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(11 nn) 2009 27NN PTI/RNIN 29 (D7W1A) NT'H2 0PN NYMN :1 1220

African- Asian- Native

Location White American Latino American American
United States 78.9 74.6 82.8 86.5 76.9
Alabama 76.0 72.9 nsd 85.3 nsd
District of

Columbia 84.3 71.6 nsd nsd nsd
Minnesota 81.2 79.7 87.3 835 70.2
Oklahoma 76.0 72.8 85.0 nsd 73.8
West Virginia 75.4 72.8 nsd nsd nsd
Wisconsin 80.3 74.0 86.0 86.4 nsd

Note: See http://kff.org/other/state-indicator/life-expectancy-by-re/ for notes and sources. nsd = not
sufficient data.
Source: Kaiser Family Foundation (http://kff.org/other/state-indicator/life-expectancy-by-re/#).
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Age-adjusted
rates

2015
2014
2013
2012
2011
2010
2009
2008
2007
2006
2005
2004
2003
2002
2001
2000

2012-15/2008-11
2008-11/2004-07
2004-07/2000-03

([2] 7nn) Recent U.S. mortality experience :2 1Yav

Source: NVSR “Deaths: Final Data for 2014” and Rapid Release for 2015

All
causes
728.0
724.6
731.9
732.8
741.3
747.0
749.6
774.9
775.3
791.8
815.0
813.7
843.5
855.9
858.8
869.0

0.81%
1.49%
1.76%

Chronic

Heart Lower
Diseases Cancers Respiratory
167.2 157.4 41.3
167.0 161.2 40.5
169.8 163.2 421
170.5 166.5 41.5
173.7 169.0 42.5
179.1 172.8 42.2
182.8 173.5 42.7
192.1 176.4 44.7
196.1 179.3 41.4
205.5 181.8 41.0
216.8 185.1 43.9
221.6 186.8 41.6
236.3 190.9 43.7
244.6 194.3 43.9
249.5 196.5 43.9
257.6 199.6 44.2
1.92% 1.63% 1.00%
3.65% 1.46% -0.62%
4.14% 1.61% 1.14%

11

Accidents +
Suicides
55.4
53.5
52.0
51.7
51.4
50.1
49.3
50.8
51.7
51.2
50.4
491
484
48.0
46.4
453

-1.32%
0.10%
-1.82%

Other
306.7
302.4
304.8
302.6
304.7
302.8
301.3
310.9
306.8
312.3
318.8
314.6
324.2
325.1
322.5
322.3
Average improvement
0.07%
0.67%
0.82%
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([2] Pnn) Recent U.S. mortality experience :1 DYWIN
Source: NVSR “Deaths: Final Data for 2014” and Rapid Release for 2015
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([3] THON) DMV DYNIM DYTIN DIND PNR MWNMT :3 NYav

Method SCR (% of BE liabilities)
Solvency 1l SF L.6%
VaR-method 1.7%

Scenario A: Cancer (100%) | 7.9%
Scenario B: Cancer (50%) 4.0%
Scenario C: Cancer (20%) 1.6%

Table 1 (apital requirements following from the different
methods: the Solvency Il standard formula (S11-SF), the VaR
method, and the scenarios.

14

e Accredited as a Full Member
Ul of the International Actuarial Association



H.*‘

MOV MYV :6 P19

OpT 00 VT T

5w NYAWNN NR RNNTI RN AMND MMY Yv 1715 NPVONVON MWD NR PI0N AT 719
%Y DOIAN DT PO .MYINN NPDIAN MIIPA NINNN MNTPN HY DPVDIVD NMNN MM VINY
7900

Modelling Longevity Dynamics for Pensions and Annuity Business, 2009 Ermanno
Pitacco, Michel Denuit, Steven Haberman, Annamaria Olivieri
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Figure 1.15. Mortality scenarios and actuarial values.
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0.82 0.61 0.55 0.82 0.61 0.55 1.53 143 129 153 143 1.29 2006
0.72 0.51 0.44 0.72 0.50 0.44 140 130 1.15 140 1.30 1.15 2007

