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•Nearly all important decisions, business or personal, are 
made under conditions of uncertainty.  

•We lack information about factors that could 
significantly affect the outcomes of our decisions.

•The decision maker must choose one course of action 
from all that are available.

•The difficulty is in understanding the consequences or 
outcomes of the different courses of action.

DecisionDecision making undermaking under uncertaintyuncertainty

Understanding the differences betweenUnderstanding the differences between alternatives alternatives 
(value drivers)(value drivers)

Alternative ‘A’ Alternative ‘B’

Va
lu

e

Additional 
Capital

Increased
production Delay
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Two general patterns with regards to decisionTwo general patterns with regards to decision--making making 

 A general EMV pattern, where the decisions occur up 
front and then all the uncertainties occur after those 
decisions are made. 

A phased decision pattern, where the decisions are 
interspersed with the uncertainties.

A phased decision pattern is indicative of a 
“Value of Information” situation

Value of information Value of information general principlesgeneral principles

•There must be a decision which can change as a 
result of the information

•Confidence has no intrinsic value.  Value is added by 
making better, higher EMV decisions 

•The state of the world can not change w/out new 
information

•Value of information is the difference between the 
project with the information and the project without 
information
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Value of InformationValue of Information

New or additional information can reduce uncertainty
Reduced uncertainty should increase payoff and 
reduce variance
Additional information costs money
Examples

Seismic survey
Laboratory analysis
Services of consultant
Market survey before launching new project

Questions to be Answered Before                        Questions to be Answered Before                        
Buying Additional InformationBuying Additional Information

Is the additional information worth the cost?
If several potential sources of information exist, which 
one if preferred?
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Acquire 
Info?

Actual
Uncertainty
Resolved

Pursue
Project?

Decision Measured
Uncertainty

Decision

Acquire 
Info?

Actual
Uncertainty
Resolved

Pursue
Project?

Decision Measured
Uncertainty

Decision

Decision
Measured
Uncertainty Decision

Outcome of
Uncertainty

Acquire 
info?

Pursue
project?

Indicated
uncertainty
(from info)

Actual 
uncertainty 

resolved

Acquire 
info?

Pursue
project?

Indicated
uncertainty
(from info)

Actual 
uncertainty 

resolved

Phased decision 
patterns:

Perfect 
information

Imperfect 
information

Perfect information
-- completely 

resolve uncertainty
before making the 

decision.

Imperfect information
– cannot completely 
resolve uncertainty. 
The prediction may be 

wrong, uncertainty 
remains.

Pursue 
Project?

Actual
Uncertainty
Resolved

Decision Actual 
Outcome

The baseline, what is 
the value of the project 
without the information? 

Just Make the Decision Just Make the Decision –– no effort to no effort to 
resolve uncertainty before making the resolve uncertainty before making the 
decision.decision.

Perfect / Imperfect informationPerfect / Imperfect information

Calculating the value of informationCalculating the value of information

Value of information is the difference between 
the project with the information and the project 
without information
The value of both perfect and imperfect 
information can be calculated.

Specific Scenario EMV

A) Value of the project without information $MM

B) Value of the project - Perfect Information $MM (B>A)

C) Value of the project - Imperfect Information $MM (C>A, C<B)
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Expected Value of Perfect InformationExpected Value of Perfect Information
(EVPI)(EVPI)

Expected Value of Perfect InformationExpected Value of Perfect Information

Expected value of perfect information (EVPI) is 
expected payoff with perfect information (EPPI)
minus expected payoff without information
EVPI is amount we can spend on acquiring perfect 
information
EVPI gives upper-bound for imperfect information, 
since perfect information is rarely available
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Expected Value of Perfect InformationExpected Value of Perfect Information

Best payoff (from perfect information) found by first 
determining maximum payoff of each event, then 
multiplying each maximum by probability of event
EVPI then calculated as difference between best 
payoff and most likely payoff
Process illustrated by example

Example: Expected Value of Perfect InformationExample: Expected Value of Perfect Information

For decision problem discussed earlier (leasing 60 acres 
to join drilling unit and determining whether to drill, farm 
out, or back in)

Geologists believe additional seismic data will 
significantly reduce uncertainty – can tell us “dry 
hole” or “producer,” but not size of reserve
We want to determine maximum amount we can 
pay for additional seismic
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Example: Expected Value of Perfect InformationExample: Expected Value of Perfect Information

111.14126.401125.8630.0565 MSTB

73.71220.69387.4110.1550 MSTB

34.14214.64645.4480.2535 MSTB

0.7508.7334.3570.3020 MSTB

00-300.25Dry hole
ProbabilityOutcomes

37.5%
Back-in

Farm out
Retain ORI

Drill with
37.5% WI

Net Present Value, M$

Example: Expected Value of Perfect InformationExample: Expected Value of Perfect Information

