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Abstract 

Unconventional resource plays (e.g., tight gas plays, coal-
bed methane, etc.) play an increasing role in the global energy 
budget.  Those in the United States have attracted a lot of 
attention and study in recent years, but for many of the 
international unconventional plays, information regarding 
likely production rates, ultimate recoveries, development 
costs, and the overall profitability of these plays is often 
exceedingly scarce.  As such, companies interested in 
pursuing these plays must make decisions regarding what 
information to acquire.  Seismic surveys, regional studies, 
exploration/appraisal wells, pilot programs, etc. – all are 
possible sources of data regarding the ultimate behavior of the 
reservoir.  Unfortunately, all are possible wastes of money and 
manpower, too. 

Maximizing the probability of financial success in these 
plays requires a thorough, consistent value-of-information 
(VOI) process.  This paper presents an approach that 
emphasizes estimating the reliability of these information 
sources in a consistent way, including performing sensitivity 
analyses to see how the VOI changes by varying input 
parameters (including reliability). 

Results can give the decision-maker confidence in the 
decision to acquire information (or not to do so), and yield 
insights into the overall profitability of the venture.  They also 
highlight those uncertainties that merit further attention, 
versus those that can be ignored (or must simply be accepted) 
for the time being. 

In the absence of VOI analyses, the value of highly 
uncertain opportunities can be grossly mis-estimated.  Such 
analyses should play a key role in estimating the profitability 
of unconventional resource plays. 

 
Introduction 

VOI analysis is one of the most powerful and yet 
underutilized tools for evaluating the potential profitability of 
an asset, project, or opportunity.  Such analysis usually 

assumes risk neutrality – i.e., that the decision-maker will 
always choose the option with the highest expected value 
(EV), regardless of the probability of success – but the 
calculations can be modified to accommodate risk-aversion.  
This paper will assume risk-neutrality (the reader should note 
that risk aversion causes the value of information to increase 
or remain the same, but never decrease). 

VOI analysis also assumes that the decision maker is open 
to alternative courses of action.  Information adds value only if 
it convinces the decision-maker to choose a different path 
under some circumstances.  If the path forward has already 
been decided (or if the optimal decision choice remains the 
same regardless of what the information tells us), acquiring 
new information is a waste of time and money.  By itself, 
increased confidence in our decision adds no value. 

As this implies, we must identify the “money” decision – 
i.e., the decision that, if we get it right, will result in greater 
profitability.  In the early stages of evaluating an 
unconventional play, this is usually the decision whether or 
not to proceed with acreage acquisition and development.  We 
must also identify the key uncertainty or uncertainties, the 
parameter(s) about which we expect the new information to 
improve our understanding and narrow the range of possible 
values.  In the examples in this paper, the degree of natural 
fracturing in a tight gas reservoir will be used for illustrative 
purposes. 

Value of information increases with: 
1) The probability of making the wrong decision in the 

absence of any new information 
2) The cost of making the wrong decision in the 

absence of any new information (including 
opportunity cost) 

3) The reliability of the information. 
In unconventional resource plays, the cost of error can be 

surprisingly low if the basic infrastructure for production is 
nearby (as it often is in the domestic United States).  In tight 
gas plays, for example, dry holes are rare.  Even disappointing 
wells usually produce some minimal volume, thus allowing 
the operator to recover some of the expenses associated with 
drilling, completing, and hooking up the well.  If a nearby 
pipeline allows for the well to be brought onto production at 
minimal cost, the overall “cost of venture failure” may be low 
enough to reduce the value of new information to the point 
where it is not worth the expense of acquiring it. 

In remote areas around the globe, however, this usually 
isn’t the case.  Building a pipeline from a prospective tight gas 
play to a market or an export point can be very expensive.  In 
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plays like these, information is much more likely to be worth 
the cost. 

 
Seismic example with nearby infrastructure 

Consider the following hypothetical example:  A tight gas 
play in the United States contains areas of natural fracturing 
(in which the average estimated ultimate recovery (EUR) per 
well exceeds 2.5 BCF), and areas in which such natural 
fractures are absent (in which the average EUR/well is less 
than 2.5BCF).  2.5 BCF/well is the estimated threshold 
between a profitable development and an unprofitable one. We 
are financial analysts charged with preparing an entry strategy 
for the play. 

