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What are the business applications of creating a 
distribution of possible outcomes? Why should 
management care about distributions?

• Reserve distributions can be used to apply appropriate 
relative risk margins to products. This charges the products 
with the proper cost of doing business and supports sound 
decision-making

• Developing reserve distributions is a critical step in capital 
allocation and developing target ROE

• A general understanding of reserve distributions lends 
management insight into the uncertainty and risk 
associated with various products. This knowledge can be 
an aid in making strategic decisions.



2

Other Practical Applications

• Mark had a slide on potential business applications of the 
concept of stochastic distributions.  Wherever variability in 
performance is critical, a stochastic distribution of a 
performance metric will add insight and improve predictability 
of results.  Here are some practical examples.

• Example: Measuring expected performance of Profit Centers
– Can use aggregate distributions to measure underwriting 

performance of Profit Centers.  This would be another 
dimension in the segmentation of the business.  Profit 
Centers could refer to Marketing regions, Operational 
Divisions, individual Product segments
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Other Practical Applications

• Example: Compare Plan vs. Actual Performance
– Companies establish Profit & Growth Plans and 

monitor the actual results against plan.  When does a 
deviation warrant action?  If the decision-makers have 
a good understanding of the underlying variability in 
the results, it will enable them to discriminate a 
“symptomatic” deviation from one that is merely 
“noise”, with a reasonable level of confidence.  
Without this ability, one may introduce instability into 
an otherwise stable environment. 
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How do you know if a distribution is reasonable?

• Results should be tempered with direct knowledge of the 
line of business. 
– Do the results of the model square with our subjective understanding of 

the business being assessed?

• Historical data is not the end of the story when it comes to 
understanding future uncertainty. 
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Example:  Is the risk associated with future D&O 
emergence reflected in historical triangles?

• External factors, such as legal climate and economic 
conditions, are constantly having an impact on uncertainty 
in claim emergence.

• The answer to whether or not your distribution is 
reasonable does not lie in the data, but in understanding 
external trends and uncertainty in the current business 
climate.

• Letting data flow through a model without adding critical 
thought to the process can create a misleading product.
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Example:  General Liability
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Example:  General Liability

• Changes in a book of business create additional 
uncertainty.

• Assessing this uncertainty necessitates 
understanding what gave rise to those changes.

• Did the growth stem from a change in underwriting 
guidelines?

• Did the company expand into new classes or 
markets?

• How have changes to the book affected the 
uncertainty associated with that book?
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Building aggregate reserve distributions

• The primary challenge in building an aggregate distribution 
is understanding the correlation between lines of business.

• The aggregate distribution depends much more on the 
correlations between lines of business than it does on the 
individual lines’ reserve distributions. Even with perfect 
knowledge of every line’s distribution, we are still a long 
way from understanding our aggregate distribution.
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Building aggregate reserve 
distributions

If we split our reserves into n (equal) pieces, the 
variance of our aggregate distribution is as follows:

Var(Xagg) = n-2 * ( Var(x1) + Var(x2) + … + Var(xn) + ∑i=1 to n∑j≠iCov(xi, xj) )

Or

Var(Xagg) = 1/n * σ2 + (n-1)/n * Cov

Where σ2 is the average variance andCov is the average covariance.

As n gets large, the first term becomes negligible and the aggregate 
variance depends only on the covariance between elements.
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Building aggregate reserve 
distributions

• In practice, correlation measurement is 
often done as an afterthought once the 
bulk of analysis has been done.

• In reality, it drives results much more than 
we often give it credit for.
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How do we know if correlations are 
reasonable? 

• Given the importance of measuring correlation, and the 
difficulty in truly understanding it, one must be particularly 
careful in selecting correlations:
– Compare a variety of methods.
– Are the selected correlations statistically significant? Can 

we make a case that the results are not spurious?
– Do the selected correlations make intuitive sense? Do they 

resonate with your operational understanding of the 
business? Question any large (positive or negative) 
correlations that cannot be reconciled.
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How do we know if correlations are 
reasonable?

• The aggregate distribution should be similar 
regardless of how we segment our data.
– A reasonable test might involve running the model 

using aggregate data
• If the distribution is similar to the one derived from 

segmented data we may feel more comfortable with our 
aggregate data and our correlation assumptions.

(On a contrary note, looking at data in aggregate may 
hide information that is transparent at a finer 
granularity)
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What happens when the mean of a distribution 
does not equal a best estimate?

• The mean, or median of the distribution may not equal 
management’s booked reserves or the actuary’s best 
estimate for a number of reasons.

• Most variability models rely on simple paid or incurred 
loss data. Other information such as claim counts or 
knowledge of operational changes in claims provide 
additional insight into expected loss development. If this 
information is employed in setting reserves, the best 
estimate will justifiably differ from the modeled best 
estimate.
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What happens when the mean of a distribution 
does not equal a best estimate?

• One might argue that there is 
less inherent variability about 
an actuary’s best estimate, as 
the estimate derived from 
better/more complete data will, 
by its nature, have less 
uncertainty about it. 