35

@% Accredited as a Full Member
of the International Actuarial Association




“M

0.87
1.46
1.44
1.29
1.24
1.42
0.90

0.66
1.24
1.23
1.07
1.02
1.20
0.70

0.59
1.18
1.16
1.00
0.95
1.13
0.64

0.87
1.46
1.44
1.29
1.24
1.42
0.90

0.66
1.24
1.23
1.07
1.02
1.20
0.70

0.59
1.18
1.16
1.00
0.95
1.13
0.64

1.69
2.30
2.25
2.28
214
242
1.49

1.59
2.19
214
2.18
2.04
2.31
1.42

1.44
2.04
1.99
2.03
1.88
2.15
1.28

1.69
2.30
2.25
2.28
2.14
242
1.49

1.59
2.19
214
2.18
2.04
2.31
1.42

1.44
2.04
1.99
2.03
1.88
2.15
1.28

2008
2009
2010
2011
2012
2013
y¥mn

DINANN NMIRXIN
T12Y DANANN DI I .MOVIVN P2 DD DYTIN HY MIP2ANN IMIND MNPYH DANINN MIRNIN
99199 HTIN N2 1HYIAPNIY MRNIND MAPYA .LM HTnd pan? 1w 0Mpnn 2wa .0»n ndHmn
119 9123 1 aVIN TINN NANNN NMNY 51PN ANYa PYTRN MPNN DR VN VR (LM)

1IN YW 7700 NN 2P AL pnnn SN
570 YV NIRYIN 990N YV DIPWYWIN 197Y

9999 YMIVN NMINNA MO 1INR

nI'TIN' NI D'TIN' DMNOT
:mﬁ"22ﬁzﬁm:i::k:ir:nlilanl§#
1.
i
21em —
am ..l,-"F = H'\-\-..___.-'"'.
i £
F
154 ___.l"
4.
i i
LM » 5y nmnnn My NH Nt MR
nI'TN' Nin7 D'TIN' DMDT
1.0000 1.0000
0.1000 —_— 0.1000 f
0.0100 0.0100
x x
E 00010 £ 00010
£ £
0.0001 - 0.0001 -
0.0000 1~ 0.0000 4—
0.0000 0.0000
36




llm

191 NN ,PPINR NN — 2065-2016 LM r Yy (ep) NT'22 0NN NYMINY MNNN MIRYIN

T = O"InM o1

027 = 0"InXx oUTa

950
a0
350
Ao e
i - [ L]
SSFRAEIRITIREENEY | saHgEEREEEERGEEIAl
niaE - o'aay O"aT - o"any
5.0 ana
D / 4Ll
a5 ______4———"_"’__'_'_'_..—?-'—.-.'_ - /ﬁ
ENT —_—— aiLgl - e —
mo oo 1 -
o oo
37




H.*‘

Y 30-2 YV 1107 R0 YY ,AMNN NNY NPPVDVVDY NN NIVINN INNT NW :10 P19

IPYVDIVLVDY NTIINN NIVHN ,IMVDVVD MR NN IR KN ,HRMH MR 7Y

293915 ,77VY3 1aY P ANMVRIY MY 1YY MY (50-2) IR MIVY NN NPINN N121A TINN
S5® PMIONY NPTHRN MTOIN MIIWIN POHNI D/NYNIN NNNNY PIR IMNVY IPDIYIIRD NYTNNA

MY 45-50-0 — DIR YV ATIAYN PN NNV PNIND PR MYNTY NPNIAND MINNA MIIYN
7YAVNN NYR NPINNA .72%1 DAY 25 IR 20 Y MAPNY PN D"MYI MNTIP NN .MmnaY
:DIYIIND NPYWH MINRA MININA YV NOITIN NYAVNN NMYPH NPT ANPA ININN YWY NYonN
NOWN NN YV NYVYLNN NYPNMNMN LORIY SV NPDIYIIRA-INNT TRN ANV 179N
NN2 — MVDVVO-NHRAMA AN»N RY DNIVR THIRD NMNNI MNIN NIPNY 1YY NHIPNN
MOYWYHN 2190 DMWY 1N RY 791 .7NY2 MNAX NN 22D DNMIN DY NRYPNM ;IAY2 MmN
DYNN NYMN DR R2Y N5V ANYRNN DR NN WINN NRY N19NI IR 0% NPYLDVVDN

