


To: Committee on Risk
From:  Joe Marker           
Date:  December 3, 2021
Subject:	Generating Mixed Distributions
We identified modeling mixtures of distributions (e.g., mixed exponential) as a goal for the simulation model.  Here I describe a simple method to do this.  An earlier version of the LSM contained this method.  

We currently have descriptors "Line" and "Type" for individual claims.  The modeler specifies frequency and severity distributions for Line-Type combinations.  There is no straightforward way to model mixtures.

Instead, suppose that "Line" is the level at which frequency distributions of "occurrences" are specified.   An occurrence in a line can produce one or more claims, each of which can be one of k "Types".  If, in the previous sentence, we replace the words "one or more claims" with "one claim", then the overall severity distribution for the line is a k-point mixture. 

For example, envision the line as "Automobile".  Each automobile claim falls into type Physical Damage, Property Damage, or Bodily Injury with respective probabilities .60, .30, and .10.  The modeler would specify the severity distribution for each type.  The result is that the Automobile severity distribution would be a 3-point mixture of the severity distributions of the three types.     

It is good news that this procedure was programmed into an earlier version of the simulation model.  I have the documentation from that version.  This capability, along with many others, was removed in the current version of the model.  Hopefully, it can be resurrected.  

The Appendix below contains some material on claim generation from the instructions for the earlier Simulation model.  This earlier model was the work of the LSMWP (Loss Simulation Model Working Party), a group the was later absorbed into the DRMC. 

Conclusion: 
I have outlined a procedure for generating claims that includes the ability to generate k-point mixtures of severity distributions.  This procedure was programmed into an earlier version of the LSM.  Thus, we may be able to incorporate this ability into our current LSM without programming it "from scratch".
Earlier versions of the LSM had many capabilities that were dropped when the current version was developed.  I feel we should look at including some of these in our "wish list" for model enhancements.
 	


APPENDIX 
Following is an excerpt from the instructions for using an earlier version of the LSM.  The LSMWP (Loss Simulation Working Party) developed this version in the years near 2010.  This excerpt describes how the earlier LSM could generate multiple claims of several types from one "occurrence".  The k-point mixtures are a special case.

"The number of claims of each Type arising from an occurrence is modeled via a multinomial distribution.  This allows for the possibility of multiple claims from the same occurrence, either of the same Type or of multiple Types. It typically introduces correlations between frequencies across pairs of Types within the same Line.

Each occurrence k = 1 to N can generate multiple numbers of “claims” of various “types.”  Presumably the number of claims is another random variable N2(k).  Apparently, these N2 claims get distributed to various types based on a multinomial distribution.  In the uncorrelated situation, one could use the function RMULTINOM in “R” to generate the number of each type.  If correlation applies, then one can generate an uncorrelated sample and apply the matrix L to it, where L is the “square root” of the correlation matrix.
Example:  
In one simulation definition, 60% of claims involve a single Physical Damage claim, 20% involve a single Physical Damage claim and a single Property Damage claim, 10% involve a single Bodily Injury claim, 8% involve one Property Damage and one Bodily Injury claim, and 2% involve one Property Damage and two Bodily Injury claims. The system lets him enter this model as: 
	Physical
Damage
	Property
Damage
	Bodily
Injury
	Proportion
	Normalized
Probability

	1
	0
	0
	60
	0.60

	1
	1
	0
	20
	0.20

	0
	0
	1
	10
	0.10

	0
	1
	1
	8
	0.08

	0
	1
	2
	2
	0.02


Step 1: System will generate the number of occurrences N. N is a random variable based on the amount of exposure, seasonality adjustments, trends, and the parameters specified for the frequency distribution. For example, we have N=530
Step2:  For this N=530 occurrences, based upon the proportions entered above, system will do a multinomial simulation with sample size 1000: rmultinom(1000, 530, c(60, 20, 10, 8, 2)) , and get the occurrence sample as:
> x<-rmultinom(1000, 530, c(60, 20, 10, 8, 2))
> x[,189]             #pick a random 
[1] 316 101  61  38  14

End of Appendix
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