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Finite Mixtures for Insurance Modeling

Matt Flynn

mjflynn@travelers.com 860-954-0894

The

Breakers
b, Florida

Outline - Finite Mixture Models (FMM)

JMP 9 Distribution Platform — finite mixtures

< Interactive JMP Two-Component Normal mixture

= R — two packages - flexmix, gamlss

= SAS — Proc NLMIXED

= JMP’s Nonlinear Platform

= STATA FMM module

= More Examples — Poisson counts, WC Losses
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Outline - Finite Mixture Models (FMM)

= FMM Background
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JMP 9 includes finite 2,3+ component Normal
mixtures aii x|

JMP Sample Data
UN Health Development Index
Health, Education, Living standards

http://hdr.undp.org/en/statistics/hdi/
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Interactive JMP Two-Component Normal
mixture

Harmal Moture Densty

C:\Documents and Settings\mjflynn\My Documents\JMP9\Normal2Mixture_dist.js|
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Via R T alni

library(gamlss);
library(gamlss.mx);
m2 <- gamlssMX(
waiting ~ 1,
data=faithful,
family=NO,
k=2); m2

library("flexmix")
fl <- flexmix(waiting ~ 1,
data = faithful, k = 2)
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Via SAS
Proc

« The Univariate Procedure
< waiting
- Extrome Observations
‘Histogram 1
- Histogram for waiting

UNIVARIATE

Distribution of waiting

Meemat Keaned

Curvn
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Via SAS — obtain starting values

I* two-component normal mixture */
proc sql;
select log(mean(waiting)-0.5*var(waiting)**0.5) as mulstart,
log(mean(waiting)+0.5*var(waiting)**0.5) as mu2start
into :mulstart, :mu2start
from faithful;
quit;
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Via SAS — obtain starting values

/* two-component normal mixture */
proc sql;
select log(mean(waiting)-0.5*var(waiting)**0.5) as mulstart,
log(mean(waiting)+0.5*var(waiting)**0.5) as mu2start
into :mulstart, :mu2start
from faithful;
quit;

Create SAS Macro
variables — note:
separation
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Via

SAS
Proc NLMIXED data=faithful;
parms eta_mul=&mulstart. eta_mu2=&mu2start. eta_sigmal=1.8
eta_sigma2=1.8 eta_p1=0.57 ;

mul = exp(eta_mul);

mu2 = exp(eta_mu2);

sigmal = exp(eta_sigmal);
sigma2 = exp(eta_sigmaz2);
pl=exp(eta_pl)/(1 + exp(eta_p1l));
p2=1-pl;

y = waiting;

loglike = logpdf(NORMALMIX', y, 2, p1, p2, mul, mu2, sigmal, sigma2) ;

model y ~ general(loglike);
estimate 'mul' mul; estimate 'mu2' mu2;
estimate 'sigmal’' sigmal; estimate 'sigma2' sigmaz2;
estimate 'p1' pl; estimate 'p2' p2;
run;
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Via
Proc NLMIXED data=faithful;

parms eta_mul=&mulstart. eta_mu2=&mu2start. eta_sigmal=1.8

eta_sigma2=1.8 eta_p1=0.57;
mul = exp(eta_mul);
mu2 = exp(eta_mu2);
sigmal = exp(eta_sigmal);
sigma2 = exp(eta_sigmaz2);
pl=exp(eta_pl)/(1 + exp(eta_p1l));
p2=1-pl;
y = waiting;

Normal 2 — Componenlm
Mixture logLikelihood

loglike = logpdf(NORMALMIX', y, 2, p1, p2, mul, mu2, sigmal, sigma2) ;
*loglike = logpdf((NORMAL', y, mul, sigmal)*pl +
(1 - pl)*logpdf('NORMAL', y, mu2, sigma2);
model y ~ general(loglike);
estimate 'mul' mul; estimate 'mu2' mu2;
estimate 'sigmal’ sigmal; estimate 'sigma2' sigmaz2;
estimate 'p1' p1; estimate 'p2' p2;

run;
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Via SAS
NLMIXED]| «The Nimixed Procedurs
Neration History
Rer Calls Negleglike O MaxGrad  Slepe
4 Convergence Status
NOTE: GCONY conmverge
- Fit Statistics
Dascription
etier]
< Parameter Estimates
Standard
Parameter Estimate  Error
400031 O
(1]
-+ Additional Estimates
Standard
Labsl  Estimate Errer
2 160226 < DK
115688 < 0001°
1AM <
Bt
,.J B2 8 2 0
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Via JMP — nonlinear platform - setup
[}

dt = Current Data Table();
S

/I set up the negative log likelihood with

/I starting values

Il = dt << new column(*Normmix");

Exform = expr(

Il << set formula(Parameter(

{ eta_mu1=4.160438,
eta_mu2=4.352785, eta_sigmal=1.8,
eta_sigma2=1.8, eta_p1=-0.57 },

mul = exp(eta_mul);
mu2 = exp(eta_mu2);
sigmal = exp(eta_sigmal);
sigma2 = exp(eta_sigma2);

pl=exp(eta_pl)/(1 + exp(eta_pl)); L)
p2=1-pl;

-log( Normal Mixture Density( :waiting,
mul|/ mu2, sigmal |/ sigma2, p1|/p2))
)
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eval(eval Expr(exform));

LB EREELEH

(B rr alix
' ble Edit Lables Bows Cols DOE Analvee Graph Six Sigma
=]

