Kjell Austeng, Vibeke Binz and Frode Drevland

Uncertainty analysis -
Sources of error in method
and analysis

Concept report No 13

@ NTNU

Det skapende universitet




© Concept-programmet 2005
Concept report no. 13

Uncertainty analysis - Sources of error in method and analysis
Kjell Austeng, Vibeke Binz and Frode Drevland

ISSN: 0803-9763 (paper versjon)

ISSN: 0804-5585 (web versjon)

ISBN: 978-82-92506-32-5 (paper versjon)
ISBN: 978-82-92506-33-2 (web versjon)

Sammendrag: Rapporten sgker a belyse hvorvidt, og i hvilken grad, tre antatte
feilkilder i kostnadsanalyse med usikkerhet virkelig bidrar til feil i sluttresultatene
fra analysen. Disse mulige feilkildene er a ikke ta henysn til korrelasjon, antakel-
sen om normaltilneerming, og uhensiktsmessig oppdeling.

For a belyse virkningen av mulig korrelasjon er det studert en case. Resultatene
fra casen viser oss at i praksis, med realistisk vurdering av stgrrelsen pa korre-
lasjonen, vil feilen antakelig ligge godt under 30 % av forventet standardavvik,
mens i teorien og noen ganger kanskje ogsa i praksis, kan feilen bli mange hun-
dre prosent.

Antakelsen om at sluttresultatet av en stokastisk kalkyle er normalfordelt er ba-
sert pa sentralgrenseteoremet. Hovedkonklusjonen er at vi i nesten alle praktis-
ke sammenhenger trygt kan bruke normalfordelingen som substitutt for den
virkelige sannsynlighetsfordelingen til totalresultatet fra kostnadskalkyler.

Nar det gjelder detaljering av analyseobjektet er konklusjonen den at det finnes
ikke en standardinndeling som vil veere god uansett prosjekt og fase. En god inn-
deling vil veere ulik fra gang til gang, og det er viktig at dette vurderes ut fra hva
som er mest hensiktsmessig i det aktuelle prosjektet i forhold til formalet med
analysen. En for detaljert oppdeling har en tendens til & introdusere korrelasjon
som ikke blir handtert, og bidrar derved til en undervurdering av usikkerheten.
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Summary
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The report secks to find out whether, and to what degree, three assumed sources of error in
cost analyses really contribute to errors in the final result from an analysis. These possible
sources of error fail to consider correlations, the assumption that the central limit theorem
applies, and inappropriate partioning.

If our basis is that the items in an analysis are stochastically independent, and this assump-
tion is incorrect, then the uncertainty in the analysis will be underestimated. The expected
value is not effected by possible correlation between the elements.

To shed light on the effect of possible correlation between items, the report includes a the-
oretical reflection on how large an error could be realistically. There exist no known empi-
rical data that can support this reflection, and provide an indication as to where the 'true’
area is located. Hence, there is no foundation upon which to draw a firm conclusion on this
subject.

The other way to approach correlation problem has been to study a case. Here, we have
made several different attempts to simulate practical situations. The results from the case
show that in practice, and as long as we do not introduce correlation by uncritically partio-
ning, even with very high correlations, the errors in the standard deviation are under 30%,
while in theory and maybe sometimes in real life, the error can be several hundred percent.

The assumption that the final result of an analysis is normal distributed is based on the cen-
tral limit theorem. The question is whether or not the premises for the central limit theorem
are present in the analysis and how large the errors are, if this is not the case. To shed light
on this, a series of simulations have been made. Applied models consist of cost estimates of
sum and product of cost elements with different distributions.

The main conclusion is that in almost all practical contexts we can safely use the normal dis-
tribution as a substitute for the real probability distribution of the total result from cost ana-
lysis. There are some exceptions with regard to analysis with very few items, analysis with

peculiar connections between the items, and where multiplications of uncertain factors are
a dominating element in the analysis. However, with regard to the mentioned exceptions, it
is important to note that even if the real distribution is not normal distributed, the calculated
expected value will be correct, it just will not be located at P50. This means that were we can
potentially err by assuming normal distribution is when we are trying to determine quantile

values.

When it comes to the detailing of an analysis object, the conclusion is that there does not
exist one standard partioning that would be suitable regardless of project and phase. Good
portioning will differ from analysis to analysis, and it is important that this is assessed based
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on what is the most suitable for the project in relation to the goal of the analysis. A good
rule of thumb is that in an analysis everything should be included, and detailed as needed.

The limits on how much we should detail are generally connected to:

* the danger of losing the big picture
* that things will fall between stools
* the danger of hiding uncertainty by spreading it out

* the danger of introducing correlations that are not handled, and that by doing so we cal-
culate away the uncertainty.
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