LMY 25 YV MIVY 1YY NPINNN NN 72Ya HRIWI

aya ninYysn”
5M5 D7YN TNIRY NTY2 0PN NYMNA NPVWA NNIN DR ARIN 1T DWIN 2MN’I2 RN 1IN

99191 MINNANNN NR ARIN DITRN PN .10 NNINA NR NNy 1YY ,0YWIdN NN
0IN R — INMYRID WURID NMIRIN MDD MIRMIN MY Mmng DR DADIN DMpm
N9TH NINN MYV .2 -1 VAR YNV NV AXPA VYNNI ,A1IPN 1PN 1107 HY JPnond
MRNND YR MNY DP”N NNWY 4-3 IR NPITNND MY 20 Y .NPNINN NINNA POIRY 93
,(1960-1975) NNINNA NOW 7PN RY 1N2W MAPN PN DINR 1DIY 5 Y MY YV MYV — 1TNMN

Junnn MW Hv anra YHon nnmann I8

myv YV NYaVNN MY 20 YV PAIR ,NIYTNY — 92Y2 DIR2I T2 HI NNYRNIY DRI RY 70 DR
NN NN P92 MNPV HY NYAVNN .ANITY NN RY 93 Y APDIYIIRD DTN DY NRT
DY N RY OO0 DR DTNY RY DMINDN NNIN2 WYVLY ATV IR NV D290 AT
NPVDVVON MIVHN NM22IN DININRD D NYVYL .NMAND 0YIPI MINR NPYVDVVD MIVHN
a¥pY ,NMRIY N300 ,NMIN2 — "IONNTINND NNINYH DhYY 77011 MY DHY 1ThY DYva
S50 DOMYNY NANARA DY TN .PIRD IR MNAN NMNIVA INNANTY 2N DPNN NHYMNA NYVN
DYVDYOVD WHTINY NIV 791 NIINN D) IR AMNNA TNY *Y "N DYDY PN NMNN
mMnNINa MRTIN-R YV (CVIVYY RY) PHNR 21WINL N ANMNND MNT MNNaANN MNPNY oYY

TN DR MIRTI-IR NNIN 220 Y0IW-PINPNN PPHNND 72YaWI NPT NYN

09p-%Y HTIM AYWTNN NYNN
PAY NPNY DWIN DYTIN M’ HY PV NPVDVLVDN NIV AMNN NPINNY W)L NPV
MIYDNIN Y9 10T RYNND ARIN MMIND M’ .3apN YV NPVLDVVON MMIND Y DODIAN
,JININRD DVN RN TONNI 19PYI NYXINNN MYWIRN 0PN NHYMNY "% Hran” yiaph 9aya
DORXIN 97 YY 19HYM 19PN Y31 DINN NYMINT RV IVIN DNAY MXIRA DR D22¥N DRI
mapn 719 Yy MNYN a¥pa ,MNINRA DIV 150 THIRY DYNN NOMN RV 1787 I”YY

38

% Accredited as a Full Member
of the International Actuarial Association



A

MY 93 DVTIN 2.7-3 YV 2¥PA 1960-2005 DIV NIONVH "DIRWYW”N YV 0PN NYMN MR
(2 DwIn)

1 D0VIN

2000-1955 nT'72 n"n N'7nINY 0NN NI'TANA NIX'YNI NINAA

niFins hllpi O*TIN* 0NaT
O3 ToW -

f’_'-‘/ AT ;‘_-::Irr:l-::;
--_._"'. s 200K
. i L]
7 et - B - e
— rHe £ — um
> - ::":: - ah

i
i &
1
1

"H.,_L
hY
i
e
e
o 1E
gi%%

FRRRRE R i "R RR RN N NN EERENEAR
M 20 Ty 5-n n'tnna (0 7122 0'n DY) Nniyva 7122 MY

™ATE AW g fETne Niagy u::?-.i:m 2 i

it

=1 -
- e ¥ _
e n - = T ' — 'tl ] =
e 1 3 -  ——

:" 1 :"‘_‘—'H__\_"b a-::-' -‘1'=-1n__|_ T -

I-": & . .__\-- o ; 3 e w _\'—\-|_|_‘_;-\-

: —— = =
-~ TEma e, -'":.

