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A Multiple State Model for Pricing and 
Reserving Private Long Term Care Insurance 
Contracts in Australia 
E Leung* 
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ãçÇÉä=ïáíÜáå=~=j~êâçî=Ñê~ãÉïçêâK=pÉîÉê~ä=ëÉíë=çÑ=êÉëìäíë=~êÉ=éêÉëÉåíÉÇ=
íÜ~í=ÄçíÜ=Å~éíìêÉ=~=î~êóáåÖ=ê~åÖÉ=çÑ=éçëëáÄäÉ=ëÅÉå~êáçë ~åÇ=ÇÉãçåëíê~íÉ=
íÜÉ=ÑäÉñáÄáäáíó=çÑ=íÜÉ=ãçÇÉäK=
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E-mail: edward.leung@ubs.com 
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1.0 Introduction 

qÜÉ=äçåÖ=íÉêã=Å~êÉ=Eiq`F=ëóëíÉã=áå=^ìëíê~äá~=áë=ÅÜ~ê~ÅíÉêáëÉÇ=Äó=
~å=~ÄëÉåÅÉ=çÑ= êáëâ=éççäáåÖ=çê=~= ëçéÜáëíáÅ~íÉÇ=ìëÉê=é~óë=ãÉÅÜ~åáëãK=
qÜÉ= ëóëíÉãI= íÜÉêÉÑçêÉI= ëí~åÇë= ëçãÉïÜ~í= áëçä~íÉÇ= Ñêçã=ã~åó= çÑ= áíë=
ÅçìåíÉêé~êíë= çîÉêëÉ~ë= ïÜáÅÜ= ÅçãÄáåÉ= éêáî~íÉ= ÑìåÇáåÖ= ãÉÅÜ~åáëãë=
ëìÅÜ= ~ë= éêáî~íÉ= iq`= áåëìê~åÅÉ= ïáíÜ= íÜÉáê= êÉëéÉÅíáîÉ= pí~íÉ= ~åÇ=
éìÄäáÅäó= ÑìåÇÉÇ=ïÉäÑ~êÉ= éêçÖê~ãëK=táíÜ= íÜÉ= ÉñÅÉéíáçå= çÑ= ~= äáãáíÉÇ=
åìãÄÉê=çÑ= ~ÅÅáÇÉåí= ÅçãéÉåë~íáçå=éçäáÅáÉë=ïÜÉêÉ=iq`= áë= áåëìêÉÇ= áÑ=
~ííêáÄìí~ÄäÉ=íç=~ÅÅáÇÉåíI=^ìëíê~äá~å=áåëìêÉêë=Çç=åçí=ÅìêêÉåíäó=ÉåÖ~ÖÉ=
áå=~åó=Ñçêã=çÑ=iq`=áåëìê~åÅÉ=ÄìëáåÉëëK=

qÜÉ=éêáã~êó=çÄàÉÅíáîÉ=çÑ=íÜáë=é~éÉêI=íÜÉêÉÑçêÉI=áë=íç=ÇÉîÉäçé=~åÇ=
íÉëí=~=ãìäíáéäÉ=ëí~íÉ=ãçÇÉä=Ñçê=éêáÅáåÖ=~åÇ=êÉëÉêîáåÖ=iq`=áåëìê~åÅÉ=
ìëáåÖ=ÅìêêÉåíäó=~î~áä~ÄäÉ=^ìëíê~äá~å=Ç~í~K=få=iÉìåÖ=EOMMQFI=~=ÇáëÅêÉíÉ=
íáãÉ=ãìäíáéäÉ= ëí~íÉ= ãçÇÉä= ï~ë= ÇÉîÉäçéÉÇ= Ñçê= éêçàÉÅíáåÖ= íÜÉ= åÉÉÇë=
~åÇ=Åçëíë=çÑ=iq`=áå=^ìëíê~äá~K=få=íÜáë=é~éÉêI=ïÉ=êÉä~ñ=íÜÉ=~ëëìãéíáçå=
çÑ= ÇáëÅêÉíÉ= íáãÉ= ~åÇ=ãçÇÉä= íÜÉ= ìåÇÉêäóáåÖ= éêçÅÉëë= áå= ~= Åçåíáåìçìë=
íáãÉ=j~êâçî=Ñê~ãÉïçêâK=qÜÉ=éìêéçëÉ=çÑ=íÜáë=áë=íç=Éå~ÄäÉ=Å~äÅìä~íáçå=
çÑ= íê~åëáíáçå= áåíÉåëáíáÉë= Ñçê= ~ééäáÅ~íáçå= áå= qÜáÉäÉÛë= ÇáÑÑÉêÉåíá~ä=
Éèì~íáçå= Ñçê= éêáÅáåÖ= ~åÇ= êÉëÉêîáåÖK= qÜÉ= ãçÇÉääáåÖ= Ñê~ãÉïçêâ= ~åÇ=
êÉëìäíë=éêÉëÉåíÉÇ=áå=íÜáë=é~éÉê=ã~ó=ÄÉ=ìëÉÇ=~ë=~=ëí~êíáåÖ=éçáåí=Ñçê=íÜÉ=
ÇÉîÉäçéãÉåí=çÑ=iq`=éçäáÅáÉë=áå=^ìëíê~äá~K=

få= íÜáë=é~éÉêI=ïÉ=ëìêîÉó=íÜÉ=êÉäÉî~åí=Ç~í~=ÅìêêÉåíäó=~î~áä~ÄäÉ= áå=
^ìëíê~äá~= Ñçê= éêáÅáåÖ= ~åÇ= êÉëÉêîáåÖ= Ñçê= iq`= áåëìê~åÅÉI= ~åÇ= Ñçääçï=
íÜáë= ïáíÜ= ~= ÄêáÉÑ= êÉîáÉï= çÑ= íÜÉ= ÉñáëíáåÖ= iq`= éêáÅáåÖ= ~åÇ= êÉëÉêîáåÖ=
äáíÉê~íìêÉ=ÉãÉêÖáåÖ=Ñêçã=^ìëíê~äá~=~åÇ=~Äêç~ÇK=kÉñíI=ïÉ=ÇÉîÉäçé=íÜÉ=
ãìäíáéäÉ= ëí~íÉ=ãçÇÉä=~åÇ=ÇáëÅìëë= íÜÉ=éêçÄ~ÄáäáëíáÅ= ëíêìÅíìêÉ=ìëÉÇ= íç=
Å~äÅìä~íÉ=éêÉãáìãë=~åÇ=êÉëÉêîÉë=Ñçê=~=ëÉí=çÑ=áääìëíê~íáîÉ=ÜóéçíÜÉíáÅ~ä=
iq`= áåëìê~åÅÉ=éêçÇìÅíëK=cáå~ääóI=ïÉ=~å~äóëÉ= íÜÉ= ëÉåëáíáîáíáÉë=çÑ= íÜÉ=
ãçÇÉä=~åÇ=éêÉëÉåí=ÑìêíÜÉê=~îÉåìÉë=Ñçê=êÉëÉ~êÅÜK=
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2.0 Data Review 

^=åìãÄÉê=çÑ=Ç~í~=ëÉíë=ëìáí~ÄäÉ=Ñçê=iq`=~å~äóëáë=EíóéáÅ~ääó=ÜçëíÉä=
~åÇ= åìêëáåÖ= ÜçãÉ= Ç~í~F= ~êÉ= ~ÇãáåáëíÉêÉÇ= áå= ^ìëíê~äá~= Äó= íÜÉ=
aÉé~êíãÉåí= çÑ= eÉ~äíÜ= ~åÇ= ^ÖÉáåÖI= íÜÉ= ^ìëíê~äá~å= _ìêÉ~ì= çÑ=
pí~íáëíáÅë= E^_pF= ~åÇ= çíÜÉê= ÖçîÉêåãÉåí= ÄçÇáÉëK= eçïÉîÉêI= ÑÉï= ~êÉ=
ëìáí~ÄäÉ= Ñçê= íÜÉ= ãçÇÉääáåÖ= ãÉíÜçÇçäçÖó= ìåÇÉêí~âÉå= ÜÉêÉK= få= íÜáë=
ëÉÅíáçåI=ïÉ=çìíäáåÉ=íÜÉ=Ä~ëáÅ=Ç~í~=êÉèìáêÉãÉåíë=Ñçê=çìê=ãÉíÜçÇçäçÖó=
~åÇ= çìê= àìëíáÑáÅ~íáçå= áå= ëÉäÉÅíáçå= çÑ= íÜÉ=^_p= éêÉî~äÉåÅÉ= ê~íÉ= Ç~í~=
E^_p=NVVUF==

2.1 Data Requirements 

fÇÉ~ä= Ç~í~= Ñçê= iq`= áåëìê~åÅÉ= éêáÅáåÖ= áë= ~= äçåÖáíìÇáå~ä= Ç~í~= ëÉí=
íÜ~í=íê~Åâë=ÄçíÜ=äÉîÉäë=çÑ=Çáë~Äáäáíó=~åÇ=iq`=ìíáäáë~íáçå=é~ííÉêåë=çÑ=~=
ä~êÖÉ=êÉéêÉëÉåí~íáîÉ=éçéìä~íáçåK=^ë=ÇáëÅìëëÉÇ=Äó=jÉáåÉêë=ENVUVFI=íÜÉ=
ÄÉåÉÑáí=çÑ=äçåÖáíìÇáå~ä=Ç~í~=Ñçê=iq`=éêáÅáåÖ=áë=éêáã~êáäó=íç=Éå~ÄäÉ=~å=
ìåÇÉêëí~åÇáåÖ=çÑ=iq`=ìíáäáë~íáçå=ÅÜ~åÖÉë=~ë=íÜÉ=ÅçÜçêí=~ÖÉëK=

j~åó=å~íáçåëI= áåÅäìÇáåÖ=^ìëíê~äá~I= ä~Åâ=~= ëóëíÉã~íáÅ=iq`=Ç~í~J
êÉéçêíáåÖ= éêçÖê~ã= Éå~ÄäáåÖ= ÅçãéêÉÜÉåëáîÉ= áåÑçêã~íáçå= íç= ÄÉ=
ÅçääÉÅíÉÇ= ~Åêçëë= ëÉêîáÅÉ= ëÉÅíçêëI= Å~êÉ= éêçÖê~ãë= ~åÇ= àìêáëÇáÅíáçåë=
EoÉáÑ=NVURFK=dáîÉå=íÜ~í=^ìëíê~äá~=ÅìêêÉåíäó=Ü~ë=åç=éêáî~íÉ=áåëìê~åÅÉ=
ÅçîÉê~ÖÉ=Ñçê=iq`I=íÜÉêÉ=áë=ÅäÉ~êäó=~=åÉÉÇ=íç=Ö~íÜÉê=Ç~í~=çå=îáêíì~ääó=
~ää= ~ëéÉÅíë= çÑ= iq`= ÅçîÉê= áåÅäìÇáåÖ= ÅçëíëI= êáëâ= ã~å~ÖÉãÉåíI=
ã~êâÉíáåÖ= ~åÇ= ìåÇÉêïêáíáåÖK= cêçã= ~= éìêÉ= ~Åíì~êá~ä= éêáÅáåÖ= ~åÇ=
êÉëÉêîáåÖ= éÉêëéÉÅíáîÉI= ìíáäáë~íáçåLÇÉã~åÇ= Ç~í~= Ñçê= iq`= ëÉÖêÉÖ~íÉÇ=
Äó= ~ÖÉ= ~åÇ= ëÉñ= áå= ÅçåàìåÅíáçå=ïáíÜ= ÅÜ~åÖÉë= íç= ìíáäáë~íáçå= LÇÉã~åÇ=
EáÉK= ÑìåÅíáçå~ä= ÅÜ~åÖÉëF= ~ë= ~= ÑìåÅíáçå= çÑ= ~ÖÉ= ~êÉ= ÉëëÉåíá~äK= qÜÉ=
ÑçääçïáåÖ= ëÉÅíáçåë= ÇáëÅìëë= ~åÇ= Éî~äì~íÉ= íÜÉ= î~êáçìë= çéíáçåë= Ñçê=
çÄí~áåáåÖ=íÜáë=áåÑçêã~íáçåK=
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2.2 Australian Bureau of Statistics Surveys  
(1981, 1988, 1993, 1998) 

qÜÉ=^_p=Ü~ë=éìÄäáëÜÉÇ=êÉëìäíë=çÑ=~=åìãÄÉê=çÑ=ëìêîÉóë=ÇÉí~áäáåÖ=
^ìëíê~äá~å= éçéìä~íáçå= Ç~í~= çå= éÉêëçåë= ïáíÜ= Çáë~ÄáäáíáÉëI= çäÇÉê=
éÉêëçåë= ~åÇ= éÉêëçåë=ïÜç= éêçîáÇÉ= ~ëëáëí~åÅÉ= íç= çíÜÉêë= ÇìÉ= íç= íÜÉáê=
Çáë~ÄáäáíáÉëK=qÜÉ=ëìêîÉóë=~êÉW=

 pìêîÉó=çÑ=e~åÇáÅ~ééÉÇ=mÉêëçåë=ENVUNF=

 pìêîÉó=çÑ=aáë~ÄäÉÇ=~åÇ=^ÖÉÇ=mÉêëçåë=ENVUUF=

 pìêîÉó=çÑ=aáë~ÄáäáíóI=^ÖÉáåÖ=~åÇ=`~êÉêë=ENVVPF=

 pìêîÉó=çÑ=aáë~ÄáäáíóI=^ÖÉáåÖ=~åÇ=`~êÉêë=ENVVUF=

qÜÉëÉ= ëìêîÉóë= éêçîáÇÉ= íÜÉ= çåäó= ÅçãéêÉÜÉåëáîÉ= ëçìêÅÉ= çÑ= Ç~í~=
ÅçåÅÉêåáåÖ= íÜÉ= ÑìåÅíáçå~ä= Å~é~ÅáíáÉë= çÑ= éÉêëçåë= áå= ^ìëíê~äá~= çå= ~=
éçéìä~íáçå=ëÅ~äÉK=qÜÉ=êÉëìäíë= Ñêçã=íÜÉ=pìêîÉó=çÑ=aáë~ÄáäáíóI=^ÖÉáåÖ=
~åÇ=`~êÉêë=ÅçåÇìÅíÉÇ=Ñêçã=NS=j~êÅÜ=íç=OV=j~ó=NVVU=êÉéêÉëÉåí=íÜÉ=
ãçëí= ÅìêêÉåí= áåÑçêã~íáçå= ~ë= ~í= íÜÉ= íáãÉ= çÑ= ïêáíáåÖK= qÜÉ= Ç~í~=
Åçåí~áåÉÇ=ïáíÜáå=íÜçëÉ=ëìêîÉóë=~åÇ=ìëÉÇ=Ñçê=íÜáë=é~éÉê=~êÉ=íÜçëÉ=íÜ~í=
êÉä~íÉ=íç=ÅçêÉ=~Åíáîáíó=êÉëíêáÅíáçåë=~ë=ÇÉí~áäÉÇ=áå=iÉìåÖ=EOMMQFK=

kçíÉ= íÜ~í= ~äíÜçìÖÜ= íÜÉ= ëìêîÉó= êÉëìäíë= ~êÉ= åçí= Å~íÉÖçêáëÉÇ=
~ÅÅçêÇáåÖ= íç= ~å= ~ÅíáîáíáÉë= çÑ= Ç~áäó= äáîáåÖ= E^aiF= ëÅ~äÉI= íÜÉ=
Å~íÉÖçêáë~íáçå= çÑ= Ç~í~= ~ÅÅçêÇáåÖ= íç= ÇáÑÑÉêáåÖ= äÉîÉäë= çÑ= ÅçêÉ= ~Åíáîáíó=
êÉëíêáÅíáçå= EáÉK= ÇáÑÑÉêáåÖ= äÉîÉäë= çÑ= ëÉîÉêáíó= çÑ= Çáë~ÄáäáíóF= êÉåÇÉêë= íÜÉ=
êÉëìäíë= ìëÉÑìä= Ñçê= íÜÉ= éìêéçëÉë= çÑ= iq`=éêáÅáåÖ= Ó= ~åÇI= ÑìêíÜÉêãçêÉI=
É~ëáäó=íê~åëä~í~ÄäÉ=íç=~å=^ai=ëóëíÉãK=cçê=áåëí~åÅÉI=~=Åä~áã=Ñçê=iq`=
ã~ó=ÄÉ=~ääçïÉÇ=ìéçå= íÜÉ= Ñ~áäìêÉ=çÑ=ÄÉíïÉÉå=P=~åÇ=S=^aiëK=dáîÉå=
íÜ~í=çåäó=éÉêëçåë=ïÜç=Ü~îÉ=ÉáíÜÉê=~=ëÉîÉêÉ=çê=éêçÑçìåÇ=ÅçêÉ=~Åíáîáíó=
êÉëíêáÅíáçåI=Äó=ÇÉÑáåáíáçåI=êÉèìáêÉ=iq`I=çåÉ=ÅçìäÇ=áåÑÉê=~=ëÉîÉêÉ=ÅçêÉ=
~Åíáîáíó=êÉëíêáÅíáçå=ÄÉáåÖ=Éèìáî~äÉåí=íç=íÜÉ=Ñ~áäìêÉ=çÑ=P=çê=Q=^aië=~åÇ=
~=éêçÑçìåÇ=ÅçêÉ=~Åíáîáíó=êÉëíêáÅíáçå=ÄÉáåÖ=Éèìáî~äÉåí=íç=íÜÉ=Ñ~áäìêÉ=çÑ=
R=çê=S=^aiëK=

^ë= çìíäáåÉÇI= áÇÉ~ä= Ç~í~= êÉèìáêÉÇ= Ñçê= éêáÅáåÖ= ~åÇ= êÉëÉêîáåÖ=iq`=
áåëìê~åÅÉ= Åçåíê~Åíë= áåÅäìÇÉë= ÄçíÜ= íÜÉ= åìãÄÉê= çÑ= éÉêëçåë= êÉèìáêáåÖ=
iq`= ~åÇ= íÜÉ= ÅÜ~åÖÉ= áå= íÜáë= ÇÉã~åÇ= ~ë= ~= ÅçÜçêí= çÑ= éÉêëçåë= ~ÖÉëK=
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^äíÜçìÖÜ=åçåJäçåÖáíìÇáå~äI=íÜÉ=^_p=ëìêîÉó=Ç~í~=ã~ó=ÅçåÅÉáî~Ääó=ÄÉ=
ìëÉÇ=íç=~ëÅÉêí~áå=íÜáë=áåÑçêã~íáçå=áå=~=åìãÄÉê=çÑ=ï~óë=ïÜáÅÜ=ïáää=ÄÉ=
ÇáëÅìëëÉÇ=áå=pÉÅíáçå=QK==

tÉ=êÉJáíÉê~íÉ=~í=íÜáë=ëí~ÖÉ=íÜ~í=íÜÉ=Ç~í~=Ñçê=éêáÅáåÖ=~åÇ=êÉëÉêîáåÖ=
iq`=áåëìê~åÅÉ=áå=^ìëíê~äá~=áë=Ñ~ê=Ñêçã=áÇÉ~ä=Ó=êÉëíêáÅíáåÖ=ìë=ä~êÖÉäó=íç=
íÜÉ=éêÉî~äÉåÅÉ=ê~íÉë=Åçåí~áåÉÇ=áå=íÜÉ=NVVU=^_p=ëìêîÉó=çÑ=aáë~ÄáäáíóI=
^ÖÉáåÖ=~åÇ=`~êÉêëK=qÜÉëÉ=Ç~í~=äáãáí~íáçåë=áåÉîáí~Ääó=áåÑäìÉåÅÉ=ã~åó=
çÑ=íÜÉ=~ëëìãéíáçåë=ÅçåÅÉêåáåÖ=ãÉíÜçÇçäçÖó=áå=íÜáë=é~éÉêK=tÉ=Ü~îÉ=
íêáÉÇ=íç=ÄÉ=~ë=êÉ~äáëíáÅ=~ë=íÜÉ=Ç~í~=~ääçïëK=

3.0 Literature Review 

^= ê~åÖÉ= çÑ= ãÉíÜçÇçäçÖáÉë= ã~ó= ÄÉ= ~ééäáÉÇ= íç= éêáÅáåÖ= iq`=
áåëìê~åÅÉ=áåÅäìÇáåÖ=áåÅÉéíáçå=~ååìáíó=~ééêç~ÅÜÉë=Ed~íÉåÄó=NVVNF=çê=
êáëâ=êÉåÉï~ä=~ééêç~ÅÜÉë=E_ÉÉâã~å=NVUVFK=qÜÉ=ÅÜçëÉå=ãÉíÜçÇçäçÖó=
áå= íÜáë= é~éÉê= áë= ~= ãìäíáéäÉ= ëí~íÉ= ãçÇÉääáåÖ= ~ééêç~ÅÜ= ïáíÜáå= ~=
Åçåíáåìçìë= íáãÉ= j~êâçî= Ñê~ãÉïçêâ= ïáíÜ= éêÉãáìãë= ~åÇ= êÉëÉêîÉë=
Å~äÅìä~íÉÇ= Äó= ãÉ~åë= çÑ= ~ééäóáåÖ= ÖÉåÉê~äáë~íáçåë= çÑ= qÜáÉäÉÛë=
ÇáÑÑÉêÉåíá~ä=Éèì~íáçåëK=cçê=ÄêÉîáíóI=ïÉ=ïáää=êÉÑÉê=íç=íÜÉëÉ=~ë=qÜáÉäÉÛë=
ÇáÑÑÉêÉåíá~ä= Éèì~íáçå= Ñçê= íÜÉ= êÉã~áåÇÉê=çÑ= íÜÉ=é~éÉêK=qÜáë= ÅÜçáÅÉ= áë=
ãçíáî~íÉÇ= Äó= íÜÉ= ÄÉåÉÑáíë= çÑ= ãìäíáéäÉ= ëí~íÉ= ãçÇÉääáåÖ= ÄÉáåÖ= ~å=
~ÅÅìê~íÉ= êÉéêÉëÉåí~íáçå= çÑ= íÜÉ= ìåÇÉêäóáåÖ= áåëìê~åÅÉ= éêçÅÉëëI= ~=
ÖêÉ~íÉê= ÇÉÖêÉÉ= çÑ= ÑäÉñáÄáäáíó= ~åÇ= ëÅçéÉ= Ñçê= ëÅÉå~êáç= íÉëíáåÖ= ~åÇ= íÜÉ=
É~ëÉ=çÑ=ãçåáíçêáåÖ=~Åíì~ä=ÉñéÉêáÉåÅÉ=~Ö~áåëí=ÉñéÉÅíÉÇ=~í=~=éê~ÅíáÅ~ä=
äÉîÉä= Ed~íÉåÄó= ~åÇ= t~êÇ= NVVQI= oçÄáåëçå= NVVS= ~åÇ= pçÅáÉíó= çÑ=
^Åíì~êáÉë= içåÖJqÉêã= `~êÉ= fåëìê~åÅÉ= s~äì~íáçå= jÉíÜçÇë= q~ëâ=
cçêÅÉ=NVVRFK=

jìäíáéäÉ=ëí~íÉ=ãçÇÉäë=~êÉ=éêÉî~äÉåí=áå=íÜÉ=~Åíì~êá~ä= äáíÉê~íìêÉ=áå=
~êÉ~ë= áåÅäìÇáåÖ= äáÑÉ= áåëìê~åÅÉ= Emáí~ÅÅç= NVVRFI= éÉêã~åÉåí= ÜÉ~äíÜ=
áåëìê~åÅÉ=EmefF=áå=íÜÉ=rh=Et~íÉêë=NVUQI=p~åëçã=~åÇ=t~íÉêë=NVUUI=
e~ÄÉêã~å=NVVPI=oÉåëÜ~ï=~åÇ=e~ÄÉêã~å=NVVUI=`çêÇÉáêç=OMMNF=~åÇ=
Çáë~Äáäáíó= áåÅçãÉ= áåëìê~åÅÉ= Ee~ÄÉêã~å= ~åÇ= máí~ÅÅç= NVVVFK= fí= áë=
íÜÉêÉÑçêÉ=ìåëìêéêáëáåÖ=íÜ~í=íÜÉ=ëìáí~Äáäáíó=çÑ=ãìäíáéäÉ=ëí~íÉ=ãçÇÉääáåÖ=
Ñçê= iq`= áåëìê~åÅÉ= Ü~ë= ÄÉÉå= ïÉää= êÉÅçÖåáëÉÇ= ~åÇ= ÅçåëÉèìÉåíäó=
~ééäáÉÇK= cçê= áåëí~åÅÉI= iÉîáâëçå= ~åÇ= jáòê~Üá= ENVVQF= ÅçåëáÇÉê= ~å=
ÚìééÉê= íêá~åÖìä~êÛ= ãìäíáéäÉ= ëí~íÉ= ãçÇÉä= áå= íÜÉ= ÖÉåÉê~ä= j~êâçîá~å=
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Ñê~ãÉïçêâ=ïÜÉêÉ= íÜêÉÉ= Å~êÉ= äÉîÉäë= ~êÉ= ÅçåëáÇÉêÉÇ= ~åÇ= íÜÉ= áåëìêÉÇ=
äáÑÉ= éêçÅÉÉÇë= íÜêçìÖÜ= íÜÉ=ÇÉíÉêáçê~íáåÖ= ëí~ÖÉë= çÑ=^ai= Ñ~áäìêÉ= ìåíáä=
ÇÉ~íÜK= mêÉãáìã= Å~äÅìä~íáçå= áë= ëìÄëÉèìÉåíäó= éÉêÑçêãÉÇ= îá~= ~=
êÉéêÉëÉåí~íáçå= çÑ= íÜÉ= ÇáëÅçìåíÉÇ= î~äìÉ= çÑ= ÑìíìêÉ= ÄÉåÉÑáíë= áå= ~=
é~êíáÅìä~ê=Å~êÉ=äÉîÉä=~ë=~=ê~åÇçã=î~êá~ÄäÉK=páãáä~ê=Ñê~ãÉïçêâë=Ü~îÉ=
ÄÉÉå=ëíìÇáÉÇ=Äó=^äÉÖêÉ=Éí=~ä=EOMMOFI=ïÜç=~äëç=ÅçåëáÇÉê=~=iq`=ëóëíÉã=
ïáíÜ=åç=êÉÅçîÉêáÉë=~åÇ=éêÉãáìã=Å~äÅìä~íáçåë=ÇÉêáîÉÇ=Äó=Å~äÅìä~íáåÖ=
~ååìáíó= î~äìÉë= áå= ÇáëÅêÉíÉ= íáãÉ= Ñçê= ~= äáÑÉ= áå= ~= iq`= Åä~áãáåÖ= ëí~íÉK=
jçêÉçîÉêI=íÜÉ=î~äì~íáçå=çÑ=iq`=~ååìáíáÉë=íç=éêáÅÉ=iq`=áåëìê~åÅÉ=áå=
Åçåíáåìçìë=íáãÉ=Ü~ë=ÄÉÉå=ÇáëÅìëëÉÇ=Äó=máí~ÅÅç=ENVVPF=~åÇ=`ò~Çç=~åÇ=
oìÇçäéÜ=EOMMOFK=

aÉëéáíÉ= íÜÉ= ïáÇÉ= ê~åÖÉ= çÑ= ãÉíÜçÇçäçÖáÉë= ÅçåëáÇÉêÉÇ= ~Äêç~ÇI=
çåäó=äáãáíÉÇ=äáíÉê~íìêÉ=ÅçåÅÉêåáåÖ=éêáÅáåÖ=iq`=áåëìê~åÅÉ=Åçåíê~Åíë=áå=
^ìëíê~äá~=Ü~ë=ÄÉÉå=éìÄäáëÜÉÇK=qÜÉ=É~êäáÉëí=é~éÉêI=Äó=t~äâÉê=ENVVMFI=
éêçîáÇÉë= ~= ÄêáÉÑ= áåíêçÇìÅíáçå= íç= íÜÉ= áëëìÉë= ëìêêçìåÇáåÖ= iq`=
áåëìê~åÅÉ= éêáÅáåÖ= ~åÇ= éêçîáÇÉë= ëéÉÅáãÉå= åÉí= ëáåÖäÉ= ~åÇ= ~ååì~ä=
êÉåÉï~ÄäÉ=éêÉãáìãë= Ñçê= ~=iq`=ÄÉåÉÑáí= ìëáåÖ= áääìëíê~íáîÉ=ãçêÄáÇáíó=
ê~íÉë= Ñçê= ã~äÉëI= ÑÉã~äÉë= ~åÇ= ÅçìéäÉëK=t~äëÜ= ~åÇ=aÉ=o~îáå= ENVVRF=
éÉêÑçêã= ëáãáä~ê= Å~äÅìä~íáçåë= Ä~ëÉÇ= çå= Ç~í~= ëçìêÅÉÇ= Ñêçã= íÜÉ= NVVP=
^_p= ëìêîÉó= çÑ= aáë~ÄáäáíóI= ^ÖÉáåÖ= ~åÇ= `~êÉêë= ~åÇ= Å~äÅìä~íÉÇ=
éêÉãáìã=ê~íÉë=ÇáêÉÅíäó=Ñêçã=éêÉî~äÉåÅÉ=ê~íÉ=Ç~í~K=qÜÉ=ã~íÜÉã~íáÅ~ä=
ãÉíÜçÇçäçÖáÉë= ~êÉ= åçí= ÇÉí~áäÉÇ= áå= íÜÉáê= êÉëéÉÅíáîÉ= é~éÉêëI= Äìí= áí= áë=
ÅäÉ~ê= íÜ~í= áå= ÄçíÜ= é~éÉêëI= Å~äÅìä~íáçåë= ~êÉ= Ä~ëÉÇ= çå= ~å= áåÅÉéíáçåJ
~ååìáíó=~ééêç~ÅÜ=Ñê~ãÉïçêâK==

4.0 Model Specification And Defining Assumptions 

få=iÉìåÖ=EOMMQFI=ïÉ=ìëÉÇ=~=ÇáëÅêÉíÉ=íáãÉ=ãìäíáéäÉ=ëí~íÉ=ãçÇÉä=~ë=
ÇÉéáÅíÉÇ=áå=cáÖìêÉ=NK=eÉêÉI=ïÉ=êÉä~ñ=íÜÉ=~ëëìãéíáçå=çÑ=ÇáëÅêÉíÉ=íáãÉ=
~åÇ=~ééäó=áí=áå=~=Åçåíáåìçìë=íáãÉ=Ñê~ãÉïçêâK=qÜÉ=ãçíáî~íáçå=Ñçê=íÜáë=
áë=íç=Éå~ÄäÉ=íÜÉ=Å~äÅìä~íáçå=çÑ=íê~åëáíáçå=áåíÉåëáíáÉë=Ñçê=íÜÉ=éìêéçëÉ=çÑ=
~Åíì~êá~ä= ~ééäáÅ~íáçå= Ó= å~ãÉäó= éêáÅáåÖ= ~åÇ= êÉëÉêîáåÖ= ìëáåÖ= qÜáÉäÉÛë=
ÇáÑÑÉêÉåíá~ä= Éèì~íáçåëK= kçíÉ= íÜ~í= ïÉ= ÅçìäÇ= Ü~îÉ= éÉêëáëíÉÇ= ïáíÜ= ~=
ÇáëÅêÉíÉ=íáãÉ=éêçÅÉëë=íç=éêáÅÉ=iq`=ÅçîÉê=ìëáåÖ=~ååìáíó=ÑìåÅíáçåë=~ë=
áå= ^äÉÖêÉ= Éí= ~ä= EOMMOFK= eçïÉîÉêI= áí= ï~ë= ÑÉäí= íÜ~í= íÜÉ= ÖêÉ~íÉê=
éê~ÅíáÅ~äáíóI= ÑäÉñáÄáäáíó= ~åÇ= êÉ~äáëã= çÑÑÉêÉÇ= Äó= ìëáåÖ= ~= qÜáÉäÉÛë=
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ÇáÑÑÉêÉåíá~ä= Éèì~íáçå= Ñê~ãÉïçêâ= Ñçê= éêáÅáåÖ= ~åÇ= êÉëÉêîáåÖ= ï~ë= ~=
ÄÉííÉê=êçìíÉK==

Figure 1: Transitions in the multiple state model. 

No CAR 
(ie. Able)

Dead

Mild 
CAR

Moderate 
CAR

Severe 
CAR

Profound 
CAR

No CAR 
(ie. Able)

Dead

Mild 
CAR

Moderate 
CAR

Severe 
CAR

Profound 
CAR

=

kçíÉ= íÜ~í= íÜÉ=ãçÇÉä= ÇçÉë= åçí= áåÅäìÇÉ= ~å= ~ÄëçêÄáåÖ= ä~éëÉ= ëí~íÉK=
tÜáäÉ= íÜÉ= áåÅäìëáçå=çÑ= ~å=~ÇÇáíáçå~ä= ~ÄëçêÄáåÖ= ëí~íÉ= íç= ~ÅÅçìåí= Ñçê=
ä~éëÉë= áë= éêÉÑÉê~ÄäÉ= Ñçê= áåëìê~åÅÉ= éêáÅáåÖ= éìêéçëÉëI= áíë= çãáëëáçå= áë=
ëçäÉäó=~ííêáÄìí~ÄäÉ=íç=ìå~î~áä~Äáäáíó=çÑ=ëìáí~ÄäÉ=Ç~í~K==

5.0 Estimating Transition Probabilities 

fÇÉ~ääóI=ïÉ=ïçìäÇ= äáâÉ= íç= Éëíáã~íÉ= íê~åëáíáçå= áåíÉåëáíáÉë= ÇáêÉÅíäó=
Ñêçã=çìê=Ç~í~K=eçïÉîÉêI=íÜÉ=NVVU=^_p=ëìêîÉó=Ç~í~=áë=áå=íÜÉ=Ñçêã=çÑ=
éêÉî~äÉåÅÉ= ê~íÉë= ~í= çåÉ= ëå~éëÜçí= çÑ= íáãÉK= tÉ= íÜìë= Ü~îÉ= åç=
áåÑçêã~íáçå= ~ë= íç= ïÜÉå= íê~åëáíáçåë= íç= íÜÉ= î~êáçìë= ÅçêÉ= ~Åíáîáíó=
êÉëíêáÅíáçå= Å~íÉÖçêáÉë=çÅÅìêK=tÉ=çìíäáåÉ=éçëëáÄäÉ=~ééêç~ÅÜÉë= íç= íÜáë=
éêçÄäÉã=áå=íÜÉ=ÑçääçïáåÖK=

5.1 Maximum Likelihood Estimation 

låÉ=éçëëáÄáäáíó=ã~ó=ÄÉ=íç=Åçãé~êÉ=éêÉî~äÉåÅÉ=ê~íÉë=çîÉê=íïç=çê=
ãçêÉ= ÅçåëÉÅìíáîÉ= ^_p= ëìêîÉóë= EÑçê= áåëí~åÅÉ= NVVP= ~åÇ= NVVUF= ~åÇ=
Å~äÅìä~íÉ= ã~ñáãìã= äáâÉäáÜççÇ= Éëíáã~íÉë= çÑ= íÜÉ= íJóÉ~ê= éêçÄ~Äáäáíó=
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ab
t xp çÑ= ~= äáÑÉ= ~ÖÉÇ= EñF= ã~âáåÖ= ~= íê~åëáíáçå= Ñêçã= ëí~íÉ= ~= íç= ëí~íÉ= Ä=
ìëáåÖ=~å=Éèì~íáçå=çÑ=íÜÉ=ÑçêãW=

,

,

ab
x x tab

t x aj
x x t

j

n
p

n
= ENF=

ïÜÉêÉ= ,
ab
x x tn áë=íÜÉ=åìãÄÉê=çÑ=éÉêëçåë=áå=ëí~íÉ=~I=~ÖÉÇ=ñ=áå=NVVPI=ë~óI=

~åÇ= áå= ëí~íÉ= ÄI= ~ÖÉÇ= ñHR= áå= NVVUK= qÜáë= íóéÉ= çÑ= ~ééêç~ÅÜ= Ü~ë= ÄÉÉå=
ìåÇÉêí~âÉå= ìëáåÖ= rp= k~íáçå~ä= içåÖ= qÉêã= `~êÉ= pìêîÉó= Ekiq`pF=
Ç~í~= Äó= ëÉîÉê~ä= ëíìÇáÉë= áåÅäìÇáåÖ=j~åíçå= ENVUUF= ~åÇ=j~åíçå= Éí= ~ä=
ENVVPFK==

tÉ=Ü~îÉ=~=åìãÄÉê=çÑ= êÉëÉêî~íáçåë=~Äçìí= áãéäÉãÉåíáåÖ=ëìÅÜ=~å=
~ééêç~ÅÜ=ìëáåÖ=^_p=ëìêîÉó=Ç~í~K=cáêëíäóI=íÜÉ=^_p=ëìêîÉó=Ç~í~=áë=åçí=
äçåÖáíìÇáå~äK=qÜ~í=áëI=éÉêëçåë=Ü~îÉ=åçí=ÄÉÉå=áåÇáîáÇì~ääó=íê~ÅâÉÇ=~ë=áë=
íÜÉ=Å~ëÉ=ïáíÜ= íÜÉ=kiq`p=ëìêîÉóëK=pÉÅçåÇäóI= ëìêîÉó=ÇÉëáÖå= ÅÜ~åÖÉë=
çîÉê= ÅçåëÉÅìíáîÉ= ëìêîÉóë= ïáää= áåÉîáí~Ääó= êÉåÇÉê= ~åó= Å~äÅìä~íÉÇ=
íê~åëáíáçå= éêçÄ~ÄáäáíáÉë= áå~ÅÅìê~íÉK=j~ÇÇÉå= ~åÇ=tÉå= EOMMNF= ~êÖìÉ=
íÜ~í=~å= áåÅêÉ~ëÉ= áå=éêÉî~äÉåÅÉ= Ñêçã=NVVP= íç=NVVU=ÇçÉë=åçí= êÉÑäÉÅí=~=
ëìÄëí~åíá~ä= áåÅêÉ~ëÉ= áå= ìåÇÉêäóáåÖ= Çáë~Äáäáíó= Äìí= ê~íÜÉê= ~= ÅÜ~åÖÉ= áå=
Çáë~Äáäáíó=ëìêîÉó=ÇÉëáÖåK=^=ëáãáä~ê=îáÉï=áë=éìí=Ñçêï~êÇ=Äó=a~îáë=Éí=~ä=
EOMMNF= ïÜç= ëìÖÖÉëí= íÜ~í= çîÉê= Ü~äÑ= çÑ= íÜÉ= áåÅêÉ~ëÉ= áå= éêÉî~äÉåÅÉ=
ÄÉíïÉÉå= NVVP= ~åÇ= NVVU= áë= ÇìÉ= íç= ÅÜ~åÖÉë= áå= ëìêîÉó= ãÉíÜçÇK= qÜáë=
~ééêç~ÅÜ=ï~ë=íÜìë=åçí=Ñ~îçìêÉÇ=áå=íÜáë=é~éÉêK=

5.2 Approximation from 1-step Transition Probabilities 

tÉ=íÜÉêÉÑçêÉ=ìëÉ=NJóÉ~ê= íê~åëáíáçå=éêçÄ~ÄáäáíáÉë=~ë=Å~äÅìä~íÉÇ= áå=
iÉìåÖ= EOMMQF= íç= Éëíáã~íÉ= ~= ëÉí= çÑ= íê~åëáíáçå= áåíÉåëáíáÉëK=^= ÇÉí~áäÉÇ=
ÇáëÅìëëáçå=çÑ=Éëíáã~íáåÖ=íÜÉ=NJëíÉé=íê~åëáíáçå=éêçÄ~ÄáäáíáÉë=áå=ÇáëÅêÉíÉ=
íáãÉ=~åÇ=íÜÉ=~ëëçÅá~íÉÇ=é~ê~ãÉíÉêë=áë=ÖáîÉå=áå=iÉìåÖ=EOMMQFK=

qÜÉ=NJëíÉé= íê~åëáíáçå=éêçÄ~ÄáäáíáÉë=~í=NMJóÉ~êäó=~ÖÉ= áåíÉêî~äë=~êÉ=
êÉéçêíÉÇ= áå= q~ÄäÉë= N= ~åÇ= O= ~åÇ= áääìëíê~íÉÇ= áå= cáÖìêÉë= O= ~åÇ= P= Ñçê=
ã~äÉë=~åÇ=ÑÉã~äÉë=EÑêçã=íÜÉ=~ÄäÉ=ëí~íÉF=êÉëéÉÅíáîÉäóK==

pÉîÉê~ä=çÄëÉêî~íáçåë=ëÜçìäÇ=ÄÉ=ã~ÇÉ=~í=íÜáë=éçáåíK==
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qê~åëáíáçå= éêçÄ~ÄáäáíáÉë= Ñçê= ÄçíÜ= ã~äÉë= ~åÇ= ÑÉã~äÉë= ÖÉåÉê~ääó=
ÄÉÜ~îÉ= ~ë= ÉñéÉÅíÉÇ=ïáíÜ= íê~åëáíáçå= éêçÄ~ÄáäáíáÉë= íç= Çáë~Äáäáíó= ëí~íÉë=
áåÅêÉ~ëáåÖ=ïáíÜ=~ÖÉK=

