buck good year. Often, the same ventures will appear on all the lists. The 
discussion regarding the selection of the rest then comes down to the trade-off 
between upside exposure - betting on commodity price or the possibility of a big 
discovery - and downside protection - keeping the lights on year to year. 

The framework also allows for an explicit account of political, social, environmental 
and safety risks. Instead of simply turning the screw on the discount rate as exhortation 
to performance in high-risk regions, we can model the things we fear: political 
instability leading to, for example, expropriation, disintegration of security, inability to 
meet standards on compliance and working practices, and so on. Very often our 
financial exposure when these risks are explored is relatively small. This approach 
encourages a capital-after-confidence policy that represents risks faithfully as they 
evolve and provides a more nuanced picture of the decisions to be made to manage 
and assess those risks before large commitments are made. 
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