i1/

e o
S0l L . o Bl
. .
— T R b

IR TR '3




"_n'*‘

2 DVIN

'Y ¥ nISipn Yyaxy p'nnn (T2 t-nn nnaann X7%) niam aTa ntnn N7nIm XY
Vallin, J. & Meslé F. 2009. The Segmented Trend Line of Highest Life Expectancies. ) mNm"
(Population and Development Review, 35, 159-187.
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12 VARNY ,NPARAD NNN M0 INR APYM PIRY PIR Y31 D1Q1AD DN INR VIONN
17182 1IN2) WRI) MPNI DPNTH ANV NN IRINI NRID ANAVNNIN DOTIN Y HTIn
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PRING AXP2 ,NNVPI MNTI L,(MNSY NMann oY) M1aon HI NR NOYNY Y% Miny RN
D”Y395-DN92N DRIN Q0N .NYY NYN ATPN DR MY MNY MPTHY 20 AT
n"7M2 NRI) Y2930 THNIN I_NNY RY NPOTN NXIAP IR NPTRY 2% 2105 D9 DrYmIpn
,79399-1PN720 MATITN 2pY DAY NI RNVDA NN 0NN NYMIN DAY ,NP01N PRITAM

NP2 HOMNRNY RIN IR L,PINI MY IR PHNND (DD 2"NIRY YIN IMT PHINY 1NN

DNIVN IRNY 50-2 1990 NYPTRN HW NUMNAY DRMN RINY 12302 O%N HTIND DR D) R
NN %Y DDIAN RIN NVWYNY 2TNPI DI TIRNN NPAY PV RINY AMNY TION 1NN ,MNINRD

NR pxNY ,Nature "NIPYN NYN 2NI22 YNV INRND PNN VOXR 7R . NITH IRTIV NINM0AIN
ARININ N9 NR VY NYHIN YW NNATH NITOY NTY NNYN NRIN ARNDY (NY9RN DYTHN

Shripad Tuljapurkar, ).”mnn j9I1R2 NNY 7% THYNIY DPIIVYA N0 PRI ,NDND MR
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When making long-term projections, it is tempting to speculate about whether specific historical,
medical, social, economic, behavioral and technological developments will be replicated in the
future. This Panel believes, however, that given our current state of knowledge, the best, albeit
imperfect, guides to the future may be past trends and international experience. Trends have been
surprisingly regular over the past half century, and international experience suggests at least a
continuation and perhaps acceleration of long-term trends in the United States, at least at older
ages.

MRIN TINY MPTRN 0OV DNRTPIN DIMY (ON° 0”050 Y® 1Y IR IMT NTHY Pt
YDDYOVD VD2 NY PR T K3 IR ,AMNNN MININA NYTN 12PN YV DX 118% DITNMY NMIRY
IR INMVY NPTNN DIDAY 4917 DDA 10 NIV NP MNINY ARIN 72N 1021 ,1HY Jpnond
721N ,DYRIY DM HY X MIN D02 YY RI1AY 27N MMIND PN NV M7 D)
DONMIN DR PIIVY HRN RY RIN DR D)) IRPINRA IRIVPRN MV NDNIY 293 ,an7 mnna
DAY D221WMY N2 TN YTINN NN DAIRIVPRY PY1Y Y3 9INTI Y PR L(DPNINNN
MNY MmN OR TNPNI 57N DD2IYW MNIND Y19 NDY APNIN IR .MYYY VI
0"N%2 NNV 19IRL NVPIY 19D PPN MINY Y DODIAN NNY 027N NYR ,0"MON HY NHRN

JVINN DOYRAN 1INIR TR

44

@% Accredited as a Full Member
of the International Actuarial Association



H.%

MIRY MYAY TOIND YV IRIVPRD NIVHA NN NITVN NP :11 P9

5179 oM 7Y
:NPTIIN NITIVN WHANY NMIND MNPV NVANWYN NIRY MIV?2Y TOIN IRIVPRD NIVY

1909) "MMIRYN MVXAN PN 24 PYD *AY — DAY 3 HI RHN MINIVPR PAVYM PT DWIN .1
("mnn”

