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Longevity Risk Management
Vision for Business of Insurance Companies
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Abstract
This work is to manipulate the longevity risks represented by the
additional financial loadings based on the surviving for a long time period
more than the expected time period. The reasons of the increasing longevity
in parallel with the calendar years such as healthy improvements, cultural
and educational development, technologies updating, and environmental
changes. Financial severities resulting from longevity are responsibility of
the governmental systems, social insurance, and other foundations. The fact
is that all what provide previous founders is not enough to cover the
financial severity caused by the longevity. So, the role of insurance
companies became very important component to contribute the solution of
that problem. Based on that fact, Actuaries have done the best to prepare the
actuarial tools that should be used for estimating the cost of the insurance
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products. In this domain the work aims to use new functions such as general
trend function, Gombertz function, and Gompertz Function weighted by a
healthy improvement factor. The last is to use for estimating the actuarial
cost of insurance products. That product is issued to support the
governmental system and retirement pension's contributions. Actuarially,
experiences data of mortality collected from many insurance companies'

resources has been treated to obtain the value of ("P x, t) as estimated value
of survival rate. A crossed action and time series methods have been used to
estimate the cost of retirement pensions based on defined contributions
(DB). Three methods have been applied to achieve that goal. A comparison
has been met to show more clearance.

Key Words:
Longevity risk management. Factors affecting on longevity. Active life
period. Longevity Loadings. Longevity risks measuring. Life expectancy.
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1- Pauline Barrieu et. al., 2011"Understanding, Modeling and Managing Longevity Risk:
Key Issues and Main Challenges. Submitted to Operations Research manuscript.
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2010 2000 1990 1980

0.98756 | 0.98701 | 0.98399 | 0.97995 60

0.96669 | 0.96527 | 0.96257 | 0.95346 70

0.92677 | 0.92356 | 0.91836 | 0.90093 80

0.84921 | 0.84213 | 0.83119 | 0.80768 90

0.74395 | 0.73133 | 0.71171 | 0.67055 | 100

0.62098 | 0.6023 | 0.57326 | 0.51233 110

0.46055 | 0.43395 | 0.39222 | 0.3059 120

Source: U. S. Department of Health and Human Services, Social security Administration,
office of the actuaries.

S B ) o paall e

) yaadli slaall 0 e pladl c¥anay S seall Jsb G 4 b 483 lia of )
LoD 480N dad giad) saall coal ) LISy 5y s

LoDl A0 a8 gial) sadd) ol LalS slall ad e o) coylaial Jis Y

L aiMiad | Shall @ o olil) Jana 8ab ) (Al (g3 Dadlae Gl g€ el sye Y
PPy d

CaUiAl @llia LS of g oladV1 (puii 340 Gl o sanl) 8 Leall Slisad) colilat il of ¢
u‘)_/\.a.\;\u.:;ms.:)&‘}(\mﬂ\jabﬂ\ u\;ﬁyu;@)_md\w\)uhu\wkkﬁ
ol sl e ST A A8 Y sll o iy i3 g\ [SELTIC

Pxt>Pyxt-1(USA), P> P, t-1(Egypt)
L) e S b sl LT 8 Gl il o5 5 Y

c—h—ﬁ\ﬂ&.‘m
esiadl] 8 elnSU 8 500 senll J gl o dmaally Sl psle b () st iy

Seba 0¥ s )AA\J}JQ‘HU}_A\dﬂ\}dlw\_ﬁmmw\u\&}ubu@
nﬁcwﬁied\‘_gm]‘r\ubuscdjubudﬂn bﬂhaghﬂ\m@&mm)md\
Mﬂyjaﬂﬂ&aw\d#wdﬁimbwj ;h;)dubd\qabd\ﬁw\g
bl ol sl (e a5 211 u\;uwumwju Sraidall) JE€ o diadl
A gl Olgalldslgig | sendl Joha s 8 DA aug\mggmm;m\wutsuub
L oyl ;u;z,:.m}a@,_um;smemduw\g)A,J\J,J“ﬁua 303 e
u@\ﬂﬁu\yb& MJ\;AS‘}I\uLdyﬂmhaL\;j\mé&@\&@yhyu&d#am
u.ca\_\;hmu_\cuﬂ\_d\JJ.cmb)u_«.\SU\emﬂb g ) g cilad gill Lada g - Lyl
)AA\J).L‘:)ALH‘\_‘;A\HM\@ASLJ\(H;MIAJJMU\M@um_@)&\nﬂ\
Longevity risk sl Jsb sha e of Bhaiall (e dra dobe il (e Lgale o i Ly
- eyl el (i sy gaai levie - il S i i g ,Ja-;s\sJu\emw:.}
@Meyuﬂ&é\%}ﬁuu\ﬂ\wwu\ﬁﬂ """ gt Loty CaDUEAY) yhad

aYe)o e o) sl (Yve) 8 jualaall Ay Jladl clad jl) Alaa

:Commented [s\]]

:Commented [sT]]

:Commented [sY]]