0 3108126
47 7 T3ISETST
13S0

52

& 7567836

Via JMP
Nonlinear Platform

nl = Nonlinear(

Loss(:Normmix ), BEb)
Numeric Derivatives Only( 1), ohat S SR BRI N
Loss is Neg LogLikelihood( 1), e z ¥, Resporne o
QuasiNewton BFGS, "h [ —— i
Finish, e
Custom Estimate( exp(eta_mul) ), P — Remove,
Custom Estimate( exp(eta_mu2) ), ool Library|
Custom Estimate( exp(eta_sigmal) ),
Custom Estimate( exp(eta_sigmaz2) ),
Custom Estimate(
exp(eta_pl)/(1 + exp(eta_p1)) ), K Frocisor cobn o ormeta
Custom Estimate( i
1-exp(eta_pl)/(1 + exp(eta_pl)) ), riictor
. p(eta_p1)/( p(eta_p1)) ) e
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Via JMP \ & ='Nonlinear Fit =l
Nonlinear Platform ‘ < Centrel Panel
output 4 Solution
Sqrt
g Loss DFE Avgless Awgless
4 10340017488 787 3IBTIEEST 1967909
! parameter Estimate  ApproxStdErr
E eta_mul 40003058357 D01Z814T
v eta_mul 43831642541 0.00E28975
eta_sigmal 17700623462  DO9153827
eta_sigmad 1 TEO4BAE025  DOSEIZESD
eta_pl 0571520402 013515025
Sakved By, Munerical BFGS
! Correlation of Estimates
< Expleta_mu1)
Estimats  Std Error
£4614056 06055068
4 Expleta_mu2)
Estimate  Std Error
BO0GI0BS 0 5045536
+ 4 Expleta_sigmat)
; Estmate  Std Error
| SETINS4 05378413
< Exp{eta_sigma2)
TRAVELERET Estimate  Std Error N
£8A77344 04009338




Via JMP — Analyze, Distribution

* Fitted Normal 2 Mixture
< Parameter Estimates

- = Distributions

Type

Paramater Estimate Lower38% Upp - = Waiting
it : 5| T
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This Bie i part af IDEAS, which wes B data

FNINE: Stata module to estimate finite misture models

Auther info.
Fartha b i

Addi

Abstract

TRAVELEF

Via STATA - FMM

insheet using 'C:/temp/faithful.csv'

summarize albiz
histogram waiting, width(5) | Eike Edit Object Graph Tooks Help

D@ L e oy

g

-~
TRAVELERS |




Via STATA - FMM

insheet using 'C:/temp/faithful.csv’

summarize

histogram waiting, width(5)

fmm waiting, components(2) mixtureof(normal)

Time Permitting — Additional Examples

Proc FMM.sas — FMM(2) Poisson — Counts - regressors
Exp_mix.sas — FMM Exponential, Gamma dists

WC_Loss.sas — FMM Gamma with regressors
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SAS recently announced experimental Proc FMM coming
in SAS/STAT 9.3

simply

Apphy Now
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Further reading:

Deb, Partha and J. F. Burgess Jr., A quasi-experimental comparison of statistical models for health care
i , 2003, wp, http://urban.hunter.cuny.edu/RePE Irgess10.pdf

Grun, Bettina and Friedrich Leisch, Fitting Finite Mixtures of Generalized Linear Regressions in R,
Computational Statistics and Data Analysis, 2006,
http://statm u.ac. (o] en+Leisch-2007b.pdf

Klugman, Stuart and Jacques Rioux, Toward a unified approach to fitting loss models, North American
Actuarial Journal, Jan-06, 10, 1, 63-83, http:// iowaactuariesclub.org/libran

pdf

Lee, Andy H., Kui Wang, Kelvin K.W. Yau, Geoffrey J. McLachlan and S.K. Ng
Maternity length of stay modeling by gamma mixture regression with random effects
Biometrical Journal, Aug-2007, v49, n5, p750-764

http://www.maths.ug.edu.au/~gjm/lwymn_biomj07.doc

Leisch, Friederich and Bettina Gruen, “FlexMix Version 2: Finite mixtures with concomitant variables and

varying and constant parameters”, Journal of Statistical Software, 2007, 28(4), 1-35, http://cran.r-
project.org nix/vigr pdf

Park, Byung-Jung and Dominique Lord, Application of Finite Mixture Models for Vehicle Crash Data
Analysis, wp, Feb-2009,
https://ceprofs.civil.tamu. s/park_lord_%?20finite_mixture_model.pdf

Rempala, Grzegorz A. and Richard A. Derrig, Modeling Hidden Exposures in Claim Severity via the EM

Algorithm, ASTIN Colloquia - Bergen , Norway Jun-2004,
http:/A actuaries.org/ASTIN/Collogt gen/Rempala_Derrig.pdf
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Further reading:

Stokes, Maura E., Fang Chen, and Ying So, On Deck SAS/STAT 9.3, SAS Global Forum, 2011, 331,
http://support.sas.cor proceedings11/331-2011.pdf

Teodorescu, Sandra, Different approaches to model the loss distribution of a real data set from motor
third party liability insurance, Romanian Journal of Insurance, Apr-2010, 93-104, http://www.ima-

imi. omanian%_20Journal%z200{%20Insurance%20Year%202010%20No
-4.pdfffpage=94
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Thank you — Questions?

The Breakers
PalmBeach, Forida

Contact info:
Matt Flynn — Travelers

miflynn@travelers.com

860.954.0894
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