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Simple Example
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Host FieldField A

𝐴𝑙𝑙𝑜𝑐𝐴 = 𝑀𝑇

Simple Process

Uncertainty in 𝑀𝑇 ±1%
Uncertainty in 𝑀𝑇 ±10 te/d

𝑀𝑇 =1,000 te/d

Uncertainty in 𝐴𝑙𝑙𝑜𝑐𝐴 ±1%

Uncertainty expressed at the 95% confidence level !

MT
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Host Field

MT

Field A

Simple Process New Field
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Host Field

MT

Field A

3rd Party Tie-

Back
Field B

MB

Simple Process New Field

𝑀𝐵 =1,000 te/d ±1%
±10 te/d

𝑀𝑇 = 2,000 te/d ±1%
±20 te/d

𝐴𝑙𝑙𝑜𝑐𝐴 = 1,000 te/d ±2.2%
±22 te/d

𝐴𝑙𝑙𝑜𝑐𝐵 = 𝑀𝐵

𝐴𝑙𝑙𝑜𝑐𝐴 = 𝑀𝑇 −𝑀𝐵



7

Simple Process New Field

1,000 te/d ±1%
±10 te/d

Field A
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Simple Process New Field

2,000 te/d ±1%
±20 te/d

1,000 te/d ±1%
±10 te/d

Field A+B

Field B

Field A



Field A
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Simple Process New Field



Field A
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Simple Process New Field

1,000 te/d ±2.2%
±22 te/d
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𝐹𝑖𝑒𝑙𝑑 𝐴 𝑎𝑙𝑜𝑛𝑒



A

I’m expecting the 

same allocation 

but with more 

uncertainty (risk), 

should’nt I be 

compensated for 

this?

….and what is the 

right amount of 

compensation?
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𝐹𝑖𝑒𝑙𝑑 𝐴 𝑎𝑙𝑜𝑛𝑒

𝐹𝑖𝑒𝑙𝑑 𝐴 𝑏𝑦
𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒



Simple Example

Risk and Return



Modern Portfolio Theory
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The MPT assumes that investors 

are risk-averse, meaning they 

prefer a less risky portfolio to a 

riskier one for a given level of 

return.

Used to calculate discount rates in NPV 

calculations – Capital Asset Pricing Model 

(CAPM).

Post Modern Portfolio theory – based on 

downside risk



Basis
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Simple Example

Risk and Return

Uncertainty and the Normal Distribution
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-7 te/d
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-4 te/d



19

+4 te/d

𝑝𝑑𝑓 =
1

𝜎 2𝜋
𝑒
−1
2

𝑥−𝜇
𝜎

2
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+4 te/d

𝑝𝑑𝑓 =
1

5 2𝜋
𝑒
−1
2

1004−1000
5

2
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-2σ→+2σ
±U

~95%

lie within
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-σ→+σ

~68%

lie within
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-3σ→+3σ

~99.7%

lie within
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5σ

6σ
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-2σ→+2σ
±U
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95%
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2.5%2.5%
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+4 te/d

𝑝𝑑𝑓 =
1

𝝈 2𝜋
𝑒
−1
2

𝒙−𝝁
𝝈

2



From predicting the orbit of 

Ceres…



Gauss Develops the 

Mathematics of Uncertainty









Central Limit Theorem

“I know of scarcely 
anything so apt to impress 

the imagination as the 
wonderful form of cosmic 

order expressed by the 
[Central Limit Theorem]. 
The law would have been 
personified by the Greeks 

and deified, if they had 
known of it.”