PN MY YY NMIRIVPR NN

70NN HW 2903 PAVM PTI IRNY DMIRIVPR DIWVN

.PINA 31 YD Y — TOINN HWY 2903 NI JIRNY NRND NIV MIRIVPR VM PT NWIN
.PINA 328 YD 287 - 21V MNP ,PINA 113 PO a5 - DIPOY MV PPN YWD PN

[ T R SR N

% 31.12.13 DY RHYN MIRIVPR PAVM T

PAVM PT 70NN NXYINDT ANNT 1YY VY TOINN HY IRIVPRN W PINY 24 YD aY
128NY NN PADN RHNN NTN .DYADI NIY VIYY Y DINA (RYNN NTH 191Y) ROND MIRIVPR
,TNY2 MIRARPD DR N2APYY DR NN DYV PYVNNY NI ,TOINN YV NIV PIR TDIAN
127202 2YNNNY ,DYI PIN2 DITHNY 29 DIMOVNM DNapnn *Y 0H%ON NIIYN NN

.31.12.13 DVY RHN N7 DD TOMN 2017 IR .NAXD NIHIVIN NIAINNTH

DDIAN RHNN NTH .DYHINNT DN JADN , NN P, YN TOINN HVY Y0I1AN 12XN NTNN
DNYN 75-9 NYININ NYDIYIR MINNANA M 31.12.13 DP2 YR NPT NIYOIYNIR HY
N1TRN NPDIYIIR MINNANA NIINM NNV PIND RHNN NTIN NPRIY 9 197 MR

DYVIR NI

http://www.btl.gov.il/Publications/aktuaria/Documents/2013_Triennial Report.pdf®
45

@% Accredited as a Full Member
of the International Actuarial Association



“M

DOWIR 22122003 1227097 IPDISIIN TINNANA ) 17100

ol
o
: I

NR DDI TOINN 2012 DMIORA .TONN YV NIDIVAN MIANPRY ATV INP”PNN DAY 190N Nab
DYIRIOPRD MMTL 0NN NI INIY Y3 WRNWNY IXHND N 172 AYHIV NTYNN NIpON
TVIN DY DR PARY VOMN ,31.12.13 OPY RYNN NATH Npan TNy STomnn v oRYNnn
mmnn L% .o"MYn YV NEmm Danma nw 9,0y mMwuyhl nuiran manrb
J'972009-2059 AR MDY HRIVH APDIYIR NIPTANY HY NDDINN RYNN NMTA NPDIYIIRD
7970 ,0TY "5 MmN 121N nnYnn L,("2009 ©"MYN NYTNN” 197Y) 2012 YIN2 ©"NYN NNDIY

.Annm

31.12.13 DYY RHNN MRIVPRN NAT2Y 2009 VNN NTNNI IMNND DMWY IMNN I NPY

D191 10,722 .2009 D"N5N NINNA 111°20 YININAN AN RYND 1T NMNNN MNMYY noTnn
N 2% 0PN NYMNA 1YY TMNND NPV IPVNTT 1T ANANY ORIY? NPTN M
K11 9732 DPNN NYMN2 DNVN NN DR MRIY N0 .JUNY NNAX 1T 103N 2009 0NN
DNIYY MINM 2009 MW IXIAPY PR Y 172 DPNN NYMIN DR POXNN RYND NITHN NPLIY

RN

http://www.btl.gov.il/Publications/more_publications/Documents/Finance.pdf ’

N137% MW7 MAARY NP9, nro T Mman..." (117 %) 7o W n°o1157 MInRY 777 1M ;R 19
LINPIW 930, Wnanwn IV .MAITT DYOaR DW AITINNT DAY TN ,0°00% DTV 0T DY w1 2077 1'MTa W nrmng
771¥2 7PNAIT DR 00271 AT MPRR NINY WRaN oR NS NYYaR2 Apdu0uu0? NP1OnT 75w YW NN onia
"1 ANTMAY TR PN %R 379N WA L NONR