Choose maximum value in each row of given data to 
represent NPV of perfect information

Since information perfect, dry hole risk has vanished
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Example: Expected Value of Perfect InformationExample: Expected Value of Perfect Information

111.14126.401125.8630.0565 MSTB

73.71220.69387.4110.1550 MSTB

34.14214.64645.4480.2535 MSTB

0.7508.7334.3570.3020 MSTB

00-300.25Dry hole
ProbabilityOutcomes

37.5%
Back-in

Farm out
Retain ORI

Drill with
37.5% WI

Net Present Value, M$

Example: Expected Value of Perfect InformationExample: Expected Value of Perfect Information

Multiply NPV values assuming perfect information by 
probabilities to obtain at components of expected value
Add components of expected value to determine 
expected payoff of perfect information (EPPI)
Subtract EMV under uncertainty (which was $25.375 M 
for back-in option) from EPPI to determine EVPI
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Example: Expected Value of Perfect InformationExample: Expected Value of Perfect Information

33.3871.00

6.293125.8630.0565 MSTB

13.11287.4110.1550 MSTB

11.36245.4480.2535 MSTB

2.6208.7730.3020 MSTB

000.25Dry hole

ProbabilityOutcomes
EPPI, M$NPV, M$

Perfect Information

Example: Expected Value of Perfect InformationExample: Expected Value of Perfect Information

EVPI = EPPI – EMV
= $33.387 M – $25.375 M
= $8.012 M

We can afford to pay no more than 
$8.012 M for seismic
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VRU Installation RevisitedVRU Installation Revisited

25.0% 0.1375
600 400

55.0% Chance
0 285

35.0% 0.1925
500 300

40.0% 0.22
400 200

TRUE Chance
-200 111.75

45.0% 0.45
100 -100

Decision
111.75

FALSE 0
0 0

Install

Do Not Install

VRU

Success

Failure

High

Medium

Low

Recall the analysis of the vapor recovery unit installation

EV of Install = $111.75

Suppose that we could perform a perfect test for $20,000 that would 
determine whether the project would be successful with 100% reliability. 

What would this test be worth?

Decision tree with obtain perfect information branchDecision tree with obtain perfect information branch
25.0% 0

600 400
55.0% How well?

0 285
35.0% 0

500 300
40.0% 0

400 200
FALSE Does it work?

-200 111.75
45.0% 0

100 -100
Decision

156.75
FALSE 0

0 0
25.0% 0.1375

600 400
TRUE How well?

-200 285
35.0% 0.1925

500 300
40.0% 0.22

400 200
55.0% Now what?

0 285
FALSE 0

0 0
TRUE Chance

0 156.75
FALSE 0

-100 -100
45.0% Now what?

0 0
TRUE 0.45

0 0

VRU Perfect

Install

Do not install

Perfect Test

Success

Failure

High

Medium

Low

Success

Failure

Install

Do not install

Install

Do not install

High

Medium

Low

EV of Install = 
$111.75

EV of Test = 
$156.75

Value of Perfect Information:

$156.75-$111.75 = $45K
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Some Comments on EVPI Some Comments on EVPI 

In determining the EVPI, no information costs are included on 
the diagram.
After rolling back the tree, the difference between the 
information alternative and the best alternative without 
information is directly available.
Perfect information about a given event means complete 
elimination of uncertainty about the event’s outcomes; after 
receiving the information, you will know exactly which outcome will 
occur.
The decision to obtain perfect information does not eliminate 
uncertainty. Until the information is received, you are still 
uncertain about what the information will reveal. Value of 
information is from an a priori perspective.

Expected Value of Imperfect InformationExpected Value of Imperfect Information
(EVII)(EVII)



13

Why worry about imperfect informationWhy worry about imperfect information??

•The value of perfect information can be calculated, but 
actually acquiring this type of information is rare. 

•Imperfect information must be risked. Must take into 
account the possibility of an untrue (inaccurate) prediction.  

•The magnitude of the difference between the value of 
perfect and imperfect information relates to the risk of 
untrue predictions from imperfect information.

•Failure to take into account the impact of imperfect 
information can result in incorrect estimations of value.

History lessonHistory lesson

Thomas Bayes 1701 - 1761
Mathematician & ordained 
minister
Bayes Theorem published 1763
Taken from his ‘theory of logic 
and reasoning’. 

“a method by which we might judge concerning the 
probability that an event has to happen, in given 
circumstances, upon supposition that we know nothing 
concerning it but that, under the same circumstances, it 
has happened a certain number of times, and failed a 
certain other number of times.”