NK= qê~åëáíáçå= íÜêçìÖÜ= Çáë~Äáäáíó= äÉîÉäë= áë= êÉ~ëçå~Ääó= éêçÖêÉëëáîÉK=
qÜ~í= áëI= ÖáîÉå= íÜ~í= ~= íê~åëáíáçå=çìí= çÑ= íÜÉ=Çáë~ÄäÉÇ= ëí~íÉ= çÅÅìêëI=
íÜÉêÉ=áë=~=ÜáÖÜÉê=éêçÄ~Äáäáíó=çÑ=ãçîáåÖ=íç=~=äçïÉê=Çáë~Äáäáíó=äÉîÉä=
íÜ~å= ÇáêÉÅíäó= íç= ~= ãçêÉ= ëÉîÉêÉ= Çáë~Äáäáíó= äÉîÉäK= ^í= ÜáÖÜÉê= ~ÖÉëI=
ÜçïÉîÉêI=íê~åëáíáçå=íç=íÜÉ=éêçÑçìåÇ=ÅçêÉ=~Åíáîáíó=êÉëíêáÅíáçå=ëí~íÉ=
~ééÉ~êë= íç= ãáäÇäó= ÉñÅÉÉÇ= çíÜÉê= áåíÉêãÉÇá~íÉ= Çáë~Äáäáíó= äÉîÉäëK=
qÜáë=ëÉÉãë=êÉ~ëçå~ÄäÉ=çïáåÖ=íç=íÜÉ=ÉÑÑÉÅíë=çÑ=~ÖÉáåÖ=~åÇ=ÅÜêçåáÅ=
Ñê~áäíóK=

OK= qê~åëáíáçå= éêçÄ~ÄáäáíáÉë= çìí= çÑ= íÜÉ= Çáë~ÄäÉÇ= ëí~íÉ= ~ééÉ~ê= ÜáÖÜÉê=
Ñçê=ã~äÉë=íÜ~å=ÑÉã~äÉëK==

PK= dáîÉå=íÜ~í=~=íê~åëáíáçå=çìí=çÑ=íÜÉ=Çáë~ÄäÉÇ=ëí~íÉ=çÅÅìêëI=íê~åëáíáçå=
íç= éêçÑçìåÇ= çê= ëÉîÉêÉ= ÅçêÉ= ~Åíáîáíó= êÉëíêáÅíáçå= ëí~íÉë= ~ééÉ~êë=
ÜáÖÜÉê=Ñçê=ÑÉã~äÉë=íÜ~å=ã~äÉëK==

QK= jçêí~äáíó=áå=íÜÉ=éêçÑçìåÇ=çê=ëÉîÉêÉ=ÅçêÉ=~Åíáîáíó=êÉëíêáÅíáçå=ëí~íÉë=
áë=ÜáÖÜÉê=Ñçê=ã~äÉë=íÜ~å=ÑÉã~äÉëK=

RK= mçáåíë=Q=~åÇ=R=~ÄçîÉ=~êÉ=é~êíáÅìä~êäó=áåíÉêÉëíáåÖ=~ë=íÜÉó=Ñçêã=íÜÉ=
Ä~ëáë= çÑ= ~å= ~= éêáçêá= ÉñéÉÅí~íáçå= íÜ~í= íÜÉ= äáâÉäáÜççÇ= çÑ= iq`=
ìíáäáë~íáçå= Äó= ÑÉã~äÉë= ïáää= ÄÉ= ÜáÖÜÉê= íÜ~å= Äó= ã~äÉë= áå= íÜÉ=
^ìëíê~äá~å= éçéìä~íáçåI= íÜÉêÉÑçêÉ= êÉëìäíáåÖ= áå= ãçêÉ= ÉñéÉåëáîÉ=
éêÉãáìãë=Ñçê=ÑÉã~äÉëK=
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Table 1: Male 1-step transition probabilities 

 Able Mild Moderate Severe Profound Dead 
Able 
20 0.990045 0.005229 0.001793 0.000926 0.000808 0.001199 
30 0.988251 0.006233 0.002137 0.001104 0.000963 0.001313 
40 0.983648 0.008726 0.002992 0.001545 0.001348 0.001742 
50 0.971556 0.014860 0.005095 0.002632 0.002295 0.003562 
60 0.940283 0.029544 0.010130 0.005234 0.004564 0.010245 
70 0.897377 0.043650 0.015034 0.007801 0.006833 0.029305 
80 0.702715 0.119224 0.046477 0.027297 0.027065 0.077222 
Mild 
20 0.15 0.844587 0.002142 0.001107 0.000965 0.001199 
30 0.15 0.843664 0.002554 0.001319 0.001150 0.001313 
40 0.15 0.841226 0.003575 0.001847 0.001610 0.001742 
50 0.15 0.834462 0.006088 0.003145 0.002742 0.003562 
60 0.15 0.815941 0.012106 0.006254 0.005454 0.010245 
70 0.15 0.785242 0.017965 0.009322 0.008166 0.029305 
80 0.15 0.652276 0.055540 0.032620 0.032342 0.077222 
Moderate 
20 0 0.15 0.846325 0.001322 0.001153 0.001199 
30 0 0.15 0.845736 0.001576 0.001375 0.001313 
40 0 0.15 0.844127 0.002207 0.001924 0.001742 
50 0 0.15 0.839403 0.003758 0.003277 0.003562 
60 0 0.15 0.825764 0.007474 0.006518 0.010245 
70 0 0.15 0.799797 0.011140 0.009758 0.029305 
80 0 0.15 0.695148 0.038981 0.038649 0.077222 
Severe 
20 0 0 0.1 0.895797 0.001378 0.002825 
30 0 0 0.1 0.893162 0.001643 0.005195 
40 0 0 0.1 0.887611 0.002300 0.010090 
50 0 0 0.1 0.877522 0.003916 0.018562 
60 0 0 0.1 0.860314 0.007789 0.031897 
70 0 0 0.1 0.832916 0.011661 0.055423 
80 0 0 0.1 0.748219 0.046185 0.105596 
Profound 
20 0 0 0 0.05 0.945549 0.004451 
30 0 0 0 0.05 0.940923 0.009077 
40 0 0 0 0.05 0.931562 0.018438 
50 0 0 0 0.05 0.916438 0.033562 
60 0 0 0 0.05 0.896451 0.053549 
70 0 0 0 0.05 0.868459 0.081541 
80 0 0 0 0.05 0.816030 0.133970 
Dead 
20 0 0 0 0 0 1 
30 0 0 0 0 0 1 
40 0 0 0 0 0 1 
50 0 0 0 0 0 1 
60 0 0 0 0 0 1 
70 0 0 0 0 0 1 
80 0 0 0 0 0 1 
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Table 2: Female 1-step transition probabilities 

 Able Mild Moderate Severe Profound Dead 
Able 
20 0.991502 0.004906 0.001299 0.0009463 0.000929 0.000417 
30 0.990264 0.005612 0.001486 0.0010826 0.001063 0.000492 
40 0.986776 0.007486 0.001983 0.0014443 0.001418 0.000893 
50 0.977310 0.012414 0.003290 0.0023981 0.002357 0.002231 
60 0.952880 0.024985 0.006659 0.0048804 0.004823 0.005772 
70 0.920111 0.037427 0.010481 0.0080711 0.008381 0.015529 
80 0.745522 0.088349 0.033458 0.0348423 0.048925 0.048903 
Mild 
20 0.15 0.845614 0.001624 0.0011830 0.001162 0.000417 
30 0.15 0.844967 0.001858 0.0013533 0.001329 0.000492 
40 0.15 0.843050 0.002479 0.0018054 0.001773 0.000893 
50 0.15 0.837712 0.004113 0.0029977 0.002946 0.002231 
60 0.15 0.823774 0.008324 0.0061008 0.006029 0.005772 
70 0.15 0.800804 0.013102 0.0100893 0.010476 0.015529 
80 0.15 0.654558 0.041825 0.0435550 0.061159 0.048903 
Moderate 
20 0 0.15 0.846652 0.0014788 0.001452 0.000417 
30 0 0.15 0.846155 0.0016917 0.001661 0.000492 
40 0 0.15 0.844634 0.0022569 0.002217 0.000893 
50 0 0.15 0.840339 0.0037473 0.003683 0.002231 
60 0 0.15 0.829065 0.0076264 0.007537 0.005772 
70 0 0.15 0.808763 0.0126122 0.013096 0.015529 
80 0 0.15 0.670198 0.0544463 0.076453 0.048903 
Severe 
20 0 0 0.1 0.8961415 0.001815 0.002043 
30 0 0 0.1 0.8935488 0.002077 0.004374 
40 0 0 0.1 0.8879883 0.002771 0.009241 
50 0 0 0.1 0.8781655 0.004604 0.017231 
60 0 0 0.1 0.8631546 0.009421 0.027424 
70 0 0 0.1 0.8419825 0.016371 0.041647 
80 0 0 0.1 0.7271528 0.095570 0.077277 
Profound 
20 0 0 0 0.05 0.946331 0.003669 
30 0 0 0 0.05 0.941744 0.008256 
40 0 0 0 0.05 0.932411 0.017589 
50 0 0 0 0.05 0.917769 0.032231 
60 0 0 0 0.05 0.900924 0.049076 
70 0 0 0 0.05 0.882235 0.067765 
80 0 0 0 0.05 0.844349 0.105651 
Dead 
20 0 0 0 0 0 1 
30 0 0 0 0 0 1 
40 0 0 0 0 0 1 
50 0 0 0 0 0 1 
60 0 0 0 0 0 1 
70 0 0 0 0 0 1 
80 0 0 0 0 0 1 
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Figure 2: Male 1-step transition probabilities 
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Figure 3: Female 1-step transition probabilities 
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6.0 Estimation of Transition Intensities 

dáîÉå=çìê=áå~Äáäáíó=íç=Éëíáã~íÉ=íê~åëáíáçå=áåíÉåëáíáÉë=ÇáêÉÅíäó=Ñêçã=
çìê= Ç~í~I= ïÉ= Å~äÅìä~íÉ= íê~åëáíáçå= áåíÉåëáíáÉë= áå= íÜÉ= ãçÇÉä= ìëáåÖ=
Éëíáã~íÉÇ=íê~åëáíáçå=éêçÄ~ÄáäáíáÉëK=kçíÉI=ÜçïÉîÉêI=íÜ~í=ëáåÅÉ=ïÉ=Ü~îÉ=
~ééêçñáã~íÉÇ= NJóÉ~ê= íê~åëáíáçå= éêçÄ~ÄáäáíáÉë= ìëáåÖ= NJëíÉé= íê~åëáíáçå=
éêçÄ~ÄáäáíáÉë= Ñêçã= oáÅâ~óòÉå= ~åÇ= t~äëÜÛë= EOMMOF= Ñê~ãÉïçêâI= íÜáë=
ÅêÉ~íÉë= ÇáÑÑáÅìäíáÉë= ïÜÉå= íê~åëÑçêãáåÖ= íê~åëáíáçå= éêçÄ~ÄáäáíáÉë= íç=
íê~åëáíáçå= áåíÉåëáíáÉëK= qÜáë= áë= ÄÉÅ~ìëÉ= íÜÉ= ÇáëÅêÉíÉ= íáãÉ= Ñê~ãÉïçêâ=
éêçéçëÉÇ= Äó= oáÅâ~óòÉå= ~åÇ= t~äëÜ= EOMMOF= áë= ÅÜ~ê~ÅíÉêáëÉÇ= Äó=
áåÅçãéäÉíÉ= ÅçããìåáÅ~íáçå= çÑ= ~ää= ëí~íÉëK= qÜáë= áåÉîáí~Ääó= äÉ~Çë= íç=
ëíêìÅíìê~ä= áåÅçåëáëíÉåÅáÉë= áå= çìê= íê~åëáíáçå= áåíÉåëáíó= ã~íêáñI= ïáíÜ=
ëÉîÉê~ä= çÑÑJÇá~Öçå~ä= ÉåíêáÉë= Éëíáã~íÉÇ= ~ë= åÉÖ~íáîÉ= î~äìÉëK= låÉ=
éçëëáÄäÉ=ï~ó=çÑ=~ééêç~ÅÜáåÖ=íÜáë=ÇáÑÑáÅìäíó= áë= íç=êÉJÉëíáã~íÉ=~=ëÉí=çÑ=
íê~åëáíáçå=éêçÄ~ÄáäáíáÉë=áåÅäìëáîÉ=çÑ=~=Ñìää=ëÉí=çÑ=êÉÅçîÉêó=íê~åëáíáçåë=Ó=
ÅçåëáëíÉåí= ïáíÜ= ~= j~êâçî= Ñê~ãÉïçêâK= dáîÉå= çìê= Ç~í~= äáãáí~íáçåëI=
ÜçïÉîÉêI= íÜáë= ï~ë= åçí= éçëëáÄäÉK= tÉ= ÅÜçëÉ= íç= éìêëìÉ= Éëíáã~íáåÖ=
íê~åëáíáçå=áåíÉåëáíáÉë=Ñêçã=çìê=ÉñáëíáåÖ=NJëíÉé=íê~åëáíáçå=éêçÄ~ÄáäáíáÉë=
~åÇ=ÅçìéäÉ= íÜáë=ïáíÜ=~= Åçåëíê~áåáåÖ=~äÖçêáíÜã= íç= ÑçêÅÉ= íÜÉ=åÉÖ~íáîÉ=
íê~åëáíáçå=áåíÉåëáíáÉë=íç=äáÉ=áå=íÜÉ=ÑÉ~ëáÄäÉ=êÉÖáçåK=lìê=àìëíáÑáÅ~íáçå=Ñçê=
íÜáë= áë= íïçÑçäÇK=cáêëíI= ÉîÉå= áÑ=ïÉ=ïÉêÉ= ~ÄäÉ= íç= Éëíáã~íÉ= ~ÅÅìê~íÉäó= ~=
Ñìää= ëÉí= çÑ= íê~åëáíáçå=éêçÄ~ÄáäáíáÉë= áåÅäìÇáåÖ= ~ää= êÉÅçîÉêó= íê~åëáíáçåëI=
íÜáë= ÇçÉë= åçí= Öì~ê~åíÉÉ= íÜ~í= íÜÉ= éêçÄäÉã= çÑ= åÉÖ~íáîÉ= íê~åëáíáçå=
áåíÉåëáíáÉë=ïçìäÇ=çÅÅìê=EÑçê=Éñ~ãéäÉI=mêáíÅÜ~êÇ=EOMMOFFK=pÉÅçåÇI=íÜÉ=
êÉÅçîÉêó=íê~åëáíáçåë=íÜ~í=~êÉ=~ÄëÉåí=ìåÇÉê=íÜÉ=ÅìêêÉåí=Ñê~ãÉïçêâ=~êÉ=
äáâÉäó=íç=ÄÉ=ëã~ääK=cçê=íÜÉ=ìäíáã~íÉ=éìêéçëÉ=çÑ=íÜáë=é~éÉê=ïÜáÅÜ=áë=íç=
éêáÅÉ=~åÇ=êÉëÉêîÉI=íÜÉ=áãé~Åí=çÑ=íÜáë=áåÅçåëáëíÉåÅó=áë=ãáåáã~ä=~åÇ=áå=
~åó=Å~ëÉI=ëÜçìäÇ=ÄÉ=ÉåÅ~éëìä~íÉÇ=ïáíÜáå=íÜÉ=ÄçìåÇë=çÑ=çìê=ëÉåëáíáîáíó=
~å~äóëáëK=

6.1 Calculating Transition Intensities from Transition 
Probabilities 

tÉ=áãéçëÉ=~=j~êâçî=~ëëìãéíáçå=íç=ÇÉëÅêáÄÉ=íÜÉ=éêçÅÉëë= áå=çìê=
ãçÇÉäK= qÜ~í= áëI= ïÉ= ÅçåëáÇÉê= ~= ëíçÅÜ~ëíáÅ= éêçÅÉëë= ( ),  0S t t =
ïáíÜ= ëí~íÉ= ëé~ÅÉ= ôNIOIÁISõ= ïÜÉêÉ= pEíF= êÉéêÉëÉåíë= íÜÉ= ëí~íÉ= çÑ= íÜÉ=
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éêçÅÉëë=~í=íáãÉ=íK= ( ),  0S t t =áë=~=Åçåíáåìçìë=íáãÉ=j~êâçî=ÅÜ~áå=
áÑ=Ñçê=ëí~íÉë=ÖIÜ= 1,2,...6 ~åÇ=ñI=í 0 I=

Pr ( )   ( ) , ( ) for 0 Pr ( )   ( )S x t h S x g S r r x S x t h S x g = EOF=

få= çíÜÉê= ïçêÇëI= íÜÉ= ÑìíìêÉ= ÇÉîÉäçéãÉåí= çÑ= pEíF= Å~å= ÄÉ=
ÇÉíÉêãáåÉÇ= çåäó= Ñêçã= áíë= éêÉëÉåí= ëí~íÉ= ~åÇ= ïáíÜçìí= êÉÖ~êÇ= íç= íÜÉ=
éêçÅÉëë= ÜáëíçêóK= tÉ= ÇÉåçíÉ= Pr ( )   ( )gh

t xp S x t h S x g I=
Pr ( )  [ , ]  ( )gg

t xp S x u g u x x t S x g = ~åÇ= ~ëëìãÉ= ~= ÅäçëÉÇ=
ëóëíÉã= ïÜÉêÉÄó=

6

1
1gh

t x
h

p = Ñçê= ~ää= 0x ~åÇ= 0t K= qÜÉ= íê~åëáíáçå=
éêçÄ~ÄáäáíáÉë=~äëç=çÄÉó=íÜÉ=`Ü~éã~åJhçäãçÖçêçî=Éèì~íáçåëW=

6

1

gh gl lh
t u x t x u x t

l
p p p = EPF=

qÜÉ= ÉñáëíÉåÅÉ= çÑ= íê~åëáíáçå= áåíÉåëáíó= ÑìåÅíáçåë= áë= ~äëç= ~ëëìãÉÇ=
ëìÅÜ=íÜ~íW==

0lim
gh

gh t x
x t

p
t

= EQF=

çêI= ~äíÉêå~íáîÉäóI= íÜ~í= ( )gh gh
t x t xp o t K= qê~åëáíáçå= ~åÇ= çÅÅìé~åÅó=

éêçÄ~ÄáäáíáÉë=~êÉ=êÉä~íÉÇ=íç=íê~åëáíáçå=áåíÉåëáíáÉë=îá~=íÜÉ=êÉä~íáçåëW=

gh gl lh gh hl
t x t x x t t x x t

l h

d p p p
dt

= ERF=

~åÇ=

0
exp

t
gg gl

t x x r
l g

p dr = ESF=

ïÜÉêÉ= Éèì~íáçåë= ERF= ~êÉ= ÄÉííÉê= âåçïå= ~ë= íÜÉ=hçäãçÖçêçî= Ñçêï~êÇ=
Éèì~íáçåëK=^=ãçêÉ=ÇÉí~áäÉÇ=ÇáëÅìëëáçå=çÑ=j~êâçî=éêçÅÉëëÉë= Å~å=ÄÉ=
ÑçìåÇ=áå=`çñ=~åÇ=jáääÉê=ENVSRFK==

tÉ=ÑìêíÜÉê=êÉèìáêÉ=íÜÉ=~ëëìãéíáçå=íÜ~í=íÜÉ=íê~åëáíáçå=áåíÉåëáíáÉë=
Ñçê=É~ÅÜ=~ÖÉ=áå=íÜÉ=NVVU=^_p=ëìêîÉó=Ç~í~=~êÉ=Åçåëí~åí=EáÉK=éáÉÅÉïáëÉ=
Åçåëí~åí=áåíÉåëáíáÉëFK=`çåëÉèìÉåíäóI=áÑ=ïÉ=ÇÉÑáåÉ=mEíF=íç=ÄÉ=íÜÉ=ã~íêáñ=
çÑ= íê~åëáíáçå= éêçÄ~ÄáäáíáÉë= çîÉê= í= óÉ~êë= ~åÇ= n= íç= ÄÉ= íÜÉ= ã~íêáñ= çÑ=
Åçåëí~åí= íê~åëáíáçå= áåíÉåëáíáÉë= éÉê= ~ååìãI= íÜÉå= áí= Å~å= ÄÉ= ëÜçïå=
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ÇáêÉÅíäó= Ñêçã= íÜÉ= `Ü~éã~åJhçäãçÖçêçî= Éèì~íáçåë= EgçåÉë= ENVVOFF=
íÜ~íW=

mEíF=Z=Éñé=EníF= ETF=

qÜìëI= Å~äÅìä~íáåÖ= íê~åëáíáçå= áåíÉåëáíáÉë= êÉèìáêÉë= ÑáåÇáåÖ= íÜÉ=
áåÑáåáíÉëáã~ä=ÖÉåÉê~íçê=n=Ñçê=íÜÉ=íê~åëáíáçå=éêçÄ~Äáäáíó=ã~íêáñ=mEíFK==

^=åìãÄÉê=çÑ=åìãÉêáÅ~ä=~ééêç~ÅÜÉë=ã~ó=ÄÉ=ìëÉÇ=íç=ÇÉíÉêãáåÉ=n=
ëìÅÜ=~ë=ìåáÑçêãáë~íáçå= íÉÅÜåáèìÉë= EpíÉï~êí= NVVQF=çê= íÜÉ= Éî~äì~íáçå=
çÑ=m~ÇÉ=~ééêçñáã~åíë=EeáÖÜ~ã=OMMNI=`ÜÉåÖ=Éí=~ä=OMMNFK=tÉ=ÅÜçëÉ=íç=
ìëÉ= ~= pÅÜìêJm~êäÉíí= ãÉíÜçÇ= éìêÉäó= ÄÉÅ~ìëÉ= çÑ= áíë= ëíê~áÖÜíÑçêï~êÇ=
áãéäÉãÉåí~íáçå=íÜêçìÖÜ=ëçÑíï~êÉ=ëìÅÜ=~ë=j^qi^_I=ïÜáÅÜ=ïÉ=ìëÉÇK==

qÜÉ=ãÉíÜçÇI= ïÜáÅÜ= áë= ÇáëÅìëëÉÇ= áå= ÖêÉ~íÉê= ÇÉí~áä= áå=dçäìÄ= ~åÇ=
s~å= iç~å= ENVUPFI= áåáíá~ääó= êÉèìáêÉë= íÜÉ= Åçãéìí~íáçå= çÑ= ~= pÅÜìê=
ÇÉÅçãéçëáíáçå= *P UTU I=ïÜÉêÉ=r=áë=~=ìåáí~êó=ã~íêáñ=EáÉK=áíë=ÉåíêáÉë=
~êÉ= ÅçãéäÉñ= ~åÇ= áíë= áåîÉêëÉ= áë= íÜÉ= ÅçåàìÖ~íÉJíê~åëéçëÉFI= *U áë= íÜÉ=
ÅçåàìÖ~íÉ= íê~åëéçëÉ=çÑ=rI=~åÇ=q= áë= ~å=ìééÉê= íêá~åÖìä~ê=ã~íêáñK=tÉ=
Å~å= íÜÉå= ÇÉíÉêãáåÉ= ÑìåÅíáçåë= çÑ= ã~íêáÅÉë= EáåÅäìÇáåÖ= å~íìê~ä=
äçÖ~êáíÜãëF=ìëáåÖ=íÜÉ=Ñçêãìä~W=

*( ) ( )f fP U T U = EUF=

m~êäÉíí= ENVTQF=éêçéçëÉë=~= êÉÅìêëáîÉ= êÉä~íáçåëÜáé= Ñçê=ÇÉíÉêãáåáåÖ=
íÜÉ= ã~íêáñ= cI= ÇÉÑáåÉÇ= ~ë= ÑEqFI= ïÜáÅÜ= áë= ÇÉêáîÉÇ= Ñêçã= Éèì~íáåÖ=
ÉäÉãÉåíë= EáIàF= ïÜÉêÉ= áYàIE= áÉK= ëíêáÅíäó= ìééÉê= íêá~åÖìä~êF= áå= íÜÉ=
Åçããìíáîáíó=êÉä~íáçå=cqZqcK=qÜÉ=ÉäÉãÉåíë=EáIàF= áå= íÜÉ=Åçããìíáîáíó=
êÉëìäí=ë~íáëÑóW=

j j

ik kj ik kj
k i k i

f t t f = EVF=

~åÇ=~ë=äçåÖ=~ë= ii jjt t EáÉK=íÜÉ=ÉáÖÉåî~äìÉë=~êÉ=ÇáëíáåÅíFI=íÜÉåW=

1

1

j

ik kj ik kjjj ii k i
ij ij

jj ii jj ii

t f f tf f
f t

t t t t
= ENMF=

qÜìëI= ëí~êíáåÖ= ïáíÜ= ( )ii iif f t I= ~ää= çíÜÉê= ÉäÉãÉåíë= çÑ= c= Å~å= ÄÉ=
Å~äÅìä~íÉÇ= çåÉ= ëìéÉêÇá~Öçå~ä= ~í= ~= íáãÉK= q~ÄäÉë= P= ~åÇ= Q= êÉéçêí= íÜÉ=
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Å~äÅìä~íÉÇ= ~ååì~ä= íê~åëáíáçå= áåíÉåëáíáÉë= Å~äÅìä~íÉÇ= Ñêçã= NJëíÉé=
íê~åëáíáçå= éêçÄ~ÄáäáíáÉë= ~í= NMJóÉ~êäó= ~ÖÉ= áåíÉêî~äë= Ñçê= ã~äÉë= ~åÇ=
ÑÉã~äÉë= êÉëéÉÅíáîÉäóK= ^ë= ~åíáÅáé~íÉÇI= íÜÉêÉ= ~êÉ= ~= åìãÄÉê= çÑ=
Å~äÅìä~íÉÇ=íê~åëáíáçå=áåíÉåëáíáÉë=ïÜáÅÜ=~êÉ=åÉÖ~íáîÉ=~åÇ=íÜìë=Ü~îÉ=åç=
éÜóëáÅ~ä= áåíÉêéêÉí~íáçåK= qÜÉó= êÉã~áå= ìëÉÑìäI= ÜçïÉîÉêI= ~ë= ëí~êíáåÖ=
î~äìÉë=Ñçê=çìê=Åçåëíê~áåáåÖ=~äÖçêáíÜã=áå=pÉÅíáçå=SKOK=tÉ=ïáää=êÉÑÉê=íç=
íÜÉëÉ= ÚìåÅçåëíê~áåÉÇ= Éëíáã~íÉëÛ= ~ë= ij

x Ñçê= íÜÉ= íê~åëáíáçå= áåíÉåëáíó= ~í=
~ÖÉ=ñ=Ñêçã=ëí~íÉ=á=íç=ëí~íÉ=à=ÅçåëíáíìíáåÖ=ã~íêáñ=ÖÉåÉê~íçê= xQ K==

tÉ=ÑçìåÇ=íÜÉ=pÅÜìêJm~êäÉíí=~ééêç~ÅÜ=íç=ÖáîÉ=ë~íáëÑ~Åíçêó=êÉëìäíë=
çîÉê= íÜÉ= ã~àçêáíó= çÑ= íÜÉ= ~ÖÉ= ê~åÖÉK= tÉ= åçíÉI= ÜçïÉîÉêI= íÜ~í= íÜÉ=
Åçãéìí~íáçå~ä= éêçÅÉÇìêÉ= ï~ë= ìåëí~ÄäÉ= ~í= íÜÉ= ÉñíêÉãÉäó= ÜáÖÜ= ~ÖÉëK=
qÜáë=áë=éÉêÜ~éë=~ííêáÄìí~ÄäÉ=íç=çåÉ=çê=ãçêÉ=çÑ=íÜÉ=ÑçääçïáåÖ=êÉ~ëçåëW=

qÜÉ=NVVU=^_p=ëìêîÉó=Ç~í~=Ü~ë=~ÖÉë=ÄÉóçåÇ=UR=ÖêçìéÉÇ=íçÖÉíÜÉê=
áå= ~= ëáåÖäÉ= ëíê~í~I= íÜÉêÉÄó= äáãáíáåÖ= çìê= ~Äáäáíó= íç= ìåÇÉêëí~åÇ= íÜÉ=
ìåÇÉêäóáåÖ=éêçÅÉëë=~í=ÜáÖÜÉê=~ÖÉëK=

qÜÉ= ÉñíêÉãÉäó= ÜáÖÜ= ~ÖÉë= ~êÉ= íÜÉ= äáâÉäó= êÉÖáçå= ïÜÉêÉ= íÜÉ=
~ëëìãéíáçå=çÑ=Åçåëí~åí=áåíÉåëáíáÉë=áë=ãçëí=ìåêÉ~äáëíáÅK=

bñéçëìêÉ=~í=íÜÉ=ÜáÖÜÉê=~ÖÉë=áë=ÉñíêÉãÉäó=äçïK=
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Table 3: Male unconstrained transition intensities calculated 
from 1-step transition probabilities in 10 yearly age 
intervals. 

 Able Mild Moderate Severe Profound Dead 
Able 
20  0.005552 0.001896 0.000956 0.000830 0.001198 
30  0.006628 0.002262 0.001141 0.000992 0.001308 
40  0.009315 0.003172 0.001602 0.001395 0.001725 
50  0.016034 0.005429 0.002746 0.002394 0.003511 
60  0.032798 0.010957 0.005528 0.004817 0.010130 
70  0.050588 0.016731 0.008445 0.007376 0.029426 
80  0.172025 0.058298 0.031805 0.030252 0.078928 
Mild 
20 0.163936  0.002300 0.001159 0.001007 0.001197 
30 0.164190  0.002744 0.001384 0.001203 0.001306 
40 0.164851  0.003850 0.001945 0.001693 0.001721 
50 0.166644  0.006599 0.003337 0.002910 0.003498 
60 0.171567  0.013363 0.006741 0.005874 0.010091 
70 0.179329  0.020487 0.010338 0.009029 0.029352 
80 0.225628  0.073590 0.040084 0.038093 0.078519 
Moderate 
20 -0.014160 0.177510  0.001384 0.001202 0.001197 
30 -0.014190 0.177686  0.001653 0.001436 0.001305 
40 -0.014290 0.178158  0.002322 0.002022 0.001716 
50 -0.014550 0.179494  0.003986 0.003476 0.003484 
60 -0.015310 0.183309  0.008062 0.007025 0.010051 
70 -0.016590 0.190219  0.012375 0.010808 0.029274 
80 -0.024870 0.227448  0.048401 0.045992 0.078130 
Severe 
20 0.001055 -0.010100 0.114858  0.001432 0.002916 
30 0.001061 -0.010140 0.115073  0.001713 0.005416 
40 0.001074 -0.010210 0.115556  0.002417 0.010587 
50 0.001106 -0.010400 0.116579  0.004174 0.019538 
60 0.001188 -0.010840 0.118786  0.008472 0.033564 
70 0.001334 -0.011640 0.122760  0.013082 0.058420 
80 0.002285 -0.015920 0.139842  0.056202 0.112765 
Profound 
20 -0.000042 0.000364 -0.003120 0.054325  0.004500 
30 -0.000043 0.000367 -0.003140 0.054540  0.009214 
40 -0.000044 0.000373 -0.003180 0.054988  0.018817 
50 -0.000046 0.000385 -0.003250 0.055764  0.034521 
60 -0.000050 0.000411 -0.003380 0.056957  0.055611 
70 -0.000058 0.000456 -0.003610 0.058828  0.085793 
80 -0.000110 0.000680 -0.004480 0.064180  0.144751 
Dead 
20 0 0 0 0 0  
30 0 0 0 0 0  
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 Able Mild Moderate Severe Profound Dead 
40 0 0 0 0 0  
50 0 0 0 0 0  
60 0 0 0 0 0  
70 0 0 0 0 0  
80 0 0 0 0 0  

Table 4: Female unconstrained transition intensities 
calculated from 1-step transition probabilities in 10 
yearly age intervals. 

 Able Mild Moderate Severe Profound Dead 
Able 

20  0.005238 0.001357 0.000973 0.000954 0.000415 
30  0.005998 0.001553 0.001115 0.001094 0.000486 
40  0.008025 0.002075 0.001492 0.001467 0.000875 
50  0.013420 0.003457 0.002492 0.002455 0.002177 
60  0.027604 0.007069 0.005119 0.005065 0.005620 
70  0.042664 0.011330 0.00860 0.008908 0.015295 
80  0.123111 0.041157 0.040843 0.053228 0.047905 

Mild 
20 0.163707  0.001728 0.001239 0.001215 0.000414 
30 0.163882  0.001978 0.001419 0.001393 0.000484 
40 0.164386  0.002643 0.001900 0.001868 0.000869 
50 0.165780  0.004409 0.003178 0.003131 0.002161 
60 0.169510  0.009048 0.006552 0.006483 0.005571 
70 0.175197  0.014566 0.011055 0.011451 0.015189 
80 0.217371  0.054786 0.054306 0.070644 0.047106 

Moderate 
20 -0.014130 0.177359  0.001547 0.001517 0.000413 
30 -0.014150 0.177491  0.001773 0.001740 0.000482 
40 -0.014230 0.177885  0.002374 0.002334 0.000863 
50 -0.014440 0.178994  0.003971 0.003913 0.002143 
60 -0.015020 0.181963  0.008197 0.008110 0.005517 
70 -0.015970 0.187150  0.013852 0.014349 0.015072 
80 -0.024270 0.230334  0.069226 0.090010 0.046253 

Severe 
20 0.001053 -0.010090 0.114811  0.001888 0.002131 
30 0.001057 -0.010120 0.115016  0.002169 0.004590 
40 0.001068 -0.010190 0.115491  0.002917 0.009727 
50 0.001096 -0.010350 0.116458  0.004910 0.018176 
60 0.001160 -0.010710 0.118329  0.010227 0.028925 
70 0.001267 -0.011310 0.121394  0.018170 0.043837 
80 0.002277 -0.016530 0.144654  0.116279 0.080699 

Profound 
20 -0.000042 0.000364 -0.003120 0.054293  0.003715 
30 -0.000043 0.000366 -0.003130 0.054505  0.008385 
40 -0.000043 0.000372 -0.003170 0.054952  0.017952 
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 Able Mild Moderate Severe Profound Dead 
50 -0.000045 0.000383 -0.003240 0.055704  0.033144 
60 -0.000049 0.000404 -0.003350 0.056724  0.050892 
70 -0.000054 0.000436 -0.003520 0.058059  0.070886 
80 -0.000110 0.000690 -0.004570 0.064107  0.112549 

Dead 
20 0 0 0 0 0  
30 0 0 0 0 0  
40 0 0 0 0 0  
50 0 0 0 0 0  
60 0 0 0 0 0  
70 0 0 0 0 0  
80 0 0 0 0 0  

