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Uncertainty is lack of knowledge
► Incomplete information

► Incomplete understanding

► Car or train?
How is traffic today?
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Uncertainty is the normal 
► Humans accept

uncertainty

► We love 
opportunity

► We hate risk 
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Uncertainty is the norm 
► Humans accept

uncertainty

► We love 
opportunity

► We hate risk - not 
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Exploration
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Ocean Viking discovered Ekofisk in 
December 1969 after 37 dry wells

1230 wildcat wells on the NCS
122 fields have been in production



Exploration
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1230 wildcat wells on the NCS
122 fields have been in production

Probability for discovery: 122/1230 = 9,9 % (2022)
1/38 = 2,6 % (1969)

Ocean Viking discovered Ekofisk in 
December 1969 after 37 dry wells



Probability is the mathematical formalism used for 
quantifying uncertainty

► Started with gambling

► Probability theory 
gives logically correct 
statements, given 
assumptions
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Probability can be
► Empirical: Discovery rate = 2,6 % to 9.9 %

► From physics: 37 slots:

► Subjective: Chance of finding
a runaway cat alive
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Prob. = 1:37



Lets do some math (probability theory)
P(success) = 0.05 (5 %)
P(failure) = 1 – P(success) = 0.95

Probability for success 3 times in a row:
P(success)·P(success)·P(success) = 0.053 = 0.000125

Probability for failure 3 times in a row:
P(failure)·P(failure)·P(failure) = 0.953 = 0.857

What is this probability?: 1 – 0.857  = 0.143

The probability for   1 success    (three possibilities) 
+ the probability for 2 successes(three possibilities)
+ the probability for 3 successes(one possibility) 
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If there is a 7,5 % chance of finding an 
economical field by drilling a single well 

After 10 wells: 54 % chance of success
46 % chance of failure
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If there is a 10 % chance of finding an 
economical field by drilling a single well 

After 10 wells: 65 % chance of success
35 % chance of failure
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Improving the odds helps 
(but it doesn’t guarantee success
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So what can we do to increase the odds?

1. Collect (more) information

2. Use available information better
a) Processing
b) Interpretation
c) Integration

3. Make correct calculations 
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Seismic inversion
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Straightforward inversion will not work!

This is why all inversion methods 
include some form of regularization



Why probabilistic inversion
► Bayesian statistics combines prior information and data (angle stacks)

▪ Constrain the solution space (regularization)

► Uncertainty is included in the model 
▪ Noise in seismic data (and model approximations) 
▪ Geologic variability 

► Main output
▪ Updated probabilities for lithology and fluid classes (LFCs) in the 

inversion cube
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Shale (cap rock)

Sand stone with oil

Sand stone with brine

Shale

Categorization of the subsurface
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≈ 5 m

⁞

⁞

4 msec.



Elastic properties of the categories
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 Separate regions in Vp, Vs and ρ space define different lithology and fluid classes (LFCs)

AI

Vp/Vs

Shale (cap rock)

Sand with oil

Sand with brine

Shale



Estimate the probability 
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Estimate the probability 

22

⁞

⁞
Prior 

probabilities

Ti
m

e 
(m

s)

Best guess

⁞

⁞
Posterior

probabilities

Result

+…

Observed seismicModelled seismic

C
on

vo
lu

tio
na

l m
od

el
 o

f 
Ak

i-R
ic

ha
rd

s
eq

ua
tio

ns

Ba
ye

s’
 th

eo
re

m

Si
m

ul
at

e 
tra

ce
s 

by
 

M
ar

ko
v 

m
od

el
Propose candidates in a neighbourhood



The Volund field
Tertiary deep-marine reservoir in the North Sea

Injected sand dykes and sills
(maps from npd.no)

(from McKie et al. Geol. Soc. London Spec. Pub. 403, 2015)

© Aker BP
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Identify LFCs from logs and well tops
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8 LFCs



Define LFCs according to seismic respons

Tuffeous shale 

Soft Balder

Soft reflector
Top Balder

Soft reflector
Sand HC

Class III AVO
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Cross section of most probable lithology fluid class

Prior

Posterior

(from McKie et al. Geol. Soc. London Spec. Pub. 403, 2015)
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(Aker et al., EAGE Annual 80th Conference and Exhibition, 2018)



Probability and thickness estimates
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Probabilities quantify uncertainty
► Depend on assumptions

► Depend on approximations

► Uncertainty influences decisions and understanding

► Humans are familiar with uncertainty

► Humans easily jump to wrong conclusions
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The Monty Hall problem

Course in Geostatistics
30

Monty Hall 
(game show host)

Suppose you're on a game show, and you're given the choice of 
three doors: Behind one door is a car; behind the others, goats. 
You pick a door, say No. 1, and the host, who knows what's 
behind the doors, opens another door, say No. 3, which has a 
goat. He then says to you, "Do you want to pick door No. 2?" Is 
it to your advantage to switch your choice?

After the problem appeared in Parade, 
approximately 10 000 readers, including 
nearly 1 000 with PhDs, wrote to the 
magazine, most of them claiming Marilyn 
was wrong. 

Marilyn vos Savant
Marilyn in Parade

(IQ 228)

Ask Marilyn in Parade:
Contestants who switch have a 2/3 
chance of winning the car, 
while contestants who stick to their 
choice have only a 1/3 chance.



The Monty Hall problem

Course in Geostatistics 31

Suppose you're on a game show, and you're given the choice of 
three doors: Behind one door is a car; behind the others, goats. 
You pick a door, say No. 1, and the host, who knows what's 
behind the doors, opens another door, say No. 3, which has a 
goat. He then says to you, "Do you want to pick door No. 2?" Is 
it to your advantage to switch your choice?

Can any of you make 
a good argument 

supporting Marilyn's 
claim?

Monty Hall 
(game show host)

Marilyn vos Savant
Marilyn in Parade

(IQ 228)



Monty Hall
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Course in Geostatistics

Monty Hall reveals 
a goat (A or B)

Monty Hall reveals 
goat B

Monty Hall reveals 
goat A

Player choose car

Player choose goat A

Player choose goat B

Changing door gives a goat 

Changing door gives a car 

Changing door gives a car 
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Course in Geostatistics

“In no other branch of mathematics is it so 
easy for experts to blunder as in 
probability theory.”

Image credit: Konrad Jacobs, Erlangen

Martin Gardner, writing 
about the related Three 
Prisoner Problem in 
Scientific American in 
1959
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impact

Decisions are based on (small) probabilities

Uncertainties can be reduced and 
quantified

Doing the math correct is important
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