Bayes’ Theorem

A statistical method to 
revise probability 

estimates from new 
information.
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BayesBayes’’ Theorem or RuleTheorem or Rule

Used to revise probability of an earlier event given 
later event
Used when solving problems concerning value of 
additional information that will result in revised 
probabilities

BayesBayes’’ TheoremTheorem

Three types of probabilities we need to be concerned with:

 Prior probabilities - the probabilities established for some 
actual event before we gather additional information

 Conditional probabilities - the probabilities predicted by 
some test if an actual event really happens

 Posterior probabilities - the probabilities of the outcome 
of an actual event (with some prior probability) 
following a test with known conditional probability
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Bayesian AnalysisBayesian Analysis

Prior Distribution: probability distribution assessed for the 
random variable of interest before obtaining the empirical data.
Likelihoods: Conditional probabilities where the probability of 
a given observation is conditioned on the event of interest.
Posterior Distribution: revised probability distribution for the 
random variable of interest after obtaining the empirical data 
(also conditional probabilities).

Prior 
Probability + Likelihood Application

of Bayes Th.
Posterior 
Probability+

““BayesBayes’’ TheoremTheorem”” the basics the basics 

Event1 , E2 , E3 ,…………En
possible states of nature

Probability(of it being Ei)
probability of each of them being the true state of nature 

(prior probability)

Probability(of eventB|given Ei)
probability of B happening given that event Ei is the 

true state of nature (conditional probability)

[ ]∑ =
∗

∗
= n

i
EiPEiBP

EiPEiBPBEiP
1

)()|(
)()|()|(

The probability of Ei given the 
outcome of event B

(posterior probability)
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P E R P E P R E
P E P R E P E P R E

( | ) ( ) ( | )
( ) ( | ) ( ' ) ( | ' )

=
+    

Note that
– P(E) is unconditional probability of an event called Priori probability.
– P(R|E) is conditional (likelihood) of a symptom (or new knowledge) 

given the event
– P(E|R) is conditional (posterior) probability of an event given the new 

knowledge
– P(E)*P(R|E) is joint probability of a symptom and event
– Summation of the joint probability for any event is a marginal 

probability
– Applying the multiplication rule we can derive. . . 

P E R P E R
P R

( | ) ( )
( )

=
and

Bayesian AnalysisBayesian Analysis

BayesBayes’’ Theorem or RuleTheorem or Rule

( ) ( ) ( )

( ) ( )∑
=

×

×
= k

i
ii

ii
i

APABP

APABP
BAP

1

Posterior 
probabilities

Prior or source 
probabilities

Product of 
branch 
probabilities 
leading to B 
through A
Sum of all 
branch 
probabilities 
leading to B
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Probability of Drawing PencilsProbability of Drawing Pencils

First box contains 3 green, 2 red pencils
Second box contains 1 green, 3 red
One die is rolled

1 or 2 → draw from first box
3 to 6 → draw from second box

Pencil drawn is green
Calculate probability of drawing from each box

Probability of Drawing PencilsProbability of Drawing Pencils

First box contains 3 green, 2 red pencils
Second box contains 1 green, 3 red

1/3

2/3

3/5

1/4

2/5

3/4

G

R

R

G

B1

B2
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Box 1 Box 2

Probability of Drawing PencilsProbability of Drawing Pencils

First box contains 3 green, 2 red pencils
Second box contains 1 green, 3 red

( ) ( ) ( )
3
1

6
1

6
1

=+=+= BPAPBAP U

( )
3
1

1 =BP

( )
5
3

=GP

( )
3
2

3
112 =−=BP

( )
5
2

=RP

( )
4
1

=GP

( )
4
3

=RP

Probability of Drawing PencilsProbability of Drawing Pencils

First box contains 3 green, 2 red pencils
Second box contains 1 green, 3 red

( ) ( ) ( )

( ) ( )

54.55%or  5455.0
11
6

3
2

4
1

3
1

5
3

3
1

5
3

2

1
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1
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⎟
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⎞
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( ) 45.45%or  0.4545  5455.012 =−=GBP
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Using Probability Tree FormatUsing Probability Tree Format

Construct tree with branches representing all possible 
events; write prior probabilities on branches
Attach new branches to represent new information 
obtained (or to be obtained)
Multiply prior probabilities by conditional probabilities
Sum joint probabilities
Divide each joint probability by sum of joint probabilities 
to obtain posterior probabilities

Using Table FormatUsing Table Format

Σ(5) = 1.0Σ(4)Σ(2) = 1.0

P(A) × P(X/A)/Σ(4)
P(B) × P(X/B)/Σ(4)
…
P(N) × P(X/N)/Σ(4)

P(A) × P(X/A)
P(B) × P(X/B)
…
P(N) × P(X/N)