The EV of a profitable development in the area under 
consideration is estimated to be $130 million.  The EV of 
proceeding with development if the area lacks natural 
fracturing is negative $15 million (the downside risk is limited 
by nearby pipelines which minimize the cost of bringing wells 
onto production, and by the fact that if fractures are poorly 
developed in the proposed development area, we will 
eventually realize this fact and stop drilling wells).  A “no go” 
decision would have an EV of $0, of course, regardless of 
whether or not the fractures are present. 

With current data, the best estimate of the probability of 
natural fracturing in the proposed area is 30%.  We are 
considering acquiring a 3-D seismic grid at a cost of $5 
million to help discriminate those areas with natural fracturing 
from those without such fractures. 

VOI is simply the value of a project with the information 
minus the value of the project without the information.  As 
such, the first step to any VOI analysis is to determine what 
the optimal alternative is in the absence of new information.  
Figure 1 shows the basic decision tree for this question. 

 
"No More Information" Case

Key Uncertainty Expected Value
Decision: Condition 1

Develop Area Fractured $130.00
Alternative 1 0.30

Develop Area
$28.50 Condition 2

Not Fractured ($15.00)
$28.50 Decision to make 0.70

Develop Area?

Fractured $0.00
$0.00 Alternative 2 0.30

Do Not Develop

Not Fractured $0.00
0.70  

Figure 1 
 
The EV of developing the area is $28.5 million ($130 

million x 30% + (-$15 million) x 70%), which exceeds the EV 
of not developing ($0).  Therefore, the “Go Now” decision – 
the optimal choice in the absence of any new information – is 
to proceed with development.  The value of any new 
information will be the EV of the project with that 
information, less $28.5 million. 

It is often worth calculating the value of perfect 
information (VOPI) at this point.  Perfect information almost 
never exists, of course, but the value is easy to calculate and if 
it is less than the cost of the information we are considering 
acquiring, our decision is made for us and we can stop our 
analysis.  If the information costs more than the VOPI, it is 
obviously not worth the expense. VOPI is calculated by 
assuming that we can resolve the key uncertainty absolutely 
before we must make the “money” decision.  Figure 2 shows 

the decision tree.  VOPI is calculated by inverting the decision 
tree – placing the key uncertainty first on the tree, and then 
modeling the appropriate decision behavior. 

 
"Perfect Information" Case

Value of Expected Value
Perfect Information: Decision:

$10.50 Develop Area Develop Area $130.00

Fractured
0.30

Do Not Develop $0.00
$39.00 Key Uncertainty

Fractured?
Decision:

Do Not Develop Develop Area ($15.00)

Not Fractured
0.70

Do Not Develop $0.00  
Figure 2 

 
If the company could know for certain that the area is not 

fractured (expected to be the case 70% of the time), they will 
decide not to develop, thereby preventing a $15 million loss.  
This increases the EV of the project to $39 million, so the 
VOPI is $10.5 million ($39 million - $28.5 million).  If the 
cost of acquiring the 3-D seismic data were greater than $10.5 
million, they could confidently decide not to acquire it (unless 
they believe that it will be useful for resolving uncertainties 
other than the degree of natural fracturing and/or if it will be 
useful for making other decisions; in such a situation, we need 
to perform multiple VOI analyses).  As the cost of the data is 
only $5 million, further analysis is necessary.  We must 
estimate the reliability of the seismic data when used to 
interpret the presence or absence of fractures. 

This must be done in such a way as to preserve the current 
estimate of the probability that natural fracturing is present 
(30%).  The acquisition of seismic data cannot change this 
figure.  Seismic data can sometimes detect fractures; it cannot 
create them. 

A Bayesian inversion is used to accomplish this.  We start 
by assuming an actual state of nature (e.g., that fractures are, 
indeed, present) and ask what the probability is that the 
acquisition of the seismic data will allow us to correctly 
interpret this.  We then assume that fractures are, in fact, not 
present, and again ask what the probability is that the seismic 
will allow us to correctly interpret this situation.  This allows 
the probability of each possible scenario (true positives, true 
negatives, false positives, and false negatives) to be calculated.  
The Bayesian inversion then collects these probabilities in 
such a way as to answer the questions, “What is the 
probability that we will interpret that fractures are present?  If 
we do so, what is the probability that we will be correct?  
What is the probability that we will interpret that there are no 
fractures?  If we do so, what is the probability that we will be 
correct?” 