sl il 550 seald) Jgh s 5 ) el aganaf 3

saall J}E‘QJ’SALJ)'S\ e S ledlEaial die Leady Caa gluy &d\ Alaall el 33V (g
&cw&d\@u\j\&.\d\wé&ﬁjcﬂcﬁjyd‘f:d\ucdcw}d\fc@m};\ll
2350 Laey el AS i gl 58 N eall Jsba shad aaa B agd ad giall aall e sLall a8
Eumuu\.ﬁ& e A8 il 4 (yin yatiba — ol Jgdal } ydaig - )_LAM‘M(.\AAL).A
ea..a.d‘ dwgumuwd\ callsl) M Wu,nmg\,‘\ Jw\éaml_d\ NV aza
d)ﬁﬂNM\ﬂ\M\uMwa\@bﬂ\uuu)nY\).Ja;).u.u
O Lu.m\.d\ Mka_d‘ uﬂl& J.amu;JA.AM\ MJ\j.aSY\ L_d_a\_u]\ alae) @Jbu.u‘;mj\
bl u\ oAl s e ay i bagee L el (Blastd qu_aéam\).\.d\ ) el
Ua_squic_my).:S]).A‘}I\@...a;.\b_wyjuﬁu}_ﬁ‘)!mbu_uﬁ\)\_}sd&ubd\
ey 5215 CSO — 58 (S ¥ Jsaall b 4y ) 58SV il asall s () gaddibay (piaal
uwd}A;.‘H;\AubmeMLuiuaﬁ Yaot VA 5l A il ¢S 558 8
\.\.@Jce\qvcew\w\e.\_ﬁu|jm\~c)ﬂdbohﬂ\)kawbuu_\uxb@.muﬁn
@Jd@;‘ﬁM\b)ﬂ\Lﬂy‘sd‘,M\uhbﬂM\ )ﬁﬂ\h)uuuc_u)ﬂd)ﬂ\
Muwuﬁw\dﬁlgujwu\usg}_mﬂ_Ho\_H/\ 9 L 3l

ol (5255 gl aie Lgado i) Ll 3ol gl a5 el 46,55 4
AN AEE ) Claiaal JS 3 oaal

1Py 1951 < 1OP x, 1980aNd € x, 1951 < € x, 1980

A cre S e 5l e Aiaalall A daall A0S i 8 ualill S 8 aaia
O S el Al oe  SU 6 5ol uld e 3 e Liliatul vie L) jal) 2835 Laiy
oSy oy Adle eliel (a sand) sl o o i o Loyl ASe) Lo el ¥ AISA)
b).\;‘}“wb )_\.\SJ\ JLADY‘EBMA}MS&%JM ul_al.\.d\ )a\j_a(.\u; LA\A."\A PANIVIA
)_uSS\JWY\@QDM\)mmEea}u\ﬂmu\UM\ faa 4 cpfialll e g
ohall 1 8y (gl Jgan Leaal) Al a5 8 deadiiaal) 4y ) s3SI gV JaiS5 ia
) Al s 8 Al S Gl (o gialil andiiy L ke

4.:.1‘);@ MBJMJ\)ASY\;\M..AB)SD&MM‘UA\;»LJ\)Sﬂb)m;j\j
0= (X, 0) 1 (X + Kk 1) e slee W sball a8 o olill eV asdd dalio ¢ a8 G 6<5
&:;\A}M ¥ anad dndia ) yaliy _(C}J)A\ JLAS.M‘)!\) umla.q\&wuﬂ\ JlaSiuy! Gk
88 Y) Aail oda Caalill a5t el gha dia 3 5588 e s X + K 3 le Jlee S sLall 28
8 30 i (ol oo sblnall gl Agudil Jias gl a3
Eand) Caan

sl Jpda shad 3 )Y paaat il aeldll A8 58 jhas Gl N eadl Gag
ul_ﬂaa_d\d_uﬁa)_ﬁ@uu""L\;J\A.\BLA;;;@u‘jw&uwﬂj\*gﬁ‘i\uﬂmyh
u.u;.\&\uaa@u‘J}.Euj\bnwhujbu&\a\h\@dﬂ\téuuu‘ﬁyu‘uuj WU\
FEIRY] L_u.n\_mﬁ\ L.s—“‘u‘ c_u.d\ Uil a\.\ﬂ‘m‘;& cuﬂ\ u}(m@ﬁaﬂ

Gagll g

mgj&juu\e#\;J#\uiqémxu@a_sxa,a_-._‘a\}w\w&‘;x
e 4330 ) Al gags LS cadiadll a\)ﬁ\)ﬂadj.)a@aaujujldajatgym,c,\ﬂ\
05818 L ST il anall e el s A 5yl O sl 18 e Sl
o LS duall (g g 58

AY 10 sianws Jg¥1 asl) ( X2 ) 5 pualaal) 4 5Ll sl al) Alaa




sl il 550 seald) Jgh s 5 ) el aganaf 3

i) Ix,t>1Ix,t;t>1

II) dx,t<dx,7:;t>‘c

iii)Px,t>Px,r;t>T

iV)C])(,t<q><,r;t>'c

:QT&US&:@)@

i) ax.t:n]> ax, il t>1

i) ax,t> ax,t>1

i) /P x, t:n1>MPx, cnl t> 1

iV) m/q><,t<m/q><,t;J[>'c

Preview Studies A&l clud jal)

Opanadid olaia) jgad i ey @ jla (Al Cile g gall o geall J gl slad siag
aaial ALYl Lol il Gilaall ciladn g g bl Gl 5 colaiaW) Gt ¥l A
o oIl el Hld e AEA Al alia L 1 i Al iUk 05l cile sSa
?“-’d‘ ‘_gjméc&j...ayd\ Jags | gatiat (pill ua.uu\.ubaéc St Alae @3 JESPAPI
8)5ma e calll ST (Joseph F. Faber (1983) a5 cidis &) 53S) Ay b Niad
il pall il YooY ale 8y Y el pda ity el dasiall Acaly I bl alaaial
sl g o plall cVans gai gt A andall Celadl 6 dglalt dall o ¥ Jladl 128 4
saatdll u\_a‘ijl\@dja\_zd\uual_zﬂ\méc ;Lﬁ.d\ u‘im@@)‘apu\ﬁ)&\ 2a 98 Cua
Aadlad) AT (el Al jall €0y 3lliall ellf (ya Al Al g ginae AT Lo oy
st bl Liaé Moshe A, Molevsky. 2004 4wl by A seall Jsha laal d4lLal)
Jsb yhad dgal pad Jalalt Jumil Lo Gl o ¥ ol A gha Ala e cilads (el 4355
Jsb A s gam @AAM cranill o el el David Blake 2008 4l 2 s el
ity 05l 5508 5 353l (o 5 Aylad A8y (pa s Jai 55 5oLl ki iy 0t aal
Al Capay Lo aalill aadid a5 ¢ juall J sl sdad ae Jaladll (o A s yiint Lgilin 5
What gets 451 (S 4ol (Sa Lo of e Cua Life metric Index sbaall sl
Leal ga o aainall ol g A ciladall JUas of ST 5 measured get s managed
ol of ¢y sialidh aSi Pauline B. et al. 2011, Mawl o o8y . yeall sk yad s el
Yo siing @il 5 sandl Jsba shad 31 Laa o) 8V Jlael 85 painsa 8oy 3 ) sa38 oaall
e gl Gaeldl s celain¥) el il Clige 8 A dudaill 5 A papalSYT il pall Lala
Jsb ki of (sl 1<i Andrew Ngai, Michael Sherries 2011 43 s ¢! sadl