6.2 Constraining Transition Intensities to the Non-
negative Region 

`äÉ~êäó=ïÉ= êÉèìáêÉ= íê~åëáíáçå= áåíÉåëáíáÉë=ïÜáÅÜ= ~êÉ= éçëáíáîÉK=tÉ=
åçï=ÇáëÅìëë=Üçï=ïÉ=ÉåëìêÉÇ=íÜáë=ÅçåÇáíáçå=íç=éêçÇìÅÉ=ÚÅçåëíê~áåÉÇ=
Éëíáã~íÉëÛI

ij
xˆ I= Ñçê= íÜÉ= íê~åëáíáçå= áåíÉåëáíó= ~í= ~ÖÉ= ñ= Ñêçã= ëí~íÉ= á= íç=

ëí~íÉ=àI=ÅçåëíáíìíáåÖ=ã~íêáñ=ÖÉåÉê~íçê= xQ̂ K==

aÉíÉêãáåáåÖ= ~å= ~ééêçéêá~íÉ= ãÉíÜçÇ= íç= ÇÉ~ä= ïáíÜ= íÜáë= êÉèìáêÉë=
Å~êÉ= ~ë= ~ÇàìëíáåÖ= åÉÖ~íáîÉ= Úíê~åëáíáçå= áåíÉåëáíáÉëÛ= íç= åçåJåÉÖ~íáîÉ=
î~äìÉë= ïáää= áåÉîáí~Ääó= ÑçêÅÉ= çíÜÉê= íê~åëáíáçå= áåíÉåëáíáÉëI= é~êíáÅìä~êäó=
íÜçëÉ= ÅçãéäÉãÉåí~êó= íç= íê~åëáíáçå= áåíÉåëáíáÉë= íÜ~í= ~êÉ= åÉÖ~íáîÉI= íç=
ÅçãéÉåë~íÉ=~ÅÅçêÇáåÖäóK==

qÜáë=éêçÄäÉã=Ü~ë=ÄÉÉå=ÉåÅçìåíÉêÉÇ=éêÉîáçìëäó=áå=íÜÉ=äáíÉê~íìêÉK=
cçê=áåëí~åÅÉI=mêáíÅÜ~êÇ=EOMMOF=~åÇ=pí~ää~êÇ=~åÇ=vÉÉ=ENVVVF=ÄçíÜ=ìëÉÇ=
rp=kiq`p=Ç~í~=~åÇ=Éëíáã~íÉÇ=åÉÖ~íáîÉ=Úíê~åëáíáçå=áåíÉåëáíáÉëÛ=Ñêçã=
íê~åëáíáçå= éêçÄ~ÄáäáíáÉëK= få= íÜáë= ëÉÅíáçåI= ïÉ= çìíäáåÉ= Ñçìê= éçëëáÄäÉ=
ãÉíÜçÇë=Ñçê=Åçåëíê~áåáåÖ=íÜÉ=íê~åëáíáçå=áåíÉåëáíáÉë=íç=ÄÉ=éçëáíáîÉ=~åÇ=
ÇáëÅìëë=íÜÉ=~ééêç~ÅÜ=ìäíáã~íÉäó=éìêëìÉÇK==

qÜÉ=ãçëí= ëíê~áÖÜíÑçêï~êÇ= ~ééêç~ÅÜ=ïçìäÇ= ëáãéäó=ÄÉ= íç= ëÉí= ~åó=
åÉÖ~íáîÉ= Úíê~åëáíáçå= áåíÉåëáíáÉëÛ= íç=òÉêç=~åÇ=ÅçãéÉåë~íÉ=~ÅÅçêÇáåÖäó=
çå= íÜÉ= åÉÖ~íáîÉ= Çá~Öçå~ä= íç= êÉí~áå= ~= òÉêç= êçï= ëìãK= qÜáë= ï~ë= íÜÉ=
~ééêç~ÅÜ=~ÇçéíÉÇ=Äó=pí~ää~êÇ= ~åÇ=vÉÉ= ENVVVFK=`Éêí~áåäó= íÜáë= áë= íÜÉ=
ãçëí= Åçãéìí~íáçå~ääó= ÉÑÑáÅáÉåí= ~ééêç~ÅÜK= eçïÉîÉêI= ïÉ= ÇÉÅáÇÉÇ=
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~Ö~áåëí=íÜáë=ãÉíÜçÇ=~ë=ïÉ=ÑÉäí=íÜ~í=çìê=Éëíáã~íÉÇ=åÉÖ~íáîÉ=íê~åëáíáçå=
áåíÉåëáíáÉë= ïÉêÉ= åçí= ëã~ää= ÉåçìÖÜ= íç= ÄÉ= ÑçêÅÉÑìääó= ÇáëêÉÖ~êÇÉÇ=
ÉåíáêÉäóK= jçêÉçîÉêI= pí~ää~êÇ= ~åÇ= vÉÉ= ENVVVF= ëí~íÉ= íÜ~í= íÜÉáê= ëã~ää=
åÉÖ~íáîÉ= íê~åëáíáçå= áåíÉåëáíáÉë= ëÜçìäÇ= Ü~îÉ= ÄÉÉå= Éëíáã~íÉÇ= ~ë= òÉêçJ
î~äìÉëK=qÜÉêÉ=áë=åç=áåíìáíáîÉ=êÉ~ëçå=Ñçê=íÜáëI=ÜçïÉîÉêI=áå=íÜáë=ëíìÇóK==

mêáíÅÜ~êÇ= EOMMOF= ëáãáä~êäó= ÉåÅçìåíÉêë= íÜÉ= éêçÄäÉã= çÑ= åÉÖ~íáîÉ=
íê~åëáíáçå= áåíÉåëáíáÉë= áå= Üáë= ëíìÇó= çÑ= ~= Çáë~Äáäáíó= ãçÇÉä= Ñçê= iq`=
áåëìê~åÅÉ=ìëáåÖ=rp=kiq`p=Ç~í~K=mêáíÅÜ~êÇ=EOMMOF=Å~äÅìä~íÉë=OJóÉ~ê=
~åÇ= RJóÉ~ê= íê~åëáíáçå= éêçÄ~ÄáäáíáÉë= ìëáåÖ= ~= ã~ñáãìã= äáâÉäáÜççÇ=
~ééêç~ÅÜ= ~åÇ= íê~åëÑçêãë= íÜÉã= áåíç= íê~åëáíáçå= áåíÉåëáíáÉë= ìëáåÖ= ~å=
áåîÉêíÉÇ= ãÉíÜçÇ= Ñêçã= pÉÅíáçå= SKQKO= çÑ= hìäâ~êåá= ENVVRFK= mêáíÅÜ~êÇ=
EOMMOF= íÜÉå= Åçåëíê~áåë= íÜÉ= íê~åëáíáçå= áåíÉåëáíáÉë= íç= äáÉ= áå= íÜÉ= åçåJ
åÉÖ~íáîÉ= êÉÖáçå= Äó= ã~ñáãáëáåÖ= íÜÉ= äçÖJäáâÉäáÜççÇ= ÑìåÅíáçå= ~åÇ=
áåíêçÇìÅáåÖ= ~= éÉå~äíó= ÑìåÅíáçå= ïÜáÅÜ= ÉåëìêÉë= íÜ~í= ~ää= íê~åëáíáçå=
áåíÉåëáíáÉë= êÉã~áå= åçåJåÉÖ~íáîÉ= ÇìêáåÖ= ~= Åçãéìí~íáçå~ä=
ã~ñáãáë~íáçå=éêçÅÉÇìêÉK=tÉ=Å~ååçí=áãéäÉãÉåí=ëìÅÜ=~å=~ééêç~ÅÜ=áå=
çìê=ëíìÇó=~ë=íÜÉ=NVVU=^_p=Ç~í~=Çç=åçí=éêçîáÇÉ=~åó=áåÑçêã~íáçå=çå=
íÜÉ=åìãÄÉê=çê=å~íìêÉ=çÑ=íê~åëáíáçåë=çîÉê=~=ÖáîÉå=éÉêáçÇ=~åÇ=íÜìë=Çç=
åçí=~ääçï=~=ã~ñáãìã= äáâÉäáÜççÇ=~ééêç~ÅÜ= Ñçê=Éëíáã~íáåÖ= íê~åëáíáçå=
éêçÄ~ÄáäáíáÉë=çê=íê~åëáíáçå=áåíÉåëáíáÉëK==

tÉ= íÜÉêÉÑçêÉ= êÉëíêáÅí= çìê= ~ííÉåíáçå= íç= íïç= éçëëáÄäÉ= ~ééêç~ÅÜÉëK=
qÜÉ=Ñáêëí=çêáÖáå~íÉë=Ñêçã=íÜÉ=ã~íÜÉã~íáÅ~ä=Ñáå~åÅÉ=äáíÉê~íìêÉ=êÉä~íáåÖ=
íç= ÑáåÇáåÖ= î~äáÇ= ÖÉåÉê~íçêë= Ñçê= ÅêÉÇáí= ê~íáåÖ= ã~íêáÅÉëK= fëê~Éä= Éí= ~ä=
EOMMNF= ÇÉîÉäçé= ~å= ~äÖçêáíÜã= Ñçê= ÑáåÇáåÖ= ÖÉåÉê~íçêë= ìëáåÖ=i~Öê~åÖÉ=
áåíÉêéçä~íáçåK==

tÉ= áãéäÉãÉåíÉÇ= íÜáë= ~ééêç~ÅÜ=Äó= êÉîáëáíáåÖ= íÜÉ= êÉä~íáçåëÜáé= áå=
ETF=~åÇ=Éëíáã~íáåÖ= Q̂ ìëáåÖ=fëê~Éä=Éí=~äÛë=EOMMNF=~äÖçêáíÜã=áåëíÉ~Ç=çÑ=
çìê=çêáÖáå~ä=pÅÜìêJm~êäÉíí=ãÉíÜçÇK= fëê~Éä=Éí=~ä= EOMMNF=ï~êå= íÜ~í= íÜÉ=
~äÖçêáíÜã= áë= áå~ÇÉèì~íÉ= ïÜÉå= íÜÉ= ÉáÖÉåî~äìÉë= 1 2, ,..., n çÑ= m= ~êÉ=
ÚÅäçëÉÛK=tÉ=ÑçìåÇ= íÜáë= áå~ÇÉèì~Åó= íç=Å~ìëÉ= íÜÉ=~äÖçêáíÜã=íç= Ñ~áä= Ñçê=
íÜÉ= î~ëí=Äìäâ=çÑ=çìê= ~ÖÉ= ê~åÖÉ=Ó=é~êíáÅìä~êäó= íÜÉ= óçìåÖ= íç=ãáÇ=~ÖÉ=
ê~åÖÉëK= q~ÄäÉë= R= ~åÇ= S= ëÜçï= íÜÉ= ÉáÖÉåî~äìÉë= Ñçê= íÜÉ= íê~åëáíáçå=
éêçÄ~Äáäáíó= ã~íêáÅÉë= Éëíáã~íÉÇ= Ñêçã= NVVU= ^_p= ëìêîÉó= Ç~í~= ~í= NMJ
óÉ~êäó= ~ÖÉ= áåíÉêî~äë= Ñçê= ÄçíÜ= ã~äÉë= ~åÇ= ÑÉã~äÉë= êÉëéÉÅíáîÉäóK= tÉ=
ëìëéÉÅí= íÜ~í= íÜÉ= ÚÅäçëÉÛ= ÉáÖÉåî~äìÉë= Å~ìëáåÖ= íÜÉ= Ñ~áäìêÉ= çÑ= íÜÉ=
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~äÖçêáíÜã= Ñçê= ãçëí= ~ÖÉë= ~êÉ= íÜÉ= é~áêë= 1 6( , ) ~åÇ= 2 3( , ) Ñçê= ÄçíÜ=
ã~äÉë=~åÇ=ÑÉã~äÉëK=bîÉå=ÑçêÅáåÖ=íÜÉ=~äÖçêáíÜã=íç=ÅçåëáÇÉê=ìé=íç=OM=
ÇÉÅáã~ä=éä~ÅÉë=ÇáÇ=åçí=éêçîáÇÉ=~åó=áãéêçîÉãÉåíK=

Table 5 Male eigenvalues for transition probability matrices 
estimated from 1998 ABS survey data in 10-yearly 
age intervals. 

Age Eigenvalue 
10 0.999821 0.838121 0.848222 0.896817 0.948796 1 
20 0.998724 0.836277 0.846855 0.894568 0.945879 1 
30 0.998483 0.834203 0.845930 0.891629 0.941491 1 
40 0.997715 0.828986 0.843431 0.885246 0.932796 1 
50 0.995003 0.815660 0.836371 0.872998 0.919348 1 
60 0.986077 0.782183 0.816708 0.851791 0.901994 1 
70 0.964480 0.737629 0.784764 0.821292 0.875627 1 
80 0.534709 0.646476 0.721884 0.899341 0.811978 1 

Table 6: Female eigenvalues for transition probability 
matrices estimated from 1998 ABS survey data in 
10-yearly age intervals. 

Age Eigenvalue 
10 0.999838 0.839261 0.847249 0.895964 0.949215 1 
20 0.999496 0.838461 0.846717 0.894471 0.947096 1 
30 0.999287 0.837030 0.845997 0.891524 0.942841 1 
40 0.998546 0.833052 0.843896 0.884956 0.934408 1 
50 0.996327 0.822450 0.838032 0.872459 0.922028 1 
60 0.990413 0.795729 0.821848 0.852858 0.908950 1 
70 0.977043 0.760464 0.795421 0.828059 0.892909 1 
80 0.567567 0.624489 0.706487 0.827405 0.915832 1 

fí=ïçìäÇ=áåÇÉÉÇ=ÄÉ=éçëëáÄäÉ=íç=ãçÇáÑó=íÜÉ=~äÖçêáíÜã=Ñçê=íÜÉ=Å~ëÉ=
çÑ= ÅäçëÉ= çê= êÉéÉ~íÉÇ= ÉáÖÉåî~äìÉë= EpáåÖÉê= ~åÇ= péáääÉêã~å= ENVTSI=
pÉÅíáçå=PKPÄFFK=eçïÉîÉêI= íÜáë=ëÉ~êÅÜ=ïçìäÇ=ÄÉ=ãìÅÜ=ãçêÉ= áåîçäîÉÇ=
~åÇ=ãçêÉ=ÇáÑÑáÅìäí=íç=áãéäÉãÉåíK=

tÉ=ÅÜççëÉ=áåëíÉ~Ç=íç=áãéäÉãÉåí=~=ëáãéäÉ=Åçåëíê~áåáåÖ=~äÖçêáíÜã=
íç= Åçåëíê~áå= íÜÉ= íê~åëáíáçå= áåíÉåëáíáÉë= íç= äáÉ= áå= íÜÉ= åçåJåÉÖ~íáîÉ=
êÉÖáçåK=qÜ~í=áëI=ïÉ=Éëíáã~íÉ=n=ìëáåÖ==

ˆ min exp(Q )
i

iQ
Q P = ENNF=
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ïÜÉêÉ=ônNI=nOI=Áõ=~êÉ=~=ëÉí=çÑ=ã~íêáÅÉë=ëìÅÜ=íÜ~í=íÜÉ=ÉäÉãÉåíë=EáIIàFI=
i j I=çÑ= Q̂ ~êÉ=åçåJåÉÖ~íáîÉK=qÜÉ=ã~íêáñ=nN=áë=ëÉäÉÅíÉÇ=Äó=íÜÉ=pçäîÉê=
êçìíáåÉ= áå= bñÅÉäI= ìëáåÖ= íÜÉ= ìåÅçåëíê~áåÉÇ= íê~åëáíáçå= áåíÉåëáíáÉë= ~ë=
ëí~êíáåÖ= î~äìÉëK= cìêíÜÉêãçêÉI= Éñé (Q )i áë= Éî~äì~íÉÇ= ìëáåÖ= ~= q~óäçê=
ëÉêáÉë= Éñé~åëáçå= EjçäÉê= ~åÇ= s~å= iç~å= ENVTUF= Ñçê= ëÉêáÉë=
Åçãéìí~íáçåë=çÑ=ã~íêáñ=ÉñéçåÉåíá~äëFW=

Éñé (Q )i
2

0

1 1 1... ...
! 2! !

z z
i n i i i

z
Q I Q Q Q

z z
= ENOF=

ïÜÉêÉ=få= áë= íÜÉ= n n áÇÉåíáíó=ã~íêáñK=^å= áíÉê~íáîÉ=ÄìáäíJáå=éêçÅÉÇìêÉ=
áå=bñÅÉä=ÖÉåÉê~íÉë=nOI=íÜÉå=nP=~åÇ=ëç=çå=ìåíáä=~=ëìáí~ÄäÉ=ãáåáãìã=áë=
çÄí~áåÉÇK==

q~ÄäÉë=T=~åÇ=U=ëÜçï=íÜÉ=~ååì~ä=Åçåëíê~áåÉÇ=íê~åëáíáçå=áåíÉåëáíáÉë=
Å~äÅìä~íÉÇ= ìëáåÖ= íÜÉ= ~ÄçîÉ= ~äÖçêáíÜã= ~í= NMJóÉ~êäó= ~ÖÉ= áåíÉêî~äë= Ñçê=
ÄçíÜ=ã~äÉë=~åÇ= ÑÉã~äÉë= êÉëéÉÅíáîÉäóK= fåíÉêÉëíáåÖäóI= íÜÉ=Åçåëíê~áåáåÖ=
éêçÅÉÇìêÉ=êÉëìäíë= áå= Q̂ Ü~îáåÖ=íÜÉ=åçåJåÉÖ~íáîÉ=çÑÑ=Çá~Öçå~ä=ÉåíêáÉë=
Éëíáã~íÉÇ= ~ë= òÉêç= ~åÇ= êÉÅçîÉêó= íê~åëáíáçåë= çåäó= çÅÅìêêáåÖ=
éêçÖêÉëëáîÉäó=Äó=çåÉ=ëí~íÉ=Ó=~=äáâÉäó=ÑÉ~íìêÉ=çÑ=Éëíáã~íáåÖ=íê~åëáíáçå=
áåíÉåëáíáÉë= Ñêçã= íê~åëáíáçå= éêçÄ~ÄáäáíáÉë= Éëíáã~íÉÇ= ìëáåÖ= oáÅâ~óòÉå=
~åÇ=t~äëÜÛë=EOMMOF=Ñê~ãÉïçêâK==

Table 7 Male constrained transition intensities in 10 yearly 
age intervals. 

 Able Mild Moderate Severe Profound Dead 
Able 

20  0.005535 0.001894 0.000956 0.000829 0.001198 
30  0.006611 0.002262 0.001141 0.000991 0.001307 
40  0.009299 0.003174 0.001603 0.001395 0.001725 
50  0.016017 0.005431 0.002749 0.002399 0.003514 
60  0.032777 0.010964 0.005540 0.004831 0.010139 
70  0.050562 0.016749 0.008463 0.007401 0.029442 
80  0.171942 0.058377 0.031924 0.030370 0.079030 

Mild 
20 0.162740  0.002654 0.001267 0.001100 0.001293 
30 0.162984  0.003072 0.001516 0.001317 0.001412 
40 0.163619  0.004112 0.002139 0.001862 0.001864 
50 0.165353  0.006806 0.003566 0.003138 0.003710 
60 0.170124  0.013593 0.007001 0.006132 0.010323 
70 0.177647  0.020748 0.010646 0.009331 0.029616 
80 0.221915  0.074159 0.040752 0.038714 0.079062 
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 Able Mild Moderate Severe Profound Dead 
Moderate 

20 0 0.171054  0.000100 0.000100 0.000100 
30 0 0.171502  0.000100 0.000100 0.000100 
40 0 0.172716  0.000100 0.000100 0.000100 
50 0 0.174649  0.001486 0.000970 0.001143 
60 0 0.178058  0.005464 0.004424 0.007668 
70 0 0.184316  0.009604 0.008040 0.026776 
80 0 0.216654  0.044712 0.042458 0.075000 

Severe 
20 0 0 0.111617  0.000100 0.000713 
30 0 0 0.111888  0.000100 0.003300 
40 0 0 0.112424  0.000368 0.008625 
50 0 0 0.113317  0.002108 0.017608 
60 0 0 0.115347  0.006328 0.031601 
70 0 0 0.119016  0.010805 0.056369 
80 0 0 0.134330  0.053389 0.110323 

Profound       
20 0 0 0 0.053249  0.003661 
30 0 0 0 0.053453  0.008374 
40 0 0 0 0.053877  0.017969 
50 0 0 0 0.054621  0.033667 
60 0 0 0 0.055759  0.054741 
70 0 0 0 0.057540  0.084883 
80 0 0 0 0.062538  0.143705 

Dead 
20 0 0 0 0 0  
30 0 0 0 0 0  
40 0 0 0 0 0  
50 0 0 0 0 0  
60 0 0 0 0 0  
70 0 0 0 0 0  
80 0 0 0 0 0  

 

Table 8: Female constrained transition intensities in 10 
yearly age intervals. 

 Able Mild Moderate Severe Profound Dead 
Able 

20  0.005219 0.001353 0.000973 0.000954 0.000416 
30  0.005978 0.001551 0.001115 0.001094 0.000487 
40  0.008004 0.002078 0.001491 0.001466 0.000875 
50  0.013394 0.003471 0.002490 0.002454 0.002177 
60  0.027578 0.007069 0.005126 0.005074 0.005631 
70  0.042624 0.011333 0.008613 0.008928 0.015317 
80  0.122889 0.041199 0.040990 0.053354 0.048004 
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 Able Mild Moderate Severe Profound Dead 
Mild 

20 0.162520  0.002092 0.001359 0.001336 0.000444 
30 0.162691  0.002321 0.001562 0.001536 0.000522 
40 0.163172  0.002919 0.002096 0.002062 0.000939 
50 0.164520  0.004610 0.003409 0.003360 0.002345 
60 0.168141  0.009264 0.006800 0.006728 0.005796 
70 0.173658  0.014801 0.011343 0.011731 0.015443 
80 0.214095  0.055272 0.055001 0.071246 0.047636 

Moderate 
20 0 0.170766  0.000100 0.000100 0.000100 
30 0 0.171140  0.000100 0.000100 0.000100 
40 0 0.172247  0.000100 0.000100 0.000100 
50 0 0.174135  0.001411 0.001344 0.000100 
60 0 0.176850  0.005633 0.005546 0.003165 
70 0 0.181535  0.011159 0.011670 0.012649 
80 0 0.219895  0.065519 0.086646 0.043193 

Severe 
20 0 0 0.111722  0.000100 0.000100 
30 0 0 0.111999  0.000138 0.002566 
40 0 0 0.112391  0.000892 0.007726 
50 0 0 0.113222  0.002850 0.016234 
60 0 0 0.114942  0.008102 0.026980 
70 0 0 0.117768  0.015949 0.041836 
80 0 0 0.138745  0.113418 0.078230 

Profound       
20 0 0 0 0.053218  0.002867 
30 0 0 0 0.053417  0.007542 
40 0 0 0 0.053842  0.017105 
50 0 0 0 0.054561  0.032294 
60 0 0 0 0.055536  0.050029 
70 0 0 0 0.056803  0.069999 
80 0 0 0 0.062390  0.111520 

Dead 
20 0 0 0 0 0  
30 0 0 0 0 0  
40 0 0 0 0 0  
50 0 0 0 0 0  
60 0 0 0 0 0  
70 0 0 0 0 0  
80 0 0 0 0 0  

tÉ= áääìëíê~íÉ= áå= cáÖìêÉë= Q= ~åÇ= RI= íÜÉ= Åçåëíê~áåÉÇ= íê~åëáíáçå=
áåíÉåëáíáÉë=Ñçê=ÄçíÜ=ã~äÉë=~åÇ=ÑÉã~äÉë=Ñêçã=íÜÉ=~ÄäÉ=ëí~íÉ=Éëíáã~íÉÇ=
ìëáåÖ=íÜÉ=ëáãéäÉ=Åçåëíê~áåáåÖ=~äÖçêáíÜã=ÇÉëÅêáÄÉÇ=~ÄçîÉK==
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pÉîÉê~ä=áãéçêí~åí=çÄëÉêî~íáçåë=ã~ó=ÄÉ=ã~ÇÉ=ÜÉêÉK=

NK= `äÉ~êäó= ˆ
xQ = åç= äçåÖÉê= Åçåí~áåë= ~åó= åÉÖ~íáîÉ= Úíê~åëáíáçå=

áåíÉåëáíáÉëÛK=

OK= qÜÉ= Åçåëíê~áåáåÖ= éêçÅÉÇìêÉ= ÇçÉë= åçí= áãé~Åí= çå= íÜÉ=
ìåÅçåëíê~áåÉÇ= åÉÖ~íáîÉ= áåíÉåëáíáÉë= áå= áëçä~íáçåK= ^ää= ÉäÉãÉåíë= çÑ=
íÜÉ= íê~åëáíáçå= áåíÉåëáíó= ã~íêáñ= ïáää= ÄÉ= ~ÑÑÉÅíÉÇK= eçïÉîÉêI= ~=
Åçãé~êáëçå=çÑ=íÜÉ=ìåÅçåëíê~áåÉÇ=íê~åëáíáçå=áåíÉåëáíáÉë=~Ö~áåëí=íÜÉ=
êÉëìäíáåÖ= Åçåëíê~áåÉÇ= íê~åëáíáçå= áåíÉåëáíáÉë= Ñçê= ÄçíÜ= ã~äÉë= ~åÇ=
ÑÉã~äÉë=êÉîÉ~äë=çåäó=ã~êÖáå~ä=ÇáÑÑÉêÉåÅÉë=íç=çíÜÉê=ÉäÉãÉåíë=~ë=~=
êÉëìäí=çÑ=íÜÉ=Åçåëíê~áåáåÖ=éêçÅÉÇìêÉK==

PK= tÉ=~äëç=åçíÉ=íÜ~í=ëÉîÉê~ä=íê~åëáíáçå=áåíÉåëáíáÉë=Ü~îÉ=íÜÉ=íÉåÇÉåÅó=
íç= ÅÜ~åÖÉ= ÇáêÉÅíáçå= ~Äêìéíäó= ~í= íÜÉ= ÉñíêÉãÉäó= ÜáÖÜ= ~ÖÉë= EÉÖK=

25 34 and x x Ñçê=ÑÉã~äÉëFK=

QK= oÉÅçîÉêó=áåíÉåëáíáÉë=~ééÉ~ê=íç=ÄÉ=áåÅêÉ~ëáåÖ=~ë=~=ÑìåÅíáçå=çÑ=~ÖÉ=
Ñçê=ÄçíÜ=ã~äÉë=~åÇ=ÑÉã~äÉëK=qÜáë=áåáíá~ääó=ëÉÉãë=ÅçìåíÉê=áåíìáíáîÉK=
eçïÉîÉêI= áÑ= ïÉ= ÅçåëáÇÉê= íÜÉ= ÅçåÇáíáçå~ä= éêçÄ~Äáäáíó= íÜ~í= ~=
êÉÅçîÉêó= íê~åëáíáçå= çÅÅìêë= ÖáîÉå= ~= ÇÉé~êíìêÉ= Ñêçã= íÜÉ= äáÑÉÛë=
ÅìêêÉåí= ëí~íÉI= áí= áë= É~ëáäó= îÉêáÑá~ÄäÉ= íÜ~í= íÜáë= èì~åíáíó= áë= áåÇÉÉÇ=
ÇÉÅêÉ~ëáåÖ= ~ë= ~= ÑìåÅíáçå= çÑ= ~ÖÉ= J= ïÜáÅÜ= áë= ÅçåëáëíÉåí= ïáíÜ= íÜÉ=
ìåÇÉêäóáåÖ= êÉÅçîÉêó= éêçÅÉëëK= ^= ÑìêíÜÉê= êÉ~ëçå= äáÉë= ïáíÜ= íÜÉ=
oáÅâ~óòÉå= ~åÇ= t~äëÜÛë= EOMMOF= ÑÉ~íìêÉ= çÑ= êÉÅçîÉêó= íê~åëáíáçå=
éêçÄ~ÄáäáíáÉë=ïÜáÅÜ=~êÉ=Åçåëí~åí=Ñçê=É~ÅÜ=~ÖÉK==

cáå~ääóI= ïÉ= åçíÉ= íÜ~í= ~äíÜçìÖÜ= íÜÉ= Åçåëíê~áåáåÖ= éêçÅÉÇìêÉ=
éêçÇìÅÉë= ~=ã~íêáñ= Q̂ íÜ~í= Ü~ë= êçïJëìãë= òÉêç= ~åÇ= åçåJåÉÖ~íáîÉ= çÑÑ=
Çá~Öçå~ä=ÉåíêáÉëI=áí=åç=äçåÖÉê=ë~íáëÑáÉë=mENF=Z=ÉñéEnF=Éñ~ÅíäóK=tÉ=~êÉ=
ÅçåÑáÇÉåíI=ÜçïÉîÉêI=íÜ~í=çìê=Åçåëíê~áåáåÖ=éêçÅÉÇìêÉ=ïÜáÅÜ=ÑçêÅÉÑìääó=
ãáåáãáëÉë= íÜÉ= ÇáÑÑÉêÉåÅÉ= ÄÉíïÉÉå= mENF= ~åÇ= Éñé ( )Q = éêçÇìÅÉë= ~=
íê~åëáíáçå=áåíÉåëáíó=ã~íêáñ= Q̂ ÅäçëÉëí=íç=íÜÉ=íêìÉ=ÖÉåÉê~íçê=nK=

lîÉê~ääI= íÜÉ= ãÉíÜçÇ= ïÉ= ìëÉ= ÜÉêÉ= íç= Åçåëíê~áå= íÜÉ= íê~åëáíáçå=
áåíÉåëáíáÉë= áë= åçí= ÅêáíáÅ~ä= ~ë= íÜÉëÉ= áåíÉåëáíáÉë= ãìëí= ìäíáã~íÉäó= ÄÉ=
Öê~Çì~íÉÇ=áå=çêÇÉê=íç=~ééäó=qÜáÉäÉÛë=ÇáÑÑÉêÉåíá~ä=Éèì~íáçå=~ééêç~ÅÜI=
~ë=ïáää=ÄÉ=ÇáëÅìëëÉÇ=áå=íÜÉ=ÑçääçïáåÖ=ëÉÅíáçåK=
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Figure 4: Male constrained transition intensities. 
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Figure 5: Female constrained transition intensities. 
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7.0 Graduating the Transition Intensities 

få=íÜáë=ëÉÅíáçåI=ïÉ=Öê~Çì~íÉ=íÜÉ=Åçåëíê~áåÉÇ=íê~åëáíáçå=áåíÉåëáíáÉë=
Å~äÅìä~íÉÇ=áå=pÉÅíáçå=SK=tÉ=~êÉ=êÉëíêáÅíÉÇ=Äó=çìê=ÅÜçáÅÉ=çÑ=Öê~Çì~íáçå=
íÉÅÜåáèìÉ= ÖáîÉå= çìê= éìêéçëÉë= ÜÉêÉK= qÜìëI= Öê~Çì~íáçå= Äó=
ã~íÜÉã~íáÅ~ä= Ñçêãìä~É= áë= éìêëìÉÇ= éìêÉäó= ÄÉÅ~ìëÉ= çÑ= íÜÉ= åÉÉÇ= Ñçê=
ÑìåÅíáçå~ä= Ñçêãë=Ñçê= íÜÉ=Åçåëíê~áåÉÇ=íê~åëáíáçå= áåíÉåëáíáÉë= Ñçê=ìëÉ= áå=
íÜÉ=qÜáÉäÉÛë=ÇáÑÑÉêÉåíá~ä=Éèì~íáçåë=éêáÅáåÖ=~åÇ=êÉëÉêîáåÖ=Ñê~ãÉïçêâK=
dê~Çì~íáçå= Äó= ã~íÜÉã~íáÅ~ä= Ñçêãìä~É= áë= ÇáëÅìëëÉÇ= áå= ÇÉí~áä= áå=
_Éåà~ãáå=~åÇ=mçää~êÇ=ENVUMFI=içåÇçå=ENVURF=~åÇ=cçêÑ~ê=Éí=~ä=ENVUUFK=
qÜÉ= Öê~Çì~íáçå= çÑ= íê~åëáíáçå= áåíÉåëáíáÉë= ïáää= ÄÉ= ÇáëÅìëëÉÇ= ÜÉêÉ= áå=
íÜêÉÉ= é~êíëK= tÉ= ÄÉÖáå= Äó= Öê~Çì~íáåÖ= íê~åëáíáçå= áåíÉåëáíáÉë= íç= ÅçêÉ=
~Åíáîáíó= êÉëíêáÅíáçå= ëí~íÉëI= íÜÉå= Öê~Çì~íÉ= êÉÅçîÉêó= íê~åëáíáçå=
áåíÉåëáíáÉë= ~åÇ= Ñáå~ääó= Öê~Çì~íÉ= ãçêí~äáíó= íê~åëáíáçå= áåíÉåëáíáÉëK=
cìêíÜÉêãçêÉI= ëãççíÜåÉëë=~åÇ=ÖççÇåÉëë=çÑ= Ñáí= ÅêáíÉêá~=~êÉ=ÇáëÅìëëÉÇ=
ÜÉêÉ=áå=êÉä~íáçå=íç=íÜÉ=~ÄëÉåÅÉ=çÑ=ÉñéçëÉÇ=íç=êáëâ=áåÑçêã~íáçåK==

7.1 Graduating Transition Intensities to Core Activity 
Restriction States 

qÜÉ= íê~åëáíáçå= áåíÉåëáíáÉë= ÅçåëáÇÉêÉÇ= ÜÉêÉ= ~êÉ=
12 13 14 15 23 24 25 34 35, , , , , , , ,x x x x x x x x x = ~åÇ= 45

x Ñçê= ÄçíÜ= ã~äÉë= ~åÇ=
ÑÉã~äÉëK= lìê= ÅÜçáÅÉ= çÑ= Ñçêãìä~É= ï~ë= ÇáêÉÅíäó= áåÑäìÉåÅÉÇ= Äó= íÜÉ=
ÑìåÅíáçå~ä= Ñçêãë= ìëÉÇ= íç= Éëíáã~íÉ= íÜÉ= çêáÖáå~ä= NJëíÉé= íê~åëáíáçå=
éêçÄ~ÄáäáíáÉë= áå= ÇáëÅêÉíÉ= íáãÉ= Ñêçã= ïÜáÅÜ= íÜÉëÉ= áåíÉåëáíáÉë= ïÉêÉ=
ÇÉêáîÉÇ= ~ë= ÇáëÅìëëÉÇ= áå= pÉÅíáçåë= R= ~åÇ= SK= tÉ= Éëíáã~íÉÇ= íê~åëáíáçå=
éêçÄ~ÄáäáíáÉë=íç=ÅçêÉ=~Åíáîáíó=êÉëíêáÅíáçå=ëí~íÉë=~ÅÅçêÇáåÖ=íç=~=äçÖáëíáÅ=
íóéÉ= ÑìåÅíáçå= ãçíáî~íÉÇ= Äó= mÉêâë= ENVPOF= EiÉìåÖ= EOMMQFFK= tÉ=
íÜÉêÉÑçêÉ= ÅÜçëÉ= íç= ìëÉ= ~= mÉêâë= Ñçêãìä~= ëéÉÅáÑáÅ~íáçåI= ~EñFI= íç=
Öê~Çì~íÉ= íê~åëáíáçå= áåíÉåëáíáÉë= íç= ÅçêÉ= ~Åíáîáíó= êÉëíêáÅíáçå= ëí~íÉëK=
jçêÉçîÉêI=ïÉ=áåÅäìÇÉÇ=~å=~ÇÇáíáçå~ä=é~ê~ãÉíÉêI=eI=Ñçê=íÜÉ=éìêéçëÉë=
çÑ=~=ãçêÉ=ëìáí~ÄäÉ=ÑáíK==

( )
1

x

x x

A Bca x H
Dc Kc

= ENPF=

råëìêéêáëáåÖäóI= íÜÉ= mÉêâë= Ñçêãìä~= ëéÉÅáÑáÅ~íáçå= ÅçìäÇ= åçí=
~ÇÉèì~íÉäó= Ñáí= íÜÉ= ÉåíáêÉ= ~ÖÉ= ê~åÖÉK= tÉ= íÜÉêÉÑçêÉ= ÄäÉåÇÉÇ= ~å=
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~ÇÇáíáçå~ä=ÑìåÅíáçå=Ñçê=ÜáÖÜÉê=~ÖÉë=ìëáåÖ=~=RíÜ=çêÇÉê=éçäóåçãá~äI=ÄEñFK=
tÉ=ÑçìåÇ=~=RíÜ=çêÇÉê=éçäóåçãá~ä= ëìÑÑáÅáÉåíäó= ÑäÉñáÄäÉ= íç=Å~éíìêÉ= íÜÉ=
Çóå~ãáÅë=áå=íÜÉ=ê~ï=áåÑçêã~íáçå=~í=íÜÉ=ÜáÖÜ=~ÖÉë=ïÜáäÉ=~äëç=êÉí~áåáåÖ=
ëìÑÑáÅáÉåí=ÇÉÖêÉÉë=çÑ=ÑêÉÉÇçã=áå=íÜÉ=ëéÉÅáÑáÅ~íáçåK=kçíÉ=íÜ~í=íÜÉ=ìëÉ=
çÑ= ~= ëáãéäÉ= éçäóåçãá~ä= ÑìåÅíáçå= Ü~ë= ÄÉÉå= ÑçìåÇ= áå= `çåíáåìáåÖ=
jçêí~äáíó= fåîÉëíáÖ~íáçå=oÉéçêí= E`jfoF= T= ENVUQF= íç= åçí= åÉÅÉëë~êáäó=
êÉëìäí= áå= áåÑÉêáçê= Öê~Çì~íáçåë= ~ë= Åçãé~êÉÇ= íç= ãçêÉ= ëéÉÅá~äáëÉÇ=
Ñçêãìä~ÉK=tÉ= ÅÜçëÉ= íç= ÄäÉåÇ= íÜÉ= mÉêâë= Ñçêãìä~= ~åÇ= íÜÉ= RíÜ= çêÇÉê=
éçäóåçãá~ä=~í=~ÖÉ=SRK=qÜÉêÉ=ïÉêÉ=ëÉîÉê~ä=Å~ëÉëI=ÜçïÉîÉêI=ïÜÉêÉ=íÜÉ=
mÉêâë= ëéÉÅáÑáÅ~íáçå=ï~ë=~ÇÉèì~íÉ= íç=ÜáÖÜÉê=~ÖÉëK= få= íÜçëÉ=Å~ëÉëI=ïÉ=
ÄäÉåÇÉÇ=íÜÉ=RíÜ=çêÇÉê=éçäóåçãá~ä=~í=~ÖÉ=VMK=tÉ=ÇáëÅìëë=çìê=ãÉíÜçÇë=
ÜÉêÉ= ~ëëìãáåÖ= ÄäÉåÇáåÖ= ~í= ~ÖÉ= SRK= qÜÉ= ~äíÉêå~íáîÉ= áë= ~= íêáîá~ä=
ãçÇáÑáÅ~íáçåK=^ëW=

5 4 3 2
1 2 3 4 5 6( ) ( 65) ( 65) ( 65) ( 65) ( 65)b x x x x x x =ENQF=

íÜÉ=Öê~Çì~íÉÇ=íê~åëáíáçå=áåíÉåëáíáÉë=íç=ÅçêÉ=~Åíáîáíó=êÉëíêáÅíáçå=ëí~íÉë=
~êÉ=ëéÉÅáÑáÉÇ=~ëW=

5 4 3 2
1 2 3 4 5 6

0
                                                                         x   65

1

( 65) ( 65) ( 65) ( 65) ( 65)    x 65

ij

x

xA Bc Hx xDc Kc

x x x x x

= ENRF=

pãççíÜåÉëë=ï~ë=ÉåëìêÉÇ=íç=ÄÉ=~ÇÉèì~íÉ=~í= íÜÉ=ÄäÉåÇáåÖ=~ÖÉ=Äó=
äÉííáåÖ=~ESRF=Z=ÄESRF=~åÇ=~DESRF=Z=ÄDESRFK=kçíÉ=íÜ~í=çåÉ=~Çî~åí~ÖÉ=çÑ=
çìê= éçäóåçãá~ä= ëéÉÅáÑáÅ~íáçå= çÑ= ÄEñF= áë= íÜ~í= áí= ~ääçïë= ìë= íç= ë~íáëÑó=
íÜÉëÉ=ëãççíÜåÉëë=êÉèìáêÉãÉåíë=É~ëáäóK=fí=áë=É~ëáäó=ëÉÉå=íÜ~í=ÄESRF=~åÇ=

'(65)b Éèì~äë=íÜÉ=é~ê~ãÉíÉê=Éëíáã~íÉë=çÑ= 5 =~åÇ= 6 =êÉëéÉÅíáîÉäóK==

qÜáë= äÉ~Çë= íç= íÜÉ= åÉñí= áëëìÉ= çÑ= é~ê~ãÉíÉê= Éëíáã~íáçåK= qÜÉ=
é~ê~ãÉíÉêë=ïÉêÉ=Å~äÅìä~íÉÇ=Ñçê=íÜÉ=mÉêâë=ÑìåÅíáçå=ìëáåÖ=ìåïÉáÖÜíÉÇ=
åçåJäáåÉ~ê= äÉ~ëí=ëèì~êÉë=Éëíáã~íáçå=íç=ãáåáãáòÉ=íÜÉ=ëìã=çÑ= ëèì~êÉÇ=
ÉêêçêëI=ppI=ÄÉíïÉÉå=íÜÉ=çÄëÉêîÉÇ=~åÇ=ÑáííÉÇ=áåíÉåëáíáÉë=

2
^ ij ijo

x x
x

SS = ENSF=
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bëíáã~íáåÖ= é~ê~ãÉíÉêë= Ñçê= íÜÉ= éçäóåçãá~ä= åçï= ÄÉÅçãÉë= ~=
ëíê~áÖÜíÑçêï~êÇ= äÉ~ëí= ëèì~êÉë= ÉñÉêÅáëÉK= dáîÉå= íÜ~í= 5 = ~åÇ= 6 = ~êÉ=
~äêÉ~Çó=ÇÉíÉêãáåÉÇ=Ñêçã=~DESRF=~åÇ=~ESRF=êÉëéÉÅíáîÉäóI=í~âáåÖ=é~êíá~ä=
ÇÉêáî~íáîÉë=çÑ=pp=ïáíÜ=êÉëéÉÅí=íç= 1 I 2 I 3 =~åÇ= 4 =~åÇ=Éèì~íáåÖ=íç=
òÉêç= éêçÇìÅÉë= åçêã~ä= Éèì~íáçåë= Ñêçã= ïÜáÅÜ= é~ê~ãÉíÉê= Éëíáã~íÉë=
ã~ó=ÄÉ=çÄí~áåÉÇK=qÜ~í=áëW=

25 4
1 2 6ˆ ( 65) ( 65) ...ij

x
x

SS x x = ENTF=

~åÇ=

6 11 10 6
1 2 6ˆ ( 65) ( 65) ( 65) ... ( 65) 0ij y y y y

x
x x x xy

d SS x x x x
d

= ENUF=

Ñçê=óZNIOIPIQK=

tÉ= ïçìäÇ= Ü~îÉ= éêÉÑÉêêÉÇ= íç= ìëÉ= ~= ïÉáÖÜíÉÇ= äÉ~ëí= ëèì~êÉë=
~ééêç~ÅÜK= eçïÉîÉêI= íÜáë= áë= åçí= éçëëáÄäÉ= ~ë= íÜÉêÉ= áë= åç= ÉñéçëìêÉ=
áåÑçêã~íáçå=áå=çìê=Ç~í~K=

tÉ= åçíÉÇ= É~êäáÉê= íÜ~í= ëÉîÉê~ä= íê~åëáíáçå= áåíÉåëáíáÉë= Ü~îÉ= íÜÉ=
íÉåÇÉåÅó= íç= ÅÜ~åÖÉ= ÇáêÉÅíáçå= ~Äêìéíäó= ~í= ÉñíêÉãÉäó= ÜáÖÜ= ~ÖÉë= EÉÖK=

25 34and x x Ñçê= ÑÉã~äÉëFK= cçê= íÜÉëÉ= íê~åëáíáçå= áåíÉåëáíáÉëI= ïÉ= ÑçìåÇ=
íÜ~í=íÜÉ=Öê~Çì~íÉÇ=ÅìêîÉ=ÄÉÜ~îÉÇ=Ä~Çäó=~í=íÜÉ=ÉñíêÉãÉäó=ÜáÖÜ=~ÖÉëI=
ëçãÉíáãÉë=éêçÇìÅáåÖ=åÉÖ~íáîÉ=î~äìÉëI=~åÇ=íÜìë=Çáëéä~óáåÖ=áåëí~Äáäáíó=
áå=íÜÉ=Öê~Çì~íáçåK=qÜáë=çÅÅìêêÉÇ=îÉêó=áåÑêÉèìÉåíäó=~åÇ=çåäó=~ÑÑÉÅíÉÇ=
íÜÉ= ä~ëí= ÑÉï= ~ÖÉë= áå= íÜÉ= ~ÖÉ= ê~åÖÉK=tÉ= íÜÉêÉÑçêÉ= ëáãéäó= ÇáëÅ~êÇÉÇ=
íÜÉëÉ= Öê~Çì~íÉÇ= ê~íÉëK= ^Ö~áåI= íÜáë= éÜÉåçãÉåçå= ~åÇ= ëìÄëÉèìÉåí=
íêÉ~íãÉåí=áë=åçí=ìåÅçããçå=áå=ÜÉ~äíÜ=êÉä~íÉÇ=Ç~í~=E`jfo=T=ENVUQFFK=
^å=~äíÉêå~íáîÉ=çéíáçå=ï~ë= íç= Öê~Çì~íÉ=çîÉê= ~= ëí~ÄäÉ=~ÖÉ= ê~åÖÉ=~åÇ=
Éñíê~éçä~íÉ=Ñçê=çíÜÉê=~ÖÉëK=tÉ=ÅÜçëÉ=åçí=íç=éìêëìÉ=íÜáëI=Äìí=ê~íÜÉê=íç=
~ÇÜÉêÉ=íç=çìê=çÄëÉêîÉÇ=Ç~í~K=få=~åó=Å~ëÉI=Ñçê=çìê=ìäíáã~íÉ=éìêéçëÉ=çÑ=
éêáÅáåÖ=~åÇ=êÉëÉêîáåÖ=Å~äÅìä~íáçåëI=ïÉ=~åíáÅáé~íÉ=íÜ~í=íÜÉ=áãé~Åí=çÑ=~=
Ü~åÇÑìä= çÑ= íê~åëáíáçå= áåíÉåëáíáÉë= ~í= íÜÉ= ÉñíêÉãÉäó= ÜáÖÜ= ~ÖÉë= ïáää= ÄÉ=
ãáåáã~äK=qÜáë=ïáää= ÄÉ= ÅçåÑáêãÉÇ=çåÅÉ=ïÉ= íÉëí= íÜÉ= ëÉåëáíáîáíó= çÑ= íÜÉ=
ãçÇÉä=EpÉÅíáçå=VFK=
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qÜÉ=é~ê~ãÉíÉê= Éëíáã~íÉë= Ñçê= Öê~Çì~íáåÖ= íê~åëáíáçå= áåíÉåëáíáÉë= íç=
ÅçêÉ= ~Åíáîáíó= êÉëíêáÅíáçå= ëí~íÉë= Ñçê= ÄçíÜ= ã~äÉë= ~åÇ= ÑÉã~äÉë= Äó=
ã~íÜÉã~íáÅ~ä=Ñçêãìä~=~ë=ëéÉÅáÑáÉÇ=áå=Éèì~íáçå=ENQF=~êÉ=éêÉëÉåíÉÇ=áå=
q~ÄäÉë=V=~åÇ=NM=êÉëéÉÅíáîÉäóK=

Table 9 Male parameter estimates for graduating transition 
intensities to core activity restriction states using a 
blended Perks and 5th order polynomial 
specification. 