The derivation of these probabilities is shown in Figure 3.  
The upper tree shows the a priori probabilities (30% and 70%) 
and our estimates of the reliabilities of the seismic data in the 
positive (fractured) case and the negative (no fractures) case.  
In this example, we are assuming that the seismic survey is 
slightly more reliable (75% reliability) for detecting fractures 
that are actually there than it is for discerning when fractures 
are actually absent (70% reliability).  Such asymmetry in 
reliability is common. 
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Assessment of Contingent Probabilities

Actual State Interpreted State

Contingent Probabilities Total Probabilities
A Priori Probabilities 0.75 Fractured 0.225

Fractured
0.30

Not Fractured 0.075
0.25

Fractured?

0.30 Fractured 0.210
0.70

Not Fractured

Not Fractured 0.490
0.70

Assessment of Posterior Probabilities

Interpreted State Actual State

Posterior Probabilities
Probability of Interpretation 0.517 Fractured 0.225

Fractured
0.435

Not Fractured 0.210
0.483

Fractured?

0.133 Fractured 0.075
0.565

Not Fractured

Not Fractured 0.490
0.867  

Figure 3 
 
Figure 3 shows that if we acquire the seismic data, we 

should expect to interpret that fractures are present about 
43.5% of the time (despite the fact that we expect the fractures 
actually to be present only 30% of the time).  This occurs 
because the data are imperfect.  If we do make such an 
interpretation, we expect to be correct about half the time 
(51.7%).  This may not seem very good (barely better than a 
coin flip), but it is significantly higher than our expected 
success rate without the data (30%).  If we interpret that there 
are no fractures present (which we expect to do about 56.5% 
of the time), we will be correct about 86.7% of the time. 

These probabilities then feed into the Value-of-Imperfect-
Information (VOII) tree (Figure 4).  This tree is more complex 
because we now have two uncertainties (whether we will 
interpret fractures to be present, and whether they will actually 
be present). 

 
"Imperfect Information" Case

Interpreted State Actual State Expected Value

Fractured $130.00
Decision: 0.517

Develop Area Develop Area
$60.00

Not Fractured ($15.00)
Value of 0.483

Imperfect Information: Fractured
$0.00 0.435

Fractured $0.00
0.517

$0.00 Do Not Develop

$28.50 Not Fractured $0.00
0.483

Acquire Seismic

Fractured $130.00
Decision: 0.133

Develop Area Develop Area
$4.25

Not Fractured ($15.00)
0.867

Not Fractured
0.565

Fractured $0.00
0.133

$0.00 Do Not Develop

Not Fractured $0.00
0.867  

Figure 4 
 
Figure 4 shows that the value of the opportunity with the 

seismic data is $28.5 million – exactly the same value as it 
was without the seismic.  Thus, the value of the seismic data is 
$0, and it should not be acquired.  The path forward with the 
highest EV is to proceed with development now, despite the 
uncertainty. 

Two points:  First, most VOI analyses do not incorporate 
the cost of acquiring the data into the analysis directly.  

Rather, the value of the data is calculated ($0 in this case), and 
this should be compared to the cost of acquisition and 
interpretation ($5 million in this case).  Second, if acquiring 
the data changes the overall EV of the “money” decision (e.g., 
by delaying the start of development), that must be 
incorporated into the EV values seen at the right-hand side of 
the VOII tree.  In this example, we have assumed no such 
delay for simplicity’s sake.  When the time value of money is 
taken into account, it is possible for VOII to be negative – i.e., 
taking the time to acquire data actually erodes net present 
value. 

The reason the seismic data adds no value in this case is 
because of its mediocre reliability.  Figure 4 shows that even 
on the branch of the tree in which we interpret no fractures to 
be present, the highest EV comes from proceeding with 
development anyway ($4.25 million vs. $0).  Thus, no matter 
what the data tell us, we should proceed with development 
(which is what we were going to do without any new data – 
see Figure 1 again).  If new information does not cause us to 
change our course of action under any predicted scenarios, the 
information has no value. 