P(X/A)
P(X/B)
…
P(X/N)

P(A)
P(B)
…
P(N)

A
B

….
N

Posterior 
Probability
5 = 4/Σ(4)

Joint 
Probability
4 = (2 × 3)

Conditional 
Probability
3

Prior 
Prob.
2

Event
1
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Using Table FormatUsing Table Format

Input all possible events in Column 1
Assess prior probability of each event and input in 
Column 2; total must equal 1.0
Input likelihood probabilities into Column 3
Calculate joint probabilities by multiplying Columns 1 
and 3; sum in Column 4
Divide each joint probability by sum of joint probabilities 
to obtain posterior probabilities

Expected Value of Imperfect InformationExpected Value of Imperfect Information

Imperfect information changes degree and nature of 
uncertainty without eliminating it
Example from seismic 

Perfect information would be 100% reliable
Actual expectations might be 90% probability that 
seismic will indicate structure when structure is 
present, and 10% probability that seismic will indicate 
structure when structure is not present
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Expected Value of Imperfect InformationExpected Value of Imperfect Information

Expected value of imperfect information (EVII) is 
expected payoff with imperfect information minus 
expected payoff without information
Expected net gain (ENG) is expected value of 
information (perfect or imperfect) less cost of obtaining 
information

Expected Value of Imperfect InformationExpected Value of Imperfect Information

Bayesian methodology used to revise prior 
probabilities and determine new posterior 
probabilities, calculated using new information 
available through experiments or tests
Substitute posterior probabilities in place of prior 
probabilities in outcome state
Expected payoff thus calculated taking into account 
posterior probabilities in place of prior probabilities
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Implementing Bayesian AnalysisImplementing Bayesian Analysis

Determine course of action that would be chosen using 
only prior probabilities and record EMV of this course of 
action
Identify possible insights new information can provide
Assign probabilities to new information (conditional 
probabilities)

Implementing Bayesian AnalysisImplementing Bayesian Analysis

Calculate joint probabilities (product of prior 
probabilities and conditional probabilities)
Calculate marginal probabilities (sum of appropriate 
joint probabilities)
Calculate posterior probabilities (joint probabilities 
divided by marginal probabilities)
Replace initial (prior) probabilities by revised 
(posterior) probabilities and calculate revised (less 
uncertain) EMV of project
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Imperfect Information and the VRUImperfect Information and the VRU

Consider our VRU installation decision problem and 
instead of a perfect test, suppose we could spend 
$10,000 on a test that would produce “Good” or “Bad”
results.
We also know that 

if the VRU will be successful, then the probability 
of the test indicating a “Good” result is 0.90.
If the VRU will be a failure, then the probability of a 
“Good” result  is 0.30.

What would this test be worth?

where, 
E denotes the event of interest and 
R denotes the empirical observation

Event Prior Likelihood Joint Prob. Posterior
E1 P(E1) P(R|E1) P(E1) P(R|E1) P(E1) P(R|E1) / P(R)
E2 P(E2) P(R|E2) P(E2) P(R|E2) P(E2) P(R|E2) / P(R)
. . . . .
. . . . .
. . . . .

En P(En) P(R|En) P(En) P(R|En) P(En) P(R|En) / P(R)
------------- ------------ -----------------------
∑ = 1.0 ∑ = P(R) ∑ = 1.0

Bayesian Revision Bayesian Revision -- Table FormatTable Format
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Let S denote a successful VRU operation and F denote a failure.
From priori: P(S) = 0.55 P(F) = 0.45

Let G denote a “Good” on the test and B denote a “Bad” reading.
So, likelihood: P(G|S) = 0.90 P(G|F) = 0.30

Event Prior Likelihood Joint Prob. Posterior
S P(S) = 0.55 P(G|S) = 0.90 P(G,S) = .495 .P(S|G) =0.79
F P(F) = 0.45 P(G|F) = 0.30 P(G,F) = .135 .P(F|G) =0.21

---------------- ------------ -------------------
1.0 0.630 1.0

Event Prior Likelihood Joint Prob. Posterior 
S P(S) = 0.55 P(B|S) = 0.10 P(B,S) = .055 .P(S|B) =0.15 
F P(F) = 0.45 P(B|F) = 0.70 P(B,F) = .315 .P(F|B) =0.85 
 ----------------  ------------ -------------------
 1.0  0.370 1.0 

 

 

Test Result “Bad”

Test Result “Good”

Bayesian Revision Bayesian Revision –– VRU ProbabilityVRU Probability

Calculations in a spreadsheetCalculations in a spreadsheet

Illustration of Bayes' rule using VRU example

Prior probabilities of success (S) or failure (F)
Success Failure

P(S)= 0.55 P(F)= 0.45

Liklihoods of test results, given the eventual success or failure status of the well
Success Failure