 Transition Intensity 

Parameters 
12o

x  
13o

x  
14o

x  
5o

x  
A 0.001716 0.001192 -0.001740 0.001849 
B 0.000112 0.000042 0.000032 0.000018 
c 1.097952 1.093898 1.090271 1.097587 
D 0.000127 -0.000048 -0.000190 0.000811 
K 110.000000 110.000000 110.000000 110.000000 
H 0.006186 0.002114 0.001342 0.000711 

Blend Point 90.000000 90.000000 90.000000 65.000000 
1  -0.000022 0.000141 -0.000002 -0.000000 

2  0.000214 -0.001990 -0.000150 0.000003 

3  -0.001560 0.009249 0.001942 -0.000041 

4  0.015836 -0.013430 -0.007880 0.000191 

5  0.019260 0.016841 0.019748 0.000402 

1  0.321477 0.157799 0.124831 0.006495 

Parameters 
23o

x  
24o

x  
25o

x  
34o

x  
A 0.001762 0.002586 0.002470 -0.002080 
B 0.000053 0.000027 0.000022 0.000045 
c 1.093061 1.097779 1.097779 1.098795 
D -0.000100 0.001027 0.000907 0.002346 
K 110.000000 110.000000 110.000000 110.000000 
H 0.002894 0.001114 0.000945 0.000185 

Blend Point 90.000000 65.000000 65.000000 65.000000 
1  -0.000053 0.000000 -0.000000 0.000000 

2  0.000467 -0.000008 0.000001 -0.000000 

3  -0.000810 0.000175 0.000003 0.000012 

4  0.002509 -0.001050 -0.000008 -0.000038 

5  0.029229 0.000541 0.000478 0.000564 

1  0.225823 0.009338 0.008153 0.008121 
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 Transition Intensity 

Parameters 
35o

x  
45o

x    

A -0.002170 -0.001010   
B 0.000036 0.000048   
c 1.098811 1.099158   
D 0.002054 0.002476   
K 110.000000 110.000000   
H 0.000203 0.000119   

Blend Point 65.000000 65.000000   

1  -0.000000 -0.000000   

2  0.000002 0.000003   

3  -0.000018 -0.000035   

4  0.000039 0.000136   

5  0.000513 0.000559   

1  0.006751 0.009038   

Table 10 Female parameter estimates for graduating 
transition intensities to core activity restriction 
states using a blended Perks and 5th order 
polynomial specification. 

 Transition Intensity 

Parameters 
12o

x  
13o

x  
14o

x  
15o

x  
A 0.005823 0.001667 0.001234 0.001233 
B 0.000125 0.000031 0.000022 0.000022 
c 1.097723 1.097345 1.097263 1.097267 
D 0.001315 0.001196 0.001006 0.000978 
K 110.000000 110.000000 110.000000 110.000000 
H 0.004864 0.001246 0.000901 0.000878 

Blend Point 65.000000 65.000000 65.000000 65.000000 

1  0.000000 0.000000 0.000000 -0.000000 

2  -0.000003 -0.000001 -0.000005 0.000011 

3  0.000031 0.000013 0.000095 -0.000180 

4  0.000230 0.000085 -0.000520 0.001033 

5  0.002226 0.000586 0.000452 0.000454 

1  0.037427 0.009632 0.007070 0.007036 
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 Transition Intensity 

Parameters 
23o

x  
24o

x  
25o

x  
34o

x  
A 0.000832 -0.006700 -0.019850 -0.010280 
B 0.000041 0.000053 0.000080 0.000069 
c 1.092977 1.090209 1.091327 1.089583 
D -0.000066 -0.000240 -0.000200 -0.000270 
K 110.000000 110.000000 110.000000 110.000000 
H 0.002054 0.002363 0.003899 0.001207 

Blend Point 90.000000 90.000000 90.000000 90.000000 

1  -0.000180 0.000342 -0.000065 -0.000350 

2  0.003599 -0.008100 0.001607 0.008423 

3  -0.021610 0.057726 -0.010930 -0.064790 

4  0.031538 -0.090740 0.003431 0.142047 

5  0.016561 0.050926 0.066463 0.075410 

1  0.148599 0.253975 0.359350 0.338601 

Parameters 
35o

x  
45o

x    

A -0.002310 0.000922   
B 0.000044 0.000047   
c 1.098456 1.098481   
D 0.001818 0.001304   
K 110.000000 110.000000   
H 0.000196 0.000039   

Blend Point 65.000000 65.000000   

1  0.000000 -0.000000   

2  -0.000020 0.000024   

3  0.000372 -0.000500   

4  -0.001890 0.003365   

5  0.000681 0.000871   

1  0.008664 0.012035   

7.2 Graduating Recovery Transitions 

qÜÉ= íê~åëáíáçå= áåíÉåëáíáÉë= ÅçåëáÇÉêÉÇ= ÜÉêÉ= ~êÉ= íÜçëÉ= ÅçåÅÉêåáåÖ=
êÉÅçîÉêó= J= 21 32 43, ,x x x = ~åÇ= 54

x K=dê~Çì~íáçåë= ìëáåÖ= íÜÉ=dçãéÉêíòJ
j~âÉÜ~ã=~åÇ=içÖáí=dçãéÉêíòJj~âÉÜ~ã=Ñçêãìä~=çÑ=íóéÉ=EêIëF=Ü~îÉ=
ÄÉÉå=áåîÉëíáÖ~íÉÇ=éêÉîáçìëäó=ìëáåÖ=ÜÉ~äíÜ=~åÇ=Çáë~Äáäáíó=êÉä~íÉÇ=Ç~í~=
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EÑçê=Éñ~ãéäÉ=`jfo=S= ENVUPF=~åÇ=`jfo=NT=ENVVNFFK=dÉåÉê~ääóI= íÜÉ=
içÖáí=dçãéÉêíòJj~âÉÜ~ã=Ñçêãìä~=áë=ÉñéêÉëëÉÇ=~ëW=

,
,

,

( )
( )

1 ( )

r s
r s

r s

GM x
LGM x

GM x
= ENVF=

ïÜÉêÉW=

, 1 1

1 1
( ) exp

r r sr s i i r
i i

i i r
GM x x x = EOMF=

áë=íÜÉ=dçãéÉêíòJj~âÉÜ~ã=Ñçêãìä~=çÑ=íóéÉ=EêIëF=EcçêÑ~ê=Éí=~ä=NVURFK=

^=içÖáí=dçãéÉêíòJj~âÉÜ~ã=Ñçêãìä~I= (1,2)LGM I=ï~ë=ÑçìåÇ=íç=
Ñáí=ëìÑÑáÅáÉåíäó=ïÉää=ÜÉêÉ=Ñçê=êÉÅçîÉêó=áåíÉåëáíáÉëI=íÜ~í=áëW=

1 2 3

1 2 3

exp( )
1 exp( )

jio

x
x

x
= EONF=

cÉã~äÉ= êÉÅçîÉêó= íê~åëáíáçå= áåíÉåëáíáÉë= Ü~Ç= íÜÉ= íÉåÇÉåÅó= íç=
ÅÜ~åÖÉ= ÇáêÉÅíáçå= ~Äêìéíäó= ~í= ÉñíêÉãÉäó= ÜáÖÜ= ~ÖÉë= ~ë= ÇáëÅìëëÉÇ= áå=
pÉÅíáçå=TKNK=kçíÉI=ÜçïÉîÉêI=íÜ~í=ã~äÉ=êÉÅçîÉêó=íê~åëáíáçå=áåíÉåëáíáÉë=
ÇáÇ=åçí=Ü~îÉ=íÜáë=éêçÄäÉãK=tÉ=ÅÜçëÉ=íç=Éñíê~éçä~íÉ=çîÉê=íÜÉ=ÜáÖÜÉê=
~ÖÉë= Ñçê= íÜÉ= ÑÉã~äÉ= Öê~Çì~íáçåëK=qÜáë=ï~ë= ÅÜçëÉå=éìêÉäó= íç= êÉã~áå=
ÅçåëáëíÉåí=ïáíÜ=Ñçêãìä~É=ìëÉÇ=íç=Öê~Çì~íÉ=ã~äÉ=êÉÅçîÉêó=áåíÉåëáíáÉëK=
få= ~åó= Å~ëÉI= Ñçê= çìê= ìäíáã~íÉ= éìêéçëÉ= çÑ= éêáÅáåÖ= ~åÇ= êÉëÉêîáåÖ=
Å~äÅìä~íáçåëI=ïÉ=~åíáÅáé~íÉ=íÜ~í=íÜÉ=áãé~Åí=çÑ=íÜáë=~ëëìãéíáçå=ïáää=ÄÉ=
ãáåáã~äK=

qÜÉ= é~ê~ãÉíÉêë= 1, 2 3, = ïÉêÉ= Éëíáã~íÉÇ= ìëáåÖ= ìåïÉáÖÜíÉÇ=
äÉ~ëí= ëèì~êÉëK= qÜÉ= é~ê~ãÉíÉê= Éëíáã~íÉë= Ñçê= Öê~Çì~íáåÖ= êÉÅçîÉêó=
íê~åëáíáçå= áåíÉåëáíáÉë= Ñçê= ÄçíÜ= ã~äÉë= ~åÇ= ÑÉã~äÉë= Äó= ã~íÜÉã~íáÅ~ä=
Ñçêãìä~=~ë=ëéÉÅáÑáÉÇ=áå=Éèì~íáçå=EONF=~êÉ=éêÉëÉåíÉÇ=áå=q~ÄäÉë=NN=~åÇ=
NO=êÉëéÉÅíáîÉäóK=
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Table 11: Male parameter estimates for graduating recovery 
transition intensities using a (1,2)LGM specification. 

 Transition Intensity 

Parameter 
21o

x  
32o

x  
43o

x  
54o

x  

1  0.207171 0.215534 0.127122 0.056404 

2  -30.050040 -26.272630 -17.137030 -11.934600 

1  0.326204 0.282975 0.169227 0.094258 

Table 12: Female parameter estimates for graduating recovery 
transition intensities using a (1,2)LGM specification. 

 Transition  Intensity 

Parameter 
21o

x  
32o

x  
43o

x  
54o

x  

1  0.196390 0.223901 0.126574 0.055755 

2  -19.623700 -67.149700 -25.843700 -13.576200 

1  0.211458 0.744763 0.277626 0.118830 

7.3 Graduating Mortality Transition Intensities 

qÜÉ=Ñáå~ä= ëÉí=çÑ= íê~åëáíáçå= áåíÉåëáíáÉë= íç=ÄÉ=ÅçåëáÇÉêÉÇ=~êÉ= íÜçëÉ=
ÅçåÅÉêåáåÖ=ãçêí~äáíó= J= 16 26 36 46, , ,x x x x = ~åÇ= 56

x K=^= (2,2)GM ãçÇÉä=
ï~ë=ÑçìåÇ=íç=Ñáí=ëìÑÑáÅáÉåíäó=ïÉää=ÜÉêÉI=íÜ~í=áëW=

6

1 2 3 4exp( )
io

x x x = EOOF=

^Ö~áåI= íÜÉ= é~ê~ãÉíÉêë= 1, 2 ,3 4, , = ïÉêÉ= Éëíáã~íÉÇ= ìëáåÖ=
ìåïÉáÖÜíÉÇ= äÉ~ëí= ëèì~êÉëK= qÜÉ= é~ê~ãÉíÉê= Éëíáã~íÉë= Ñçê= Öê~Çì~íáåÖ=
ãçêí~äáíó= íê~åëáíáçå= áåíÉåëáíáÉë= Ñçê= ÄçíÜ= ã~äÉë= ~åÇ= ÑÉã~äÉë= Äó=
ã~íÜÉã~íáÅ~ä=Ñçêãìä~=~ë=ëéÉÅáÑáÉÇ=áå=Éèì~íáçå=EOOF=~êÉ=éêÉëÉåíÉÇ=áå=
q~ÄäÉë=NP=~åÇ=NQ=êÉëéÉÅíáîÉäóK==
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Table 13: Male parameter estimates for graduating mortality 
transition intensities using a (2,2)GM specification. 

 Transition Intensity 

Parameter 
16o

x  
26o

x  
36o

x  
46o

x  
56o

x  

1  0.006600 0.007678 0.007857 0.001235 -0.002113 

1  -0.000378 -0.000451 -0.000467 -0.000413 -0.000300 

1  -7.189564 -6.869178 -6.750137 -5.894103 -5.705457 

1  0.062122 0.058743 0.056746 0.050027 0.048946 

Table 14: Female parameter estimates for graduating mortality 
transition intensities using a (2,2)GM specification. 

 Transition Intensity 

Parameter 
16o

x  
26o

x  
36o

x  
46o

x  
56o

x  

1  0.002798 0.000394 0.004367 0.000805 -0.000210 

1  -0.000100 -0.000031 -0.000240 -0.000110 0.000378 

1  -10.388900 -10.127900 -7.660230 -7.069370 -8.447000 

1  0.094146 0.089905 0.061344 0.059315 0.075388 

7.4 Smoothness and Goodness of Fit Criteria 

låÉ= çÑ= íÜÉ= ã~áå= ~Çî~åí~ÖÉë= çÑ= Öê~Çì~íáåÖ= Äó= ã~íÜÉã~íáÅ~ä=
Ñçêãìä~É= áë= íÜ~í= íÜÉ= êÉëìäíáåÖ= Öê~Çì~íáçåë= ~êÉ= ëãççíÜK= qÜÉêÉ= áë=
íÜÉêÉÑçêÉ= åç= áëëìÉ= ÅçåÅÉêåáåÖ= ëãççíÜåÉëë= ÜÉêÉ= ÉñÅÉéí= áå= íÜÉ= Å~ëÉ=
ïÜÉêÉ= íïç= ÅìêîÉë= Ü~îÉ= ÄÉÉå= ÄäÉåÇÉÇ= Ñçê= Öê~Çì~íáåÖ= íê~åëáíáçåë= íç=
ÅçêÉ= ~Åíáîáíó= êÉëíêáÅíáçå= ëí~íÉëK= ^ë= ~äêÉ~Çó= ÇáëÅìëëÉÇI= ïÉ= Ü~îÉ=
ÉåÇÉ~îçìêÉÇ= íç= ÉåëìêÉ= ~= ëãççíÜ= íê~åëáíáçå= ~Åêçëë= ÄçíÜ= ÅìêîÉë= Äó=
ÑçêÅáåÖ=ÉåÇéçáåíë=çÑ=ÄçíÜ=ÅìêîÉë=íç=ãÉÉí=~åÇ=Ñáêëí=ÇÉêáî~íáîÉë=~í=ÉåÇ=
éçáåíë=íç=ÄÉ=Éèì~äK==

aìÉ= íç= íÜÉ= åçåJÉñáëíÉåÅÉ= çÑ= ~åó= ÉñéçëÉÇ= íç= êáëâ= Ç~í~= Ñçê= çìê=
ëíìÇóI=ïÉ=ïÉêÉ=ìå~ÄäÉ=íç=ìëÉ=ã~åó=çÑ=íÜÉ=ÅçåîÉåíáçå~ä=ÖççÇåÉëë=çÑ=
Ñáí=ÅêáíÉêá~=ëìÅÜ=~ë=íÜÉ 2 JíÉëíK=tÉ=íÜìë=êÉèìáêÉÇ=ëçãÉ=Ñçêã=çÑ=åçåJ
é~ê~ãÉíêáÅ= ÖççÇåÉëë= çÑ= Ñáí= ãÉ~ëìêÉK= tÉ= ÅÜçëÉ= íç= ìëÉ= íÜÉ= qÜÉáä=
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fåÉèì~äáíó=`çÉÑÑáÅáÉåí= Eqf`F= EqÜÉáä=NVRUF=ïÜáÅÜ= áë=~= ëÅ~äÉ= áåî~êá~åí=
ëí~íáëíáÅ= íóéáÅ~ääó= ìëÉÇ= íç= ~ëëÉëë= ÉÅçåçãÉíêáÅ= ÑçêÉÅ~ëí= ë~ãéäÉëK= fí= áë=
ÉñéêÉëëÉÇ=~ëW=

2
0

0

20
2

1 1

ˆ

ˆ

n
xx

x

n n
xX

x x

nTIC

n n

= EOPF=

~åÇ= äáÉë= ÄÉíïÉÉå= M= ~åÇ= N= ïáíÜ= M= ÄÉáåÖ= ~= éÉêÑÉÅí= ÑáíK=tÉ= ~ÅÅÉéíÉÇ=
Öê~Çì~íÉÇ=ÅìêîÉë=ïáíÜ=~=ÅçÉÑÑáÅáÉåí=çÑ=NMB=çê=äÉëëK=q~ÄäÉ=NR=êÉéçêíë=
íÜÉ=qf`= Ñçê= íÜÉ=Öê~Çì~íÉÇ= íê~åëáíáçå= áåíÉåëáíáÉë= Ñçê=ÄçíÜ=ã~äÉë=~åÇ=
ÑÉã~äÉë=ïÜáäÉ=cáÖìêÉ=S= áääìëíê~íÉë= íÜÉ=èì~äáíó=çÑ= íÜÉ=Öê~Çì~íáçåë= Ñçê=
~å=áåÇáÅ~íáîÉ=íê~åëáíáçåK=

lîÉê~ääI= íÜÉ= êÉéçêíÉÇ=qf`=~êÉ=ÖÉåÉê~ääó= äçï= ëìÖÖÉëíáåÖ= íÜ~í= íÜÉ=
Öê~Çì~íÉÇ= ÅìêîÉë= éêçîáÇÉ= ~= ÖççÇ= Ñáí= íç= íÜÉ= çÄëÉêîÉÇ= íê~åëáíáçå=
áåíÉåëáíáÉëK=cìêíÜÉêãçêÉI= áí= áë= áåíÉêÉëíáåÖ= íç=åçíÉ= íÜ~í= íÜÉ= áåÉèì~äáíó=
ÅçÉÑÑáÅáÉåíë= Ñçê= ã~äÉë= ~ééÉ~ê= íç= ÄÉ= ÄÉííÉê= íÜ~å= íÜÉ= ÑÉã~äÉ=
ÅçìåíÉêé~êíë= ÇÉëéáíÉ= íÜÉêÉ= ÄÉáåÖ= åç= áåíìáíáîÉ= êÉ~ëçå= ~ë= íç=ïÜó= íÜáë=
ëÜçìäÇ= çÅÅìêK= qÜêÉÉ= êÉéçêíÉÇ= áåÉèì~äáíó= ÅçÉÑÑáÅáÉåíë= Ñçê= ÑÉã~äÉë=

E
23o

x I=
32o

x ~åÇ=
36o

x F=~êÉ=ëäáÖÜíäó=ÖêÉ~íÉê=íÜ~å=NMB=ëìÖÖÉëíáåÖ=íÜ~í=íÜÉ=

Ñçêãìä~=ëéÉÅáÑáÅ~íáçå=Ñçê=íÜÉëÉ=íê~åëáíáçå=áåíÉåëáíáÉë=ï~ë=ëìÄJçéíáã~äK=
tÉ= ÅÜçëÉ= åçí= íç= ÅÜ~åÖÉ= íÜÉ= Ñçêãìä~= ëéÉÅáÑáÅ~íáçå= Ñçê= íÜÉëÉ= íÜêÉÉ=
íê~åëáíáçå= áåíÉåëáíáÉë= ~åÇ= íç= êÉí~áå= ÅçåëáëíÉåÅó= ïáíÜ= íÜÉ= çíÜÉê=
áåíÉåëáíáÉë=~ë= íÜÉ=êÉéçêíÉÇ=ÅçÉÑÑáÅáÉåíë=ïÉêÉ=çåäó=ã~êÖáå~ääó=ÖêÉ~íÉê=
íÜ~å=NMBK=
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Figure 6: Illustrative graduation and associated TIC Male:TIC 
= 0.01033 
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Table 15: Theil Inequality Coefficient (TIC) for graduated 
transition intensities. 

 

 

 Male TIC Female TIC 
Transition Intensities to Core Activity Restriction States 

12o

x  0.015170 0.034338 

13o

x  0.008610 0.031603 

14o

x  0.015140 0.023870 

15o

x  0.014060 0.025370 

23o

x  0.007220 0.106270 

24o

x  0.037410 0.020840 

25o

x  0.016320 0.053860 

34o

x  0.007250 0.091050 

35o

x  0.010330 0.010327 

45o

x  0.009110 0.031060 

Recovery Transition Intensities 
21o

x  0.062290 0.070650 

32o

x  0.040520 0.115090 

43o

x  0.013620 0.090540 

54o

x  0.007280 0.076640 

Mortality Transition Intensities 
16o

x  0.044690 0.017870 

26o

x  0.050630 0.043320 

36o

x  0.058010 0.111780 

46o

x  0.036310 0.065970 

56o

x  0.047450 0.022870 
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8.0 The Pricing and Reserving Framework 

få=íÜáë=ëÉÅíáçåI=ïÉ=íìêå=íç=éêáÅáåÖ=~åÇ=êÉëÉêîáåÖK=tÉ=ÇáëÅìëë=iq`=
ÄÉåÉÑáí= íóéÉë= ~åÇ= ÄÉåÉÑáí= íêáÖÖÉêë= ~åÇ= íÜÉ= ~ééäáÅ~íáçå= çÑ= qÜáÉäÉÛë=
ÇáÑÑÉêÉåíá~ä=Éèì~íáçåë=~ë=~=Ñê~ãÉïçêâ=Ñçê=éêáÅáåÖ=~åÇ=êÉëÉêîáåÖ=iq`=
éçäáÅáÉë=áå=^ìëíê~äá~K==

8.1 Long Term Care Benefit Types 

e~ÄÉêã~å=~åÇ=máí~ÅÅç=ENVVVF=ÇÉëÅêáÄÉ=Ñçìê=ÖÉåÉêáÅ=Å~íÉÖçêáÉë=çÑ=
iq`=éêçÇìÅíëK=qÜÉó=~êÉW=

NK= cáñÉÇ= ~ãçìåí= ~ååìáíáÉë= EÇÉéÉåÇáåÖ= çå= Çáë~Äáäáíó= äÉîÉäF= ëçäÇ= íç=
ÜÉ~äíÜó=éÉçéäÉK=

OK= cáñÉÇ= ~ãçìåí= ~ååìáíáÉë= EÇÉéÉåÇáåÖ= çå= Çáë~Äáäáíó= äÉîÉäF= ëçäÇ= íç=
ÉäÇÉêäó= éÉçéäÉ= ÉåíÉêáåÖI= çê= ~äêÉ~Çó= êÉëáÇáåÖ= áåI= êÉëáÇÉåíá~ä= Å~êÉ=
Ñ~ÅáäáíáÉëK=

PK= kìêëáåÖ=~åÇ=ãÉÇáÅ~ä=ÉñéÉåëÉ=êÉÑìåÇáåÖK=

QK= `ÜçáÅÉ=çÑ=ÑáñÉÇ=~ãçìåí=~ååìáíó=çê=~ééêçéêá~íÉ=Å~êÉ=ëÉêîáÅÉK=

få=íÜáë=é~éÉêI=çåäó=ÄÉåÉÑáíë=çÑ=íóéÉ=N=~êÉ=ÅçåëáÇÉêÉÇK=qÜÉ=éêáÅáåÖ=
~åÇ= êÉëÉêîáåÖ= Ñê~ãÉïçêâ= Ñçê= çíÜÉê= ÄÉåÉÑáí= íóéÉëI= Ñêçã= ~= íÉÅÜåáÅ~ä=
éÉêëéÉÅíáîÉI=ÄÉÅçãÉ=ëíê~áÖÜíÑçêï~êÇ=çåÅÉ=~å=ìåÇÉêëí~åÇáåÖ=çÑ= íóéÉ=
N=ÄÉåÉÑáíë=áë=~ÅÜáÉîÉÇK=e~ÄÉêã~å=~åÇ=máí~ÅÅç=ENVVVF=ÑìêíÜÉê=çìíäáåÉ=
ëÉîÉê~ä=Éñ~ãéäÉë=çÑ=éêçÇìÅíë=ÄÉäçåÖáåÖ=íç=íÜáë=Å~íÉÖçêóI=áåÅäìÇáåÖW=

pí~åÇJ~äçåÉ= éçäáÅóI= éêçîáÇáåÖ= ~= ÑáñÉÇ= ~ãçìåí= ~ååìáíó= EéçëëáÄäó=
ÇÉéÉåÇáåÖ=çå=Ñê~áäíó=äÉîÉäF=Ñçê=éÉêëçåë=êÉèìáêáåÖ=iq`K=

iq`=ÅçîÉê=~ë=~= êáÇÉê=ÄÉåÉÑáíI=éêçîáÇáåÖ=~= ÑáñÉÇ=~ãçìåí=~ååìáíó=
EéçëëáÄäó= ÇÉéÉåÇáåÖ= çå= Ñê~áäíó= äÉîÉäF= Ñçê= éÉêëçåë= êÉèìáêáåÖ= iq`= áå=
~ÇÇáíáçå=íç=~=ïÜçäÉ=äáÑÉ=ÅçîÉêK=

få= íÜáë= é~éÉê= ïÉ= ÅçåëáÇÉê= ÄçíÜ= íÜÉ= ëí~åÇJ~äçåÉ= éçäáÅó= ~åÇ= íÜÉ=
êáÇÉê=ÄÉåÉÑáí=éçäáÅóK==
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8.2 LTC Benefit Triggers 

^= åçí~ÄäÉ= ÅÜ~ääÉåÖÉ= ~ëëçÅá~íÉÇ= ïáíÜ= iq`= éêçÇìÅíë= áë= íÜÉ=
áåÜÉêÉåí= ÇáÑÑáÅìäíó= áå= ìå~ãÄáÖìçìëäó= ÇÉÑáåáåÖ= ~= ëìáí~ÄäÉ= ÄÉåÉÑáí=
íêáÖÖÉê=Ñçê=iq`=Åä~áãëK==

`çïäÉó=ENVVOF=çìíäáåÉë=íïç=ÇáëíáåÅí=ëÉíë=çÑ=ÉäáÖáÄáäáíó=ÅêáíÉêá~=Ñçê=
Åä~áãáåÖ= iq`= ÄÉåÉÑáíëK= råÇÉê= íÜÉ= ÚÜÉ~äíÜ= áåëìê~åÅÉ= ~ééêç~ÅÜÛI=
ÄÉåÉÑáí= ÉäáÖáÄáäáíó= ã~ó= ÄÉ= íêáÖÖÉêÉÇ= Äó= éÜóëáÅá~å= ÅÉêíáÑáÉÇ= ãÉÇáÅ~ä=
åÉÅÉëëáíó=çê=éêÉëÅêáÄÉÇ=éÉêáçÇë=çÑ=éêÉJÜçëéáí~äáë~íáçåK=pÜçêíÅçãáåÖë=
íç= íÜáë= ~ééêç~ÅÜI= ÜçïÉîÉêI= ~êÉ= íÜ~í= íÜÉ= ÅêáíÉêá~= ~êÉ= ëìÄàÉÅíáîÉ= ~åÇ=
ÉñÅäìÇÉ=ÅÉêí~áå=ÅÜêçåáÅ=ÅçÖåáíáîÉ=áãé~áêãÉåíë=íÜ~í=Çç=åçí=ÖÉåÉê~ääó=
Å~ää=Ñçê=éÉêáçÇë=çÑ=éêÉJÜçëéáí~äáë~íáçå=ÄÉÑçêÉ=iq`=áë=êÉèìáêÉÇK==

qÜÉ=~äíÉêå~íáîÉ= ÚÇáë~Äáäáíó= áåëìê~åÅÉ=~ééêç~ÅÜÛ= áë=ÇÉëáÖåÉÇ=íç=ÄÉ=
ãçêÉ= çÄàÉÅíáîÉ= Ó= êÉäóáåÖ= çå= ~= éÉêëçåÛë= áå~Äáäáíó= íç= éÉêÑçêã= ÅÉêí~áå=
^aië=~ë=~=ÄÉåÉÑáí= íêáÖÖÉêK=pìÅÜ=~å=~ééêç~ÅÜ=~äëç=É~ëáäó=ÉñíÉåÇë= íç=
áåÅäìÇÉ= ÅçÖåáíáîÉ= áãé~áêãÉåíë= ~åÇ= çíÜÉê= ÅÜêçåáÅ= ÅçåÇáíáçåëK= qÜáë=
~ééêç~ÅÜ=áë=ãçêÉ=ìëÉÑìä=Ñçê=çìê=éìêéçëÉë=~ë=íÜÉ=ìëÉ=çÑ=^ai=Ñ~áäìêÉë=
áë= É~ëáäó= íê~åëéçëÉÇ= çåíç= ~= ÅçêÉ= ~Åíáîáíó= êÉëíêáÅíáçå= ëÅ~äÉK= cçê=
áåëí~åÅÉI=~=iq`=ÄÉåÉÑáí=áë=íóéáÅ~ääó=é~áÇ=ìéçå=Ñ~áäìêÉ=çÑ=P=çê=Q=^aiëK=
qÜáë=ã~ó=êçìÖÜäó=ÄÉ=Éèìáî~äÉåí=íç=~=ëÉîÉêÉ=ÅçêÉ=~Åíáîáíó=êÉëíêáÅíáçåK==

qÜÉ= NVVU= ^_p= ëìêîÉó= ÇÉÑáåÉë= ÄçíÜ= ëÉîÉêÉ= ~åÇ= éêçÑçìåÇ= ÅçêÉ=
~Åíáîáíó=êÉëíêáÅíáçåë=íç=ÄÉ=äÉîÉäë=çÑ=Çáë~Äáäáíó=êÉèìáêáåÖ=~ëëáëí~åÅÉ=Ñêçã=
~åçíÜÉê=éÉêëçåK=^ëëáëí~åÅÉ=Ñêçã=~åçíÜÉê=éÉêëçå=áë=~äëç=~=âÉó=~ëéÉÅí=
çÑ= íÜÉ=ÇÉÑáåáíáçå= Ñçê=iq`K=tÉ= íÜÉêÉÑçêÉ= êÉèìáêÉ= áå=çìê=éêáÅáåÖ= ~åÇ=
êÉëÉêîáåÖ= Ñê~ãÉïçêâ= íÜ~í= ~= äáÑÉ= ÄÉ= ÉáíÜÉê= ëÉîÉêÉäó= çê= éêçÑçìåÇäó=
êÉëíêáÅíÉÇ=ÄÉÑçêÉ=ÄÉáåÖ=~ÄäÉ=íç=Åä~áã=~=iq`=ÄÉåÉÑáíK=

8.3 Implementing Thiele’s Differential Equation 

qÜÉ= éêáÅáåÖ= ~åÇ= êÉëÉêîáåÖ= ãÉíÜçÇçäçÖó= ~ÇçéíÉÇ= ÜÉêÉ= áë=
ÉëëÉåíá~ääó=~å=~ééäáÅ~íáçå=çÑ=qÜáÉäÉÛë=ÇáÑÑÉêÉåíá~ä=Éèì~íáçåë=íç=ÇÉêáîÉ=
Ñçêãìä~É=ÅçåÅÉêåáåÖ=íÜÉ=ÉñéÉÅíÉÇ=ÇÉîÉäçéãÉåí=çÑ=íÜÉ=ã~íÜÉã~íáÅ~ä=
êÉëÉêîÉ= Ñçê= ~= ÅäçëÉÇ= iq`= áåëìê~åÅÉ= éçêíÑçäáçK= qÜÉ= ~ééäáÅ~íáçå= çÑ=
qÜáÉäÉÛë= ÇáÑÑÉêÉåíá~ä= Éèì~íáçåë= íç= äáÑÉ= ÅçåíáåÖÉåÅáÉë= EÄìí= åçí= iq`F=
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Å~å=ÄÉ=ÑçìåÇ=áå=eçÉã=ENVSVFI=eçÉã=ENVUUFI=iáååÉã~åå=ENVVPF=~åÇ=
kçêÄÉêÖ=ENVVRFK=

tÉ= áåíêçÇìÅÉ=ëçãÉ=åçí~íáçå=~ë= ÑçääçïëK=iÉí= ,iV r u =ÇÉåçíÉ= íÜÉ=
ÉñéÉÅíÉÇ=éêÉëÉåí=î~äìÉ= EbmsF=çÑ=iq`=ÄÉåÉÑáíë= áå= íÜÉ= íáãÉ= áåíÉêî~ä=
EêI= ìFI= ÖáîÉå= íÜ~í= íÜÉ= éçäáÅóÜçäÇÉê= áë= áå= ëí~íÉ= á= ~í= íáãÉ= ê= ïáíÜ= ~=
éêÉî~áäáåÖ=ÑçêÅÉ=çÑ=áåíÉêÉëí=çÑ= çîÉê=íÜÉ=éÉêáçÇ= ,r u K=

få= ÖÉåÉê~äI= Ñçê= ~= ãìäíáéäÉ= ëí~íÉ= ãçÇÉä= ïáíÜ= å= ëí~íÉëI= äÉí=
( )jkB t ÇÉåçíÉ=íÜÉ=ÄÉåÉÑáí=é~ó~ÄäÉ=~í=íáãÉ=í=ìéçå=íê~åëáíáçå=Ñêçã=ëí~íÉ=

à=íç=ëí~íÉ=âI=~åÇ=äÉí= ( )jb t ÇÉåçíÉ=íÜÉ=ê~íÉ=çÑ=ÄÉåÉÑáí=é~óãÉåí=~í=íáãÉ=í=
áÑ=íÜÉ=éçäáÅóÜçäÇÉê=áë=áå=ëí~íÉ=àK=

qÜÉå= ,iV r u ã~ó=ÄÉ=ÉñéêÉëëÉÇ=~ëW=

( ) ( )( , ) ( ) ( ) ( , )
u u

t r ii t r ii ij
i t r x r i t r x r x t ij j

j ir r
V r u e p b t dt e p B t V t u ÇíEOQF=

ïÜáÅÜ=äÉ~Çë=íç=íÜÉ=ÖÉåÉê~äáë~íáçåë=çÑ=qÜáÉäÉÛë=ÇáÑÑÉêÉåíá~ä=Éèì~íáçåëW=

( , ) ( , ) ( ) ( ) ( , ) ( , )ij
i i i x r ij j i

j i

d V r u V r u b r B r V r u V r u
dr

= EORF=

Ñçê=á=Z=NIOIÁIå=EeçÉã=ENVSVFFK=

tÉ=åçï=íìêå=íç=éêáÅáåÖ=ëçãÉ=áääìëíê~íáîÉ=iq`=éêçÇìÅíëK=

8.4 Pricing Illustrative LTC Products 

`çåëáÇÉê= Ñáêëí= ~= ïÜçäÉ= çÑ= äáÑÉ= ëí~åÇJ~äçåÉ= iq`= éçäáÅó= ïÜÉêÉ=
éêÉãáìãë= ~êÉ= é~ó~ÄäÉ= Åçåíáåìçìëäó= ~í= ê~íÉ=m=éÉê= ~ååìã=ïÜáäÉ= íÜÉ=
äáÑÉ=áë=~ÄäÉ=EáÉK=åç=ÅçêÉ=~Åíáîáíó=êÉëíêáÅíáçåF=~åÇ=~å=~ååìáíó=áë=é~ó~ÄäÉ=
íç= íÜÉ= éçäáÅóÜçäÇÉê= ~í= ê~íÉ=^=éÉê= ~ååìã=ïÜáäÉ= ÉåÇìêáåÖ= ëÉîÉêÉ= çê=
éêçÑçìåÇ=ÅçêÉ=~Åíáîáíó= êÉëíêáÅíáçåëK=qÜ~í= áëI=^= éÉê=~ååìã= áë=é~áÇ= íç=
íÜÉ=éçäáÅóÜçäÇÉê=ïÜÉå=áå=åÉÉÇ=çÑ=iq`K=kçíÉ=íÜ~í=åç=ÇÉ~íÜ=ÄÉåÉÑáí=áë=
é~ó~ÄäÉK= cçê= íÜÉ= éìêéçëÉë= çÑ= éêÉãáìã= Å~äÅìä~íáçåI= ïÉ= êÉèìáêÉ= íÜÉ=
ÉñéÉÅíÉÇ= éêÉëÉåí= î~äìÉ= ~í= íáãÉ= íZM= çÑ= ~= ìåáí= é~óãÉåí= ïÜáäÉ= íÜÉ=
áåÇáîáÇì~ä=áë=áå=É~ÅÜ=çÑ=íÜÉ=~ÄäÉ=~åÇ=iq`=Åä~áãáåÖ=ëí~íÉëK==
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qÜÉêÉÑçêÉI=ÅçåëáÇÉê=ÑáêëíI=íÜÉ=Å~ëÉ=ïÜÉêÉW==