6- Joseph F. Faber. "Actuarial study No. 89" . 1983. Allice H. Wade A.S.A

7 - National vital Statistics Reports Vol. 64 2006

8- David A. Kindling. Christopher L. Seplak. Donald L. Libby. " Death rate variation in
USA subpopulations™ .Bulletin of the world health organization. 2002.

9- Moshe A. Molevsky. "Real Longevity Insurance with deduction: Introduction to
advanced life delayed annuities". Society of Actuaries. 2004.

10 - David Blake, "Longevity risk hedging: the role of the private and the public sectors.”
Pensions Institute Org. 2008.

AY 10 sianws Jg¥1 asl) ( vy ) 5 pualaal) 4 5Ll sl al) Alaa



sl il 550 seald) Jgh s 5 ) el aganaf 3

MiB A s " Fle A sall 5 ol 391 A gia b 4 pla) (5 Gama Law Jiy 508 38 yanll
e ol @sm 4 Specialized mortality tables '™ o)six: risk revealed. 2011
u\‘,_\.uéc_\.&uuu‘c(uz‘).a:;d&wnm;mYQu\uM\ewH\wu\uﬁy
d;.k‘d;)a‘ﬁub)ubul_\s}um}dj\uahxﬂﬁu;.ﬂ\u;.é uu(a_aw} dady
u_\;‘_}a‘&.@_qmjmh.md\_ﬁuaxAJAJJ\_\A\S&_’DMJUJLWL@J}SSMAJ.\S\UJSJ()A:J\
Anne '* Al o M\J}b)hﬁ\ywx\uw\myumu\wg, L jUas]
S Lae o 5800 dad il jlae ) 8500 31 4ily jen) Jsha sl caaldll Ga e Obersteadt
sas a8y claliiaV) Al Jy s (e Gl shuall il LS Ca Lao agd BLall slief 3oy I
aial Matthew D. 2014 ' 4l ja 8y < gol LDy janll Jsdba sdad s Jusladill il 5ol
pre O 28Ty Lelile ae i amy 5 5B Ml Jaadl gaas ezt il AL adaill ol canlll
Esmjb\@uj&@uﬁfﬂ@mé\tsdy.\a nm.\sumyj—uﬂjdum
e ALl il Agad gal ) Jall it AW ciladall of ST 2 éaa.d\j 34l
a3l Yoo gy Aty il Al s A mﬁﬂ\muapJAﬁd\&jba)u Legal s
A G pe dliiie Ol giud el a8 o pLGl @V aaag gl Aglad ) g0 g giallll
cwuu\yJAw\M\u\y&abﬂ\méc;hﬂ\uymcm‘j}‘)mp

OV aall Jsda slad dgal gl dnulia ilae dadn 48ISS i

Sad) g
il Sl 8y il ) ALYl ol Gilane G Sl (058

shall ag Ao sl clamey cladg Ao anall Gl Janae & jsdaill s jia

X+kw)ﬁ\Jucﬂohﬂ\qujuwy}w3sx X+ K (o seall Sl i A
dj.)a).b;aj\gj@u,gU\u&yjja@Luaagjqu\e\SyQJwM\Ghu.d\;,gm_Y

Slsa sl il o Say Lo Ji ) A gl jUadY) (asdiS aa yeal)

Js¥l duasall
w&;‘ﬁd\ Ouﬂ\)ﬁﬂlﬁ#m
Sad) ad o L8| cYma

dchﬂ\w\shmujc;M\uymésﬁaﬂunmﬂ\)uh)mm)m

858 DA 3183 (g sall Jaall (el el (el 2 g lanal Alla A o ) 5KV 61l
seadl ey peal) d8do) A — 28l — dAy@.A\UM\U‘yJJJ sl eall 22y L
Sy @}J\fcmfﬂ\u\)md)\;a\_\;ﬂmécu.\sLd\amthé\L;a}\uS L8 il
S Ll pie | i Lagie JS a3 gl QAL 51 1,80 AUAD 3 sal5W o Ua Ay parall

12- Andrew Ngai, Michael Sherries." Longevity risk management for life and variable
annuities: the effectiveness of static hedging using longevity bonds and derivatives."
Insurance: Math. & Econ. Journal. 2011

13- Specialized mortality tables, MiB risk revealed. 2011. MiB group, Inc.
WWW.MIBgroup.com

14- Anne Obersteadt. "Managing longevity risk". NAIC & the center for Insurance policy
and research. April 2013.