Test result "Good" P(G|S)= 0.9 P(G|F)= 0.3
Test result "Bad" P(B|S)= 0.1 P(B|F)= 0.7

Sum= 1 1

Joint probabilities of well status and test results
Success Failure Unconditional

Test result "Good" P(G&S)= 0.495 P(G&F)= 0.135 P(G)= 0.63
Test result "Bad" P(B&S)= 0.055 P(B&F)= 0.315 P(B)= 0.37

Sum= 1

Posterior probabilities of success or failure
Success Failure Sum

Test result "Good" P(S|G)= 0.79 P(F|G)= 0.21 1
Test result "Bad" P(S|B)= 0.15 P(F|B)= 0.85 1
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25.0% 0
600 400

55.0% How much?
0 285

35.0% 0
500 300

40.0% 0
400 200

FALSE Does it work?
-200 111.75

45.0% 0
100 -100

Decide or Test
127.575

FALSE 0
0 0

25.0% 0.12375
600 400

78.6% How much?
0 285

35.0% 0.17325
500 300

40.0% 0.198
400 200

TRUE Does it work?
-200 202.5

21.4% 0.135
100 -100

63.0% What to do?
0 202.5

FALSE 0
0 0

TRUE Test result
0 127.575

25.0% 0
600 400

14.9% How much?
0 285

35.0% 0
500 300

40.0% 0
400 200

FALSE Does it work?
-200 -42.77027027

85.1% 0
100 -100

37.0% What to do?
0 0

TRUE 0.37
0 0

VRU Imperfect

Install

Do not Install

Test

Success

Failure

High

Medium

Low

Good

Bad

Install

Do not Install

Success

Failure

High

Medium

Low

Install

Do not Install

Success

Failure

High

Medium

Low

Value of Imperfect 
Information

$127.57-$111.75=

$15.82K

More Test on VRUMore Test on VRU

Suppose that there is a third test available for only $5000
that also produces “Good” or “Bad” results

If  the VRU will be successful, then the probability of 
“Good” results is 0.7
If the VRU will be a failure, then the probability of 
“Good” results is 0.4.

What would this test be worth?
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Priori: P(S) = 0.55 P(F) = 0.45
Likelihood: P(G|S) = 0.70 P(G|F) = 0.40

Event Prior Likelihood Joint Prob. Posterior
S P(S) = 0.55 P(G|S) = 0.70 P(G,S) = .385 .P(S|G) =0.68
F P(F) = 0.45 P(G|F) = 0.40 P(G,F) = .180 .P(F|G) =0. 32

---------------- ------------ -------------------
1.0 0.565 1.0

Event Prior Likelihood Joint Prob. Posterior
S P(S) = 0.55 P(B|S) = 0.30 P(B,S) = .165 .P(S|B) =0.38
F P(F) = 0.45 P(B|F) = 0.60 P(B,F) = .270 .P(F|B) =0.62

---------------- ------------ -------------------
1.0 0.435 1.0

Test Result “Bad”

Test Result “Good”

Bayesian Revision Bayesian Revision –– VRU ProbabilityVRU Probability

25.0% 0
600 400

55.0% How much?
0 285

35.0% 0
500 300

40.0% 0
400 200

FALSE Does it work?
-200 111.75

45.0% 0
100 -100

Decide or Test
111.75

FALSE 0
0 0

25.0% 0.09625
600 400

68.1% How much?
0 285

35.0% 0.13475
500 300

40.0% 0.154
400 200

TRUE Does it work?
-200 162.3451327

31.9% 0.18
100 -100

56.5% What to do?
0 162.3451327

FALSE 0
0 0

TRUE Test result
0 111.75

25.0% 0.04125
600 400

37.9% How much?
0 285

35.0% 0.05775
500 300

40.0% 0.066
400 200

TRUE Does it work?
-200 46.03448276

62.1% 0.27
100 -100

43.5% What to do?
0 46.03448276

FALSE 0
0 0

VRU Imperfect

Install

Do not Install

Test

Success

Failure

High

Medium

Low

Good

Bad

Install

Do not Install

Success

Failure

High

Medium

Low

Install

Do not Install

Success

Failure

High

Medium

Low

Value of Imperfect

Information

$111.75-$111.75=

$0K!
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Value of Information (Value of Information (VoIVoI) Considerations) Considerations
in E&P Businessin E&P Business

VOI: ItVOI: It’’s place in E&Ps place in E&P
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Three Distinct patterns may be identifiedThree Distinct patterns may be identified

GeneralGeneral VOIVOI AnalysisAnalysis PatternPattern
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Never aNever allowingllowing informationinformation toto changechange youryour statestate ofof naturenature..