1( ) 1,b t 2 3 4 5 6( ) ( ) ( ) ( ) ( ) 0b t b t b t b t b t I=~åÇ= ( ) 0ijB t =

Ñçê=~ää=á=~åÇ=à=ïÜáÅÜ=~ääçïë=ìë=íç=Å~äÅìä~íÉ=íÜÉ=éêÉëÉåí=î~äìÉ=çÑ=~=ìåáí=
é~óãÉåíI= é~ó~ÄäÉ= ~ë= äçåÖ= ~ë= íÜÉ= äáÑÉ= áë= ~ÄäÉ= Ó= ïÜáÅÜ= ìäíáã~íÉäó=
íê~åëä~íÉë=íç=íÜÉ=Å~äÅìä~íáçå=çÑ=éêÉãáìãëK=

qÜìë=ïÉ=Ü~îÉ=íÜÉ=ÑçääçïáåÖ=Éèì~íáçåëW==

12 13
1 1 2 1 3 1, , 1 , ( , ) , ( , )x r x r

d V r u V r u V r u V r u V r u V r u
dr

=

== 14 15 16
4 1 5 1 1, ( , , ( , ( , )x r x r x rV r u V r u V r u V r u V r u =

21 23
2 2 1 2 3 2, , , ( , ) , ( , )x r x r

d V r u V r u V r u V r u V r u V r u
dr

=

== 24 25 26
4 2 5 2 2, ( , ) , ( , ) ( , )x r x r x rV r u V r u V r u V r u V r u =

32 34
3 3 2 3 4 3, , , ( , ) , ( , )x r x r

d V r u V r u V r u V r u V r u V r u
dr

=

== 35 36
5 3 3, ( , ( , )x r x rV r u V r u V r u =

43
4 4 3 4, , , ( , )x r

d V r u V r u V r u V r u
dr

=

==
45 46

5 4 4, ( , ( , )x r x rV r u V r u V r u
=

54 56
5 5 4 5 5, , , ( , ) ( , )x r x r

d V r u V r u V r u V r u V r u
dr

= EOSF=

pçäîáåÖ= Ñçê= 1(0, )V u ÖáîÉë= íÜÉ= ÉñéÉÅíÉÇ= éêÉëÉåí= î~äìÉ= çÑ= ~= ìåáí=
é~óãÉåí= íç= íÜÉ= áåÇáîáÇì~ä= ïÜáäÉ= áå= íÜÉ= åç= ÅçêÉ= ~Åíáîáíó= êÉëíêáÅíáçå=
ëí~íÉI=ë~óI= 1EPV K=

tÉ=~äëç=Çç=íÜÉ=ë~ãÉ=ÑçêW==

4 ( ) 1,b t 1 2 3 5 6( ) ( ) ( ) ( ) ( ) 0b t b t b t b t b t I=~åÇ= ( ) 0ijB t =

Ñçê=~ää=á=~åÇ=à=ïÜáÅÜ=~ääçïë=ìë=íç=Å~äÅìä~íÉ=íÜÉ=bms=çÑ=~=ìåáí=é~óãÉåí=
ïÜáäÉ=íÜÉ=áåÇáîáÇì~ä=áë=áå=íÜÉ=ëÉîÉêÉ=ÅçêÉ=~Åíáîáíó=êÉëíêáÅíáçå=ëí~íÉI=ë~ó=
bmsQK=
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5 ( ) 1,b t 1 2 3 4 6( ) ( ) ( ) ( ) ( ) 0b t b t b t b t b t I=~åÇ= ( ) 0ijB t =

Ñçê=~ää=á=~åÇ=à=ïÜáÅÜ=~ääçïë=ìë=íç=Å~äÅìä~íÉ=íÜÉ=bms=çÑ=~=ìåáí=é~óãÉåí=
ïÜáäÉ=íÜÉ=áåÇáîáÇì~ä=áë=áå=íÜÉ=éêçÑçìåÇ=ÅçêÉ=~Åíáîáíó=êÉëíêáÅíáçå=ëí~íÉI=
ë~ó=bmsRK=

rëáåÖ= íÜÉ=éêáåÅáéäÉ= çÑ= Éèìáî~äÉåÅÉI= íÜÉ=åÉí= ~ååì~ä= éêÉãáìãI=mI=
ã~ó=ÄÉ=Å~äÅìä~íÉÇ=~ëW=

1 4 5P EPV A EPV EPV = EOTF=

kçíÉ= íÜ~í= íÜÉ= ëóëíÉã=çÑ=qÜáÉäÉÛë=ÇáÑÑÉêÉåíá~ä= Éèì~íáçåë=ã~ó=åçí=
ÄÉ= ëçäîÉÇ= ~å~äóíáÅ~ääóK= tÉ= íÜÉêÉÑçêÉ= ëçäîÉ= åìãÉêáÅ~ääóK= kçíÉ= ~äëç=
íÜ~í=ì= áë= êÉèìáêÉÇ= íç= ÄÉ= ëìÑÑáÅáÉåíäó= ä~êÖÉ= íç=ãáãáÅ= ~= ïÜçäÉ= çÑ= äáÑÉ=
~ëëìê~åÅÉK==

cìêíÜÉêãçêÉI=^=~åÇ= ~êÉ= ÑäÉñáÄäÉ=~åÇ=ã~ó=ÄÉ=ãçÇáÑáÉÇ=É~ëáäóK=

tÉ= éêçîáÇÉ= ~= åìãÉêáÅ~ä= Éñ~ãéäÉ= ÜÉêÉ= E~ë= ~å= áääìëíê~íáçå= ~åÇ= Ñçê=
Åçãé~ê~íáîÉ=éìêéçëÉëF=ìëáåÖ= íÜÉ=Ä~ëÉë=ÉãéäçóÉÇ=Äó=t~äëÜ=~åÇ=aÉ=
o~îáå= ENVVRF= ~åÇ= t~äâÉê= ENVVMF= ïÜç= ÅçåëáÇÉêÉÇ= éêáÅáåÖ= iq`=
éêçÇìÅíë=áå=^ìëíê~äá~=ìëáåÖ=ÇáÑÑÉêÉåí=ãçÇÉääáåÖ=ãÉíÜçÇçäçÖáÉëK==

få= íÜÉëÉ= ëíìÇáÉëI=~=åçãáå~ä= ê~íÉ=çÑ= áåíÉêÉëí=çÑ=UB=éÉê=~ååìã= áë=
~ëëìãÉÇ=ïÜÉêÉ=éêÉãáìãë=~êÉ=áåÅêÉ~ëáåÖ=~í=~å=~ëëìãÉÇ=áåÑä~íáçå=ê~íÉ=
çÑ= QB= éÉê= ~ååìã= ~åÇ= ÄÉåÉÑáíë= ~êÉ= ëáãáä~êäó= áåÅêÉ~ëÉÇ= Äó= QB= éÉê=
~ååìã=ïÜÉíÜÉê= íÜÉ= áåëìêÉÇ= áë=Åä~áãáåÖ=çê=åçíK=qÜìë=~=QB=ÉÑÑÉÅíáîÉ=
åÉí=áåíÉêÉëí=ê~íÉ=éÉê=~ååìã=áë=~ééêçéêá~íÉ=Ñçê=Åçãé~ê~íáîÉ=éìêéçëÉëK=
^=ÄÉåÉÑáí=äÉîÉä=çÑ=AQMM=éÉê=ïÉÉâ=çåÅÉ=áå=~å=iq`=Åä~áãáåÖ=ëí~íÉ=ï~ë=
~äëç= ~ëëìãÉÇ= Ñçê= É~ëÉ= çÑ= Åçãé~êáëçå= ïáíÜ= t~äëÜ= ~åÇ= aÉ= o~îáå=
ENVVRF=~åÇ=t~äâÉê=ENVVMFK=q~ÄäÉ=NS=êÉéçêíë=íÜÉ=åÉí=~ååì~ä=éêÉãáìã=
Ñçê=~=ïÜçäÉ=çÑ=äáÑÉ=ëí~åÇJ~äçåÉ=iq`=éçäáÅó=Å~äÅìä~íÉÇ=~í=R=óÉ~êäó=~ÖÉ=
áåíÉêî~äë= ~äçåÖëáÇÉ= êÉëìäíë= éìÄäáëÜÉÇ= Äó=t~äâÉê= ENVVMF= ~åÇ=t~äëÜ=
~åÇ=aÉ=o~îáå=ENVVRFK==
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Table 16: Male and female net annual premiums for a whole 
of life stand-alone LTC policy calculated using 
Thiele’s differential equations compared to other 
studies. 

Net Annual Premium ($ per annum): $400 per week LTC benefit 

 Leung Walker Walsh & De Ravin 
Age Male Female Male Female Male Female 
20 740 909 - - 580 835 
25 825 1043 - - 706 971 
30 937 1220 413 1030 850 1140 
35 1084 1456 520 1314 978 1358 
40 1283 1771 567 1702 1123 1648 
45 1555 2200 834 2244 1349 2053 
50 1931 2788 1090 3056 1706 2645 
55 2457 3603 1516 4461 2306 3609 
60 3212 4758 2399 7487 3557 5667 

pÉîÉê~ä=ÖÉåÉê~ä=ÅçããÉåíë=Å~å=ÄÉ=ã~ÇÉ=çå=íÜÉ=Åçãé~êáëçå=çÑ=íÜÉ=
êÉëìäíë= éêçÇìÅÉÇ= Äó= íÜáë= ãçÇÉä= ~åÇ= íÜçëÉ= çÑ= t~äâÉê= ENVVMF= ~åÇ=
t~äëÜ=~åÇ=aÉ=o~îáå=ENVVRFK==

lìê= êÉëìäíë= ~êÉ= ÅçåëáëíÉåí= ïáíÜ= éêÉîáçìë= ëíìÇáÉë= áå= íÜ~í= ã~äÉ=
éêÉãáìã=ê~íÉë=~êÉ=ìåáÑçêãäó= äÉëë=íÜ~å=ÑÉã~äÉ=éêÉãáìã=ê~íÉë=ïÜáÅÜ=
áë=ìåëìêéêáëáåÖ=ÖáîÉå=ÜáÖÜÉê=iq`=ìíáäáë~íáçå=ê~íÉë=Äó=ÑÉã~äÉëK=

lìê=êÉëìäíë=~ééÉ~ê=ãçêÉ=ÅäçëÉäó=áå=äáåÉ=ïáíÜ=íÜçëÉ=çÑ=t~äëÜ=~åÇ=
aÉ=o~îáå= ENVVRFK=qÜáë= áë= åçí= ëìêéêáëáåÖ= ÖáîÉå= íÜÉ= ëáãáä~êáíó= áå=Ç~í~=
ëçìêÅÉK=t~äëÜ=~åÇ=aÉ=o~îáå=ENVVRF=Ä~ëÉ=íÜÉáê=éêÉãáìã=ê~íÉë=çå=íÜÉ=
NVVP=^_p=ëìêîÉó=Ç~í~=Ó=íÜÉ=ëìêîÉó=áããÉÇá~íÉäó=éêÉÅÉÇáåÖ=íÜÉ=NVVU=
^_p=ëìêîÉó=ìëÉÇ= áå= íÜáë=é~éÉêK=dáîÉå= íÜ~í=çìê= ê~íÉë=~êÉ=ÜáÖÜÉê= Ñçê=
ÄçíÜ=ã~äÉë=~åÇ=ÑÉã~äÉë=~ë=Åçãé~êÉÇ=íç=t~äëÜ=~åÇ=aÉ=o~îáå=ENVVRFI=
áí=~ééÉ~êë=éêáã~=Ñ~ÅáÉ=íÜ~í=çìê=ÜÉ~îáÉê=éêÉãáìã=ê~íÉ= áë=~ííêáÄìí~ÄäÉ=
íç=~å=áåÅêÉ~ëáåÖ=íêÉåÇ=áå=Çáë~ÄáäáíóK=kçíÉI=ÜçïÉîÉêI=íÜ~í=~=ÅÜ~åÖÉ=áå=
ëìêîÉó=ÇÉëáÖå=Ñêçã=NVVP=íç=NVVU=áë=ïÉää=ÇçÅìãÉåíÉÇ=~åÇ=åç=ÅÜ~åÖÉ=
áå= Çáë~Äáäáíó= íêÉåÇ= áë= ~éé~êÉåí= Ej~ÇÇÉå= ~åÇ= tÉå= OMMNFK= qÜÉ=
ÇáÑÑÉêÉåÅÉ=áå=çìê=éêÉãáìã=ê~íÉë=áë=ãçêÉ=äáâÉäó=~ííêáÄìí~ÄäÉ=íç=t~äëÜ=
~åÇ= aÉ= o~îáå= ENVVRF= çåäó= ÅçåëáÇÉêáåÖ= íÜÉ= éêçÑçìåÇ= ÅçêÉ= ~Åíáîáíó=
êÉëíêáÅíáçå= Å~íÉÖçêó= ~ë= ~å=iq`= Åä~áãáåÖ= ëí~íÉ=ïÜÉêÉ~ë=ïÉ= ÅçåëáÇÉê=
ÄçíÜ=íÜÉ=éêçÑçìåÇ=~åÇ=ëÉîÉêÉ=ÅçêÉ=~Åíáîáíó=êÉëíêáÅíáçå=Å~íÉÖçêáÉëK=
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^=ÑìêíÜÉê=Äìí= äÉëë=ëáÖåáÑáÅ~åí=ÅçåíêáÄìíáåÖ=Ñ~Åíçê=ã~ó=~äëç=ÄÉ=~å=
áãéêçîÉãÉåí=áå=ãçêí~äáíó=Ñêçã=NVVP=íç=NVVUK==

lìê= êÉëìäíë= ~êÉ= ÜáÖÜÉê= íÜ~å= t~äâÉê= ENVVMFK= qÜÉ= ÇáÑÑÉêÉåÅÉ= áë=
ìåÇçìÄíÉÇäó= êÉä~íÉÇ= íç= íÜÉ= ëçìêÅÉë= çÑ= Ç~í~= ìëÉÇK= t~äâÉê= ENVVMF=
êÉëíêáÅíë= Üáë= ~ííÉåíáçå= íç= åìêëáåÖ= ÜçãÉ= Ç~í~K= tÉ= ïçìäÇ= íÜÉêÉÑçêÉ=
ÉñéÉÅí= íÜ~í= áåÅáÇÉåÅÉ= ê~íÉë= ìëÉÇ= áå= t~äâÉêÛë= ENVVMF= éêÉãáìã=
Å~äÅìä~íáçåë=ä~êÖÉäó=áÖåçêÉ=iq`=Åä~áãë=~êáëáåÖ=Ñêçã=åçåJáåëíáíìíáçå~ä=
iq`=~åÇ=íÜìë=êÉëìäí=áå=~=äçïÉê=éêÉãáìãK==

lîÉê~ääI= íÜÉ= åÉí= ~ååì~ä= éêÉãáìã= ê~íÉë= Ñçê= ÄçíÜ= ã~äÉë= ~åÇ=
ÑÉã~äÉë= Å~äÅìä~íÉÇ= ìëáåÖ= qÜáÉäÉÛë= ÇáÑÑÉêÉåíá~ä= Éèì~íáçåë= ïáíÜáå= ~=
ãìäíáéäÉ= ëí~íÉ= ãçÇÉä= Ñê~ãÉïçêâ= ~ééÉ~ê= ÄçíÜ= êÉ~ëçå~ÄäÉ= ~åÇ=
ÅçåëáëíÉåí=ïáíÜ=éêÉîáçìë=^ìëíê~äá~å=ëíìÇáÉëK==

qÜáë= éêáÅáåÖ= Ñê~ãÉïçêâ= ã~ó= É~ëáäó= ÄÉ= ÉñíÉåÇÉÇ= íç= çíÜÉê= iq`=
éêçÇìÅí=íóéÉëK=cçê=áåëí~åÅÉI=ÅçåëáÇÉê=~=ïÜçäÉ=çÑ=äáÑÉ=~ëëìê~åÅÉ=éçäáÅó=
ïáíÜ=iq`=êáÇÉê=ÄÉåÉÑáí=ïÜÉêÉ=éêÉãáìãë=~êÉ=é~ó~ÄäÉ=Åçåíáåìçìëäó=~í=
ê~íÉ=m=éÉê=~ååìã=ïÜáäÉ=~ÄäÉ=EáÉK=åç=ÅçêÉ=~Åíáîáíó=êÉëíêáÅíáçåF=~åÇ=~å=
~ååìáíó= áë= é~ó~ÄäÉ= íç= íÜÉ= éçäáÅóÜçäÇÉê= ~í= ê~íÉ=^= éÉê= ~ååìã= ïÜáäÉ=
ÉåÇìêáåÖ=ëÉîÉêÉ=çê=éêçÑçìåÇ=ÅçêÉ=~Åíáîáíó=êÉëíêáÅíáçåëK=få=~ÇÇáíáçåI=~=
ëìã=~ëëìêÉÇI=pI=áë=é~ó~ÄäÉ=áããÉÇá~íÉäó=çå=ÇÉ~íÜ=Ñêçã=~åó=äáîÉ=ëí~íÉK=

qÜ~í= áëI= ïÉ= åÉÉÇ= íç= ÅçåëáÇÉê= íÜÉ= Å~ëÉ= ïÜÉêÉ=
( ) 0ib t Ñçê 1,2,...,5i ~åÇ= 6 ( ) 1jB t Ñçê=àZNIOIÁIR=ïÜáÅÜ=~ääçïë=ìë=íç=

Å~äÅìä~íÉ=íÜÉ=bms=çÑ=~=ìåáí=é~óãÉåí=ïÜÉå=íÜÉ=áåÇáîáÇì~ä=íê~åëáíë=íç=
íÜÉ=ÇÉ~Ç=ëí~íÉI=ë~ó=bmsSK=

^Ö~áåI=ìëáåÖ= íÜÉ=éêáåÅáéäÉ=çÑ=Éèìáî~äÉåÅÉI= íÜÉ=Å~äÅìä~íáçå=çÑ= íÜÉ=
åÉí=~ååì~ä=éêÉãáìã= Ñçê= íÜáë= êáÇÉê=ÄÉåÉÑáí=éçäáÅó=ã~ó=ÄÉ= Å~äÅìä~íÉÇ=
~ëW=

1 4 5 6P EPV A EPV EPV S EPV = EOUF=

q~ÄäÉ= NT= éêÉëÉåíë= íÜÉ= åÉí= ~ååì~ä= éêÉãáìã= Ñçê= ~= ïÜçäÉ= çÑ= äáÑÉ=
~ëëìê~åÅÉ=éçäáÅó=ïáíÜ=~=iq`=êáÇÉê=ÄÉåÉÑáíI=Å~äÅìä~íÉÇ=~í=R=óÉ~êäó=~ÖÉ=
áåíÉêî~äë=ìëáåÖ= íÜÉ= ë~ãÉ=Ä~ëáë= ~ë= íÜÉ= ëí~åÇJ~äçåÉ=éçäáÅó=ïáíÜ=~= ëìã=
~ëëìêÉÇI=pI=çÑ=AOR=MMMK==
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Table 17: Male and female net annual premiums for a whole 
of life assurance policy with LTC rider benefit 
calculated using Thiele’s differential equations. 

Net Annual Premium ($ per annum): $400 per week LTC benefit, 
$25 000 death benefit 

Age Male Female 
20 917 1050 
25 1041 1216 
30 1211 1437 
35 1442 1733 
40 1758 2134 
45 2193 2683 
50 2800 3442 
55 3658 4506 
60 4897 6030 
65 6767 8346 

qÜÉ= éêÉãáìã= ê~íÉë= Ñçê= íÜÉ= ïÜçäÉ= çÑ= äáÑÉ= ~ëëìê~åÅÉ= éçäáÅó= ïáíÜ=
iq`= êáÇÉê= ÄÉåÉÑáí= ~êÉ= ÅäÉ~êäó= ÜÉ~îáÉê= íÜ~å= íÜÉ= ëí~åÇ= ~äçåÉ= iq`=
éçäáÅó= êÉÑäÉÅíáåÖ= íÜÉ= ~ÇÇáíáçå= çÑ= íÜÉ= ÇÉ~íÜ= ÄÉåÉÑáíK=jçêÉçîÉêI= íÜÉó=
~êÉ=éêçéçêíáçå~ääó=ÜáÖÜÉê=~í=íÜÉ=çäÇÉê=~ÖÉë=~ë=ÉñéÉÅíÉÇK=

få= Åçåíê~ëí= íç= åÉí= ~ååì~ä= éêÉãáìãëI= íÜÉ= ëáåÖäÉ= éêÉãáìã= Ñçê= ~=
ïÜçäÉ= çÑ= äáÑÉ= ~ëëìê~åÅÉ= éçäáÅó= ïáíÜ= iq`= êáÇÉê= ÄÉåÉÑáí= ïÜÉêÉ=
éêÉãáìãë=~êÉ=é~ó~ÄäÉ=Åçåíáåìçìëäó=~í=ê~íÉ=m=éÉê=~ååìã=ïÜáäÉ=~ÄäÉ=
EáÉK= åç= ÅçêÉ= ~Åíáîáíó= êÉëíêáÅíáçåF= ~åÇ= ~å= ~ååìáíó= é~ó~ÄäÉ= íç= íÜÉ=
éçäáÅóÜçäÇÉê=~í=ê~íÉ=^=éÉê=~ååìã=ïÜáäÉ=ÉåÇìêáåÖ=ëÉîÉêÉ=çê=éêçÑçìåÇ=
ÅçêÉ=~Åíáîáíó=êÉëíêáÅíáçåë=ïáíÜ=ëìã=~ëëìêÉÇ=pI=é~ó~ÄäÉ=áããÉÇá~íÉäó=çå=
ÇÉ~íÜ=Ñêçã=~åó=äáîÉ=ëí~íÉI=ã~ó=ÄÉ=Å~äÅìä~íÉÇ=ÇáêÉÅíäó=Äó=áåÅäìÇáåÖ=~ää=
ÄÉåÉÑáí=é~óãÉåíë=~åÇ=ëìãë=~ëëìêÉÇ=ÅçåÅìêêÉåíäóK=

q~ÄäÉ=NU=éêÉëÉåíë=íÜÉ=ëáåÖäÉ=éêÉãáìã=Ñçê=ÄçíÜ=~=iq`=ëí~åÇ=~äçåÉ=
éçäáÅó= ~åÇ= ïÜçäÉ= çÑ= äáÑÉ= ~ëëìê~åÅÉ= éçäáÅó= ïáíÜ= iq`= êáÇÉê= ÄÉåÉÑáíI=
Å~äÅìä~íÉÇ= ~í= R= óÉ~êäó= ~ÖÉ= áåíÉêî~äë= ìëáåÖ= íÜÉ= ë~ãÉ= Ä~ëÉë= ~ë= éÉê=
Å~äÅìä~íáçåë=Ñçê=åÉí=~ååì~ä=éêÉãáìãëK=
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Table 18: Male and female single premiums for a whole of life 
assurance policy with LTC rider benefit and LTC 
stand-alone policy calculated using Thiele’s 
differential equations. 

Single Premium ($): $400 per week LTC benefit, whole of life policy 
includes $25 000 sum assured 

 Stand Alone Whole of life with rider 
Age Male Female Male Female 
20 14457 18215 17570 20700 
25 15492 20142 19136 23054 
30 16646 22437 21103 25908 
35 17930 25131 23258 29311 
40 19346 28234 25803 33285 
45 20874 31714 28616 37808 
50 22464 35484 31603 42789 
55 24039 39390 34635 48067 
60 25560 43266 37609 53453 
65 27222 47178 46661 58986 

dáîÉå=ÅçåíáåìáåÖ=~Çî~åÅÉë= áå=ãÉÇáÅ~ä= íÉÅÜåçäçÖó=~åÇ=ÇÉÅäáåáåÖ=
ãçêí~äáíó= ê~íÉëI= íÜÉ= éêáÅáåÖ= çÑ= ëáåÖäÉ= éêÉãáìã= ÄìëáåÉëë= áåîçäîÉë=
ëáÖåáÑáÅ~åí=êáëâ=íç=íÜÉ=áåëìêÉêK=få=éê~ÅíáÅ~ä=íÉêãëI=çåÉ=ïçìäÇ=áã~ÖáåÉ=
íÜ~í=~ååì~ä=iq`=Åçåíê~Åíë=ïáíÜ=ê~íÉë=~Çàìëí~ÄäÉ=Äó=ÉñéÉêáÉåÅÉ=ïçìäÇ=
ÑáåÇ=ãçêÉ=Ñ~îçìê=~ãçåÖ=^ìëíê~äá~å=áåëìêÉêë=~åÇ=êÉáåëìêÉêë=ïÜç=ã~ó=
ëÉÉâ=íç=ÜÉÇÖÉ=~Ö~áåëí=áãéêçîáåÖ=ãçêÄáÇáíó=ÉñéÉêáÉåÅÉK=

8.5 Reserving for Illustrative LTC Products 

e~îáåÖ=ëçäîÉÇ=Ñçê=íÜÉ=åÉí=~ååì~ä=éêÉãáìãI=mI=ïÉ=ã~ó=Å~äÅìä~íÉ=
íÜÉ= ÇÉîÉäçéãÉåí= çÑ= íÜÉ= êÉëÉêîÉ= Ñçê= É~ÅÜ= ëí~íÉ= J=

1 2 3 4( , ), ( , ), ( , ), ( , )V r u V r u V r u V r u = ~åÇ= 5 ( , )V r u K=^ää=ïÉ=åÉÉÇ= ëéÉÅáÑó= ~êÉ=
íÜÉ=ÄçìåÇ~êó=ÅçåÇáíáçåë=ÖáîÉå=~ëW==

1 2 3 4 5( , ) ( , ) ( , ) ( , ) ( , ) 0V u u V u u V u u V u u V u u = EOVF=

cçê= áääìëíê~íáîÉ= éìêéçëÉëI= ïÉ= éêÉëÉåí= êÉëìäíë= Ñçê= íÜÉ= êÉëÉêîÉ=
éêçÑáäÉ= Ñçê= ~å= áåëìêÉÇ= ã~äÉ= äáÑÉ= ~ÖÉÇ= OM= ìåÇÉê= ~= iq`= ëí~åÇJ~äçåÉ=
éçäáÅó=áå=cáÖìêÉ=SK==
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lîÉê~ääI= íÜÉ= êÉëìäíë= áå= cáÖìêÉ= T= ëÜçï= íÜ~í= íÜÉ= ÄÉÜ~îáçìê= çÑ=
( , )iV r u áë=ä~êÖÉäó=~ë=ÉñéÉÅíÉÇK=oÉëÉêîÉë=Ñçê=åçåJiq`=Åä~áãáåÖ=ëí~íÉë=

E 1( , )V r u I 2 ( , )V r u =~åÇ= 3( , )V r u F=ÄÉÖáå=~í=òÉêç=Eëí~íÉ=NF=çê=~= äçï=äÉîÉä=
Eëí~íÉë= O= ~åÇ= PF= ~åÇ= Öê~Çì~ääó= ÄìáäÇ= ÄÉÑçêÉ= Ñ~ääáåÖ= ~åÇ= ìäíáã~íÉäó=
êÉäÉ~ëáåÖ=íÜÉ=ÉåíáêÉ=êÉëÉêîÉ=~í=íÜÉ=ÉåÇ=çÑ=íÜÉ=éçäáÅó=íÉêãK=oÉëÉêîÉë=áå=
iq`= Åä~áãáåÖ= ëí~íÉëI= ÜçïÉîÉêI= ÄÉÖáå= ~í= îÉêó= ÜáÖÜ= äÉîÉäë= ~åÇ=
Öê~Çì~ääó=Ñ~ää=íç=òÉêç=~í=íÜÉ=ÉåÇ=çÑ=íÜÉ=éçäáÅó=íÉêãK=

fåëìêÉêë=~êÉ=äáâÉäó=íç=ÄÉ=ãçëí=ÅçåÅÉêåÉÇ=ïáíÜ= 1( , )V r u =~ë=íÜÉ=î~ëí=
ã~àçêáíó= çÑ= iq`= éçäáÅáÉë= ïçìäÇ= çêÇáå~êáäó= ÄÉ= ~ÑÑÉÅíÉÇ= ïÜáäÉ= íÜÉ=
áåÇáîáÇì~ä=áë=áå=íÜÉ=åçå=ÅçêÉ=~Åíáîáíó=êÉëíêáÅíáçå=ëí~íÉK=få=É~ÅÜ=çÑ=íÜÉ=
êÉëÉêîÉ=éêçÑáäÉë= Å~äÅìä~íÉÇ=ÜÉêÉI= 1( , )V r u = Ü~ë= ~= òÉêç= êÉëÉêîÉ= ~í= ÄçíÜ=
Åçåíê~Åí= áëëìÉ= ~åÇ= íÉêãáå~íáçå=ïÜáÅÜ= áë= ÇáêÉÅíäó= ~ííêáÄìí~ÄäÉ= íç= íÜÉ=
Éèìáî~äÉåÅÉ=éêáåÅáéäÉK=^å=áåíÉêÉëíáåÖ=éçáåí=íç=åçíÉ=áë=íÜ~í=íÜÉ=êÉëÉêîÉ=
äÉîÉäë=Ñçê=ÄçíÜ=íÜÉ=ãáäÇ=~åÇ=ãçÇÉê~íÉ=ÅçêÉ=~Åíáîáíó=êÉëíêáÅíáçå=ëí~íÉë=
E 2 ( , )V r u = ~åÇ= 3( , )V r u F= ÄÉÖáå= ~í= ~= éçëáíáîÉ= åçåJòÉêç= äÉîÉä= ÇÉëéáíÉ=
ÄÉáåÖ=~=åçå=ÄÉåÉÑáí=Åä~áãáåÖ=ëí~íÉK=qÜáë=áë=~=êÉëìäí=çÑ=çìê=ÜóéçíÜÉíáÅ~ä=
éçäáÅó=ÇÉëáÖåë=áå=íÜáë=é~éÉê=åçí=êÉèìáêáåÖ=éêÉãáìãë=íç=ÄÉ=é~áÇ=ïÜáäÉ=
íÜÉ=áåëìêÉÇ=áë=áå=ÉáíÜÉê=íÜÉ=ãáäÇ=çê=ãçÇÉê~íÉ=ÅçêÉ=~Åíáîáíó=êÉëíêáÅíáçå=
ëí~íÉë= ÇÉëéáíÉ= íÜÉ= éêçÄ~Äáäáíó= çÑ= íê~åëáíáåÖ= íç= ~=iq`= Åä~áãáåÖ= ëí~íÉ=
ÄÉáåÖ=ÖêÉ~íÉê=íÜ~å=Ñêçã=íÜÉ=åç=ÅçêÉ=~Åíáîáíó=êÉëíêáÅíáçå=ëí~íÉK=
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Figure 7: Reserve profile for a male insured life aged 40 under 
a LTC stand-alone policy. 
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9.0 Testing Model Sensitivities 

^é~êí=Ñêçã=íÜÉ=ÖÉåÉê~ä=Çá~ÖåçëíáÅ=éìêéçëÉë=çÑ=ëÉåëáíáîáíó=íÉëíáåÖ=
çÑ=çìê=ãçÇÉäI=íÜÉêÉ=~êÉ=íïç=áãéçêí~åí=~ÇÇáíáçå~ä=ãçíáî~íáåÖ=Ñ~ÅíçêëK==

qÜÉ= Åçåëíê~áåáåÖ= éêçÅÉÇìêÉ= áå= pÉÅíáçå= SKO= íç= ÉåëìêÉ= íÜÉ= çÑÑJ
Çá~Öçå~ä=ÉåíêáÉë=çÑ=íÜÉ=íê~åëáíáçå=áåíÉåëáíó=ã~íêáÅÉë=~êÉ=åçåJåÉÖ~íáîÉ=
áãéäáÅáíäó= Å~ìëÉë= ÇÉîá~íáçå= Ñêçã= íÜÉ= íê~åëáíáçå= éêçÄ~ÄáäáíáÉë=
Éëíáã~íÉÇ=Ñêçã=íÜÉ=Ç~í~K=tÉ=ïçìäÇ=íÜÉêÉÑçêÉ= äáâÉ=íç=ÇÉíÉêãáåÉ=íÜÉ=
áãé~Åí= çÑ= ìåáÑçêãäó= ÜáÖÜÉê= çê= äçïÉê= íê~åëáíáçå= áåíÉåëáíáÉë= çå= çìê=
Ñáå~åÅá~ä=Å~äÅìä~íáçåëK==

qÜÉ= Å~äÅìä~íáçå= çÑ= íê~åëáíáçå= áåíÉåëáíáÉë= Ñêçã= íê~åëáíáçå=
éêçÄ~ÄáäáíáÉë= êÉèìáêÉë= íÜÉ= ~ëëìãéíáçå= çÑ= éáÉÅÉïáëÉ= Åçåëí~åí=
áåíÉåëáíáÉë=Ñçê=É~ÅÜ=~ÖÉK=tÉ=ëìëéÉÅí= íÜ~í=íÜáë=~ëëìãéíáçå=áë=éÉêÜ~éë=
èìÉëíáçå~ÄäÉ=~í=íÜÉ=ÉñíêÉãÉäó=ÜáÖÜ=~ÖÉë=~ë=Å~å=ÄÉ=ëÉÉå=Ñêçã=ëÉîÉê~ä=
íê~åëáíáçå= áåíÉåëáíó= ÑìåÅíáçåë=~Äêìéíäó=ÅÜ~åÖáåÖ=ÇáêÉÅíáçå=~í= íÜÉ= ä~ëí=
ÑÉï=~ÖÉë=EêÉÑÉê=íç=pÉÅíáçå=TFK=tÉ=~åíáÅáé~íÉÇ=íÜ~í=íÜáë=ïçìäÇ=Ü~îÉ=~=
ãáåáã~ä= áãé~Åí= çå= çìê= Ñáå~åÅá~ä= Å~äÅìä~íáçåëK= tÉ= ïçìäÇ= äáâÉ= íç=
ÇÉíÉêãáåÉ= áÑ= íÜáë= áë= ÖÉåÉê~ääó= íÜÉ= Å~ëÉ= Äó= ìåáÑçêãäó= ~ÇàìëíáåÖ=
íê~åëáíáçå=áåíÉåëáíáÉë=~í=íÜÉ=ÜáÖÜÉê=~ÖÉëK=

qÜÉ=~ééêç~ÅÜ=áå=íÜáë=ëÉÅíáçå=áë=íç=ÅçåëíêìÅí=ëáñíÉÉå=ëÅÉå~êáçë=Ñçê=
ÄçíÜ=ã~äÉë=~åÇ=ÑÉã~äÉë=ïáíÜ=É~ÅÜ=ëÅÉå~êáç=êÉèìáêáåÖ=ãçÇáÑáÅ~íáçå=íç=
ëÉäÉÅíÉÇ=íê~åëáíáçå=áåíÉåëáíó=ÑìåÅíáçåëK=mêÉãáìã=Å~äÅìä~íáçåë=~êÉ=íÜÉå=
éÉêÑçêãÉÇ= ~åÇ= Åçãé~êÉÇ= íç= çìê= ÚÄÉëí= Éëíáã~íÉëÛ= ~ë= ÇÉíÉêãáåÉÇ= áå=
pÉÅíáçå= UK= cçê= ÄêÉîáíóI= ïÉ= êÉëíêáÅí= çìê= ~ííÉåíáçå= ÜÉêÉ= íç= íÜÉ= åÉí=
~ååì~ä=éêÉãáìã=Å~äÅìä~íÉÇ=Ñçê=íÜÉ=iq`=ëí~åÇJ~äçåÉ=íóéÉ=éçäáÅóK==

qÜÉ=ëáñíÉÉå=ëÅÉå~êáçëI=^=íÜêçìÖÜ=mI=~êÉ=~ë=ÑçääçïëW=

^K= råáÑçêã=NMB=áåÅêÉ~ëÉ=Ñçê=~ää=~ÖÉë=íç=íê~åëáíáçå=áåíÉåëáíáÉë=íç=
iq`=Åä~áãáåÖ=ëí~íÉë=EáÉK=NMB=áåÅêÉ~ëÉ=íç=

14 15 24 25 34 35 45, , , , , ,x x x x x x x FK=

_K= råáÑçêã=NMB=ÇÉÅêÉ~ëÉ=Ñçê=~ää=~ÖÉë=íç=íê~åëáíáçå=áåíÉåëáíáÉë=íç=
iq`=Åä~áãáåÖ=ëí~íÉë=EáÉK=NMB=ÇÉÅêÉ~ëÉ=íç=

14 15 24 25 34 35 45, , , , , ,x x x x x x x FK=
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`K= råáÑçêã=NMB=áåÅêÉ~ëÉ=Ñçê=~ää=~ÖÉë=áå=ãçêí~äáíó=íê~åëáíáçå=
áåíÉåëáíáÉë=Ñêçã=iq`=Åä~áãáåÖ=ëí~íÉë=EáÉK=NMB=áåÅêÉ~ëÉ=íç= 46

x =
~åÇ= 56

x FK=

aK= råáÑçêã=NMB=ÇÉÅêÉ~ëÉ=Ñçê=~ää=~ÖÉë=áå=ãçêí~äáíó=íê~åëáíáçå=
áåíÉåëáíáÉë=Ñêçã=iq`=Åä~áãáåÖ=ëí~íÉë=EáÉK=NMB=ÇÉÅêÉ~ëÉ=íç= 46

x =
~åÇ= 56

x FK=

bK= råáÑçêã=NMB=áåÅêÉ~ëÉ=Ñçê=~ää=~ÖÉë=áå=êÉÅçîÉêó=íê~åëáíáçå=
áåíÉåëáíáÉë=Ñêçã=iq`=Åä~áãáåÖ=ëí~íÉë=EáÉK=NMB=áåÅêÉ~ëÉ=íç= 54

x =~åÇ=
43
x FK=

cK= råáÑçêã=NMB=ÇÉÅêÉ~ëÉ=Ñçê=~ää=~ÖÉë=áå=êÉÅçîÉêó=íê~åëáíáçå=
áåíÉåëáíáÉë=Ñêçã=iq`=Åä~áãáåÖ=ëí~íÉë=EáÉK=NMB=ÇÉÅêÉ~ëÉ=íç= 54

x =
~åÇ= 43

x FK=

dK= råáÑçêã=NMB=áåÅêÉ~ëÉ=íç=íê~åëáíáçå=áåíÉåëáíáÉë=íç=iq`=Åä~áãáåÖ=
ëí~íÉë=Ñçê=äáîÉë=~ÖÉÇ=SR=~åÇ=çîÉê=EáÉK=NMB=áåÅêÉ~ëÉ=íç=

14 15 24 25 34 35 45, , , , , ,x x x x x x x =ïÜÉêÉ= 65x FK=

eK= råáÑçêã=NMB=ÇÉÅêÉ~ëÉ=íç=íê~åëáíáçå=áåíÉåëáíáÉë=íç=iq`=Åä~áãáåÖ=
ëí~íÉë=Ñçê=äáîÉë=~ÖÉÇ=SR=~åÇ=çîÉê=EáÉK=NMB=ÇÉÅêÉ~ëÉ=íç=

14 15 24 25 34 35 45, , , , , ,x x x x x x x =ïÜÉêÉ= 65x FK=

fK= råáÑçêã=NMB=áåÅêÉ~ëÉ=áå=ãçêí~äáíó=íê~åëáíáçå=áåíÉåëáíáÉë=Ñêçã=
iq`=Åä~áãáåÖ=ëí~íÉë=Ñçê=äáîÉë=~ÖÉÇ=SR=~åÇ=çîÉê=EáÉK=NMB=áåÅêÉ~ëÉ=
íç= 46

x ~åÇ= 56
x =ïÜÉêÉ= 65x FK=

gK= råáÑçêã=NMB=ÇÉÅêÉ~ëÉ=áå=ãçêí~äáíó=íê~åëáíáçå=áåíÉåëáíáÉë=Ñêçã=
iq`=Åä~áãáåÖ=ëí~íÉë=Ñçê=äáîÉë=~ÖÉÇ=SR=~åÇ=çîÉê=EáÉK=NMB=ÇÉÅêÉ~ëÉ=
íç= 46

x ~åÇ= 56
x =ïÜÉêÉ= 65x FK=

hK= råáÑçêã=NMB=áåÅêÉ~ëÉ=áå=êÉÅçîÉêó=íê~åëáíáçå=áåíÉåëáíáÉë=Ñêçã=
iq`=Åä~áãáåÖ=ëí~íÉë=Ñçê=äáîÉë=~ÖÉÇ=SR=~åÇ=çîÉê=EáÉK=NMB=áåÅêÉ~ëÉ=
íç= 54

x ~åÇ= 43
65 =ïÜÉêÉ= 65x FK=

iK= råáÑçêã=NMB=ÇÉÅêÉ~ëÉ=áå=êÉÅçîÉêó=íê~åëáíáçå=áåíÉåëáíáÉë=Ñêçã=
iq`=Åä~áãáåÖ=ëí~íÉë=Ñçê=äáîÉë=~ÖÉÇ=SR=~åÇ=çîÉê=EáÉK=NMB=ÇÉÅêÉ~ëÉ=
íç= 54