15 - Matthew Ditch. FSA. "Longevity Solutions." Risk Management newsletters. Dec.
2013/ Jan. 2014.

aa o celainyl el Clilaad e (e Clada d8S5 g jeall Joda jdad ™ )08 ¢ alla ¢ adldi N

Y40 b il daals 3 jlaill 4K dlas
AY 10 sianws Jg¥1 asl) (\W\) 5 pualaal) 4 5Ll sl al) Alaa



http://www.mibgroup.com/

) Gsalall g3 sanll Jola jhad 3 a0 el aganaf 3

W(‘_Abi; a2Ua) Baal ﬁjag}i ("'E‘ ;J e.\ﬁ\w@m&\ Cpantll sy CaEAL 4
C\_vh W PLEN)] cm;.d\ u\.\su.u‘fu.ﬂb@..a&\ ‘53\‘35.\33_\3\ d}ML@\w}m
ubM\&M@‘M\M\#&}}y\ da\.c J&}(W\}mﬁ\ubw\
(J\.u uaaj 35‘3 (4.1:1..&3‘}1\ u\.a‘,.u.u.d\ (e @'La uj.\;\ éA.\A.AS‘ cileUad O MJLAJAY\
MJL@&\Hhcicﬁmgbhﬂ\méc;M\u‘}(m@}ﬂ\&\}ﬂ\Y VY Al
seadl ay L ) 55 Jpla 8 53l el ) gdadl uidl Y5 Maaa s 4l
AITEN Mluu&m&\}mdhuu&)mmuu)s@um&\ﬂb;@gﬂ\
L_@Uﬁu‘}(\ ujlua‘)!\ e\&;.ub éﬁjid\ )Aad\ dny bL\J\ 48 ‘;a ;.\s.ﬂ\ N anay ‘5.\44“ u;\.ﬂ\ @45.1
ﬁwwaﬁ\y&\b,@\&y\@,iuuu\uts)w,gw|mju\uumu;\ﬁx
.mu;ul:mg_m_yd\\MM}_M\JA\JMM\&@A;AH@M\;LAA}U

zisadll sl : Yl

Ge clibdl o 8 Jiadi jeall Jgla 5 el 5 la) Al (e e da of il U S3 LS
See D (4S5 485 sall 5 AESH gl (Al e Hida ey RS e SE JleYI S
M\Suh\.ul.@.\;ﬁb.u&\ )355\ “"mﬂ\u‘j)ﬁ\@ .\cuﬂ\@JhJﬁua)ﬁd)a
(ot Apalally Al g Al ISy 8 o e & o 3558 iy oy Sl el aey Lo B
il u_..abd\ u)sx\ % L:_L\S\ Caaill ‘_g sasialf uh‘!;&\ Lﬁ Siad M\Jﬂ\ Jaa c.ua.d\
el (sading QY1 Lt jlee LS e iy Al 2y Loy Aia 10 eall N Cleliaayl
G ol g Ve eall o i) (e e iy L omd) LS (e dis i @3 s Loy AO
5518 Ale g )5 W aelal) g 5 e b gial) Jad Chgus Lgale Lo W) oSy Cilily ) g3 ald
S Agall Clpliaad dliadl clilll of aas Al &l ey | ksl bl i
il S8 A il sl daeed i JS 8 Al 058 Jaa ks JDA A sy
An abridged life table typically contains data by (5 -) or (10 -) year age i ode
2 slee™ shall ad to o8l Vs san il s ) Jea gl sa angl oY . intervals
Ll Caa gy J\Ac(}(\ﬂhdhabﬂ\u\aﬁyucws}mcb;d}hUJMX+k)ud\
5 54l Complete life table JalS s siw Json clly Saead V1 iy (o ghady oLl
X+ K eadl ans Lo jlae S sLoadl &lla <l a8 Al g X 0 X+ K e eall

Abridged Table Interpolation &l Jgaal Jlasiad : AgY) 5 ghill

XX+ w)\.«:‘)da.u\‘,ﬁ\jiLPubML)uuUJﬁALAc‘_g)mJ}h;hﬂ
b JLSiuYL Gy 5l Double Interpolation z e e JuSind dlesy o585 of Lide k
s3a gt el sladh (& 5 X el olad 3 JSY) Two ways interpolationcstas
a4 Q.:: slall caYaea ddal O daulie da }Js.ﬂ @Lmu\ CJ}« ol ‘;\ Cadgd & ‘9@\
Oalgan (e Ay e ,thuu?\Mux X+ K 8l IO Al jall Jae af a0 sl
sl (et Led gha Ak 35 Lagin Two an abridged tables

ol 3 A3 ey P s 5 8 ) (e Sl a8 Gl gl e oL
Leale Faul) 4550

17- Andrew Ngai, Michael Sherries. Cit Op.

Ll s Al ol 6 slomd a8 o oLl S (e Rpaly, B8 ol 5301 ¢ 3 b VA
XY A i) aala el A0S Alaa A ) SYT Jglaal)

AY 10 sianws Jg¥1 asl) ( Ve ) 5 pualaal) 4 5Ll sl al) Alaa



sl il 550 seald) Jgh s 5 ) el aganaf 3

Pocri,t = F[P x k1), 90 Pox+ k1), (1), Poxe i, (t-n] k=t (1)

A0 1Y) ) gt jaadd
Asladd) o 535l Aall e slaie YU o sias Jsaad 45 €Y1 Jisall 085 (S
Jane (8 ol (b clhaa t el (8 Lty X el (8 sl O ) e (1)
Rate of (RH')M‘ Cpaaiill &,.uﬂ\ )-\‘}!L\ die yay Lo 1y alall a8 Q&: ;\Aﬂ\
a8 o Bl Yora o bl S iy slalt a8 e s <¥aee e healthy insurance
a5 Al a1 i + ko k= 0,1, 2, . el du e Jled sl
t=-t -t=-1, -2, - dus ulad i YA X X+kﬂj\mjusm~sggmym
t M\éb@\uymeﬁ?muudmuéa;uj t =0 cus sl daug 3.
'Y M\J.\ue}@‘e\mbahg\dmujs@m&\uu;_d\ﬂb).a.mu;_-t t_0
LS o i Rarg i e Jamas a3l g 2l i i) Jaa i X _peall SLiall Jana a jlial
ol

"Pix+k, 9 = V(1P k1), ) (1P o+ k1), )< (1+Pe+ k. )] - 1 (2)

iy yasll yuad el 8 13AT sall ad o el Jaadd a8 V) o L Py 4 gy Al 5
el A AN aall cpeatll Jana