InformationInformation shouldshould narrownarrow youryour uncertaintyuncertainty andand positionposition youyou
withinwithin thethe originaloriginal distributiondistribution,, itit shouldnshouldn’’tt alteralter thethe originaloriginal
rangerange..
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NoviceNovice teamsteams doingdoing valuevalue ofof informationinformation calculationscalculations
frequentlyfrequently constructconstruct thethe treetree incorrectlyincorrectly..

Never let our intuitive processors (a.k.a. our “gut”) try and
determine the value of information
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What should doWhat should do……

ConditioningConditioning isis especiallyespecially importantimportant asas thethe assessmentassessment getsgets
moremore complexcomplex..
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CheckCheck thethe probabilitiesprobabilities oror rangesranges withwith andand withoutwithout informationinformation
toto makemake suresure thatthat thethe assessmentsassessments andand logiclogic areare correctcorrect..

VOI Analysis Pattern in E&P

Through exploration to development, Through
exploration to development, three distinct
patterns may be identified.

Seismic & Drilling

» Seismic – 2D, 3D seismic processing
» Hydrocarbon presence geologic dependencies
(well or seismic)

Appraisal & Development:
» Concept/contract selection
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TheThe probabilityprobability ofof geologicgeologic successsuccess isis comprisedcomprised ofof fourfour factorsfactors..

Hydrocarbon Source: Hydrocarbons in correct phase and quality
were generated.
•Reservoir Quality: Reservoir rock of appropriate permeability and
porosity is present.
•Geometry: Geometry of structure is as represented by seismic and
slight changes would not jeopardize the accumulation of
hydrocarbons.
•Seal: Seal exists with sufficient permeability to retain hydrocarbons.

Example 1:Buying Seismic InfoExample 1:Buying Seismic Info

Seismic addresses 1 or 2 components of Geologic Risk
Geologic Risk = Chance of finding produceable
hydrocarbons =
Trap * Reservoir * Hydrocarbon Source* Timing &
Migration
This approach breaks geologic risk into the key
components, or risk elements, that experts can think clearly
about and assess.
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Probability of DiscoveryProbability of Discovery

ValueValue ofof PerfectPerfect InformationInformation setssets thethe maximummaximum thatthat youyou
wouldwould paypay forfor anyany informationinformation..
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AssumingAssuming thatthat informationinformation willwill resolveresolve allall ofof youryour uncertaintyuncertainty
overover statesstates thethe realreal ValueValue ofof InformationInformation..

AssessingAssessing a a probabilityprobability thatthat isis inconsistentinconsistent withwith thethe logiclogic ofof
thethe problemproblem willwill givesgives anan incorrectincorrect ValueValue ofof InformationInformation..
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ForFor imperfectimperfect informationinformation,, assessingassessing valuesvalues inin thethe wrongwrong
orderorder oftenoften yieldsyields biasedbiased oror incorrectincorrect resultsresults..

AssessAssess thethe statestate ofof naturenature firstfirst,, thenthen thethe testtest reliabilityreliability toto getget
qualityquality resultsresults
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FlippingFlipping thethe treetree putsputs informationinformation inin thethe rightright orderorder toto useuse itit
inin ourour decisiondecision treetree..

InIn thisthis seismicseismic exampleexample,, thethe valuevalue ofof 90%90% reliablereliable informationinformation isis
muchmuch lessless thanthan perfectperfect informationinformation..
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SensitivitySensitivity toto ProbabilityProbability helpshelps expertsexperts reviewreview theirtheir
assessmentsassessments andand thethe impactimpact onon thethe decisiondecision..

Buying a Seismic Line Example: Buying a Seismic Line
May Change May Change Where Where to Place Well
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VOIVOI UncertaintyUncertainty TableTable

DecisionDecision && RiskRisk TimelinesTimelines StructureStructure
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TheThe VOIVOI ReliabilityReliability InterviewInterview forfor ImperfectImperfect InformationInformation

Example 2: Example 2: DeepeningDeepening a a WellWell withwith HH..CC.. PresencePresence GeologicGeologic
DependenciesDependencies
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IndependentIndependent targetstargets areare relativelyrelatively easyeasy toto evaluateevaluate..

SplittingSplitting upup thethe componentscomponents ofof HCHC presencepresence
showsshows thethe sharedshared risksrisks
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ToTo determinedetermine thethe impactimpact ofof thethe infoinfo,, thethe interdependentinterdependent
variablevariable((ss)) isis isolatedisolated..