65 ~åÇ= 43
x =ïÜÉêÉ= 65x FK=

jK=råáÑçêã=NMB=áåÅêÉ~ëÉ=Ñçê=~ää=~ÖÉë=íç=íê~åëáíáçå=áåíÉåëáíáÉë=íç=
iq`=Åä~áãáåÖ=ëí~íÉë=EáÉK=NMB=áåÅêÉ~ëÉ=íç=

14 15 24 25 34 35 45, , , , , ,x x x x x x x FI=ìåáÑçêã=NMB=ÇÉÅêÉ~ëÉ=Ñçê=~ää=~ÖÉë=
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áå=ãçêí~äáíó=íê~åëáíáçå=áåíÉåëáíáÉë=Ñêçã=iq`=Åä~áãáåÖ=ëí~íÉë=EáÉK=
NMB=ÇÉÅêÉ~ëÉ=íç= 46

x ~åÇ= 56
x F=~åÇ=ìåáÑçêã=NMB=ÇÉÅêÉ~ëÉ=Ñçê=~ää=

~ÖÉë=áå=êÉÅçîÉêó=íê~åëáíáçå=áåíÉåëáíáÉë=Ñêçã=iq`=Åä~áãáåÖ=ëí~íÉë=
EáÉK=NMB=ÇÉÅêÉ~ëÉ=íç= 54

x ~åÇ= 43
x FK=

kK= råáÑçêã=NMB=áåÅêÉ~ëÉ=íç=íê~åëáíáçå=áåíÉåëáíáÉë=íç=iq`=Åä~áãáåÖ=
ëí~íÉë=Ñçê=äáîÉë=~ÖÉÇ=SR=~åÇ=çîÉê=EáÉK=NMB=áåÅêÉ~ëÉ=íç=

14 15 24 25 34 35 45, , , , , ,x x x x x x x =ïÜÉêÉ= 65x FI=ìåáÑçêã=NMB=
ÇÉÅêÉ~ëÉ=áå=ãçêí~äáíó=íê~åëáíáçå=áåíÉåëáíáÉë=Ñêçã=iq`=Åä~áãáåÖ=
ëí~íÉë=Ñçê=äáîÉë=~ÖÉÇ=SR=~åÇ=çîÉê=EáÉK=NMB=ÇÉÅêÉ~ëÉ=íç= 46

x ~åÇ=
56
x =ïÜÉêÉ= 65x F=~åÇ=ìåáÑçêã=NMB=ÇÉÅêÉ~ëÉ=áå=êÉÅçîÉêó=

íê~åëáíáçå=áåíÉåëáíáÉë=Ñêçã=iq`=Åä~áãáåÖ=ëí~íÉë=Ñçê=äáîÉë=~ÖÉÇ=SR=
~åÇ=çîÉê=EáÉK=NMB=ÇÉÅêÉ~ëÉ=íç= 54

x ~åÇ= 43
x =ïÜÉêÉ= 65x FK=

lK= råáÑçêã=NMB=ÇÉÅêÉ~ëÉ=Ñçê=~ää=~ÖÉë=íç=íê~åëáíáçå=áåíÉåëáíáÉë=íç=
iq`=Åä~áãáåÖ=ëí~íÉë=EáÉK=NMB=ÇÉÅêÉ~ëÉ=íç=

14 15 24 25 34 35 45, , , , , ,x x x x x x x FI=ìåáÑçêã=NMB=áåÅêÉ~ëÉ=Ñçê=~ää=~ÖÉë=áå=
ãçêí~äáíó=íê~åëáíáçå=áåíÉåëáíáÉë=Ñêçã=iq`=Åä~áãáåÖ=ëí~íÉë=EáÉK=NMB=
áåÅêÉ~ëÉ=íç= 46

x ~åÇ= 56
x F=~åÇ=ìåáÑçêã=NMB=áåÅêÉ~ëÉ=Ñçê=~ää=~ÖÉë=

áå=êÉÅçîÉêó=íê~åëáíáçå=áåíÉåëáíáÉë=Ñêçã=iq`=Åä~áãáåÖ=ëí~íÉë=EáÉK=
NMB=áåÅêÉ~ëÉ=íç= 54

x ~åÇ= 43
x FK=

mK= råáÑçêã=NMB=ÇÉÅêÉ~ëÉ=íç=íê~åëáíáçå=áåíÉåëáíáÉë=íç=iq`=Åä~áãáåÖ=
ëí~íÉë=Ñçê=äáîÉë=~ÖÉÇ=SR=~åÇ=çîÉê=EáÉK=NMB=ÇÉÅêÉ~ëÉ=íç=

14 15 24 25 34 35 45, , , , , ,x x x x x x x =ïÜÉêÉ= 65x FI=ìåáÑçêã=NMB=áåÅêÉ~ëÉ=
áå=ãçêí~äáíó=íê~åëáíáçå=áåíÉåëáíáÉë=Ñêçã=iq`=Åä~áãáåÖ=ëí~íÉë=Ñçê=
äáîÉë=~ÖÉÇ=SR=~åÇ=çîÉê=EáÉK=NMB=áåÅêÉ~ëÉ=íç= 46

65 ~åÇ= 56
x =ïÜÉêÉ=

65x F=~åÇ=ìåáÑçêã=NMB=áåÅêÉ~ëÉ=áå=êÉÅçîÉêó=íê~åëáíáçå=
áåíÉåëáíáÉë=Ñêçã=iq`=Åä~áãáåÖ=ëí~íÉë=Ñçê=äáîÉë=~ÖÉÇ=SR=~åÇ=çîÉê=
EáÉK=NMB=áåÅêÉ~ëÉ=íç= 54

x ~åÇ= 43
x =ïÜÉêÉ= 65x FK=

^ää= ëÅÉå~êáçë= áåîçäîÉ= ãçÇáÑáÅ~íáçåë= íç= íê~åëáíáçå= áåíÉåëáíó=
ÑìåÅíáçåë= ÅçåÅÉêåáåÖ= iq`= Åä~áãáåÖ= ëí~íÉë= EëÉîÉêÉ= ~åÇ= éêçÑçìåÇFK=
pÅÉå~êáçë=^=íç=i=áåÅäìÇÉ=ãçÇáÑáÅ~íáçåë=íç=ÉáíÜÉê=íê~åëáíáçå=áåíÉåëáíáÉë=
íç= iq`= Åä~áãáåÖ= ëí~íÉëI= ãçêí~äáíó= íê~åëáíáçå= áåíÉåëáíáÉë= Ñêçã= iq`=
Åä~áãáåÖ=ëí~íÉë=çê=êÉÅçîÉêó=íê~åëáíáçå=áåíÉåëáíáÉë=Ñêçã=iq`=Åä~áãáåÖ=
ëí~íÉëK= pÅÉå~êáçë= j= íç= m= áåîçäîÉ= ~= ÅçãÄáå~íáçå= çÑ= ãçÇáÑáÅ~íáçåëK=
cêçã=~å=áåëìêÉêÛë=éÉêëéÉÅíáîÉI=ëÅÉå~êáçë=j=~åÇ=k=ã~ó=ÄÉ=ëÉÉå=~ë=íÜÉ=
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Úïçêëí= Å~ëÉÛ= ëÅÉå~êáç= ~åÇ= ëÅÉå~êáçë= l= ~åÇ= m= ~ë= íÜÉ= ÚÄÉëí= Å~ëÉÛ=
ëÅÉå~êáçK=

cáÖìêÉë=U=~åÇ=V=áääìëíê~íÉ=íÜÉ=êÉëìäíë=çÑ=éêÉãáìã=Å~äÅìä~íáçåë=Ñçê=
íÜÉ= iq`= ëí~åÇ= ~äçåÉ= éçäáÅó= ìëáåÖ= íÜÉ= ë~ãÉ= Ä~ëÉë= ~ë= áå= pÉÅíáçå= U=
ìåÇÉê= É~ÅÜ= çÑ= íÜÉ= ~ÄçîÉ= ëÅÉå~êáçë= Ñçê= ã~äÉë= ~åÇ= ÑÉã~äÉë=
êÉëéÉÅíáîÉäóK==

Figure 8: Male scenarios A to P 

Best Estimate versus Scenario A to P
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Figure 9: Female scenarios A to P 

Best Estimate versus Scenarios A to P
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qÜÉ=êÉëìäíë=áå=cáÖìêÉë=U=~åÇ=V=ëÜçï=~=êÉ~ëçå~Ääó=å~êêçï=ê~åÖÉ=çÑ=
éêÉãáìã=äÉîÉäë=~í=É~ÅÜ=~ÖÉ=Ñçê=~ää=NS=ëÅÉå~êáçëK=qÜáë=ëìÖÖÉëíë=íÜ~í=íÜÉ=
áãé~Åí= çÑ= ëäáÖÜíäó= ÇáÑÑÉêÉåí= íê~åëáíáçå= áåíÉåëáíáÉë= íç= íÜÉ= áåíÉåëáíáÉë=
Å~äÅìä~íÉÇ=~ë=~=êÉëìäí=çÑ=íÜÉ=Åçåëíê~áåáåÖ=éêçÅÉÇìêÉ=áå=pÉÅíáçå=SKO=çå=
éêÉãáìã= ~åÇ= êÉëÉêîÉ= Å~äÅìä~íáçåë= áë= êÉä~íáîÉäó= ãáåáã~äK= ^= ÑìêíÜÉê=
áåíÉêÉëíáåÖ= çÄëÉêî~íáçå= áë= íÜÉ= êÉëìäíë= Ñçê= ëÅÉå~êáçë= d= íÜêçìÖÜ= i=
ÅçåÅÉêåáåÖ=ãçÇáÑáÅ~íáçåë=íç=íê~åëáíáçå=áåíÉåëáíáÉë=~í=íÜÉ=ÜáÖÜÉê=~ÖÉëK=
^Ö~áåI=íÜÉ=ê~åÖÉ=çÑ=éêÉãáìã=äÉîÉäë=~í=É~ÅÜ=~ÖÉ=Ñçê=íÜÉëÉ=ëÅÉå~êáçë=áë=
êÉ~ëçå~Ääó= å~êêçïK= qÜÉ= èìÉëíáçå~ÄäÉ= ~ëëìãéíáçåI= íÜÉêÉÑçêÉI= çÑ=
éáÉÅÉïáëÉ=Åçåëí~åí=áåíÉåëáíáÉë=~í=íÜÉ=ÜáÖÜÉê=~ÖÉë=~ééÉ~êë=íç=Ü~îÉ=~ää=
Äìí=~=ãáåáã~ä=áãé~Åí=çå=çìê=Ñáå~åÅá~ä=Å~äÅìä~íáçåëK==

10. Conclusions and Further Research 

få=íÜáë=é~éÉêI=ïÉ=ÇÉîÉäçé=~=ãçÇÉä=Ñçê=éêáÅáåÖ=~åÇ=êÉëÉêîáåÖ=iq`=
áåëìê~åÅÉ=ìëáåÖ= íÜÉ=ÅìêêÉåíäó=~î~áä~ÄäÉ=Ç~í~= áå=^ìëíê~äá~=Ó= íÜÉ=NVVU=
^_p= pìêîÉó= çÑ= aáë~ÄáäáíóI= ^ÖÉáåÖ= ~åÇ= `~êÉêëK=tÉ= Çç= íÜáë= îá~= íÜÉ=
~ééäáÅ~íáçå= çÑ= qÜáÉäÉÛë= ÇáÑÑÉêÉåíá~ä= Éèì~íáçåë= Ñçê= ~= ãìäíáéäÉ= ëí~íÉ=
ãçÇÉäK=qÜáë=ãçÇÉäI=ÇÉëéáíÉ=áíë=ÅçãéäÉñáíóI=çÑÑÉêë=~=ëáÖåáÑáÅ~åí=ÇÉÖêÉÉ=
çÑ=ãçÇÉääáåÖ=ÑäÉñáÄáäáíó=~åÇ=êçÄìëíåÉëë=ïÜáÅÜ=ã~âÉë=áí=éêÉÑÉê~ÄäÉ=íç=
íê~Çáíáçå~ä= ~ååìáíó= áåÅÉéíáçå= ~ééêç~ÅÜÉëK= qÜáë= ëíìÇóI= íç= çìê=
âåçïäÉÇÖÉI= êÉéêÉëÉåíë= íÜÉ= Ñáêëí= ëíçÅÜ~ëíáÅ=ãçÇÉä= ÇÉîÉäçéÉÇ= Ñçê= íÜÉ=
éìêéçëÉë=çÑ=éêáÅáåÖ=~åÇ=êÉëÉêîáåÖ=iq`=áå=^ìëíê~äá~K==

qÜÉêÉ=~êÉI=ÜçïÉîÉêI=~=åìãÄÉê=çÑ= äáãáí~íáçåë=ÜÉêÉK=få=é~êíáÅìä~êI=
ïÉ= ~ÅâåçïäÉÇÖÉ= íÜÉ= áåÅçåëáëíÉåÅó= çÑ= ~= Åçåíáåìçìë= íáãÉ= j~êâçî=
ÅÜ~áå=ïáíÜ= íÜÉ= ÇáëÅêÉíÉ=ãçÇÉä= Ñê~ãÉïçêâ= çÑ=oáÅâ~óòÉå= ~åÇ=t~äëÜ=
EOMMOFK= tÉ= Ü~îÉ= ã~å~ÖÉÇ= íç= ÅçåëíêìÅí= ~= ãçÇÉäI= ÜçïÉîÉêI= íÜ~í=
ä~êÖÉäó=ÅáêÅìãîÉåíë=íÜÉ=ÇáÑÑáÅìäíáÉë= áåíêçÇìÅÉÇ=ÜÉêÉ=~äçåÖ=ïáíÜ=~=ëÉí=
çÑ=ëÉåëáíáîáíó=ëÅÉå~êáçë=áå=êÉëéçåëÉ=íç=íÜáë=Åçåëíê~áåíK=lìê=ÑçÅìë=íç=~=
ÖêÉ~í= ÉñíÉåí= áå= íÜáë= é~éÉê= Ü~ë= ÄÉÉå= íÜÉ= ÇÉîÉäçéãÉåí= çÑ= ~= ãçÇÉä=
ïÜáÅÜI= ïÜÉå= ~ÇÉèì~íÉ= Ç~í~= ÄÉÅçãÉë= ~î~áä~ÄäÉI= ïáää= éêçÇìÅÉ=
áåÅêÉ~ëáåÖäó=~ÅÅìê~íÉ=êÉëìäíëK=

jçêÉçîÉêI=çåÅÉ=~ééêçéêá~íÉ=iq`=ëéÉÅáÑáÅ=Ç~í~=ÄÉÅçãÉ=~î~áä~ÄäÉ=
Ñçê= ^ìëíê~äá~I= íÜÉ= ÑçääçïáåÖ= ÉñíÉåëáçåë= íç= íÜáë= ëíìÇó= ÅçìäÇ= ÄÉ=
ìåÇÉêí~âÉåW=
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NK= ^ääçï= Ñçê= ~ää= éçëëáÄäÉ= ãçÇÉë= çÑ= êÉÅçîÉêó= áå= íÜÉ= ãìäíáéäÉ= ëí~íÉ=
ãçÇÉäX=

OK= ^ääçï=Ñçê=ä~éëÉë=áå=íÜÉ=ãìäíáéäÉ=ëí~íÉ=ãçÇÉäK=

PK= ^ääçï=Ñçê=Çìê~íáçå=áå=íÜÉ=ãìäíáéäÉ=ëí~íÉ=ãçÇÉä=Äó=áãéäÉãÉåíáåÖ=
~=ëÉãáJj~êâçî=~ëëìãéíáçå=~ë=çééçëÉÇ=íç=~=j~êâçî=~ëëìãéíáçåK=
qÜ~í= áëI= ~ääçï= íê~åëáíáçå= áåíÉåëáíáÉë= íç= ÇÉéÉåÇ= çå= ÄçíÜ= ~ÖÉ= ~åÇ=
íÜÉ=Çìê~íáçå=çÑ=ëí~ó=áå=íÜÉ=ÅìêêÉåí=ëí~íÉK=

cçê= Åçãé~ê~íáîÉ=éìêéçëÉëI= íÜÉ= íÉÅÜåáÅ~ä= ~Åíì~êá~ä=Ä~ëÉë=ìëÉÇ= íç=
éêáÅÉ= ~åÇ= êÉëÉêîÉ= ëÉîÉê~ä= áääìëíê~íáîÉ= iq`= éêçÇìÅíë= ÅçãÉ= Ñêçã= ~=
ëìêîÉó= çÑ= É~êäáÉê= êÉäÉî~åí= ^ìëíê~äá~å= äáíÉê~íìêÉK= qÜÉ= ãçÇÉä= Ä~ëÉë=
ÜÉêÉI=ÜçïÉîÉêI=ã~ó=ÄÉ=É~ëáäó=ãçÇáÑáÉÇ=~í=íÜÉ=áåëìêÉêÛë=ÇáëÅêÉíáçåK=
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11.0 References 

^äÉÖêÉI=^KI=mçÅáÉääçI=bKI=mçåëI=jKI=p~êê~ëáI=gKI=s~êÉ~I=gK=~åÇ=sáÅÉåíÉI=
^KI=OMMOI=Ú^Åíì~êá~ä=î~äì~íáçå=çÑ=äçåÖJíÉêã=Å~êÉ=~ååìáíáÉëÛI=m~éÉê=
éêÉëÉåíÉÇ=íç=SíÜ=fåëìê~åÅÉW=j~íÜÉã~íáÅë=~åÇ=bÅçåçãáÅë=`çåÖêÉëëI=
iáëÄçåK=

^ìëíê~äá~å=_ìêÉ~ì=çÑ=pí~íáëíáÅë=E^_pFI=aáë~ÄáäáíóI=^ÖÉáåÖ=~åÇ=`~êÉêëW=
pìãã~êó=çÑ=cáåÇáåÖëI=^_p=`~íK=kçK=QQPMKMI=`~åÄÉêê~=

_ÉÉâã~åI=gK=^KI=NVUV=Ú^å=~äíÉêå~íáîÉ=éêÉãáìã=Å~äÅìä~íáçå=ãÉíÜçÇ=
Ñçê=ÅÉêí~áå=äçåÖ=íÉêã=Å~êÉ=ÅçîÉê~ÖÉÛI=^Åíì~êá~ä=oÉëÉ~êÅÜ=`äÉ~êáåÖ=
eçìëÉ=E^o`eFI=sçäK=ffK=

`ÜÉåÖI=pKeI=eáÖÜ~ãI=kKgI=hÉååÉóI=`Kp=~åÇ=i~ìÄI=^KgI=OMMN=
Ú^ééêçñáã~íáåÖ=íÜÉ=äçÖ~êáíÜã=çÑ=~=ã~íêáñ=íç=ëéÉÅáÑáÉÇ=~ÅÅìê~ÅóÛI=
pçÅáÉíó=Ñçê=fåÇìëíêá~ä=~åÇ=^ééäáÉÇ=j~íÜÉã~íáÅë=gçìêå~äW=j~íêáñ=
^å~äK=^ééäKI=sçä=OOI=kçKQI=NNNOJNNORK=

`çåíáåìáåÖ=jçêí~äáíó=fåîÉëíáÖ~íáçå=oÉéçêí=E`jfoF=SI=NVUPI=
Údê~Çì~íáçå=çÑ=íÜÉ=ãçêí~äáíó=ÉñéÉêáÉåÅÉ=çÑ=ÑÉã~äÉ=~ëëìêÉÇ=äáîÉë=
NVTRJTUÛI=`jf=`çããáííÉÉI=rhK=

`çåíáåìáåÖ=jçêí~äáíó=fåîÉëíáÖ~íáçå=oÉéçêí=E`jfoF=TI=NVUQI=
ÚpáÅâåÉëë=ÉñéÉêáÉåÅÉ=NVTRJTU=Ñçê=áåÇáîáÇì~ä=mef=éçäáÅáÉëÛI=`jf=
`çããáííÉÉI=rhK=

`çåíáåìáåÖ=jçêí~äáíó=fåîÉëíáÖ~íáçå=oÉéçêí=E`jfoF=NTI=NVVNI=ÚqÜÉ=
~å~äóëáë=çÑ=éÉêã~åÉåí=ÜÉ~äíÜ=áåëìê~åÅÉ=Ç~í~I=`jf=`çããáííÉÉI=
rhK=

`çêÇÉáêçI=fK=jK=cKI=OMMNI=Úqê~åëáíáçå=áåíÉåëáíáÉë=Ñçê=~=ãçÇÉä=Ñçê=
éÉêã~åÉåí=ÜÉ~äíÜ=áåëìê~åÅÉÛI=açÅìãÉåíç=ÇÉ=qê~Ä~äÜç=kç=QJ

OMMNI=`Éåíêç=ÇÉ=j~íÉã~íáÅ~=^éäáÅ~Ç~=~=mêÉîáë~ç=É=aÉÅáë~ç=
bÅçåçãáÅ~I=iáëÄçåK=
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`çïäÉóI=^KI=NVVOI=içåÖJqÉêã=`~êÉ=fåëìê~åÅÉW=fåíÉêå~íáçå~ä=

mÉêëéÉÅíáîÉ=~åÇ=^Åíì~êá~ä=`çåëáÇÉê~íáçåëI=mìÄäáÅ~íáçåë=çÑ=íÜÉ=
`çäçÖåÉ=oÉI=kìãÄÉê=OOK=

`çñI=aKo=~åÇ=jáääÉêI=eKaI=NVSRI=qÜÉ=qÜÉçêó=çÑ=píçÅÜ~ëíáÅ=mêçÅÉëëÉëI=
`Ü~éã~å=~åÇ=e~ääI=içåÇçåK=

`ò~ÇçI=`K=~åÇ=oìÇçäéÜI=cKI=OMMOI=Ú^ééäáÅ~íáçå=çÑ=ëìêîáî~ä=~å~äóëáë=
ãÉíÜçÇë=íç=äçåÖJíÉêã=Å~êÉ=áåëìê~åÅÉÛI=fåëìê~åÅÉW=j~íÜÉã~íáÅë=

~åÇ=bÅçåçãáÅëI=PNI=PVRJQNPK=

a~îáÉëI=mKfI=~åÇ=eáÖÜ~ãI=kKgI=OMMOI=Ú^=pÅÜìêJm~êäÉíí=~äÖçêáíÜã=Ñçê=
ÅçãéìíáåÖ=ã~íêáñ=ÑìåÅíáçåëÛ=kìãÉêáÅ~ä=^å~äóëáë=oÉéçêí=QMQI=
j~åÅÜÉëíÉê=`ÉåíêÉ=Ñçê=`çãéìí~íáçå~ä=j~íÜÉã~íáÅëK=

a~îáëI=bKI=_ÉÉêI=gKI=`äáÖçê~I=`K=~åÇ=qÜçêåI=^KI=OMMNI=Ú^ÅÅçìåíáåÖ=Ñçê=
ÅÜ~åÖÉ=áå=Çáë~Äáäáíó=~åÇ=ëÉîÉêÉ=êÉëíêáÅíáçåI=NVUNJNVVUÛI=tçêâáåÖ=

é~éÉêë=áå=ëçÅá~ä=~åÇ=ä~Äçìê=ëí~íáëíáÅëI=^_p=tçêâáåÖ=m~éÉê=kçK=
OMMNLNI=`~åÄÉêê~K=

d~íÉåÄóI=mKI=NVVNI=ÚiçåÖ=íÉêã=Å~êÉÛI=m~éÉê=éêÉëÉåíÉÇ=íç=íÜÉ=pí~éäÉ=
fåå=^Åíì~êá~ä=pçÅáÉíóK=

d~íÉåÄóI=mK=~åÇ=t~êÇI=kKI=NVVQ=ÚjìäíáéäÉ=ëí~íÉ=ãçÇÉäáåÖÛI=m~éÉê=
éêÉëÉåíÉÇ=íç=íÜÉ=pí~éäÉ=fåå=^Åíì~êá~ä=pçÅáÉíóK=

dçäìÄI=dKe=~åÇ=s~å=iç~åI=`KcI=NVUPI=j~íêáñ=`çãéìí~íáçåëI=gçÜåë=
eçéâáåë=råáîÉêëáíó=mêÉëëI=_~äíáãçêÉI=jaK=

e~ÄÉêã~åI=pKI=NVVPI=ÚefsI=^fapI=j~êâçî=`Ü~áåë=~åÇ=mefÛI=
^Åíì~êá~ä=oÉëÉ~êÅÜ=m~éÉê=kçKROI=aÉé~êíãÉåí=çÑ=^Åíì~êá~ä=
pÅáÉåÅÉ=C=pí~íáëíáÅëI=`áíó=råáîÉêëáíóI=içåÇçåK==

e~ÄÉêã~åI=pK=~åÇ=máí~ÅÅçI=bKI=NVVVI=^Åíì~êá~ä=jçÇÉäë=Ñçê=aáë~Äáäáíó=

fåëìê~åÅÉI=`Ü~éã~å=C=e~ääL`o`=mêÉëëI=_çÅ~=o~í~åI=cäK=
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eáÖÜ~ãI=kKgI=Úbî~äì~íáåÖ=é~ÇÉ=~ééêçñáã~åíë=çÑ=íÜÉ=ã~íêáñ=
äçÖ~êáíÜãÛI=pçÅáÉíó=Ñçê=fåÇìëíêá~ä=~åÇ=^ééäáÉÇ=j~íÜÉã~íáÅë=
gçìêå~äW=j~íêáñ=^å~äK=^ééäKI=sçä=OOI=kçKQI=NNOSJNNPRK=

eçÉãI=gK=jKI=NVSV=Új~êâçî=ÅÜ~áå=ãçÇÉäë=áå=äáÑÉ=áåëìê~åÅÉÛI=_ä~ííÉê=
ÇÉê=aÉìíëÅÜÉå=dÉëÉääëÅÜ~Ñí=Ñìê=sÉêëáÅÜÉêìåÖëã~íÜÉã~íáâ=VI=VNJ
NMTK=

eçÉãI=gKjKI=NVUUI=ÚqÜÉ=îÉêë~íáäáíó=çÑ=íÜÉ=j~êâçî=ÅÜ~áå=~ë=~=íççä=áå=
íÜÉ=ã~íÜÉã~íáÅë=çÑ=äáÑÉ=áåëìê~åÅÉÛI=qê~åë~Åíáçåë=çÑ=íÜÉ=OPêÇ=
fåíÉêå~íáçå~ä=`çåÖêÉëë=çÑ=^Åíì~êáÉëI=eÉäëáåâáI=NTNJOMOK=

fëê~ÉäI=oK_I=oçëÉåíÜ~äI=gKp=~åÇ=tÉáI=gKwI=OMMNI=ÚcáåÇáåÖ=ÖÉåÉê~íçêë=
Ñçê=j~êâçî=ÅÜ~áåë=îá~=ÉãéáêáÅ~ä=íê~åëáíáçå=ã~íêáÅÉëI=ïáíÜ=
~ééäáÅ~íáçåë=íç=ÅêÉÇáí=ê~íáåÖëÛI=j~íÜÉã~íáÅ~ä=cáå~åÅÉI=sçäKNNI=
kçKOI=OQRJOSRK=

gçåÉëI=_KiI=NVVOI=píçÅÜ~ëíáÅ=jçÇÉäë=Ñçê=içåÖJqÉêã=`~êÉI=mÜKa=
qÜÉëáëI=råáîÉêëáíó=çÑ=t~íÉêäççI=`~å~Ç~K=

hìäâ~êåáI=sKdI=NVVRI=jçÇÉäáåÖ=~åÇ=^å~äóëáë=çÑ=píçÅÜ~ëíáÅ=póëíÉãëI=

`Ü~éã~å=~åÇ=e~ääI=içåÇçåK=

iÉìåÖI=bKI=OMMQI=ÚmêçàÉÅíáåÖ=íÜÉ=åÉÉÇë=~åÇ=Åçëíë=çÑ=äçåÖ=íÉêã=Å~êÉ=áå=
^ìëíê~äá~ÛI=^ìëíê~äá~å=^Åíì~êá~ä=gçìêå~äI=sçäK=NMI=kçKOI=PMNJPQOK=

iÉîáâëçåI=_K=~åÇ=jáòê~ÜáI=dKI=NVVQI=ÚmêáÅáåÖ=äçåÖ=íÉêã=Å~êÉ=áåëìê~åÅÉ=
Åçåíê~ÅíëÛI=fåëìê~åÅÉW=j~íÜÉã~íáÅë=C=bÅçåçãáÅëI=NQI=NJNUK=

iáååÉã~ååI=mKI=NVVPI=Úlå=íÜÉ=~ééäáÅ~íáçå=çÑ=qÜáÉäÉÛë=ÇáÑÑÉêÉåíá~ä=
Éèì~íáçå=áå=äáÑÉ=áåëìê~åÅÉÛI=fåëìê~åÅÉW=j~íÜÉã~íáÅë=~åÇ=
bÅçåçãáÅëI=NPI=SPJTQK=

içåÇçåI=aKI=NVURI=dê~Çì~íáçåW=qÜÉ=oÉîáëáçå=çÑ=bëíáã~íÉëI=^`qbu=
mìÄäáëÜáåÖI=táåëíÉÇI=`çååÉÅíáÅìíK=
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j~ÇÇÉåI=oK=~åÇ=tÉåI=uKI=OMMNI=ÚqÜÉ=Åçëí=çÑ=ÜÉ~äíÜ=~ë=óçì=~ÖÉW=fë=áí=~=
ÜÉ~äíÜ=Ü~ò~êÇ\ÛI=^ìëíê~äá~å=fåëíáíìíÉ=çÑ=eÉ~äíÜ=~åÇ=tÉäÑ~êÉÛI=
m~éÉê=éêÉëÉåíÉÇ=íç=fåëíáíìíÉ=çÑ=^Åíì~êáÉë=çÑ=^ìëíê~äá~I=póÇåÉóK=

j~åíçåI=hKdKI=NVUUI=Ú^=äçåÖáíìÇáå~ä=ëíìÇó=çÑ=ÑìåÅíáçå~ä=ÅÜ~åÖÉ=~åÇ=
ãçêí~äáíó=áå=íÜÉ=råáíÉÇ=pí~íÉëÛI=gçìêå~ä=çÑ=dÉêçåíçäçÖóW=pçÅá~ä=
pÅáÉåÅÉëI=sçäK=QP=kçK=RI=NRPJNSNK=

jÉáåÉêëI=jK=oKI=NVUVI=a~í~=oÉèìáêÉãÉåíë=Ñçê=içåÖJqÉêã=`~êÉ=

fåëìê~åÅÉI=k~íáçå~ä=`ÉåíÉê=Ñçê=eÉ~äíÜ=pÉêîáÅÉë=oÉëÉ~êÅÜ=~åÇ=
eÉ~äíÜ=`~êÉ=qÉÅÜåçäçÖó=^ëëÉëëãÉåíI=rKpK=aÉé~êíãÉåí=çÑ=
eÉ~äíÜ=~åÇ=eìã~å=pÉêîáÅÉëI=rp^K=

jçäÉêI=`K=~åÇ=s~å=iç~åI=`KI=NVTUI=ÚkáåÉíÉÉå=aìÄáçìë=t~óë=íç=
`çãéìíÉ=íÜÉ=bñéçåÉåíá~ä=çÑ=~=j~íêáñÛI=pçÅáÉíó=Ñçê=fåÇìëíêá~ä=~åÇ=
^ééäáÉÇ=j~íÜÉã~íáÅë=oÉîáÉïI=sçäK=OMI=kçK=QI=UMNJUPSK=

kçêÄÉêÖI=oKI=NVVRI=ÚaáÑÑÉêÉåíá~ä=Éèì~íáçåë=Ñçê=ãçãÉåíë=çÑ=éêÉëÉåí=
î~äìÉë=áå=äáÑÉ=áåëìê~åÅÉÛI=fåëìê~åÅÉW=j~íÜÉã~íáÅë=C=bÅçåçãáÅëI=
sçä=NTI=NVVRI=NTNJNUMK=

m~êäÉííI=_KkI=NVTQI=`çãéìí~íáçå=çÑ=cìåÅíáçåë=çÑ=qêá~åÖìä~ê=j~íêáÅÉëI=
jÉãçê~åÇìã=åçK=boiJjQUNI=bäÉÅíêçåáÅë=oÉëÉ~êÅÜ=i~Äçê~íçêóI=
`çääÉÖÉ=çÑ=båÖáåÉÉêáåÖI=råáîÉêëáíó=çÑ=`~äáÑçêåá~I=_ÉêâÉäÉóK=

mÉêâëI=tKI=NVPOI=Úlå=ëçãÉ=ÉñéÉêáãÉåíë=áå=íÜÉ=Öê~Çì~íáçå=çÑ=
ãçêí~äáíó=ëí~íáëíáÅëÛI=gçìêå~ä=çÑ=íÜÉ=fåëíáíìíÉ=çÑ=^Åíì~êáÉëI=sçäK=SPI=
NOJQMK=

máí~ÅÅçI=bKI=NVVRI=`çääÉÅíáîÉ=iáÑÉ=fåëìê~åÅÉ=fåÇÉñáåÖW=^=jìäíáëí~íÉ=
^ééêç~ÅÜI=fåíÉêå~íáçå~ä=`çåÖêÉëë=çÑ=^Åíì~êáÉëI=_êìëëÉäëK=

máí~ÅÅçI=bKI=NVVPI=Úaáë~Äáäáíó=êáëâ=ãçÇÉäëW=qçï~êÇë=~=ìåáÑóáåÖ=
~ééêç~ÅÜÛI=^Åíì~êá~ä=oÉëÉ~êÅÜ=m~éÉê=kçKRVI=aÉé~êíãÉåí=çÑ=
^Åíì~êá~ä=pÅáÉåÅÉ=C=pí~íáëíáÅëI=`áíó=råáîÉêëáíóI=içåÇçåK=
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mêáíÅÜ~êÇI=gKaI=OMMOI=qÜÉ=dÉåÉíáÅë=çÑ=^äòÜÉáãÉêÛë=aáëÉ~ëÉI=jçÇÉääáåÖ=

aáë~Äáäáíó=~åÇ=^ÇîÉêëÉ=pÉäÉÅíáçå=áå=íÜÉ=içåÖJqÉêã=`~êÉ=
fåëìê~åÅÉ=j~êâÉíI=mÜa=qÜÉëáëI=eÉêáçíJt~íí=råáîÉêëáíóI=pÅçíä~åÇK=

oÉáÑI=iKI=NVURI=ÚiçåÖJíÉêã=Å~êÉK=pçãÉ=äÉëëçåë=Ñêçã=ÅêçëëJå~íáçå~ä=
Åçãé~êáëçåëÛI=eçãÉ=eÉ~äíÜ=`~êÉ=pÉêîáÅÉë=nì~êíÉêäóI=sçäK=RI=POVJ
PQNK=

oÉåëÜ~ïI=^K=bK=~åÇ=e~ÄÉêã~åI=pKI=NVVUI=Ú=jçÇÉäáåÖ=íÜÉ=êÉÅÉåí=íáãÉ=
íêÉåÇë=áå=rh=éÉêã~åÉåí=ÜÉ~äíÜ=áåëìê~åÅÉ=êÉÅçîÉêóI=ãçêí~äáíó=
~åÇ=Åä~áã=áåÅÉéíáçå=íê~åëáíáçå=áåíÉåëáíáÉëÛI=^Åíì~êá~ä=oÉëÉ~êÅÜ=

m~éÉê=kçKNNPI=aÉé~êíãÉåí=çÑ=^Åíì~êá~ä=pÅáÉåÅÉ=C=pí~íáëíáÅëI=`áíó=
råáîÉêëáíóI=içåÇçåK=

oçÄáåëçåI=gKI=NVVSI=^=içåÖJqÉêã=`~êÉ=pí~íìë=qê~åëáíáçå=jçÇÉäI=qÜÉ=
läÇJ^ÖÉ=`êáëáëJ=^Åíì~êá~ä=lééçêíìåáíáÉëW=qÜÉ=_çïäÉë=
póãéçëáìãI=TOJTVK=

oçÄáåëçåI=oKI=NVVOI=Újìäíáëí~íÉ=ãçÇÉäáåÖÛI=qÜÉ=^Åíì~êóI=pÉéíÉãÄÉêI=
NSJNTK=

oáÅâ~óòÉåI=_K=aK=~åÇ=t~äëÜI=aK=bK=mKI=OMMOI=Ú^=ãìäíáJëí~íÉ=ãçÇÉä=çÑ=
Çáë~Äáäáíó=Ñçê=íÜÉ=råáíÉÇ=háåÖÇçãW=fãéäáÅ~íáçåë=Ñçê=ÑìíìêÉ=åÉÉÇ=
Ñçê=äçåÖJíÉêã=Å~êÉ=Ñçê=íÜÉ=ÉäÇÉêäóÛI=_êáíáëÜ=^Åíì~êá~ä=gçìêå~äI=sçäK=
UI=kçK=OW=PQNJPVPK=

p~åëçãI=oKgK=~åÇ=t~íÉêëI=eKoKI=NVUUI=ÚmÉêã~åÉåí=ÜÉ~äíÜ=áåëìê~åÅÉ=
áå=íÜÉ=rhW=qÜÉ=ã~íÜÉã~íáÅ~ä=jçÇÉä=~åÇ=íÜÉ=ëí~íáëíáÅ~ä=~å~äóëáë=
çÑ=íÜÉ=Ç~í~I=qê~åë~Åíáçåë=çÑ=íÜÉ=fåíÉêå~íáçå~ä=`çåÖêÉëë=çÑ=
^Åíì~êáÉëI=eÉäëáåâáI=sçä=PI=POPJPPVK=

páåÖÉêI=_K=~åÇ=péáääÉêã~åI=pKI=NVTSI=ÚqÜÉ=êÉéêÉëÉåí~íáçå=çÑ=ëçÅá~ä=
éêçÅÉëëÉë=Äó=j~êâçî=ãçÇÉäëI=^ãÉêáÅ~å=gçìêå~ä=çÑ=pçÅáçäçÖóI=UOI=
NJRQK=

pçÅáÉíó=çÑ=^Åíì~êáÉë=içåÖJqÉêã=`~êÉ=fåëìê~åÅÉ=s~äì~íáçå=jÉíÜçÇë=
q~ëâ=cçêÅÉI=NVVRI=içåÖJqÉêã=`~êÉ=fåëìê~åÅÉ=s~äì~íáçå=jÉíÜçÇëI=
qê~åë~Åíáçå=çÑ=íÜÉ=pçÅáÉíó=çÑ=^Åíì~êáÉëI=sçä=QTI=RVVJTSTK=
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pí~ää~êÇI=b=~åÇ=vÉÉI=oKhKtI=NVVVI=kçåJfåëìêÉÇ=eçãÉ=~åÇ=