Cag t = -t t= 0 oo sl DA RHI aall guaill g gid) 391 Gl
Shielst=0: t_twb}ﬂ\gmﬂungﬂ)ﬁtaﬁy@}ﬁm&etm\
Jyd stz -t t= 0 edwll A XX+ kK w)&pﬂahﬂ\q‘)!m@)ﬂ\u\
ahﬂ\méc;\s.ﬂ\ dm@)ﬁué\ L;Jyd\ ‘_gj.u..\l\ @..43\ Cpancill ).a\ ol ol das
um‘uu‘ﬂy‘bb‘ﬂd\dmjﬂ‘usmb (Px+k t=-t) )A)]bd)_.a).at;j\}
_ﬁﬁ\f@u@\e\ﬁj‘i\g}h\emyw‘j_M\dme}@n@cabupw A
e Argin b X X+ K oo Jee U skall o plidl C¥ara e Cilslian) g Y
(t=-t,t=0) B
o el Cuatll 53l Jaee A ull Gl oS G gl O e Cilelan) i Y
(e A A shall a8 e sl ciYaes
1996, 2003, 2010 &l se 3 shall 28 e 21l o g leboas) Uyl o s
(b (P x+k 1) hadl af o ol Jane & oavall il 580 daee 8 sl (8 Sy
oo el 80 5 LS

P xt ks 2003

B (P e+ t:2008) = V [ =omemmmemmme 1-1 (3a)
x+ ks 1996
P xt ks 2010

b (P sk t:2010) = V [-mmmemmemmen 1-1 (3b)
x+ Ky 2003

AY 10 sianws Jg¥1 asl) ( VA ) 5 pualaal) 4 5Ll sl al) Alaa



sl il 550 seald) Jgh s 5 ) el aganaf 3

AN slall 2 o sl c¥are o aal) Cpuatll 58l Jama & ) (il
P (b (p x4k ) Shadl 2 o plal Jaee (8 ) Jane (B juadll Gl ) a3 B
LS (3a), (3b) oxlabadl (s il clanall (s salll Jans

b(Px+kt 2010)
A (P s ) = —orrmmencmoecenees -1 (@)
b(Px+kt 2003)
Jamag b ol Jame Gl 6 aaied 81 ) JLSEY! dlee of JSAIL aall
JJJ%A.:;L\.U_Lé)SJdngX\jAJ\uYAngLA\&:X_X+kUAJLALSI\JS}\‘aM
AV Allaal) 3Py 1 el a8 Sy

"Pxak+,t41 =Pkt {1+ [bx+k ts (1+ Ax+k )} (5)

3 aidall Jglaall &y pdall of dpaddl clidl) o gan o ol JLeSiuyl dolee ey

A ahasiad (S Aakipall yond) i Alla by ) 550 L gyl JLeSiuY) (3 yhal lisha i

_\_xach sl me@yusmmm\ AU Y alaall (e Gub&\ JLASJMY\@@‘Q\
h.aL.n 3l MJM‘ M\})Aaﬂb\_\;]\

APX+k+l:Px+k*eXp In(Px+K)-In(Px+k-1) (6)
O s 30alt a8 e pE) c¥ane @855 (0) Aalaall aladinly Sy 4l SAL yaall
Aty X + Kk k=0, 1, 2, .. seall (S5 80a o jee JSelldg difiuall i 32
A0De A ala 8 Adliaal jaadl < gid Blall 2 o oLl Y ane 2855 S (1) Asladll
XX A K e slee sl Jpan 2Ly Ll 5 ol LE LS Al slail (Say Wiy 320a
Oe gl alasial oKy (T) Aalaadl i (0) Asbaall pladiuy t = 0 £ =t e < giadl
e eaall a5l eV 8 38l san g ol SN JLeSiuY) o saa 381 JleSiul

(.\}SMML)AJ B D) MMM\M\JAM\M\WQA@U\‘, Px+k+1t4-‘-‘33‘
J@Y\Edah\gﬁﬂaéaguj ALjJau\}MMM\uM\Jﬁ{Ju\

Px+k—Qﬁﬂéﬁh&&yi—APx+k+1@‘ﬁmm—%‘He’u‘}.( )@J‘ﬂil-‘-‘ﬂu:dﬂ
L@.:‘}I Jm‘;y‘gjprrk—l,t—l a-"‘:.‘m sigﬁwg‘}‘APx+k+lw‘ )ﬂﬂl,t,Perk,t—l
Pk o Saal eyt =1 O Le ol gl aall cpuaill oS ) pAfll G i e
.MY‘MJ\“&&:‘EH

APX+ K+1, t+1 = {(P x+ k-1, t) (P X+ k—l,t—l) (P x+ k, tfl)} 13 -1 (7)

Gsbd g madf l JLaSat Gogld axalis (V) o Aol (L8 G L e ol
UJJJ\;J\ u;l.u‘){\@muﬁ&l.s;au.uﬂ..&‘)!\ ("M‘ &.\.\_mb l_su@a‘zl\dus.\_u‘){\
.Double interpolation method gz 53 !t JuSiuly (V) dataall

A vl il s st (V) b Aoleall dglaad) it ol G Laa Fis
Al dggaaly ‘;J\ S el g ezl <

AY 10 sianws Jg¥1 asl) ( AN ) 5 pualaal) 4 5Ll sl al) Alaa



sl il 550 seald) Jgh s 5 ) el aganaf 3

Pxt>Pxt1>Pxt2>..>Px1>Pxo

Px+1,t>Px+1,t-1>Px+1,t2>... > Px+1,1>Px+1,0

Px+kt>Px+kt1>Px+kt2>...>Pxw1>Px+ko (8a)

Al d8aall ) Lyl (350
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Px,1<Px+1,1<Px+21<...<Px+k1

Pxo<Px+1,0<Px+2,0<...<Px+ko (8b)

Easadl) (et 1 LG

e S Bl 0 e plal) ¥ ama ad il 5 A 5aYT A saall Cilelaal)
JS8 Al clilylly a8 1996, 2003, Yo  AsY Slgiully 70 1 84 sl e
sl JLeSu (1) a8y Aaledll alasiud o3 @AY Jagh 2300 ol piad) dpised L
Ll Ll 330 ¢ giall 3 70 ¢ 84 (e Jlae Y I slall iV ane a8 o Uliasd dpueall
s Sl Jganll b il ety Ui