 
Seismic example in a remote area 

Now consider the same situation with all of the same 
values, but with one significant change:  the cost of building 
the infrastructure necessary for development is about $30 
million.  This decreases the EV of the “fractured” case to $100 
million and the EV of the “not fractured” case to negative $45 
million. 

Figure 5 shows that if we have to decide now with no more 
information, the optimal choice is not to develop.  The EV of 
developing is negative $1.5 million. 

 
"No More Information" Case

Key Uncertainty Expected Value
Decision: Condition 1

Do Not Develop Fractured $100.00
Alternative 1 0.30

Develop Area
($1.50) Condition 2

Not Fractured ($45.00)
$0.00 Decision to make 0.70

Develop Area?

Fractured $0.00
$0.00 Alternative 2 0.30

Do Not Develop

Not Fractured $0.00
0.70  

Figure 5 
 
The VOPI jumps to $30 million in this scenario (Figure 6), 

and the VOII increases to $13.05 million (Figure 7).  The 
Bayesian inversion does not change; it is the same as it was in 
Figure 3.  $13.05 million is quite a bit more than the cost of 
the survey ($5 million).  With a tight gas play in a remote 
location and significant infrastructure costs, the seismic data 
add considerable value to the opportunity. 

 
"Perfect Information" Case

Value of Expected Value
Perfect Information: Decision:

$30.00 Develop Area Develop Area $100.00

Fractured
0.30

Do Not Develop $0.00
$30.00 Key Uncertainty

Fractured?
Decision:

Do Not Develop Develop Area ($45.00)

Not Fractured
0.70

Do Not Develop $0.00  
Figure 6 
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"Imperfect Information" Case

Interpreted State Actual State Expected Value

Fractured $100.00
Decision: 0.517

Develop Area Develop Area
$30.00

Not Fractured ($45.00)
Value of 0.483

Imperfect Information: Fractured
$13.05 0.435

Fractured $0.00
0.517

$0.00 Do Not Develop

$13.05 Not Fractured $0.00
0.483

Acquire Seismic

Fractured $100.00
Decision: 0.133

Do Not Develop Develop Area
($25.75)

Not Fractured ($45.00)
0.867

Not Fractured
0.565

Fractured $0.00
0.133

$0.00 Do Not Develop

Not Fractured $0.00
0.867  

Figure 7 
 
The reason for the increase in value can once again be seen 

in the VOII tree in Figure 7.  The decision with no new 
information (Figure 5) was not to develop; with the seismic 
data, we will change our minds and develop if we interpret 
fractures (which will occur 43.5% of the time), and the EV of 
doing so is $30 million.  Information that causes us to take a 
different course of action under at least some scenarios has the 
potential to add value – in this case, far more value than the 
cost of the information. 

 
Testing VOI sensitivity to variance in inputs 

VOI analysis requires estimates of values that are often 
difficult to know.  Varying the inputs and seeing how the VOI 
changes can be very informative.  Figures 8 and 9 show how 
VOI changes when the cost of venture failure and the 
reliability of the information are varied, respectively.  
Sensitivity charts could also be made by varying the other 
input parameters (the success-case EV and the probability of 
natural fracturing in our area of interest), and plotting the 
changes in VOI against those parameters. 

Figure 8 shows how the VOI varies with the cost of 
development an area in which the reservoir is not fractured 
(i.e., the cost of venture failure).  The two curves represent the 
domestic and remote cases, respectively.  All inputs and 
assumptions are held constant except for the cost of venture 
failure.  A horizontal dashed line has been added at $5 million, 
the mean cost of the seismic data. 
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Figure 8 

 

Recall that in the domestic scenario with infrastructure 
close by, the mean cost of failure was $15 million.  This graph 
shows that the mean cost of failure would have to be $30 
million – twice our current estimate – before the VOI of the 
seismic data exceeds its cost of $5 million.  Even if we aren’t 
sure exactly what the cost of failure should be, we can 
probably make the decision not to acquire the seismic with 
confidence. 