TheThe DecisionDecision andand RiskRisk TimelinesTimelines
showshow thethe decisiondecision treestrees toto bebe evaluatedevaluated..
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A A ReliabilityReliability InterviewInterview isis requiredrequired toto determinedetermine thethe impactimpact ofof
thethe informationinformation providedprovided byby ZoneZone 11 onon thethe underlyingunderlying
uncertaintyuncertainty ofof HH..CC.. sourcesource inin ZoneZone 2.2.

Example 3: Example 3: AppraisalAppraisal && DevelopmentDevelopment ConceptConcept SelectionSelection
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ConceptConcept SelectionSelection:: TheThe DevelopmentDevelopment DecisionDecision
((GettingGetting toto KnowKnow thethe NineNine BranchBranch TreeTree))

WWhathat happenshappens whenwhen adjustmentsadjustments havehave toto mademade
((WhenWhen whatwhat youyou seesee isis notnot whatyouwhatyou getget)?)?
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RecognizingRecognizing thethe consistencyconsistency inin thethe patternspatterns isis thethe keykey toto
UpstreamUpstream VoIVoI

Easy to make mistakes
» Solving in your head
» Non intuitive
» Not quantifying uncertainty
» Poor decision trees
» No application of Bayes’ Law.

Recognizing the decision pattern ensures
consistency & quality in the approach

Case Study ICase Study I
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Example: Value of Imperfect InformationExample: Value of Imperfect Information

We have discovered oil in an offshore prospect
Studies indicate reserves in 5-25 MM STB range, with 
probabilities in table
Two options

Design facilities based on information available
Drill delineation wells to improve probability and 
reservoir size estimates

NPV of Each Field Size and Facility, MM$NPV of Each Field Size and Facility, MM$

5035600.25Small

160210900.45Medium

4503502900.30Large

Size CSize BSize AProbabilityField Size
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Questions to AnswerQuestions to Answer

Determine most economical facility size without further 
information, using EMV
Calculate expected value of perfect information using 
EMV and EOL. Based on EVPI, determine maximum 
amount we can pay to acquire additional information

Questions to AnswerQuestions to Answer

Calculate expected value of imperfect information if 
we decide to drill delineation wells costing $15MM 
before we decide on size of facilities
Geologists’ beliefs about delineation wells

Probability 90% that we will identify large reservoir if 
that’s what is actually there
Probability 60% that we will identify medium reservoir 
if that’s what is actually there
Probability 30% that we will identify small reservoir if 
that’s what is actually there
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EMV Using Available InformationEMV Using Available Information

NPV of Field Size and Facility, MM$

219.5208.3142.5EMV

5035600.25Small

160210900.45Medium

4503502900.30Large

Size CSize BSize A

ProbabilityField Size

Expected Value of Perfect Information (EVPI)Expected Value of Perfect Information (EVPI)

NPV of Field Size and Facility, MM$

13594.515EVPP

600.25Small

2100.45Medium

4500.30Large

Size CSize BSize A

ProbabilityField Size

EVPP = 0.3x450+0.45x210+0.25x60 = $244.5MM

EVPI = 244.5 - 219.5 = $25MM
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Expected Opportunity Loss (EOL)Expected Opportunity Loss (EOL)

NPV of Field Size and Facility, MM$

2536.25102EOL

102500.25Small

5001200.45Medium

01001600.30Large

Size CSize BSize A

ProbabilityField Size

Confirms selection of size C facility
EVPI = $25MM same as calculated by EMV method

Expected Value of Imperfect Information (EVII)Expected Value of Imperfect Information (EVII)

To calculate EVII, consider two alternatives
Install platform without acquiring additional information 
(calculations above)
Drill delineation wells and decide on platform size based 
on information they provide
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Decision Tree for Option to Drill Delineation WellsDecision Tree for Option to Drill Delineation Wells

Partial Tree for Result of Delineation WellsPartial Tree for Result of Delineation Wells
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Assessment of Probabilities of Different Field Sizes Assessment of Probabilities of Different Field Sizes 
from Partial Treefrom Partial Tree

Note joint probabilities of favorable outcomes when 
delineation wells are drilled are

0.3x0.9 = 0.27 … large field
0.45x0.6 = 0.27 … medium field
0.25x0.3 = 0.075 … small field

Total probability of favorable outcome = 0.27 + 0.27 + 
0.075 = 0.615 (and probability of unfavorable outcome is 
1 – 0.615 = 0.385)

Rearrangement of Tree (Inversion)Rearrangement of Tree (Inversion)

Posterior probabilities and EMV’s shown in tables and 
on inverted tree
Process demonstrates application of Baye’s rule (see 
Mian, vol.II, pp. 94-99)
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Application of Application of BayeBaye’’ss RuleRule