(*) s Jux>
AN Jana b 313 Jara g W S Janag
age |Px+k1996 |Px+k2003 |Px+k 2010 b x+k, 2003 b x+k 2010 A b x+k 2010

70 | 0.975841 | 0.97705 | 0.978263 | 0.0001769 | 0.00017726 | 0.00206593
71 | 0.97355 | 0.975096 | 0.976645 | 0.0002267 | 0.00022678 | 0.00035169
72 | 0.971259 | 0.972849 | 0.974805 | 0.0002337 | 0.00028698 | 0.22798178
73 | 0.968968 | 0.970216 | 0.972669 | 0.00018389 | 0.0003608 0.96197497
74 | 0.965677 | 0.967247 | 0.970633 | 0.0002321 | 0.00049935 | 1.15146141
75 | 0.963384 | 0.964969 | 0.968624 | 0.00023487 | 0.00054022 | 1.30009774
76 | 0.96095 | 0.962913 | 0.965609 | 0.00043991 | 0.00025117 | -0.42904342
77 | 0.956904 | 0.959497 | 0.962494 | 0.0005361 | 0.00044562 | -0.16877597
78 | 0.954064 | 0.956443 | 0.958984 | 0.00035584 | 0.0003791 0.06536477
79 | 0.950624 | 0.95388 | 0.955079 | 0.00048859 | 0.00017947 | -0.63267321
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80 | 0.947186 | 0.949665 | 0.952055 | 0.00037347 | 0.00050918 | 0.36336197
81 | 0.944434 | 0.946916 | 0.94843 | 0.00037501 | 0.00022825 | -0.39133899
82 | 0.941682 | 0.943144 | 0.945686 | 0.00022164 | 0.00038459 | 0.73517034
83 | 0.93893 | 0.940796 | 0.942897 | 0.00028367 | 0.00031873 | 0.12358643
84 | 0.93549 | 0.937945 | 0.940699 | 0.00037448 | 0.00041893 | 0.11870683

Source: Interpolated data vertically by the researcher.

by shall Jane F ol Jane i M e gill 8 (£) ¢ (7) ¥ alaall aladiily 5
sall Vame Ul (Ao ety g A b x4k, 2000 Jaaadt @y 8 yf 530 Jame XS 5y 2010
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S Jsanll 8 il jelaiy (Y) sy Jsandl

(%) “als Jenx
70: 84 s slas S A gluddt BLalh ¥ laiad
1996 ; 2010 ¢r il

age Px+k Px+k o~ P><+k Px+k Px+k .- P><+k P><+k
1996 1997 2002 2003 2004 2009 2010
70 0.975841 | 0.976014 | .. | 0.976877 | 0.97705 | 0.977223 | .. | 0.978088 | 0.978263
71 0.97355 | 0.973771 | .. | 0.974874 | 0.975096 | 0.975511 | .. | 0.976395 | 0.976645
83 0.93893 | 0.939201 | .. | 0.940556 | 0.940796 | 0.941096 | .. | 0.942596 | 0.942897
84 0.93549 | 0.935846 | .. | 0.937628 | 0.937945 | 0.938338 | .. | 0.940304 | 0.94075

Source: Interpolated data vertically by the researcher.
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age P x+k P x+k P x+k P x+k P x+k P x+k P x+k
g 1996 1997 B 2002 2003 2004 | © 2009 2010
70 | 0.97584 | 0.97601 . 0.97688 | 0.97705 | 0.97722 | | 0.97809 | 0.97826
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71 | 0.97355 | 0.97513 . 0.9767 | 0.97688 | 0.97705 | | 0.97791 | 0.97809
83 | 0.93893 | 0.9417 . 0.95671 | 0.95967 | 0.96247 | ~ | 0.97259 | 0.97374
84 | 0.93549 | 0.93871 . 0.95366 | 0.95668 | 0.9596 | | 0.97101 | 0.97245

Source: Interpolated data vertically by the researcher
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P x +k, P x +k, P x +k, P x +k, P x +k,
AGES 2011 2012 2016 2019 2020
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0.936203

0.936559

0.936915

0.937271

0.937628

0.937945

0.938338

0.938731

0.939124

0.939517

0.93991

0.940304

0.940699
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997
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000

Px+k2
001

Px+k2
002
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Px+k,1
2004

Px+k2
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007
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008

Px+k2
009
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70

0.97584

0.97601

0.97619

0.97636

0.97653

0.9767

0.97688

0.97705

0.97722

0.9774

0.97757

0.97774

0.97791

0.97809

0.97826

7

=

0.97355

0.97513

0.97578

0.97611

0.97633

0.97652

0.9767

0.97688

0.97705

0.97722

0.9774

0.97757

0.97774

0.97791

0.97809

7.