`çããìåáíó=_~ëÉÇ=içåÖJqÉêã=`~êÉ=fåÅáÇÉåÅÉ=~åÇ=`çåíáåì~åÅÉ=
q~ÄäÉëI=oÉéçêí=éêÉé~êÉÇ=Ñçê=kçåJfåëìêÉÇ=eçãÉ=~åÇ=`çããìåáíó=
bñéÉêáÉåÅÉ=pìÄÅçããáííÉÉ=çÑ=íÜÉ=içåÖJqÉêã=`~êÉ=bñéÉêáÉåÅÉ=
`çããáííÉÉI=pçÅáÉíó=çÑ=^Åíì~êáÉëI=rp^K=

píÉï~êíItKgI=NVVQI=fåíêçÇìÅíáçå=íç=íÜÉ=kìãÉêáÅ~ä=pçäìíáçå=çÑ=j~êâçî=

`Ü~áåëI=mêáåÅÉíçå=råáîÉêëáíó=mêÉëëI=mêáåÅÉíçåI=kÉï=gÉêëÉóK=

qÜÉáäI=eKI=NVRUI=bÅçåçãáÅ=cçêÉÅ~ëíë=~åÇ=mçäáÅóI=kçêíÜJeçää~åÇ=
mìÄäáëÜáåÖ=`çãé~åóI=^ãëíÉêÇ~ãK=

t~äâÉêI=_K=tKI=NVVMI=dÉêçåíÜ=fåëìê~åÅÉI=fåëíáíìíÉ=çÑ=^Åíì~êáÉë=çÑ=
^ìëíê~äá~=pÉëëáçå~ä=jÉÉíáåÖK=

t~äëÜ=gK=~åÇ=aÉ=o~îáå=gK=tKI=NVVRI=içåÖJqÉêã=`~êÉ=Óaáë~Äáäáíó=~åÇ=

^ÖÉáåÖI=pÉëëáçå~ä=jÉÉíáåÖI=qÜÉ=fåëíáíìíÉ=çÑ=^Åíì~êáÉë=çÑ=
^ìëíê~äá~K=

t~íÉêëI=eKoI=NVUQI=Ú^å=~ééêç~ÅÜ=íç=íÜÉ=ëíìÇó=çÑ=ãìäíáéäÉ=ëí~íÉ=
ãçÇÉäëÛI=gçìêå~ä=çÑ=íÜÉ=fåëíáíìíÉ=çÑ=^Åíì~êáÉë=NNNI=PSPJPTQK=
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Discussion 
A Multiple State Model for Pricing and 
Reserving Private Long Term Care Insurance 
Contracts in Australia 
 
Melbourne 

Darryl MacKay BSc, FIAA 

bÇÇáÉI=äççâ=ïÉää=ÇçåÉK=f=íÜçìÖÜí=óçì=ëéçâÉ=îÉêó=ïÉää=íçÇ~ó=~åÇ=
ÉîÉå=ãçêÉ=ëç=ÖáîÉå=íÜÉ=åçáëÉ=çìíëáÇÉI=ëç=ÅçåÖê~íìä~íáçåë=çå=íÜ~íK=fÛã=
åçí= ëçêí=çÑ=èì~äáÑáÉÇ= íç= ÅçããÉåí=çå=óçìê=~ééêç~ÅÜ=~åÇ= íÜáåÖë= äáâÉ=
íÜ~íK=_ìí= f=Çç=Ü~îÉ=~=ÅçìéäÉ=çÑ=èìÉëíáçåëK=qÜÉ= áåáíá~ä=Ç~í~= íÜ~í=óçì=
Öçí=Ñêçã=íÜÉ=^_pI=ãó=Ñáêëí=èìÉëíáçå=áëI=ïÉêÉ=óçì=ëìêéêáëÉÇ=Äó=~åó=çÑ=
íÜ~í=Ç~í~\=cçê=Éñ~ãéäÉ=çåÉ=çÑ=íÜÉ=íÜáåÖë=óçìI=çåÉ=çÑ=íÜÉ=~ÖÉ=Öêçìéë=
óçì=Ü~Ç=íÜÉêÉI=f=íÜáåâ=áí=ï~ë=R=íç=NQI=íÜÉ=~ÄäÉ=Å~íÉÖçêó=ï~ë=çåäó=äáâÉ=
VNN=çìí=çÑ= NMMMK= f=ï~ë= ëìêéêáëÉÇ=Üçï= äçï= íÜ~í=ï~ëK= f=ïçìäÇ= àìëí=ÄÉ=
áåíÉêÉëíÉÇ= áÑ= óçì= ÅçìäÇ= ÅçããÉåí= çå= íÜ~íK= ^åÇ= ëÉÅçåÇäó= fÛÇ= ÄÉ=
áåíÉêÉëíÉÇ=áå=óçìê=ÅçããÉåíI=çåÉ=ÅçããÉåí=óçìÛîÉ=Öçí=çå=ïÜó=äçåÖJ
íÉêã=Å~êÉ=Ü~ëåÛí=~Åíì~ääó=í~âÉå=çÑÑ=áå=^ìëíê~äá~\=

Edward Leung BCom (Hons), LLB (Hons), PhD, AIAA 

qÜÉ= íïç= ~ëéÉÅíë= çÑ= íÜÉ= Ç~í~= íÜ~í= ïÉêÉ= ëìêéêáëáåÖ= ïÉêÉ= íÜÉ=
ÉñíêÉãÉ=~ÖÉë=J==íÜ~í=áëI=íÜÉ=îÉêó=É~êäó=~ÖÉë=MJQI=éÉêÜ~éë=RJNR=~åÇ=~äëç=
~ÖÉë= UR= ~åÇ=~ÄçîÉK= =`äÉ~êäó= íÜÉêÉ= áë= ëçãÉ= ëÅçéÉ= Ñçê= ëóëíÉãáÅ= Éêêçê=
ïáíÜáå= íÜÉ=Ç~í~K= =cáêëíäóI= áí= áë=ÅêáíáÅ~ä= íç=åçíÉ= íÜ~í= áí= áë= ëÉäÑJêÉéçêíáåÖ=
Ç~í~K= =tÉ= ~êÉ= íÜÉêÉÑçêÉ= êÉäóáåÖ= çå= êÉëéçåÇÉåíë= íç= ÇÉíÉêãáåÉ= íÜÉáê=
çïå=ÑìåÅíáçå~ä=Å~é~ÅáíáÉë=ïáíÜ=êÉëéÉÅí= íç= íÜçëÉ= íÜêÉÉ=ÅçêÉ=~ÅíáîáíáÉë=
êÉëíêáÅíáçåë= íÜ~í= f= ãÉåíáçåÉÇ= J= áÉ= ëÉäÑJÅ~êÉI= ãçÄáäáíó= ~åÇ=
ÅçããìåáÅ~íáçåK= = pÉÅçåÇäó= íÜÉêÉ= áë= ~å= ÉäÉãÉåí= çÑ= ÇáëÅêÉíáçå= ~ë= íç=
Üçï= íÜçëÉ= êÉëéçåëÉë= ~êÉ= Å~íÉÖçêáëÉÇ= áåíç= íÜÉ= Ñçìê= ÅçêÉ= ~Åíáîáíó=
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êÉëíêáÅíáçå= Å~íÉÖçêáÉëK= = ^ë= ~= êÉëìäíI= åçåJáåíìáíáîÉ= Ç~í~= éçáåíëI=
é~êíáÅìä~êäó= ~í= íÜÉ= ÉñíêÉãÉ= ~ÖÉëI= ã~ó= ÄÉ= ~= êÉëìäí= çÑ= áëëìÉë= áå= ëÉäÑ=
êÉéçêíáåÖ= çê= ÇáëÅêÉé~åÅáÉë= áå= Å~íÉÖçêáë~íáçå= çÑ= êÉëéçåëÉë= íç= íÜÉ=
î~êáçìë=äÉîÉäë=çÑ=ÅçêÉ=~Åíáîáíó=êÉëíêáÅíáçåK==

táíÜ= êÉëéÉÅí= íç= ïÜó= íÜÉêÉ= Ü~ë= ÄÉÉå= äáãáíÉÇ= äçåÖ= íÉêã= Å~êÉ=
ÄìëáåÉëë=ïêáííÉå= áå=^ìëíê~äá~I= áí= áë=ïçêíÜ=åçíáåÖ= íÜ~í= äçåÖJíÉêã=Å~êÉ=
éçäáÅáÉë=ïÉêÉ=~Åíì~ääó=éáäçíÉÇ= áå= íÜÉ= ä~íÉ=NVUMë= áå=^ìëíê~äá~=Äìí= íÜÉ=
ÉñíÉåí=çÑ=íÜÉáê=ã~êâÉí=éÉåÉíê~íáçå=ï~ë=~Äçìí=OMM=éçäáÅáÉëK==jó=îáÉï=
áë= íÜ~í= íÜÉêÉ= ~êÉ= ëÉîÉê~ä= êÉ~ëçåë= Ñçê= íÜáëK= = mÉêÜ~éë=ãçëí= çÄîáçìë= áë=
íÜ~í= ìåäáâÉ= íÜÉ= rp= ~åÇ= rhI= éìÄäáÅ= ëìÄëáÇó= Ñçê= äçåÖJíÉêã= Å~êÉ= áå=
^ìëíê~äá~=áë=ÉñíÉåëáîÉ=ïÜáÅÜ=éÉêéÉíì~íÉë=íÜÉ=îáÉï=íÜ~í=ÚáÑ=f=åÉÉÇ=äçåÖ=
íÉêã=Å~êÉI=íÜÉ=ÖçîÉêåãÉåí=ïáää=í~âÉ=Å~êÉ=çÑ=ãÉÛK=

Andrew Gower BEng (Hons) 

cáêëíäó=íÜ~åâë=Ñçê=ÇçáåÖ=íÜáëK=qÜáë=ïáää=çÄîáçìëäó=ÄÉ=çÑ=ìëÉ=~ë=íÜÉ=
éçéìä~íáçå=ÇçÉë=~ÖÉ=çîÉê= íÜÉ=åÉñí=éêçÄ~Ääó=OM=çê=PM=óÉ~êë=~åÇ= íÜÉ=
dçîÉêåãÉåí= éêçÄ~Ääó= ïáää= ïáíÜÇê~ï= ëçãÉ= çÑ= íÜçëÉ= ëìÄëáÇáÉë= çê=
ãáåáãáòÉ= íÜÉãK= f= ÖìÉëë= íïç= èìÉëíáçåëI= Ñáêëíäó= ~êçìåÇ= íÜÉ= Ç~í~K=aáÇ=
óçì=~Åíì~ääó=~ëâ=íÜÉ=^_p=áÑ=íÜÉó=ÅçìäÇI=áÑ=óçì=ÅçìäÇ=~Åíì~ääó=ëÉÉ=íÜÉ=
ê~ï= Ç~í~= çê= àìëí= ÖÉí= íÜÉ= ëìãã~êó= íÜ~í= íÜÉó= çÄîáçìëäó= Å~å= éêçîáÇÉ=
éìÄäáÅäó\= f= áã~ÖÉ= íÜÉ= ê~ï= Ç~í~= ïçìäÇ= ÄÉ= ~í= äÉ~ëí= Ü~îÉ= ~ÖÉ= Ä~ëÉÇ=
áåÑçêã~íáçå=ê~íÜÉê=íÜ~å=~ÖÉ=Ä~åÇëK==

pÉÅçåÇäó=~êçìåÇ=íÜÉ=ãçÇÉä=óçì=ìëÉÇK=vçì=ìëÉÇ=íÜÉ=ÑìääX=óçì=éìí=
Ñçìê= Ñìää= ëí~íÉë=çÑ= Å~êÉK= få= êÉ~äáíó= íÜÉ=éêáÅáåÖ= íÜ~í= óçì=ÇáÇI= óçì= àìëí=
ë~áÇ= íÜÉ= ÄÉåÉÑáí= áë= é~áÇ= áÑ= óçìÛêÉ= áå= íÜÉ= éêçÑçìåÇ= çê= ëÉîÉêÉK= tÜó=
ÇáÇåÛí= óçì= àìëí= Çç= ~= íÜêÉÉ= ëí~íÉ= ãçÇÉäI= ïÜáÅÜ= ïÉ= ìëÉ= áå= iáÑÉ=
fåëìê~åÅÉ=~í=äÉ~ëí=Ñçê=áåÅçãÉ=éêçíÉÅíáçå=~åÇ=ëáãáä~ê=íÜáåÖë\=_ÉÅ~ìëÉ=
íÜ~í=ïçìäÇ=~í=äÉ~ëí=ã~âÉ=áí=~å=É~ëáÉê=éêçéçëáíáçå=íç=í~ÅâäÉ=áå=íÜÉ=êÉ~ä=
ïçêäÇK=

Edward Leung - Response 

qç= ~åëïÉê= íÜÉ= Ñáêëí= èìÉëíáçå= ïáíÜ= êÉëéÉÅí= íç= íÜÉ= Ç~í~X= íÜÉ= Ç~í~=
íÜ~í=f=ìëÉÇ=ï~ë=íÜÉ=éìÄäáëÜÉÇ=Ç~í~K==f=ÇáÇ=åçí=Ü~îÉ=~ÅÅÉëë=íç=íÜÉ=Ñìää=
ëÉí= çÑ= êÉëìäíë= ~åÇ= f= ÇáÇ= åçí= Ü~îÉ= ~ÅÅÉëë= íç= ~åó= çÑ= íÜÉ= ê~ï= Ç~í~= çê=
ëìêîÉóëK= =qÜÉ=éçáåí=íÜ~í=óçì=ã~âÉ=ïáíÜ=íÜÉ=~ÖÉ=Ä~åÇë=áë=ëáÖåáÑáÅ~åíK===
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^ë=f=ãÉåíáçåÉÇI=íÜÉ=~ÖÉ=Ä~åÇ=UR=~åÇ=~ÄçîÉ=áë=ã~íÉêá~äK= =jó=ãçÇÉä=
êÉäáÉë= çå= ìåÇÉêëí~åÇáåÖ= íÜÉ= Çóå~ãáÅë= çå= ~å= ~ÖÉJÄóJ~ÖÉ= Ä~ëáëK==
eçïÉîÉêI=Ñêçã=~ÖÉë=UR=~åÇ=~ÄçîÉ=ïÉ=ÇçåÛí=êÉ~ääó=Ü~îÉ=~=ÖççÇ=áÇÉ~=
Ñêçã=íÜÉ=Ç~í~=~ë=íç=ïÜ~í=íÜÉ=ìåÇÉêäóáåÖ=Çóå~ãáÅ=~Åíì~ääó=äççâë=äáâÉ=
ÇÉëéáíÉ=áí=ÄÉáåÖ=íÜÉ=ãçëí=áãéçêí~åí=~ÖÉ=Ä~åÇ=Ñçê=éêáÅáåÖ=~=äçåÖ=íÉêã=
Å~êÉ=êáëâK=

páåÅÉ= íÜÉ= ^_p= Ü~îÉ= çåäó= éìÄäáëÜÉÇ= íÜÉ= îÉêó= ÜáÖÜ= ~ÖÉë= áå= çåÉ=
Ä~åÇI=~ää=íÜ~í=ïÉ=Å~å=êÉ~ääó=Çç=áë=Éñíê~éçä~íÉ=ïÜ~í=ïÉ=íÜáåâ=áë=ÖçáåÖ=
íç=Ü~ééÉå=~í= íÜçëÉ=îÉêó=ÜáÖÜ=~ÖÉë=Ó=ïÜáÅÜ= áë=ïÜ~í=f=Ü~îÉ=ÇçåÉK= = få=
íÉêãë=çÑ=óçìê=ëÉÅçåÇ=èìÉëíáçå=~ë=íç=ïÜó=åçí=àìëí=ìëÉ=íÜêÉÉ=ëí~íÉë\===

qÜÉ=êÉ~ëçå=Ñçê=íÜ~í=áë=íÜ~í=f=ÑÉäí=íÜ~í=áí=ï~ë=åÉÅÉëë~êó=íç=ÅçåëáÇÉê=
íê~åëáíáçåë= íç=~åÇ= Ñêçã= íÜÉ=ãáäÇ=~åÇ=ãçÇÉê~íÉ= ëí~íÉ=~ë=çééçëÉÇ= íç=
àìëí=íÜÉ=~ÄäÉ=ëí~íÉK==qç=ÖáîÉ=óçì=~å=Éñ~ãéäÉI==áÑ=ëçãÉçåÉ=ï~ë=áå=ë~ó=
íÜÉ=ëÉîÉêÉ=ëí~íÉ=Ñçê=çåÉ=éÉêáçÇI=áãéêçîÉë=çåÉ=ëí~íÉ=íç=íÜÉ=ãçÇÉê~íÉ=
ëí~íÉ= Äìí= íÜÉå= áå= íÜÉ= ÑçääçïáåÖ= éÉêáçÇ= ãçîÉë= Ä~ÅâI= íÜ~í= áë= ~= îÉêó=
ÇáÑÑÉêÉåí=éêçéçëáíáçå= íç=ë~ó=êÉÅçîÉêáåÖ= Ñìääó= íç=~ÄäÉ=~åÇ= íÜÉå=ÖçáåÖ=
Ä~Åâ=íç=íÜÉ=ëÉîÉêÉ=çê=éêçÑçìåÇ=ëí~íÉK= =pç=áí=êÉ~ääó=ÅçãÉë=Ççïå=íç=~=
èìÉëíáçå=çÑ=Üçï=êÉ~äáëíáÅ=ïÉ=ÅçìäÇ=ã~âÉ=íÜÉ=ìåÇÉêäóáåÖ=éêçÅÉëë=äççâ=
äáâÉK=

Tim Gorst MEc, FIAA 

qÜ~åâë=Ñçê=óçìê=é~éÉê=bÇÇáÉI=àìëí=~=ÅçìéäÉ=çÑ=éçáåíë=~êçìåÇ=íÜÉ=
éê~ÅíáÅ~ä= ~ééäáÅ~íáçå= çÑ= íÜáë= íÜÉçêóK= içåÖ= íÉêã= Å~êÉ= áë= çÄîáçìëäó= ~=
ã~ëëáîÉ=áëëìÉ=Ñçê=íÜÉ=dçîÉêåãÉåí=~åÇ=Ñçê=íÜÉ=éìÄäáÅ=ÖçáåÖ=Ñçêï~êÇ=
~åÇ=áí=ïçìäÇ=ÄÉ=ÖêÉ~í=íç=ëÉÉ=Üçï=ëçãÉ=çÑ=óçìê=íÜÉçêó=ãáÖÜí=íê~åëä~íÉ=
áåíç=Éëíáã~íÉë=çÑ=ïÜ~í=ïáää=ÄÉ= íÜÉ=éìÄäáÅ=ÄìêÇÉå=çÑ= íÜáë= áëëìÉ=ÖçáåÖ=
Ñçêï~êÇK= qÜ~í= ÅçìäÇ= áå= íìêå= ê~áëÉ= ëçãÉ= éêçÑáäÉ= çå= ïÜ~í= ïáää= äáâÉäó=
ÄÉÅçãÉ=~=ÄáÖ= êÉëÉêîáåÖ= áëëìÉ= Ñçê= íÜÉ=dçîÉêåãÉåíK= =^åçíÜÉê=ÅçìéäÉ=
çÑ=éçíÉåíá~ä=~ééäáÅ~íáçåë=~êÉ=áå=íÜÉ=ëé~ÅÉ=çÑ=Ñáå~åÅá~ä=éä~ååáåÖI=ïÜÉêÉ=
Ñáå~åÅá~ä=éä~ååÉêë=~êÉ=~ëâÉÇ=íç=~ÇîáëÉ=çå=ïÜ~í= áë=~=ëìáí~ÄäÉ= äÉîÉä=çÑ=
áåÅçãÉ=Ñçê=ëçãÉçåÉ=íç=êÉíáêÉ=çåK=^å=ÉñíÉåëáçå=çÑ=óçìê=ïçêâ=ãáÖÜí=
ÜáÖÜäáÖÜí= íÜ~í= äçåÖ= íÉêã= Å~êÉ= áë= ~= ã~íÉêá~ä= ÅÜìåâ= çÑ= ëçãÉçåÉÛë=
êÉíáêÉãÉåí=ÄÉåÉÑáí=íÜ~í=íÜÉó=åÉÉÇ=íç=éìí=~ëáÇÉ=ÑçêK=

cáå~ääó=áå=íÉêãë=çÑ=äçåÖJíÉêã=Å~êÉ=éêçÇìÅí=ë~äÉëI=ïÜó=~êÉåDí=íÜÉó=
í~âáåÖ=çÑÑ\=lå=êÉÑäÉÅíáçåI=íÜÉêÉ=áë=~=éêçÇìÅí=çìí=íÜÉêÉ=~í=íÜÉ=ãçãÉåí=
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íç= ÜÉäé=ïáíÜ= íÜÉ= ëáíì~íáçå= çÑ= äçåÖ= íÉêã= Å~êÉ= ~åÇ= íÜ~íÛë= íÜÉ= êÉîÉêëÉ=
ãçêíÖ~ÖÉ= éêçÇìÅíëK= =f= íÜáåâ= íÜÉóÛêÉ= ÖçáåÖ= íç= éçíÉåíá~ääó= ÑáåÇ= ~= ÄáÖ=
ã~êâÉí=Ñçê=éÉçéäÉ=ïÜç=ëìÇÇÉåäó=åÉÉÇ=íç=Çê~ï=Ççïå=çå=íÜÉáê=ÜçãÉ=
Éèìáíó=íç=ÑìåÇ=Ñçê=ëçãÉ=ëçêí=çÑ=äçåÖ=íÉêã=Å~êÉK=mÉêÜ~éë=íÜÉêÉ=ÅçìäÇ=
ÄÉ= ~å= ~ééäáÅ~íáçå= çÑ= íÜÉ= íÜÉçêó= íÜ~í= óçìÛîÉ= ÄêçìÖÜí= Ñçêï~êÇ= ÜÉêÉ=
íçÇ~ó=íç=íÜÉ=ÑìíìêÉ=éêçÇìÅí=ÇÉëáÖå=çÑ=êÉîÉêëÉ=ãçêíÖ~ÖÉ=éêçÇìÅíëK=

Edward Leung - Response 

f= ïçìäÇ= äáâÉ= íç= íçìÅÜ= ìéçå= óçìê= Ñáå~ä= éçáåí= ~Äçìí= íÜÉ= êÉîÉêëÉ=
ãçêíÖ~ÖÉë=~åÇ=ÜçãÉ=ÉèìáíóK==fíÛë=áåíÉêÉëíáåÖ=íÜ~í=óçì=ã~âÉ=íÜÉ=éçáåí=
çÑ= íÜÉ= éçíÉåíá~ä= äáåâ= ÄÉíïÉÉå= äçåÖ= íÉêã= Å~êÉ= ~åÇ= ÜçãÉ= Éèìáíó=
ÄÉÅ~ìëÉ= íÜ~í= áë= áå= Ñ~Åí= ëçãÉíÜáåÖ= íÜ~í= áë= ~ÅíáîÉäó= ÄÉáåÖ= éìêëìÉÇ= áå=
àìêáëÇáÅíáçåë= ëìÅÜ= ~ë= `~å~Ç~K= = pç= íÜÉêÉ= áë= ëçãÉ= éêÉÅÉÇÉåÅÉ= ~åÇ=
ÜáëíçêáÅ~ä=ÉñéÉêáÉåÅÉ=Ñçê=ìë=çìí=íÜÉêÉK=

Martin Stevenson BSc, FIA, FIAA 

qÜ~åâ= óçì= íç= ÉîÉêóçåÉ= ïÜç= Ü~ë= ÅçãÉ= ~äçåÖ= ~åÇ= ïÜç= Ü~ë=
ÅçåíêáÄìíÉÇ=íç=íÜÉ=ÇáëÅìëëáçåK==j~ó=f=~äëç=ÅçåîÉó=~=ëéÉÅá~ä=íÜ~åâ=óçì=
íç=bÇÇáÉ=iÉìåÖ=Ñçê=~=ÜáÖÜ=èì~äáíó=é~éÉê=íÜ~í=Ü~ë=~ÇÇÉÇ=ÅçåëáÇÉê~Ääó=
íç= íÜÉ= fåëíáíìíÉÛë= áåíÉääÉÅíì~ä= éêçéÉêíóK= = mäÉ~ëÉ= êÉÅçêÇ= óçìê=
~ééêÉÅá~íáçå=íç=bÇÇáÉ=áå=íÜÉ=ìëì~ä=ï~óK=
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Sydney 

Stuart Rodger BA, FIA, FIAA 

cáêëí= çÑ= ~ää=bÇï~êÇI= ÅçåÖê~íìä~íáçåë= çå= E~F= ÇçáåÖ= íÜÉ=ïçêâ= ~åÇ=
EÄF=í~âáåÖ=íÜÉ=íêçìÄäÉ=íç=éêÉëÉåí=áí=íç=íÜÉ=mêçÑÉëëáçåK==låÅÉ=áíÛë=~í=~=
ëÉëëáçå=äáâÉ=íÜáëI=áíÛë=áå=çìê=äáíÉê~íìêÉ=Ñçê=~ää=íáãÉK==pç=íÜ~íÛë=ÉëéÉÅá~ääó=
ïÜó=f=íÜ~åâ=óçìK===

jó=èìÉëíáçå=áë=íÜ~í=~ë=f=ìåÇÉêëí~åÇ=áíI=óçìÛîÉ=äççâÉÇ=~í=~=ëéÉÅáÑáÅ=
ëÉí=çÑ=Ç~í~=Ä~ëÉÇ=çå=êÉÅÉåí=ÉñéÉêáÉåÅÉ=~åÇ=ÅçãÉ=ìé=ïáíÜ=ê~íÉë=íÜ~í=
êÉÑäÉÅí=íÜ~í=Ç~í~X=~åÇ=çåÉ=çÑ=íÜÉ=éçíÉåíá~ä=ÉñíÉåëáçåë=çÑ=íÜÉ=ïçêâ=áë=
~Äçìí= ïÜÉå= ÄÉííÉê= Ç~í~= ÄÉÅçãÉë= ~î~áä~ÄäÉK= = låÉ= çÑ= íÜÉ= íóéÉë= çÑ=
ÄÉííÉê=Ç~í~=íÜ~í=ïçìäÇ=ÄÉÅçãÉ=~î~áä~ÄäÉ=áë=ã~íÉêá~ä=íÜ~í=êÉÑäÉÅíë=íÜÉ=
ÅÜ~åÖÉ= áå= éçéìä~íáçå= ÉñéÉêáÉåÅÉ= çîÉê= íáãÉK= = f= ÉñéÉÅí= íÜ~í= Ñçê= äçåÖ=
íÉêã=Å~êÉI= íÜÉ=ÉñéÉêáÉåÅÉ= áå= íÜÉ=éêÉîáçìë=ÇÉÅ~ÇÉI= áë=åçí=åÉÅÉëë~êáäó=
íÜÉ=ë~ãÉ=~ë=íÜ~í=Ñçê=íÜÉ=åÉñí=ÇÉÅ~ÇÉK==qÜ~í=ãÉ~åë=ïÜÉå=óçì=ÇÉëáÖå=~=
éêçÇìÅí=~êçìåÇ=íÜáëI=óçì=åÉÉÇ=íç=ÄÉ=~ÄäÉ=íç=ÇÉ~ä=ïáíÜ=íÜ~í=ÅÜ~åÖÉ=áå=
íÜÉ=ìåÇÉêäóáåÖ=Åä~áãë=ÉñéÉêáÉåÅÉK===

jó=èìÉëíáçå=áëW=få=íÜÉ=ïçêâ=íÜ~í=óçì=ÇáÇ=Ñçê=íÜáëI=ÇáÇ=~=ãçÇÉä=Ñçê=
Üçï=íç=ëíêìÅíìêÉ=íÜÉ=éçíÉåíá~ä=ÅÜ~åÖÉë=áå=~=éêçÇìÅí=ÅçãÉ=íç=ãáåÇ=~ë=
ïÉää\= = iÉí=ãÉ= Éñéä~áåK= = cçê= çÄîáçìë= êÉ~ëçåë= óçìÛîÉ= áääìëíê~íÉÇ= íÜÉ=
ÅçåÅÉéíë=ïáíÜ=~å=áåÑä~íáåÖ=éêÉãáìãI=ïÜçäÉ=çÑ=äáÑÉ=Åçåíê~ÅíI=íÉêãë=ëÉí=
~í=çìíëÉíI=Ñçê=ïÜáÅÜ=óçì=Å~å=ëÜçï=íÜÉ=êÉèìáêÉÇ=éêÉãáìãK==eçïÉîÉêI=
~ë= íÜÉ= ÉñéÉêáÉåÅÉ= ìåÇÉêäóáåÖ= ÅÜ~åÖÉëI= Üçï= ïçìäÇ= óçì= ëÉÉ= íÜÉ=
éêçÇìÅí=ÄÉáåÖ=~ÄäÉ=íç=ÄÉ=ÅÜ~åÖÉÇ=çåÅÉ=ëçäÇ\=

Edward Leung BCom (Hons), LLB (Hons), PhD, AIAA 

råÑçêíìå~íÉäóI=f=~ã=ìå~ï~êÉ=çÑ=~åó=é~éÉêë=íÜ~í=Ü~îÉ=ÇÉ~äí=ïáíÜ=
Üçï= íÜÉ= ÇÉëáÖå= çÑ= ~= äçåÖJíÉêã= Å~êÉ= éêçÇìÅí= ïçìäÇ= ÅÜ~åÖÉ= ÖáîÉå=
ÜáëíçêáÅ~ä= ÉñéÉêáÉåÅÉK= = qÜÉ= éêáã~êó= êÉ~ëçå= Ñçê= íÜáëI= ~í= äÉ~ëí= áå= íÜÉ=
^ìëíê~äá~å= ÅçåíÉñí= áå= ãó= îáÉïI= áë= íÜ~í= íÜÉêÉ= áë= ëáãéäó= äáãáíÉÇ=
^ìëíê~äá~å= äáíÉê~íìêÉ= çå= äçåÖ= íÉêã= Å~êÉ= ~ëáÇÉ= Ñêçã= ~= Ü~åÇÑìä=
áåÅäìÇáåÖ=t~äâÉêI=t~äëÜ=~åÇ=aÉ=o~îáå=~åÇ=ãó=çïåK==få=íÉêãë=çÑ=~åó=
êÉäÉî~åí= äáíÉê~íìêÉ= íÜ~í= Ü~ë= ÉãÉêÖÉÇ= çîÉêëÉ~ë= J= f= ~ã= åçí= ~ï~êÉ= çÑ=
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~åóK= = f= ëìëéÉÅí= íÜ~í= íÜÉ= ÄÉëí= ëçìêÅÉ= Ñçê= íÜáë= áåÑçêã~íáçå= ïçìäÇ=
ÉãÉêÖÉ= ÉáíÜÉê= Ñêçã= íÜÉ=rp= çê= íÜÉ=rh= ÖáîÉå= íÜÉ=ã~íìêáíó= çÑ= íÜÉáê=
êÉëéÉÅíáîÉ=äçåÖ=íÉêã=Å~êÉ=ëóëíÉãëK=

Stuart Rodger 

mÉêÜ~éë=~=ÑìêíÜÉê=ÅçããÉåíW=f=ïçêâÉÇ=Ñçê=~=ïÜáäÉ=áå=íÜÉ=rh=Ñçê=~=
Åçãé~åó= íÜ~í= çÑÑÉêÉÇ= äçåÖ= íÉêã= Å~êÉ= áåëìê~åÅÉ= ~åÇ= çåÉ= çÑ= çìê=
ÅçåÅÉêåë=~Äçìí=íÜÉ=ìåÇÉêäóáåÖ=Ç~í~=ï~ë=ïÜÉíÜÉê=áå=íÜáë=~êÉ~=íÜÉ=é~ëí=
áë=~åó=ÖìáÇÉ=íç=íÜÉ=ÑìíìêÉK=

få=ÇÉëáÖåáåÖ=çìê=éêçÇìÅíë=ïÉ= êÉëÉêîÉÇ= íç=çìêëÉäîÉë= íÜÉ= êáÖÜí= íç=
ÅÜ~åÖÉ= íÜÉ= êáëâ= éêÉãáìã= íÜ~í= ïÉ= ïÉêÉ= ÅÜ~êÖáåÖ= Ñçê= Åä~áãë=
ÉñéÉêáÉåÅÉI= ~åÇ= íÜ~í= äÉÇ= ìë= íç= ÇÉëáÖå=éêçÇìÅíë=ïÜÉêÉ= íÜÉêÉ=ï~ë= ~å=
ìåÄìåÇäáåÖ=ÄÉíïÉÉå=íÜÉ=~ãçìåí= áåîÉëíÉÇ= áå= íÜÉ=éçäáÅó=~åÇ=íÜÉ=êáëâ=
Åçëí=çÑ=íÜÉ=ÅçîÉê=É~ÅÜ=óÉ~êK==qÜ~í=ï~ë=ÉåçìÖÜ=íç=ÅÜ~åÖÉ=ìë=Ñêçã=åçí=
ï~åíáåÖ=íç=ëÉää= íÜÉ=éêçÇìÅí=íç=~í= äÉ~ëí=ÄÉáåÖ=~ÄäÉ=íç=ÅçåëáÇÉê=ëÉääáåÖ=
íÜÉ= éêçÇìÅíK= = qç= íÜ~í= ÉñíÉåí= íÜáë= ÇÉëáÖå= ï~ë= ~= ÖççÇ= íÜáåÖI= Äìí= çÑ=
ÅçìêëÉ=áí=äÉÑí=íÜÉ=ÅçåëìãÉê=Å~êêóáåÖ=ãçêÉ=êáëâK==qÜ~í=ï~ë=ïÜó=f=ï~ë=
áåíÉêÉëíÉÇ= áå= ïÜÉíÜÉê= íÜáë= Éñéçëáíáçå= äÉÇ= óçì= íç= ~= ÇáÑÑÉêÉåí=
ãÉÅÜ~åáëã=Ñçê=ÅçåíêçääáåÖ=ÅÜ~åÖÉë=áå=ìåÇÉêäóáåÖ=ÉñéÉêáÉåÅÉK=

Martin Stevenson BSc, FIA, FIAA 

jó= ìåÇÉêëí~åÇáåÖ= áë= íÜ~í= éçäáÅáÉë= çÑ= íÜáë= å~íìêÉ= ÉáíÜÉê= ~êÉåÛí=
ïêáííÉå= áå=^ìëíê~äá~=çê=~êÉ=ÉñíêÉãÉäó= ê~êÉK= = fë= íÜÉêÉ=~åó= êÉ~ëçå= Ñçê=
íÜÉ= ä~Åâ= çÑ= íÜÉã= áå= ^ìëíê~äá~\= e~îÉ= éÉçéäÉ= íêáÉÇ= áí\= fë= íÜáë=
ëçãÉíÜáåÖ=~Äçìí=çìê=ëçÅá~ä=ëÉÅìêáíó=ëóëíÉã=çê=Åìäíìê~ä=ÉåîáêçåãÉåíI=
ïÜáÅÜ=ãÉ~åë=íÜÉó=Ü~îÉåÛí=ÄÉÉå=éçéìä~ê=íç=Ç~íÉ\=

Edward Leung - Response 

mêáî~íÉ= äçåÖ= íÉêã=Å~êÉ=ÄìëáåÉëë=Ü~ë=ÄÉÉå=ìåëìÅÅÉëëÑìääó=éáäçíÉÇ=
áå=^ìëíê~äá~K==jó=ìåÇÉêëí~åÇáåÖ=áë=íÜ~í=íïç=Åçãé~åáÉë=ä~ìåÅÜÉÇ=äçåÖ=
íÉêã= Å~êÉ= éçäáÅáÉë= áå= íÜÉ= ä~íÉ= NVUMëK= qÜÉ= ÉñíÉåí= çÑ= íÜÉáê= ã~êâÉí=
éÉåÉíê~íáçåI= ÜçïÉîÉêI= ï~ë= çåäó= OMM= éçäáÅáÉëK= = qÜÉ= çÄîáçìë= êÉ~ëçå=
ïÜó= ëìÅÜ=éçäáÅáÉë=Ü~îÉåÛí= í~âÉå=çÑÑ= áå=^ìëíê~äá~= áë= íÜ~í= íÜÉ= ÅìêêÉåí=
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äÉîÉä= çÑ=`çããçåïÉ~äíÜ=dçîÉêåãÉåí= ëìÄëáÇó= Ñçê= äçåÖJíÉêã= Å~êÉ= áë=
ÜáÖÜK=iççâáåÖ=Ñçêï~êÇI=áí=áë=ÅäÉ~êäó=ÖçáåÖ=íç=ÄÉ=éçäáíáÅ~ääó=ìåëÉííäáåÖ=
~åÇ=íÜÉêÉÑçêÉ=ÇáÑÑáÅìäí=íç=ïáíÜÇê~ï=íÜÉëÉ=ëìÄëáÇáÉëK=

Stuart Rodger 

f= Å~å= áåàÉÅí= ~= Äáí= çÑ= íÜÉ=rh= ÉñéÉêáÉåÅÉ= áåíç= íÜ~í= ~ë=ïÉääK= =lìê=
Åçãé~åó=Ü~Ç=~=ä~êÖÉ=ëÜ~êÉ=çÑ=íÜÉ=ã~êâÉí=~í=íÜ~í=íáãÉK==^åÇ=ïÉ=Ü~Ç=~=
êÉä~íáîÉäó= ëã~ää= åìãÄÉê= çÑ= áåÇÉéÉåÇÉåí= Ñáå~åÅá~ä= ~Çîáëçêë= ~ÇîáëáåÖ=
ÅçåëìãÉêë=çå= íÜáë=éêçÇìÅíI=çìí=çÑ= íÜÉ=ã~åó=ÜìåÇêÉÇë=çÑ= fc^ë= íÜ~í=
Éñáëí= áå= íÜÉ=rhK= =qÜçëÉ= ÑÉï=~Çîáëçêë=ïÉêÉ= îÉêó= ëïáíÅÜÉÇ=çå= íç= íÜÉ=
éêçÇìÅíI= ~åÇ= fÛîÉ= çÄëÉêîÉÇ= ~= ã~êâÉí= êÉëÉ~êÅÜ= îáÇÉç= çÑ= íÜÉáê=
ÅìëíçãÉêëK=

qÜÉ= ÅçåëìãÉêë=ïÜç= ÄçìÖÜí= Ñêçã= íÜÉ= fc^ë=ïÉêÉ= îÉêó= ëïáíÅÜÉÇ=
çå=íç=íÜÉ=êáëâI=Äìí=åÉîÉêíÜÉäÉëë=íÜÉ=ÅçåÅäìëáçå=ïÉ=ÇêÉï=ï~ë=íÜ~í=íÜÉ=
êáëâ= áíëÉäÑ= ~åÇ= íÜÉ= åÉÉÇ= áíëÉäÑ= áë= ~= îÉêó= ÇáÑÑáÅìäí= çåÉ= íç= ëÉää= íç= íÜÉ=
ÅçåëìãÉêI=ã~âáåÖ=áí=ÇáÑÑáÅìäí=Ñçê=ëéÉåÇáåÖ=çå=íÜÉëÉ=éêÉãáìãë=íç=ÄÉ=
ãçêÉ=áãéçêí~åí=íÜ~å=ëéÉåÇáåÖ=çå=çíÜÉê=íÜáåÖëK=

Eddie Leung - Response 

f= ïçìäÇ= ~ÖêÉÉ= ïáíÜ= óçìê= ëÉÅçåÇ= ÅçããÉåíK= = jó= îáÉï= áë= íÜ~í=
ÅçåëìãÉêë=ïçìäÇ=ÅçåëáÇÉê=äçåÖ=íÉêã=Å~êÉ=íç=ÄÉ=~=êáëâ=îÉêó=Ñ~ê=çìí=áå=
íÜÉ=ÑìíìêÉ=çê=ëáãéäó=~=êáëâ=íÜÉó=ÇçåÛí=ï~åí=íç=ÅçåíÉãéä~íÉK=

Stuart Rodger 

cçê=íÜÉ=êÉÅçêÇI=ïÜáäÉ=ïÉÛîÉ=í~äâÉÇ=~Äçìí=Üçï=ÇáÑÑáÅìäí=~=ë~äÉ=áí=áë=
áå=íÜÉ=rh=~åÇ=^ìëíê~äá~I= íÜÉêÉ=~êÉ=ëçãÉ=éä~ÅÉë= áå=íÜÉ=ïçêäÇ=ïÜÉêÉ=
íÜÉêÉÛë=~=äçí=çÑ=éÉçéäÉ=í~âáåÖ=íÜáë=éêçÇìÅí=ìéI=ëç=áí=áë=åçí=~ää=Ä~Ç=åÉïë=
Ñçê=äçåÖ=íÉêã=Å~êÉK=