Sir Francis Galton



Simple Example

Risk and Return

Uncertainty and the Normal Distribution

Risk and Loss Aversion
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Offered a Gamble
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Expected Value

50% chance

50% chance

100% chance

Expected value = 0.5*0 +0.5*2 = 1 €
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Utility

50% chance

50% chance

1000000 €

100% chance

Expected value = 0.5*0 +0.5*2000000 = 1000000 €
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Utility

50% chance

50% chance

Expected value = 0.5*0 +0.5*2000000 = 1000000 €

900000 €

100% chance
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Expected Utility

Nicholas BernoulliDaniel Bernoulli

St Petersburg Paradox

1713
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Prospect Theory - Loss Aversion

Pain of loss ~ twice joy of gain



Simple Example

Risk and Return

Uncertainty and the Normal Distribution

Risk and Loss Aversion

Integrated Risk of Loss
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Loss

2.5

te/d
Loss

7.5

te/d

Loss

12.5

te/d
Loss

17.5

te/d

Loss

22.5

te/d

Loss

27.5

te/d
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Risked Loss 

of Oil = 

0.16*2.5 = 

0.4 te/d
Loss

2.5

te/d
Loss

7.5

te/d

Loss

12.5

te/d
Loss

17.5

te/d

Loss

22.5

te/d

Loss

27.5

te/d
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Risked Loss 

of Oil = 

0.16*2.5 = 

0.4 te/d
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Risked Loss 

of Oil = 

0.16*2.5 = 

0.4 te/d

Risked Loss 

of Oil = 

0.134*7.5 = 

1.006 te/d
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Total Risked 

Loss of Oil = 

4.7 te/d



50
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Total Risked 

Loss of Oil = 

2.1 te/d

A

So, my increase in 

exposure to loss is 

2.6 te/d?

Is there a simpler 

way to calculate 

this?
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𝑝𝑑𝑓 =
1

𝜎 2𝜋
𝑒
−1
2

𝑥−𝜇
𝜎

2

𝐿𝑜𝑠𝑠 = 𝜇 − 𝑥

𝐿𝑜𝑠𝑠 ∗ 𝑝𝑑𝑓 =
𝜇 − 𝑥

𝜎 2𝜋
𝑒
−1
2

𝑥−𝜇
𝜎

2
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𝐿𝑜𝑠𝑠 ∗ 𝑝𝑑𝑓 =
𝜇 − 𝑥

𝜎 2𝜋
𝑒
−1
2

𝑥−𝜇
𝜎

2

𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 = න

−∞

0
𝜇 − 𝑥

𝜎 2𝜋
𝑒
−1
2

𝑥−𝜇
𝜎

2

𝑑𝑥
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𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 =
𝜎

2𝜋
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U95~

-2σ→+2σ

𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 =
𝜎

2𝜋

𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 =
5

2𝜋
= 2 𝑡𝑒/𝑑
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U95~

-2σ→+2σ

𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 =
𝜎

2𝜋

𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 =
11.2

2𝜋
= 4.5 𝑡𝑒/𝑑

A
My 

increased 

exposure 

to loss is:

4.5 – 2.0 =

2.5 te/d
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𝑬𝒙𝒑𝒐𝒔𝒖𝒓𝒆 𝒕𝒐 𝑳𝒐𝒔𝒔 =
𝝈

𝟐𝝅



58

𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑡𝑜 𝐿𝑜𝑠𝑠 =
𝜎

2𝜋

𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑡𝑜 𝐿𝑜𝑠𝑠 =
𝑈𝑘

𝑘 2𝜋

𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑡𝑜 𝐿𝑜𝑠𝑠 =
𝑈95

1.96 2𝜋

𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑡𝑜 𝐿𝑜𝑠𝑠 ~ 0.2 ∗ 𝑈95



NORSOK I-106
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NORSOK I-106
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NORSOK I-106
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UK OGA (Now NSTA) Guidelines
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NSFMW 2009 Paper
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1

8𝜋
≅ 0.2

Only applies when U is expressed at the 95% confidence level !
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-2σ→+2σ
±U
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ΔU=12.5 
te/d
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Compensation for increased allocation uncertainty

Allocation uncertainty Normally distributed

Loss aversion

Developed equation from first principles

Calculate risk of loss in allocation systems

Stockton factor
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