N

0.97126

0.97331

0.97474

0.97554

0.97599

0.97628

0.9765

0.97669

0.97687

0.97705

0.97722

0.9774

0.97757

0.97774

0.97791

e

@

0.96897

0.97118

0.97308

0.97445

0.97533

0.97587

0.97622

0.97647

0.97668

0.97687

0.97705

0.97722

0.9774

0.97757

0.97774

7

N

0.96568

0.96861

0.97095

0.97283

0.9742

0.97513

0.97574

0.97614

0.97643

0.97666

0.97686

0.97704

0.97722

0.97739

0.97757

7

o

0.96338

0.96589

0.96848

0.97075

0.97259

0.97398

0.97495

0.97561

0.97606

0.97638

0.97663

0.97684

0.97704

0.97722

0.97739

7

>

0.96095

0.96341

0.96592

0.96839

0.97058

0.97238

0.97377

0.97478

0.97548

0.97598

0.97633

0.9766

0.97683

0.97703

097721

7

0.9559

0.96008

0.96314

0.96581

0.96826

0.97041

0.97219

0.97358

0.97461

0.97536

0.97589

0.97627

0.97657

0.97681

0.97702

7

*®

0.95406

0.95668

0.95997

0.96297

0.96568

0.96811

0.97023

0.972

0.9734

0.97446

0.97523

0.9758

0.97621

0.97653

0.97678

7

S

0.95062

0.95379

0.95681

0.95991

0.96285

0.96555

0.96796

0.97006

0.97182

0.97322

0.9743

0.97511

0.97571

0.97615

0.97649
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80 [0.94719 |0.95053 | 0.95371 |0.95681 | 0.95986 |0.96275|0.96542 | 0.96782 | 0.9699 [0.97165 |0.97306 |0.97416 | 0.97499 | 0.97562| 0.97609
81 [0.94443|0.94738|0.95054 | 0.95368 | 0.95678 | 0.9598 0.96265| 0.9653 | 0.96767 [0.969740.97148 | 0.9729 |0.97402 |0.97487|0.97553
82 [0.94168 | 0.9445 |0.94747 |0.95056 | 0.95367 |0.95675|0.95973| 0.96256 | 0.96517 [0.96753|0.96958 |0.97132 [ 0.97274 | 0.97388 0.97476
83 [0.93893 | 0.9417 |0.94456 | 0.94753 | 0.95059 |0.95367 [0.95671 | 0.95967 | 0.96247 [0.96505 | 0.96739 |0.96943 | 0.97116 |0.97259 0.97374
84 [0.93549 | 0.93871 | 0.94165 | 0.94458 | 0.94756 | 0.9506 |0.95366 | 0.95668 | 0.9596 |0.96237 |0.96494 0.96725 | 0.96928 |0.97101 | 0.97245
(") &l
Gl giudly 70 1 99 (pa las DU 4g siudd) Blaad) c¥ladal
F 9l JlaSiud Ay gy Yo ¥ 0 LA YN e
P x +k, P x +k, P x +k, P x +k, P x +k, P x +k, P x +k, P x +k, P x +k, P x +k,

A o1 2012 2013 2014 2015 2016 2017 2018 2019 2020

70 | 0.978436 | 0.978609 | 0.978782 | 0.978956 | 0.979129 | 0.979302 | 0.979475 | 0.979648 | 0.979821 | 0.979995
71 | 0.977781 | 0.978276 | 0.978556 | 0.978765 | 0.97895 | 0.979127 | 0.979301 | 0.979475 | 0.979648 | 0.979821
72 | 0.97641 | 0.977489 | 0.978107 | 0.978476 | 0.97873 | 0.978935 | 0.979121 | 0.979299 | 0.979474 | 0.979648
73 | 0.974627 | 0.976175 | 0.977257 | 0.977946 | 0.978384 | 0.978683 | 0.978913 | 0.979111 | 0.979295 | 0.979472
74 | 0.972642 | 0.974481 | 0.975971 | 0.977058 | 0.977796 | 0.978288 | 0.978628 | 0.978884 | 0.979097 | 0.979288
75 | 0.970632 | 0.972585 | 0.974345 | 0.975791 | 0.976881 | 0.977655 | 0.97819 | 0.978567 | 0.978849 | 0.979078
76 | 0.968287 | 0.970501 | 0.972476 | 0.974204 | 0.975625 | 0.97672 | 0.977522 | 0.978093 | 0.978503 | 0.97881
77 | 0.965462 | 0.968082 | 0.970352 | 0.972343 | 0.974057 | 0.975467 | 0.976569 | 0.977395 | 0.977997 | 0.978437
78 | 0.962312 | 0.965284 | 0.967905 | 0.970199 | 0.972199 | 0.973907 | 0.975314 | 0.976426 | 0.977272 | 0.977902
79 | 0.958789 | 0.962126 | 0.965104 | 0.967735 | 0.970044 | 0.972049 | 0.973756 | 0.975165 | 0.976288 | 0.977154
80 | 0.955172 | 0.958694 | 0.961973 | 0.964936 | 0.96757 | 0.969887 | 0.971897 | 0.973606 | 0.975019 | 0.976153
81 0.95175 | 0.955204 | 0.958622 | 0.961842 | 0.964781 | 0.967412 | 0.969731 | 0.971744 | 0.973456 | 0.974876
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82 | 0.948621 | 0.951856 | 0.955225 | 0.958561 | 0.961726 | 0.964638 | 0.967259 | 0.969577 | 0.971592 | 0.973307

83 | 0.945733 | 0.948735 | 0.951937 | 0.955239 | 0.958507 | 0.961622 | 0.964505 | 0.967113 | 0.969426 | 0.971441

84 | 0.943109 | 0.945858 | 0.948842 | 0.952004 | 0.955248 | 0.958457 | 0.961527 | 0.96438 | 0.966972 | 0.969279

85 | 0.940492 | 0.942989 | 0.945757 | 0.948781 | 0.952001 | 0.955303 | 0.958558 | 0.961656 | 0.964524 | 0.967122

86 | 0.937882 | 0.94013 | 0.942682 | 0.945568 | 0.948765 | 0.95216 | 0.955598 | 0.958939 | 0.962083 | 0.96497

87 | 0.93528 | 0.937279 | 0.939618 | 0.942367 | 0.945541 | 0.949027 | 0.952648 | 0.956231 | 0.959648 | 0.962823

88 | 0.932686 | 0.934438 | 0.936564 | 0.939177 | 0.942327 | 0.945905 | 0.949708 | 0.95353 | 0.957219 | 0.960681

89 | 0.930099 | 0.931605 | 0.93352 | 0.935998 | 0.939125 | 0.942794 | 0.946776 | 0.950837 | 0.954797 | 0.958544

90 | 0.927519 | 0.928781 | 0.930486 | 0.93283 | 0.935935 | 0.939693 | 0.943854 | 0.948152 | 0.952382 | 0.956412

91 | 0.924947 | 0.925966 | 0.927463 | 0.929673 | 0.932755 | 0.936602 | 0.940942 | 0.945475 | 0.949972 | 0.954285