Eddie Leung - response 

lîÉê~ääI=f=íÜáåâ=íÜ~í=áë=~=Ñ~áê=ÅçããÉåíK==^êÉ=óçì=êÉÑÉêêáåÖ=íç=íÜÉ=
råáíÉÇ=pí~íÉë=ïÜÉêÉ=éÉçéäÉ=~êÉ=í~âáåÖ=íÜÉ=éêçÇìÅí=ìé\=
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Stuart Rodger 

vÉëI= ~äëç= íÜÉêÉÛë= èìáíÉ= ÖççÇ= ÅçîÉê~ÖÉ= çÑ= íÜÉ= éêçÇìÅí= áå=
páåÖ~éçêÉK=

Martin Stevenson 

f=~ÖêÉÉ=îÉêó=ãìÅÜ=ïáíÜ=píì~êí=oçÇÖÉêÛë=ÅçããÉåíëK=qÜáë=áë=~=îÉêó=
ïçêíÜïÜáäÉ= é~éÉê= ~åÇ= ïÉ= ~ééêÉÅá~íÉ= íÜÉ= ÉÑÑçêí= íÜ~í= Ü~ë= ÖçåÉ= áåíç=
éêçÇìÅáåÖ=áíK=qÜ~åâ=óçì=~ää=Ñçê=~ííÉåÇáåÖ=~åÇ=çåÅÉ=~Ö~áåI=íÜ~åâ=óçì=
bÇÇáÉ=Ñçê=óçìê=é~éÉêK=
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1 Introduction 

få=êÉÅÉåí=óÉ~êë=ãìäíáéäÉ=ëí~íÉ=ãçÇÉäë=Ü~îÉ=ÄÉÉå=ìëÉÇ=íç=í~ÅâäÉ=~=
î~êáÉíó=çÑ=~Åíì~êá~ä=éêçÄäÉãëI=Ñçê=Éñ~ãéäÉ=áå=íÜÉ=ëíìÇó=çÑ=êÉíáêÉãÉåí=
ÅçããìåáíáÉë= EgçåÉë= ENVVSFFI= áå= íÜÉ= ëíìÇó= çÑ= íÜÉ= ÉÑÑÉÅíë= çÑ= ÖÉåÉíáÅ=
íÉëíáåÖ= çå= áåëìêÉêë= Ej~ÅÇçå~äÇ= ENVVTFFI= ~åÇ= áå= ÅçëíáåÖ= äçåÖ= íÉêã=
Å~êÉ=EiÉìåÖ=EOMMSFFK=

qÜÉ= ÅìêêÉåí= ^ìëíê~äá~å= m~êí= f= ÉÇìÅ~íáçå= ÅçìêëÉ= áåíêçÇìÅÉë=
ëíìÇÉåíë=íç=ãìäíáéäÉ=ëí~íÉ=ãçÇÉäëI=Äìí=éêçîáÇÉë=åç=ÖìáÇ~åÅÉ=çå=Üçï=
íç=éÉêÑçêã=Å~äÅìä~íáçåë=áå=~åóíÜáåÖ=çíÜÉê=íÜ~å=~=îÉêó=ëáãéäÉ=ëÉííáåÖK=
qÜÉ= éìêéçëÉ= çÑ= íÜáë= é~éÉê= áë= íç= ëÜçï= Üçï= Å~äÅìä~íáçåë= Å~å= ÄÉ=
éÉêÑçêãÉÇ= Ñçê= ãìäíáéäÉ= ëí~íÉ= ãçÇÉäë= ìëáåÖ= ã~íÜÉã~íáÅ~ä= ëçÑíï~êÉK=
tÉ=áääìëíê~íÉ=åçí=çåäó=Üçï=íç=Å~äÅìä~íÉ=éêçÄ~ÄáäáíáÉë=ìåÇÉê=~=ãìäíáéäÉ=
ëí~íÉ=ãçÇÉäI=Äìí=~äëç=Üçï=íç=Å~äÅìä~íÉ=éêÉãáìãë=~åÇ=êÉëÉêîÉëK=

tÉ= ëí~êí= áå= pÉÅíáçå= O= Äó= ÖáîáåÖ= ëçãÉ= áääìëíê~íáçåë= çÑ= ãìäíáéäÉ=
ëí~íÉ= ãçÇÉäëK= få= pÉÅíáçå= P= ïÉ= íÜÉå= ÖáîÉ= Ñçêãìä~É= Ñêçã= ïÜáÅÜ=
éêçÄ~ÄáäáíáÉë= ìåÇÉê= ~= ãìäíáéäÉ= ëí~íÉ= ãçÇÉä= Å~å= ÄÉ= Å~äÅìä~íÉÇI= ~åÇ=
áääìëíê~íÉ= íÜÉáê= ~ééäáÅ~íáçåK=tÉ= íÜÉå=ãçîÉ= íç= éêáÅáåÖ= ~åÇ= êÉëÉêîáåÖ=
Ñçê= äáÑÉ= áåëìê~åÅÉ= éêçÇìÅíë= áå= pÉÅíáçå= QK= qÜêçìÖÜçìí= íÜáë= é~éÉê=ïÉ=
éÉêÑçêã=Å~äÅìä~íáçåë=ìëáåÖ=íÜÉ=ëçÑíï~êÉ=j~íÜÉã~íáÅ~K=

2 Examples of multiple state models 

qÜÉ= ëáãéäÉëí= éçëëáÄäÉ= Éñ~ãéäÉ= çÑ= ~=ãìäíáéäÉ= ëí~íÉ=ãçÇÉä= áë= íÜÉ=
íïç= ëí~íÉ= “~äáîÉJÇÉ~ÇÒ=ãçÇÉäI= áääìëíê~íÉÇ= áå= cáÖìêÉ= OKNK= råÇÉê= íÜáë=
ãçÇÉäI= ~å= áåÇáîáÇì~ä= ëí~êíë= áå= íÜÉ= äáîÉ= ëí~íÉ= ~åÇ= íê~åëÑÉêë= ~í= ëçãÉ=
ê~åÇçã=ÑìíìêÉ=íáãÉ=íç=íÜÉ=ÇÉ~Ç=ëí~íÉK=

Figure 2.1: The “alive-dead” model 

1. - ALIVE 2. - DEAD

=
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^= ëäáÖÜíäó= ãçêÉ= ÅçãéäáÅ~íÉÇ= ãçÇÉä= áë= ïÜ~í= ïÉ= ãáÖÜí= Å~ää= ~=
éÉêã~åÉåí= Çáë~Äáäáíó= ãçÇÉäI= áääìëíê~íÉÇ= áå= cáÖìêÉ= OKOK= råÇÉê= íÜáë=
ãçÇÉäI=~å=áåÇáîáÇì~ä=ëí~êíë=áå=íÜÉ=ÜÉ~äíÜó=ëí~íÉ=~åÇ=Å~å=ãçîÉ=íç=íÜÉ=
Çáë~ÄäÉÇ= ëí~íÉ= çê= íç= íÜÉ= ÇÉ~Ç= ëí~íÉK= fÑ= ~= ãçîÉ= í~âÉë= éä~ÅÉ= íç= íÜÉ=
Çáë~ÄäÉÇ=ëí~íÉI=íÜÉ=çåäó=éçëëáÄäÉ=ÑìíìêÉ=ãçîÉ=áë=íç=íÜÉ=ÇÉ~Ç=ëí~íÉK=

Figure 2.2: The permanent disability model 

1. - HEALTHY 2. - DISABLED

3. - DEAD

=

^= ÑÉ~íìêÉ=çÑ= íÜÉëÉ= Ñáêëí= íïç=Éñ~ãéäÉë= áë= íÜ~í=çåÅÉ=~å= áåÇáîáÇì~ä=
äÉ~îÉë= ~= ëí~íÉI= ~= êÉíìêå= íç= íÜ~í= ëí~íÉ= áë= åçí= éçëëáÄäÉK= få= çìê= íÜáêÇ=
Éñ~ãéäÉI=ïÜáÅÜ=ïÉ=êÉÑÉê=íç=~ë=íÜÉ=Çáë~Äáäáíó=áåÅçãÉ=áåëìê~åÅÉ=EaffF=
ãçÇÉäI= áÑ=~=ãçîÉ=í~âÉë=éä~ÅÉ=Ñêçã=íÜÉ=ÜÉ~äíÜó=ëí~íÉ= íç= íÜÉ=Çáë~ÄäÉÇ=
ëí~íÉI=~=êÉíìêå=íç=íÜÉ=ÜÉ~äíÜó=ëí~íÉ=áë=éçëëáÄäÉI=~ë=áääìëíê~íÉÇ=áå=cáÖìêÉ=
OKPK=fåÇÉÉÇI=ãìäíáéäÉ=ãçîÉë=ã~ó=í~âÉ=éä~ÅÉ=ÄÉíïÉÉå=íÜÉ=ÜÉ~äíÜó=~åÇ=
Çáë~ÄäÉÇ=ëí~íÉëK=

Figure 2.3: The disability income insurance model 

1. - HEALTHY 2. - DISABLED

3. - DEAD

=
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3 Probabilities for a multiple state model 

3.1 Mathematical description 

tÉ=ëí~êí=Äó=ÅçåëáÇÉêáåÖ=~=îÉêó=ÖÉåÉê~ä=ãçÇÉä=ïÜáÅÜ=Ü~ë= n =ëí~íÉëI=
ä~ÄÉääÉÇ=1,2,...,n K=cçê=~ää= g =~åÇ= h =ÇÉÑáåÉ=

= Pr(life is in state  at age |life is in state  at age )gh
t xp h x t g x =

~åÇ=ÇÉÑáåÉ=

= Pr(life is in state  continuously from age  to age ).hh
t xp h x x t =

`Éåíê~ä= íç=ãìäíáéäÉ= ëí~íÉ=ãçÇÉäë= ~êÉ= íê~åëáíáçå= áåíÉåëáíáÉë= ÄÉíïÉÉå=
ëí~íÉëK= qÜÉ= íê~åëáíáçå= áåíÉåëáíó= ~í= ~ÖÉ= x = Ñêçã= ëí~íÉ= g = íç= ëí~íÉ= h =
EïÜÉêÉ= g h F=áë=ÇÉÑáåÉÇ=~ë=

t
0

=  / .limgh gh
x x

t
p t =

^äíÉêå~íáîÉäóI=ïÉ=ã~ó=ïêáíÉ=

= ( )gh gh
t x xp t o t =

ïÜÉêÉ=~=ÑìåÅíáçå= ( )f t =áë=ë~áÇ=íç=ÄÉ= ( )o t =áÑ==

0

( ) = 0.lim
t

f t
t

=

få=íÜÉ=“~äáîÉJÇÉ~ÇÒ=ãçÇÉäI=íÜÉ=Ñ~ãáäá~ê=~Åíì~êá~ä=íÉêãë= t xp I= t xq =~åÇ=

x =ÄÉÅçãÉ= 11
t xp I= 12

t xp =~åÇ= 12
x K=tÉ=~äëç=åçíÉ=íÜ~í=ìåÇÉê=íÜáë=ãçÇÉä==

11 11=t x t xp p =

ëáåÅÉ=~å=áåÇáîáÇì~ä=ïÜç=áë=áå=íÜÉ=~äáîÉ=ëí~íÉ=~í=~ÖÉ= x =áë=áå=íÜ~í=ëí~íÉ=~í=
~ÖÉ= x t =çåäó=áÑ=åç=ãçîÉ=í~âÉë=éä~ÅÉ=çìí=çÑ=íÜ~í=ëí~íÉK=

3.2 The Kolmogorov equations 

qÜÉ=hçäãçÖçêçî=Ñçêï~êÇ=Éèì~íáçåë=~êÉ=ïÜ~í=ïÉ=ìëÉ=íç=Å~äÅìä~íÉ=
éêçÄ~ÄáäáíáÉë= ìåÇÉê= ~= ãìäíáéäÉ= ëí~íÉ= ãçÇÉäK= qÜÉó= ~êÉ= ïÉää=
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ÇçÅìãÉåíÉÇ=~åÇ=Å~å=ÄÉ= ÑçìåÇ= áå=ãçëí= ëí~åÇ~êÇ= íÉñíë=çå= ëíçÅÜ~ëíáÅ=
éêçÅÉëëÉëI= Ñçê= Éñ~ãéäÉ= oçëë= ENVVSFK= få= çìê= ÖÉåÉê~ä= ãçÇÉä= íÜÉëÉ=
Éèì~íáçåë=~êÉ=

=gh gj jh gh hj
t x t x x t t x x t

j h
p p p

t
=

~åÇ=

= ,hh hh hj
t x t x x t

j h
p p

t
=

ïÜáÅÜ=äÉ~Çë=íç=

0= exp .hh hjt
t x x r

j h
p dr = EPKNF=

få=~Åíì~êá~ä=ïçêâ=E~åÇ=åçí~íáçåF= íÜÉ=ÄÉëí=âåçïå=ëéÉÅá~ä=Å~ëÉ=çÑ=
íÜÉëÉ=Éèì~íáçåë=áë=éêçÄ~Ääó=

=t x t x x t
d p p
dt

=

ïÜáÅÜ= ~ééäáÉë= íç= íÜÉ= “~äáîÉJÇÉ~ÇÒ=ãçÇÉäK= cçê= íÜáë=ãçÇÉäI= Éèì~íáçå=
EPKNF=áë=ëáãéäó=

0= exp .t
t x x rp dr =

qÜÉ= íê~åëáíáçå= áåíÉåëáíáÉë= ~êÉ= ÑìåÇ~ãÉåí~ä= íç=ãçÇÉääáåÖK=dáîÉå= íÜÉ=
íê~åëáíáçå=áåíÉåëáíáÉëI=ïÉ=Å~å=ìëÉ=íÜÉ=hçäãçÖçêçî=Éèì~íáçåë=íç=ëçäîÉ=
åìãÉêáÅ~ääó=Ñçê=éêçÄ~ÄáäáíáÉë=ìåÇÉê=~åó=ãìäíáéäÉ=ëí~íÉ=ãçÇÉäK=
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bñ~ãéäÉ= PKNW=cçê= íÜÉ=aff=ãçÇÉäI= Ñçê= ~= äáÑÉ= áå= pí~íÉ= N= ~í= ~ÖÉ= x I= íÜÉ=

~ÄçîÉ=ÖÉåÉê~ä=êÉëìäíë=ÄÉÅçãÉ=

11 12 13
0= exp ,t

t x x r x rp dr =

11 12 13 11 21 12=t x x t x t t x x t t x
d p p p
dt

=

~åÇ=

12 21 23 12 12 11= .t x x t x t t x x t t x
d p p p
dt

=

páãáä~ê=Éèì~íáçåë=~ééäó=áÑ=íÜÉ=äáÑÉ=áë=áå=pí~íÉ=O=~í=~ÖÉ= x K=

3.3 Numerical implementation 

bñ~ãéäÉ=PKOW=cçê=íÜÉ=aff=ãçÇÉäI=äÉí=ìë=ëìééçëÉ=íÜ~í==

13 23 0.038

12 0.06

21

= = 0.0005 0.000075858 10 ,

= 0.0004 0.0000034674 10 ,

= 0.005.

x
x x

x
x

x

=

qÜÉëÉ=î~äìÉë=~êÉ= í~âÉå=Ñêçã=kçêÄÉêÖ=ENVVRF=ïÜç=ÅáíÉë= íÜÉ=Ñáêëí= íÜêÉÉ=

~ë=î~äìÉë=ìëÉÇ=Äó=a~åáëÜ=áåëìê~åÅÉ=Åçãé~åáÉë=Ñçê=ã~äÉ=äáîÉëK=

qÜÉ=çìíéìí=ÄÉäçï=ëÜçïë=Üçï=ïÉ=Å~å=ëçäîÉ=Ñçê= 1
30

j
t p I=Ñçê= = 1,2,3j =

ìëáåÖ=j~íÜÉã~íáÅ~I=~åÇ=ÜÉåÅÉ=Å~äÅìä~íÉ=~ååìáíó=î~äìÉëK==



Premiums and Reserves for Life Insurance Products 

 

 265 
 

 

 In
st

itu
te

 o
f 

A
ct

ua
rie

s 
of

 A
us

tr
al

ia
 2

0
0
6
 

=

=



aus t ra l i an  ac tua r i a l  j ou rna l    

 

266 

 

 In
st

itu
te

 o
f 

A
ct

ua
rie

s 
of

 A
us

tr
al

ia
 2

0
0
6
 

=

=



Premiums and Reserves for Life Insurance Products 

 

 267 
 

 

 In
st

itu
te

 o
f 

A
ct

ua
rie

s 
of

 A
us

tr
al

ia
 2

0
0
6
 

=

4 Insurance mathematics 

4.1 Equations 

tÉ=~Ö~áå=ëí~êí=Äó=ÅçåëáÇÉêáåÖ=~=ÖÉåÉê~ä=ãçÇÉä=áå=ïÜáÅÜ=íÜÉêÉ=~êÉ=
n = ëí~íÉëK=iÉí= ( , )iV r u = ÇÉåçíÉ= íÜÉ= ÉñéÉÅíÉÇ=éêÉëÉåí= î~äìÉ= EbmsF= çÑ=
ÄÉåÉÑáí= çìíÖç= ~í= ÑçêÅÉ= çÑ= áåíÉêÉëí= = éÉê= ~ååìã= áå= íÜÉ= íáãÉ=éÉêáçÇ=
( , )r u = ÖáîÉå= íÜ~í= íÜÉ=éçäáÅóÜçäÇÉê= áë= áå= ëí~íÉ= i = ~í= íáãÉ= r K= E_ÉåÉÑáíë=
Å~å=ÄÉ=åÉÖ~íáîÉ=î~äìÉÇI=áKÉK=áåÅçãÉ=íç=íÜÉ=áåëìêÉêKF=iÉí= x =ÇÉåçíÉ=íÜÉ=
éçäáÅóÜçäÇÉêÛë=~ÖÉ=~í=áëëìÉK=

få= ïÜ~í= ÑçääçïëI= ïÉ= ïáää= íÜáåâ= çÑ= ( , )iV r u = ~ë= ~= åÉí= éêÉãáìã=
êÉëÉêîÉI=~ëëìãáåÖ= 1(0, ) = 0V K=
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bñ~ãéäÉ= QKNW= få= íÜÉ= íïç= ëí~íÉ= “~äáîÉJÇÉ~ÇÒ=ãçÇÉäI= ëìééçëÉ= íÜ~í= åÉí=

éêÉãáìãë=EåÉÖ~íáîÉ=ÄÉåÉÑáíëF=~êÉ=é~ó~ÄäÉ=Åçåíáåìçìëäó=~í=ê~íÉ= P =éÉê=
~ååìãI=~åÇ=íÜ~í=~=ëìã=~ëëìêÉÇ=çÑ= S =áë=é~ó~ÄäÉ=áããÉÇá~íÉäó=çå=ÇÉ~íÜK=

qÜÉå=

11 11 12
0 01(0, ) = .t t

t x t x x tV P e p dt S e p dt =

pÉííáåÖ= 1(0, ) = 0V =ã~âÉë= P =íÜÉ=åÉí=éêÉãáìãK=tÉ=Å~åI=çÑ=ÅçìêëÉI=
~êêáîÉ=~í=íÜÉ=~ÄçîÉ=ïáíÜçìí=íÜáåâáåÖ=áå=íÉêãë=çÑ=ãìäíáéäÉ=ëí~íÉ=ãçÇÉäëK=

få=ëí~åÇ~êÇ=~Åíì~êá~ä=åçí~íáçåI=íÜÉ=~ÄçîÉ=Éèì~íáçå=áë=

0 01(0, ) =

= .

t t
t x t x x t

x x

V P e p dt S e p dt

Pa SA
=

bñ~ãéäÉ= QKOW= få= íÜÉ= éÉêã~åÉåí= Çáë~Äáäáíó= ãçÇÉäI= ëìééçëÉ= íÜ~í= åÉí=

éêÉãáìãë=~êÉ=é~ó~ÄäÉ=Åçåíáåìçìëäó=~í=ê~íÉ= P =éÉê=~ååìã=ïÜáäÉ=~=äáÑÉ=
áë=áå=íÜÉ=ÜÉ~äíÜó=ëí~íÉI=~å=~ååìáíó=áë=é~ó~ÄäÉ=íç=íÜÉ=éçäáÅóÜçäÇÉê=~í=ê~íÉ=
A = éÉê= ~ååìã= ïÜáäÉ= Çáë~ÄäÉÇI= ~åÇ= ~= ëìã= ~ëëìêÉÇ= çÑ= S = áë= é~ó~ÄäÉ=

áããÉÇá~íÉäó=çå=ÇÉ~íÜ=EÑêçã=ÉáíÜÉê=äáîÉ=ëí~íÉFK=qÜÉå=

( ) 22 ( ) 22 23
2( , ) = t r t r

r rt r x r t r x r x r tV r A e p dt S e p dt =

ïÜÉêÉ=íÜÉ=Ñáêëí=áåíÉÖê~ä=ÖáîÉë=íÜÉ=bms=çÑ=íÜÉ=Çáë~Äáäáíó=~ååìáíóI=~åÇ=íÜÉ=

ëÉÅçåÇ=áåíÉÖê~ä=ÖáîÉë=íÜÉ=bms=çÑ=íÜÉ=ÄÉåÉÑáí=çå=ÇÉ~íÜK=

^äëç=

( ) 11 ( ) 11 13
1

( ) 11 12
2

( , ) =

( , )

t r t r
r rt r x r t r x r x r t

t r
r t r x r x r t

V r P e p dt S e p dt

e p V t dt
=

ïÜÉêÉ=íÜÉ=Ñáêëí=áåíÉÖê~ä=ÖáîÉë=íÜÉ=bms=çÑ=éêÉãáìã=áåÅçãÉI=íÜÉ=ëÉÅçåÇ=
áåíÉÖê~ä= ÖáîÉë= íÜÉ=bms=çÑ= íÜÉ=ÇÉ~íÜ=ÄÉåÉÑáí= ëÜçìäÇ=ÇÉ~íÜ=çÅÅìê= Ñêçã=

pí~íÉ= NI= ~åÇ= íÜÉ= íÜáêÇ= áåíÉÖê~ä= ÖáîÉë= íÜÉ=bms=çÑ= ÄÉåÉÑáíë= é~ó~ÄäÉ= çå=

íê~åëáíáçå=íç=pí~íÉ=OK==

kçíÉ=íÜ~í= áå=É~ÅÜ=çÑ=bñ~ãéäÉë=QKN=~åÇ=QKOI=ïÉ=Å~å=ÉëëÉåíá~ääó=ìëÉ=~=
íê~Çáíáçå~ä=~Åíì~êá~ä=~ééêç~ÅÜ=íç=Éî~äì~íÉ= ( , )iV r u K=
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bñ~ãéäÉ= QKPW= få= íÜÉ= aff= ãçÇÉäI= ëìééçëÉ= íÜ~í= åÉí= éêÉãáìãë= ~êÉ=

é~ó~ÄäÉ= Åçåíáåìçìëäó= ~í= ê~íÉ= P = éÉê= ~ååìã= ïÜáäÉ= ~= äáÑÉ= áë= áå= íÜÉ=
ÜÉ~äíÜó=ëí~íÉI=~å=~ååìáíó=áë=é~ó~ÄäÉ=íç=íÜÉ=éçäáÅóÜçäÇÉê=~í=ê~íÉ= A =éÉê=

~ååìã=ïÜáäÉ=Çáë~ÄäÉÇI=~åÇ=íÜÉêÉ=áë=åç=ÇÉ~íÜ=ÄÉåÉÑáíK=tÉ=Ü~îÉ=

( ) 11 ( ) 11 12
1 2( , ) = ( , )t r t r

t r x r t r x r x tr rV r P e p dt e p V t dt = EQKNF=

~åÇ=

( ) 22 ( ) 22 21
2 1( , ) = ( , ) .t r t r

t r x r t r x r x tr rV r A e p dt e p V t dt = EQKOF=

kçíÉ= íÜ~í= áå= íÜÉ= ëÉÅçåÇ= áåíÉÖê~ä= áå= Éèì~íáçå= EQKNFI= íÜÉ= íÉêã= 2( , )V t =
í~âÉë=~ÅÅçìåí=çÑ=~ää=é~óãÉåíë=~ÑíÉê=íáãÉ= t =ïÜÉíÜÉê=íÜÉ=äáÑÉ=áë=áå=pí~íÉ=N=
çê=pí~íÉ=OI=~åÇ=ëáãáä~êäó=áå=EQKOFK==

qÜÉ=âÉó=ÇáÑÑÉêÉåÅÉ=ÄÉíïÉÉå=bñ~ãéäÉ=QKP=~åÇ=bñ~ãéäÉë=QKN=~åÇ=
QKO= áë= íÜ~í= ïÉ= Å~ååçí= ~ééäó= ëí~åÇ~êÇ= ~Åíì~êá~ä= íÉÅÜåáèìÉë= íç= ÑáåÇ=

( , )iV r K=

iÉí=ìë=åçï=ÅçåëáÇÉê=Éèì~íáçå=EQKNFK=têáíáåÖ==

12 13 1=x x x =

~ë=íÜÉ=íçí~ä=íê~åëáíáçå=áåíÉåëáíó=çìí=çÑ=pí~íÉ=N=~í=~ÖÉ= x I=åçíÉ=íÜ~í=

11 1 1 1
0 0= exp = exp exp .x t x t x r

x rt r x r s s sp ds ds ds =

qÜìë=Éèì~íáçå=EQKNF=ÄÉÅçãÉë=

1
10

1
0

1 12
20

  exp ( , )

= exp

exp ( , )

x r
s

r t x t
r s

t x t
r s x t

ds V r

e P e ds dt

e ds V t dt

=

~åÇ=ÇáÑÑÉêÉåíá~íáçå=ÖáîÉë=
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1 1 1
1 10 0

1 1
10 0

1 12
20

exp ( , ) exp ( , )

= exp ( , ) exp

exp ( , )

x r x r
x r s s

x r x r
s s

x r
s x r

dds V r ds V r
dr

ds V r P ds

ds V r

=

çê=

12 13
1 1 2 1 1( , ) = ( , ) ( , ) ( , ) ( , ).x r x r

d V r V r P V r V r V r
dr

= EQKPF=

páãáä~êäó=

21 23
2 2 1 2 2( , ) = ( , ) ( , ) ( , ) ( , ).x r x r

d V r V r A V r V r V r
dr

= EQKQF=

tÉ=êÉã~êâ=íÜ~í=Éèì~íáçå=EQKPF=Ü~ë=~=å~íìê~ä=áåíÉêéêÉí~íáçåK=qÜÉ=äÉÑí=
Ü~åÇ=ëáÇÉ=ÖáîÉë=íÜÉ=ê~íÉ=çÑ=ÅÜ~åÖÉ=çÑ=íÜÉ=êÉëÉêîÉK=lå=íÜÉ=êáÖÜí=Ü~åÇ=
ëáÇÉI= íÜÉ= êÉëÉêîÉ= ÅÜ~åÖÉë= ~ë= ÑçääçïëW= áí= áë= áåÅêÉ~ëÉÇ= Äó= áåíÉêÉëí= ~åÇ=
éêÉãáìã= áåÅçãÉ= ~åÇ= Äó= íÜÉ= êÉäÉ~ëÉ= çÑ= êÉëÉêîÉ= çå= ÇÉ~íÜI= ~åÇ= áë=
êÉÇìÅÉÇ= Äó= íÜÉ= ÇáÑÑÉêÉåÅÉ= ÄÉíïÉÉå= íÜÉ= êÉëÉêîÉë= áå= pí~íÉë= N= ~åÇ= O=
ïÜÉå=~=íê~åëÑÉê=íç=pí~íÉ=O=çÅÅìêëK=

bèì~íáçåë=EQKPF=~åÇ=EQKQFI=íçÖÉíÜÉê=ïáíÜ=ÄçìåÇ~êó=ÅçåÇáíáçåëI=~êÉ=~ää=
ïÉ= åÉÉÇ= íç= ëçäîÉ= Ñçê= 1( , )V r = ~åÇ= 2( , )V r = ÖáîÉå= íÜÉ= íê~åëáíáçå=

áåíÉåëáíáÉëK=

få= íÜÉ= ÖÉåÉê~ä= ëÉííáåÖ=çÑ= n = ëí~íÉëI= ëìééçëÉ= íÜ~í= ( )jkB t = ÇÉåçíÉë=

íÜÉ=ÄÉåÉÑáí=é~ó~ÄäÉ=~í=íáãÉ= t =çå=íê~åëáíáçå=Ñêçã=pí~íÉ= j =íç=pí~íÉ= k I=
~åÇ= ( )jb t =ÇÉåçíÉë=íÜÉ=ê~íÉ=çÑ=ÄÉåÉÑáí=é~óãÉåí=EéçëáíáîÉ=çê=åÉÖ~íáîÉF=

~í=íáãÉ= t =áÑ=íÜÉ=éçäáÅóÜçäÇÉê=áë=áå=pí~íÉ= j K=qÜÉå=

( )

( )

( , ) = ( )

( ) ( , )

t r iiu
ri t r x r i

t r ii iju
r t r x r x t ij j

j i

V r u e p b t dt

e p B t V t u dt
=

ïÜáÅÜ=äÉ~Çë=íç=

( , ) = ( , ) ( ) ( ) ( , ) ( , )ij
i i i x r ij j i

j i

d V r u V r u b r B r V r u V r u
dr

= EQKRF=
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Ñçê= = 1,2,...,i n K= bèì~íáçåë= EQKRF= ~êÉ= âåçïå= ~ë= ÖÉåÉê~äáë~íáçåë= çÑ=
qÜáÉäÉÛë= ÇáÑÑÉêÉåíá~ä= Éèì~íáçåK= qÜÉ= Ä~ëáÅ= qÜáÉäÉÛë= ÇáÑÑÉêÉåíá~ä=
Éèì~íáçå=~ééäáÉë=íç=íÜÉ=íïçJëí~íÉ=“~äáîÉJÇÉ~ÇÒ=ãçÇÉäK=cçê=Éñ~ãéäÉI=
Ñçê=~=ïÜçäÉ= äáÑÉ=éçäáÅó= áëëìÉÇ= íç=~= äáÑÉ=~ÖÉÇ= x =ïáíÜ=ëìã=~ëëìêÉÇ= S =
é~ó~ÄäÉ=áããÉÇá~íÉäó=çå=ÇÉ~íÜ=~åÇ=ïáíÜ=~ååì~ä=åÉí=éêÉãáìãë=çÑ= P =
é~ó~ÄäÉ=ÅçåíáåìçìëäóI=qÜáÉäÉÛë=ÇáÑÑÉêÉåíá~ä=Éèì~íáçå=áë=

12
1 1 1( , ) = ( , ) ( , ) .x r

d V r V r P S V r
dr

=

4.2 Numerical implementation 

`çåëáÇÉê=íÜÉ=aff=ãçÇÉä=ïáíÜ=åÉí=éêÉãáìãë=é~ó~ÄäÉ=Åçåíáåìçìëäó=
~í=ê~íÉ= P =éÉê=~ååìã=ïÜáäÉ=~= äáÑÉ= áë= áå=íÜÉ=ÜÉ~äíÜó=ëí~íÉI=~å=~ååìáíó=
é~ó~ÄäÉ=íç=íÜÉ=éçäáÅóÜçäÇÉê=~í=ê~íÉ= A =éÉê=~ååìã=ïÜáäÉ=Çáë~ÄäÉÇI=~åÇ=
~= ÇÉ~íÜ= ÄÉåÉÑáí= çÑ= S = é~ó~ÄäÉ= çå= ÇÉ~íÜ= Ñêçã= ÉáíÜÉê= äáîÉ= ëí~íÉK= qç=
Å~äÅìä~íÉ= P =ïÉ=ÑáåÇ=íÜÉ=bms=~í=íáãÉ=M=çÑ=~=ìåáí=é~óãÉåí=ïÜáäÉ=íÜÉ=
äáÑÉ=áë=áå=É~ÅÜ=çÑ=pí~íÉ=N=~åÇ=pí~íÉ=OI=~åÇ=çÑ=~=ÄÉåÉÑáí=çÑ=N=çå=íê~åëÑÉê=
íç=íÜÉ=ÇÉ~Ç=ëí~íÉK=^ëëìãÉ=íÜÉ=éçäáÅó=íÉêã=áë= u =EóÉ~êëFK=

cáêëíI= ïÉ= ÅçåëáÇÉêI= áå= çìê= ÖÉåÉê~ä= åçí~íáçåI= 1( ) = 1b t I=

2 3( ) = ( ) = 0b t b t =~åÇ= ( ) = 0ijB t =Ñçê=~ää= i =~åÇ= j K=qÜÉå=Éèì~íáçåë=EQKRF=
ÖáîÉ=

12 13
1 1 2 1 1( , ) = ( , ) 1 ( , ) ( , ) ( , )x r x r

d V r u V r u V r u V r u V r u
dr

EQKSF=

~åÇ=

21 23
2 2 1 2 2( , ) = ( , ) ( , ) ( , ) ( , ).x r x r

d V r u V r u V r u V r u V r u
dr

= EQKTF=

pçäîáåÖ= Ñçê= 1(0, )V u = ÖáîÉë=ìë= íÜÉ=bms=çÑ=~=ìåáí=é~óãÉåí= íç= íÜÉ= äáÑÉ=
ïÜáäÉ=íÜÉ=äáÑÉ=áë=áå=pí~íÉ=NI=ë~ó= K=

=pÉÅçåÇI=ïÉ=ÅçåëáÇÉê= 1( ) = 0b t I= 2( ) = 1,b t = 3( ) = 0b t =~åÇ= ( ) = 0ijB t =
Ñçê=~ää= i =~åÇ= j K=qÜÉå=Éèì~íáçåë=EQKRF=ÖáîÉ=

12 13
1 1 2 1 1( , ) = ( , ) ( , ) ( , ) ( , )x r x r

d V r u V r u V r u V r u V r u
dr

= EQKUF=
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~åÇ=

21 23
2 2 1 2 2( , ) = ( , ) 1 ( , ) ( , ) ( , ).x r x r

d V r u V r u V r u V r u V r u
dr

EQKVF=

pçäîáåÖ= Ñçê= 1(0, )V u = ÖáîÉë=ìë= íÜÉ=bms=çÑ=~=ìåáí=é~óãÉåí= íç= íÜÉ= äáÑÉ=
ïÜáäÉ=íÜÉ=äáÑÉ=áë=áå=pí~íÉ=OI=ë~ó= K=

qÜáêÇI= ïÉ= ÅçåëáÇÉê= 1 2 3( ) = ( ) = ( ) = 0b t b t b t = ~åÇ= 3( ) = 1jB t = Ñçê=
= 1,2j K=qÜÉå=Éèì~íáçåë=EQKRF=ÖáîÉ=

12 13
1 1 2 1 1( , ) = ( , ) ( , ) ( , ) 1 ( , )x r x r

d V r u V r u V r u V r u V r u
dr

EQKNMF=

~åÇ=

21 23
2 2 1 2 2( , ) = ( , ) ( , ) ( , ) 1 ( , ) .x r x r

d V r u V r u V r u V r u V r u
dr

EQKNNF=

pçäîáåÖ=Ñçê= 1(0, )V u =ÖáîÉë=ìë=íÜÉ=bms=çÑ=~=ìåáí=é~óãÉåí=íç=íÜÉ=äáÑÉ=çå=
íê~åëÑÉê=íç=pí~íÉ=PI=ë~ó= K=

dáîÉå=íÜÉ=ÄÉåÉÑáí=äÉîÉäëI= A =~åÇ= S I=ëÉííáåÖ==

=P A S =

ÖáîÉë=íÜÉ=åÉí=~ååì~ä=éêÉãáìã= P K=

få= íÜÉ= ~ÄçîÉI= ïÉ= Ü~îÉ= ëÉí= çìí= íÜêÉÉ= é~áêë= çÑ= Éèì~íáçåëK= qÜáë=
~ääçïë=ìë= íç= î~äìÉ= áåÅçãÉ=~åÇ= É~ÅÜ=ÄÉåÉÑáíK=tÉ= ÅçìäÇ= Ü~îÉ= ëÉí= ìé=
íïç= é~áêë= çÑ= Éèì~íáçåëW= çåÉ= íç= î~äìÉ= áåÅçãÉI= íÜÉ= çíÜÉê= íç= î~äìÉ=
çìíÖçK=

bñ~ãéäÉ= QKQ= pìééçëÉ= íÜ~í= = log1.045 = 0.044017 = ~åÇI= ~ë= áå=

bñ~ãéäÉ=PKOI==

13 23 0.038

12 0.06

21

= = 0.0005 0.000075858 10 ,

= 0.0004 0.0000034674 10 ,

= 0.005.

x
x x

x
x

x

=
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`çåëáÇÉê=íÜÉ=ÑçääçïáåÖ=áåëìê~åÅÉ=Åçåíê~ÅíW=

NK= mêÉãáìãë=~êÉ=é~ó~ÄäÉ=Åçåíáåìçìëäó=ïÜáäÉ=íÜÉ=äáÑÉ=áë=áå=íÜÉ=ÜÉ~äíÜó=
ëí~íÉ=~í=ê~íÉ= P =éÉê=~ååìãK=

OK= ^å= ~ååìáíó= áë= é~ó~ÄäÉ= íç= íÜÉ= éçäáÅóÜçäÇÉê= ~í= íÜÉ= ê~íÉ= çÑ=

= 50,000A =éÉê=~ååìã=ïÜáäÉ=íÜÉ=äáÑÉ=áë=áå=íÜÉ=Çáë~ÄäÉÇ=ëí~íÉK=
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12 13
1 1 2 1 1( , ) = ( , ) ( , ) ( , ) ( , )x r x r
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dr

EQKNOF=

~åÇ=

21 23
2 2 1 2 2( , ) = ( , ) ( , ) ( , ) ( , )x r x r

d V r u V r u A V r u V r u S V r u
dr

EQKNPF=

íç=ÑáåÇ=íÜÉ=ÑìåÅíáçåë= 1( , )V r u =~åÇ= 2( , )V r u =Ñçê= 0 < <r u I=ïÜÉêÉ= = 30.u =

qÜÉ= j~íÜÉã~íáÅ~= Åçãã~åÇë= íç= ëçäîÉ= Éèì~íáçåë= EQKSF= íç= EQKNPF= ~êÉ=

ëÜçïå=ÄÉäçïK=
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5 Further reading 

qÜÉ= çêáÖáå~ä= áãéçêí~åí= ÅçåíêáÄìíáçå= çå= ÖÉåÉê~äáë~íáçåë= çÑ=
qÜáÉäÉÛë=ÇáÑÑÉêÉåíá~ä=Éèì~íáçå=áë=Äó=eçÉã=ENVSVFK=bñíÉåëáçåë=Å~å=ÄÉ=
ÑçìåÇ=áå=eçÉã=ENVUUF=~åÇ=tçäíÜìáë=ENVVRFK=pÉÉ=~äëç=kçêÄÉêÖ=ENVVRF=
ïÜç=ÅçåëáÇÉêë=ÜáÖÜÉê=ãçãÉåíë=çÑ=éêÉëÉåí=î~äìÉëK=^=Ñìää=ÇáëÅìëëáçå=çÑ=
íÜÉ=aff=ãçÇÉä=áë=ÖáîÉå=Äó=t~íÉêë=ENVUQFK=

^= ëí~åÇ~êÇ= ~ééêç~ÅÜ= íç= ëçäîáåÖ= ÇáÑÑÉêÉåíá~ä= Éèì~íáçåë=
åìãÉêáÅ~ääó= áë= íÜÉ= oìåÖÉJhìíí~= ãÉíÜçÇK= aÉí~áäë= Å~å= ÄÉ= ÑçìåÇ= áå=
íÉñíë=ëìÅÜ=~ë=`çåíÉ=~åÇ=aÉ=_ççê=ENVUMFK=
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