• Which set of input data will 
have more uncertainty about 
its conclusions?

Discussion with 
claims

Open claim count

Cwop count

Reported claim 
count

A priori expected 
loss ratio

A priori expected 
loss ratio

Case reservesCase reserves

Paid lossespaid losses

Input to stochastic 
reserve model

Input to traditional 
reserve analysis
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What happens when the mean of a distribution 
does not equal a best estimate?

– A data point that appears as volatility in a 
development triangle may be easily explainable with 
knowledge from the claims department, and may 
even be predictable by the Actuary before it develops. 
This data point adds volatility in a model, but does not 
actually reflect any uncertainty in reserves.
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Example: Auto Collision
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Making Adjustments to data

• When is it appropriate to make 
adjustments to raw data prior to use in a 
model?
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Example: Case Reserving Error

Upon investigation, the fluctuation in AY 2002 was cause by an adjuster 
mistakenly setting up a reserve for 2,500,000 instead of 250,000 and 
subsequently settling the claim for 250,000.

Should this data be included or not? Reserving errors do happen, will continue to 
happen, and can have a real impact on earnings statements.

This volatility, however, adds no additional uncertainty to the company’s ultimate 
cash flows.
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Making Adjustments to data

• If an adjustment adds fidelity to the model then it is 
appropriate.

One must take care, however. 

• If a user is allowed to manipulate a model too much, the 
outcome will merely reflect the user’s prior expectations.

• On the other hand, a model can never reflect all of the 
complexities that exist in the real world. A user must be 
able to adjust for these complexities in order to make 
any model useful.
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When management wants a distribution around 
their booked reserve, is it OK to re-center the best 
estimate distribution?

• If management recognizes that the booked reserve is not a 
true mean estimate of liabilities, then it may be more 
appropriate to show the actuary’s modeled distribution with 
the booked reserve as a point estimate wherever it falls in 
the distribution.

• If management believes its estimate to be a mean estimate, 
it may be more appropriate to re-center the distribution. The 
question in the end, however, is whether or not the actuary 
feels that he/she is presenting a good faith estimate of the 
distribution of possible outcomes.
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If a distribution is re-centered, is it more appropriate to 
make a scalar adjustment, or to shift the distribution 

additively?
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At what level should reserve 
distributions be analyzed?

• What resolution is appropriate? By major line? By 
coverage?

• Should gross losses and salvage & subrogation be 
analyzed separately, or does it make sense to look at 
losses net of salvage & subrogation?

• Should LAE reserves be included with loss, or assessed 
separately?

• Should direct, ceded, and assumed losses be analyzed 
separately or will net loss suffice?

• There is no “right” answer to this question. It all depends on 
the resources that the company wishes to commit to 
assessing reserve variability and the relative value that is 
added by further resolution of the data.
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At what level should reserve 
distributions be analyzed?

• Aside from cost/benefit considerations, there are other 
components that must be considered in deciding at what 
level the data will be analyzed.

• Theoretically, regardless of how the data is sliced, the 
aggregate distribution should be the same. In practice, 
however, this is not the case.
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At what level should reserve 
distributions be analyzed?

• The Actuary should test and understand how the model 
responds to analysis at various resolutions. If there is a 
large discrepancy in results, the difference should be 
understood.

• The lower the resolution, the more correlations will need 
to be selected. If we have 10 lines of business, and we 
analyze loss, LAE, and S&S, on a direct, ceded, and 
assumed basis, we will have to develop 4,005 correlation 
estimates. Given the degree to which correlations drive 
the aggregate distribution and the difficulty in measuring 
correlation, this may be undesirable.
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At what level should reserve 
distributions be analyzed?
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How many years of historical data are 
appropriate for analysis?

• Again, there is no objectively correct 
answer.

• Like many actuarial problems, we must 
weigh stability of results against 
responsiveness to change.

• These considerations are difficult enough 
in traditional actuarial analysis. Things are 
made much more difficult by the fact that 
we are dealing with abstract questions.
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How many years of historical data are 
appropriate for analysis?

What is the “Variability” we are 
attempting to measure?

•Are systematic changes in 
development patterns over time 
part of the variability we are 
attempting to measure?

•What is the appropriate 
variability about our estimate at 
?x
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Conclusion

• In theory, 
– stochastic reserve models provide us an 

objective way to assess uncertainty 
about our estimates
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Conclusion

• In practice,
– Every model requires countless subjective decisions 

to be made by the user.
• Whether to include/exclude outlying data
• At what granularity to analyze data
• How many years of data to use
• How to incorporate operational knowledge of business
• Other subjective adjustments

• The effect of these decisions is often 
ambiguous.



30

Conclusion

• As actuaries take on more theoretical 
business applications, the implications of 
their work will necessarily become more 
abstract.

• The challenge, whether using subjective or 
objective methods, is to remain as faithful 
as possible to the operational realities of 
insurance and to create a product that 
adds value to its users.