92 | 0.922383 | 0.92316 | 0.924449 | 0.926528 | 0.929586 | 0.933523 | 0.938038 | 0.942806 | 0.947569 | 0.952162

93 | 0.919825 | 0.920363 | 0.921446 | 0.923393 | 0.926429 | 0.930453 | 0.935144 | 0.940145 | 0.945172 | 0.950045

94 | 0.917275 | 0.917574 | 0.918453 | 0.920269 | 0.923283 | 0.927394 | 0.93226 | 0.937491 | 0.942782 | 0.947933

9 | 0.914733 | 0.914794 | 0.91547 | 0.917156 | 0.920147 | 0.924345 | 0.929384 | 0.934846 | 0.940398 | 0.945825

96 | 0.912197 | 0.912023 | 0.912497 | 0.914054 | 0.917023 | 0.921307 | 0.926517 | 0.932207 | 0.93802 | 0.943723

97 | 0.909669 | 0.909261 | 0.909533 | 0.910962 | 0.913909 | 0.918279 | 0.92366 | 0.929577 | 0.935648 | 0.941625

98 | 0.907149 | 0.906507 | 0.90658 | 0.907882 | 0.910807 | 0.915261 | 0.920812 | 0.926954 | 0.933283 | 0.939533

99 | 0.904635 | 0.903762 | 0.903637 | 0.904812 | 0.907715 | 0.912254 | 0.917973 | 0.924339 | 0.930924 | 0.937445
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. 1
—Seriesl
Series2 0.98
—Series3 0.96
—Seriesd 0.94
—Seriesh 0.92
Seriest 0.9
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Gighu & Aagagdin Vo A8ga (hlas Aady i 485 9 L) Jag Babeidi -
Agayg il Alla B, Y Y LY ) Cabaddi JNE AS LV e e

years Probability Premiums Benefits

t X Pk KP Lk Ax‘[:n‘ﬁ’ Ax,(;rﬁ)“’ FA FA &
2001 | 70 0.975841

2 71 0.973771

3 72 0.971728

4 73 0.969681

5 74 0.966721

6 75 0.964726 0.831609491 0.467086 0.63412 a 1.3576 a

7 76 0.963331 0.820948498 0.417152 0.587363 a 1.4235a
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8 7 0.959497 0.808914643 0.371156 0.525185 a 1.4911a
9 78 0.956806 0.796492829 0.329373 0.468398 a 1.5604a
10 79 0.954222 0.787041456 0.291567 0.416719 a 1.6311a
11 80 0.951116 0.774336878 0.25756 0.369962 a 1.7034a
12 81 0.947781 0.760735982 0.226763 0.327358 a 1.7770a
13 82 0.944958 0.746226948 0.198966 0.288681 a 1.8519a
14 83 0.942596 0.73308258 0.174507 0.25448 a 1.9281a
15 84 0.941699 0.72074177 0.153051 0.22434 a 2.0053a
16 85 0.940492 0.710371243 0.134172 0.197679 a 2.0834a
17 86 0.94013 0.702166 0.117739 0.174368 a 2.1624a
18 87 0.939618 0.69611842 0.103434 0.153976 a 2.2421a
19 88 0.939177 0.691859754 0.090924 0.136056 a 2.3223a
20 89 0.939125 0.689312061 0.079973 0.120294 a 2.403a
45 pdail) Jalaay ilae 428y 43 5 Jand 3.41342a 4.878981a

Ealdl Aae) (a1 jdaall

oS Gl gi 0 Alasa Bliadl gaal Gilaa Aady (el 485 5 L) Ja g Bl -
Aghgadaill Ala A, Yoy Yy adadl DA AS VL o

years Probability Premiums Benefits

t X Pk Pk FA FA@

[©] (6]
Axl:n-l Ax,(:n-lm

2001 | 70 0.975841
2 71 0.973771

3 72 0.971728
4 73 0.969681
5 74 0.966721
6 75 0.964726 0.83505 0.467086 0.63412 a 1.357607a
7 76 0.963331 0.82435 0.417152 0.587363 a 1.408029a
8 7 0.959497 0.81227 0.371156 0.525185 a 1.414996a
9 78 0.956806 0.79979 0.329373 0.468398 a 1.42208%a
10 79 0.954222 0.78704 0.291567 0.416719 a 1.42924a
11 80 0.951116 0.77434 0.25756 0.369962 a 1.436409a
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12 81 0.947781 0.76074 0.226763 0.327358 a 1.443618a
13 82 0.944958 0.74623 0.198966 0.288681 a 1.45091a
14 83 0.942596 0.73308 0.174507 0.25448 a 1.458283a
15 84 0.941699 0.72151 0.153051 0.22434 a 1.465792a
16 85 0.940492 0.71113 0.134172 0.197679 a 1.473332a
17 86 0.94013 0.70291 0.117739 0.174368 a 1.48097a
18 87 0.939618 0.69686 0.103434 0.153976 a 1.488648a
19 88 0.939177 0.6926 0.090924 0.136056 a 1.49638a
20 89 0.939125 0.69004 0.079973 0.120294 a 1.50418a
21 90 0.939692 0.68857 0.071197 0.106727 1.49904a
22 91 0.940942 0.6889 0.063422 0.094743 1.493855a
23 92 0.942505 0.69064 0.056478 0.084073 1.488605a
24 93 0.945172 0.69473 0.050328 0.074653 1.483335a
25 94 0.946124 0.69987 0.044776 0.066173 1.477888a
26 95 0.94725 0.70592 0.039749 0.058525 1.472367a
27 96 0.9485 0.71254 0.035176 0.051596 1.466769a
28 97 0.9488 0.71849 0.030967 0.045244 1.461029a
29 98 0.948938 0.72339 0.027095 0.039428 1.455192a
30 99 0.9495 0.7267 0.023533 0.034107 1.449291a
495 il Jalaay 488 ) ol 3.856143 5.534249
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