Likewise, in the remote scenario, the mean cost of failure 
was $45 million.  Figure 8 shows that unless the cost of failure 
is less than $25 million or greater than about $83 million 
(which is off of this chart), the seismic is worth the money.  
Again, we may not know exactly what it will be, but unless 
our estimates are way off, we can confidently decide to 
acquire the seismic data. 

Two of the input parameters about which many people feel 
uncertain are the positive and negative reliabilities of the data.  
Sensitivity charts can once again tell us how confident we 
should be of our results.  Figure 9 shows how the VOI varies 
in each of the two scenarios as the reliability of the seismic 
data for interpreting fractures is varied.  The positive 
reliability (i.e., probability that, given that fractures are 
actually present in the area, we will correctly interpret that 
they are there) is plotted along the x-axis, and VOI is along the 
y-axis.  The negative reliability is held at a value 5% lower 
than the positive reliability (since as data quality goes up or 
down, the positive and negative reliabilities are likely to go up 
or down together).  Bear in mind that a reliability of 50% - a 
coin toss – represents useless information; a reliability of 0% 
would mean that the information is perfectly unreliable – i.e., 
it is always wrong – and therefore, useful. 

Again, the $5 million cost of the seismic is drawn as a 
horizontal dashed line. 
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Figure 9 

 
In the domestic case, the reliability of the seismic data 

would have to rise above about 90% before it would be worth 
acquiring the data.  We may not know that the positive 
reliability used in the example (75%) is correct, but if we are 
sure that it is less than 90%, we can confidently make the 
decision not to acquire the data.  Similarly, in the remote 
scenario, as long as we are fairly sure that the positive 
reliability of the seismic data is greater than about 62%, we 
can confidently make the decision to go ahead and acquire the 
data. 
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Summary 

Value of Information (VOI) analyses can and should be 
performed whenever a company is considering spending 
money to acquire new information, whether from seismic data, 
an appraisal well, an extended well test, or a pilot program.  
Such analyses lend themselves to spreadsheet representation.  
They can be done quickly with rough estimates, and then 
sensitivity charts can be made to see how wrong those 
estimates have to be before we would reverse our decision 
whether or not to acquire the data.  If small changes to inputs 
would cause us to change our minds, a more detailed analysis 
with well-researched numbers should be performed; if not, we 
are done. 

VOI analyses can yield non-intuitive results, especially 
where unconventional resources are concerned.  It is easy – 
and misleading – to believe that more information is always 
better.  In situations in which the cost of making the wrong 
choice is not too severe, the decision alternative with the 
highest option may be to make the “money” decision now, 
despite the uncertainty. 

Note that a VOI analysis estimates the value of the 
information as it helps to resolve a single uncertainty, and how 
it improves the probability that we will select the best 
alternative relative to a single decision.  In this paper, for 
example, we have estimated the value of the seismic data as it 
helps to determine the presence or absence of fractures, 
thereby helping us to decide whether or not to acquire acreage 
and proceed with development.  If the seismic data helps to 
resolve any other uncertainties (e.g., structure, depth to 
reservoir, etc.) or helps us to make any other decisions (e.g., 
how large a development to build or how large a pilot program 
to run), that value is not captured in this analysis.  Multiple 
VOI analyses may be needed to estimate the total value of the 
information. 

One key aspect of VOI analyses concerns the adjustments 
that must sometimes be made to the EVs on the VOII tree.  
For instance, appraisal wells can often later be used as 
producing wells.  Seismic data usually help to delineate a 
field, reducing volumetric uncertainty and eliminating the 
need for one or more appraisal wells.  Pilot programs and 
extended well tests produce hydrocarbons that would have 
been produced later during full-field development and affect 
the timing of the onset of production from the main 
development program.  Thought should be given as to exactly 
how best to incorporate these effects into the analysis. 

One caveat: it is easy to get carried away and ‘over-model’ 
these assumptions and adjustments.  Keep models as simple 
and straightforward as possible, remembering that the goal of 
VOI assessments is to determine when additional information 
should be acquired, and when we should make our key 
decisions now.  This can often be determined by using rough 
estimates, and then testing how wrong those estimates would 
have to be before the decision whether to acquire the 
information would be reversed. 