∑
=

= n

i
ii

ii
i

AxPABP

AxPABPBAP
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)()/(
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•P(Ai/B), posterior probabilities, represent probabilities
that reservoirs will be small, medium, or large (Ai), 
given results of delineation drilling (B)
•P(B/Ai) represent probabilities that delineation
drilling result (B) will be favorable or unfavorable,
given probabilities (Ai) that reservoirs are small, medium
or large
•P(Ai), prior probabilities, represent original probabilities
that reservoirs will be small, medium, or large

Calculation of NPV, Delineation Wells FavorableCalculation of NPV, Delineation Wells Favorable

273.90250.12174.5EMV

5035600.075/0.615Small

160210900.27/0.615Medium

4503502900.27/0.615Large

Size CSize BSize A

NPV of Each Field Size and Facility, MM$Posterior 
Probability

Field 
Size

Delineation Wells Favorable

Select size C if delineation well results favorable
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Calculation of NPV, Delineation Wells UnfavorableCalculation of NPV, Delineation Wells Unfavorable

132.60141.3691.95EMV

5035600.175/0.385Small

160210900.18/0.385Medium

4503502900.03/0.385Large

Size CSize BSize A

NPV of Each Field Size and Facility, MM$Posterior 
Probability

Field Size

Delineation Wells Unfavorable

Select size B if delineation results unfavorable

Value of Imperfect InformationValue of Imperfect Information

Table indicates we should select size C facility if 
delineation well results favorable (EMV = $273.9MM)
Table indicates we should select size B facility if 
delineation well results unfavorable (EMV = $141.36MM)
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Inverted Tree for Result of Delineation WellsInverted Tree for Result of Delineation Wells

Delineation Well DecisionDelineation Well Decision

Expected payoff with imperfect information, EPII, if we 
drill delineation wells

EPII = 0.615x273.90 + 0.385x141.36 = $222.87MM

Expected value of imperfect information, 
EVII = 222.87 - 219.50 = $3.37MM

We should pay no more than $3.37MM to drill 
delineation wells, which means we cannot support the 
proposed $15MM drilling budget
Since EVPI is $25MM, value of information from 
delineation wells, $3.37MM, considerably less than 
value of perfectly reliable results
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Case Study IICase Study II

Lunar Oil Company has made a discovery Lunar Oil Company has made a discovery ––
should they appraise or go straight to development?should they appraise or go straight to development?

What is the value of acquiring appraisal information?

Lunar Oil Co.Big Drill
Oil Co.

Viking Oil Co.
Play Area

Individual Prospect

Discovery

*
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Reserve uncertaintyReserve uncertainty

You are evaluating whether or not you should drill an appraisal well 
(cost $MM 5) before developing an oil discovery.  

The key uncertainty for this development is oil reserves.  Your 
reservoir engineer has provided you with the following lognormal
reserve estimates: 

p10 (Low) 80 MMbbls (prob .3)
p50 (Medium) 130 MMbbls (prob .4)

p90 (High) 200 MMbbls (prob .3)

Discovery Well

*

Reserve uncertaintyReserve uncertainty

Concept Selection
Fixed Platform Development Greater than 180 MMbbls
Floating Production, Storage and
Offtake (FPSO)

Greater than 110 MMbbls, but 
less than 180 MMbbls

Tie-back to Existing Facility Less than 110 MMbbls

Discovery Well

*
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CAPEX and Production Rate for each conceptCAPEX and Production Rate for each concept

20,00080Tie-back

50,000300FPSO

100,000450Fixed 
Platform

Production 
Rate

(bbls/day)

CAPEX
$MM

Concept

NPV for each concept, MM$NPV for each concept, MM$

103691680

146163138130

177257276200

Tie-backFPSOFixed 
Platform

Reserve 
size 

(MMbbls)
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InformationInformation from from AppraisalAppraisal WellWell

• Appraisal drilling will tell you net effective pay and thus 
provide some information on reserves.  

• The decision that might change as a result of the 
information is the concept selection.

InformationInformation from from appraisal Wellappraisal Well

Data from the expert:
If actual reserves are 200 MMBO (Fixed Platform)

 75% chance of predicted reserves > 180 MMbbls (Fixed Platform)
 20% chance of predicted reserves > 110 MMbbls (FPSO)
 5% chance of predicted reserves < 110 MMbbls (Tie-back)

If reserves are 130 MMBO (FPSO development)
 15% chance of predicted reserves > 180 MMbbls (Fixed Platform)
 75% chance of predicted reserves > 110 MMbbls (FPSO)
 10% chance of predicted reserves < 110 MMbbls (Tie-back)

If reserves are 80 MMBO (Tie-back development)
 5% chance of predicted reserves > 180 MMbbls (Fixed Platform)
 10% chance of predicted reserves > 110 MMbbls (FPSO)
 85% chance of predicted reserves < 110 MMbbls (Tie-back)