http://www.cbs.gov.il/publications/tec27.pdf '°

46

‘ e Accredited as a Full Member
B of the International Actuarial Association



",u'“

TrannTa mnns Avapy pp 2as a1sa ornn nsmn

&1 R e

i I 2

SRR A4 bkl i o ] L 1] e e DIk s
— AT — 0T —8ar AT — eI

2N MYXD YW NIRIVPR NN

1IN2Y 70NN YV IRIVPRN NIHVWHY MY TOINN KV H"3NN NIVY NN MNINRND DIV THNN
TNIRY MIRANP DHVH 19N NI HYY TOINN LY IMDN HY PAYRY NINYY PAY PIN MIYND
NMAY HTINN MYXNRA PINA MPXN DR NPTID? 1R NN IRIVPRA NOVWYH YR DMpNa It
MNNON MNRND DY — RHNN HTIND YV NPYINTI MMNN Y21 - RHNN NTH NPan JNINY

.PINY DYRING DMWY MIAVNNND

MIV MIRIVPR DIV PT 31.12.16 DPY 0NN YW 907 NATI IRNY DMIRIVPR DIIWN
Zq18nn

S5W MN2PNNN NTMIR 10 MVAN MIIP .MV NP DR 1IN HHID TOMN YV 9050 NI
DY Y NIXN DYV ,DNHY 0MYNN IR DINVIANAN NOR 199 MIPTH MY 1D MY 191y
VP NYNIN DIV DR GRY DIVIR R PITYY P21 DMRIT NIVIR 720V P2 MIRITY 1YY NN
2N 7P TOIND VR MRLMINND MPIN TOINA NNPNNN DR MY PR NP .nHNY

IRDNIN YV "NWIITN PHNINAY DNY DNVIANY DHYH

DYY MVN MRIVPRN DT TOMN HY 903 NAT IRNI IMINNY DNYYI IMNN I NPV
31.12.16

MMNN DNR .T0MA IRIVPR TSP WAIRIPR 12PN OO0 Y myapy mvan nmap
MNNA NPYY NNIN R MYIAA NP 2IWN DDA NTMIPN N1IPPYR NIIRIOPRI

(12 wnn 9-10 'my) 0"A% 79w 2009-2059 AR MY YRIWY 09I NN Yy oonan
http://www.btl.gov.il/Publications/Financial%20reports/Documents/mazan2016.pdf '

47

<A
{=;.‘ Accredited as a Full Member
Mo of the Interniational Actuarial Association



",u'“

MY NMINY 72PN MYYH VOMN DRI MIPT Y2 MYXAN 1P DIWN JTNXD 2016 Mwa
1212220 WININAN 1T IR AMIND MNPV ,INRI L31.12.13 DYY RHNN NMTHY Wy amnnn
VYL 57N DAIYA MYAN 1P WM TNRY 2015 Y910 TY 2012 DNIWA .2009 ©"NYN NINNA
,"2006-2010 YRIW? H¥ DNYY IMNN MMY” MY DIDIY YY DODIANN NNINN INPIVL VINY

JI20M MY PNN 7Y MY YW 2013-3-1 YD1 AN HY 1DVANNY DYTNY DNV

- DYTNYN DNAVH IMIND MNYY 1RN L31.12.16 DY IMVN MIRIVPRD NITR NPLIY RN 930
MPT QI3 MY2AN 1P DIWNH WINY 12 NYPIY VDN 797 - ORI WM DN DM DIV
DIYY YR DY MVIAN IR WMDY VINYY 12 NYPIY DD2Y IRNYWIA ;2016 MY DIRYI
MYNVYNN .DTIPN DDAV VRN DI 1ITIYNN DDA IMNND MYV MIRIY 1173 .2012-2015
17 NYTNY NINY MRIAXP DIYVN SV NP ANIR NNMPN NN DN ININD NPV HY

Pmvan

FIIM VIS 0N T OUDOTHGN TINT R ' A
09T T YA MO T FETIT T 0 OOETEN ANIRD I A
im

LR
=== = FWHBTEE W DA DR R A SNl

by A e g
A HTA TN W AL Ll T} 41 T

W R 1

e

3, (1 IRED Wi

e
HRHENTERM TN NMAMENRRITETNITRERAREDHEOEDNF&A "D

2T mowa - &) T o B2 P e
FEVEIE I 557 A0 F3h

LI rwe e o e rweees SRS B e v eee've e mewr i

37NN DY MWIT THINDY L, NTIY 1919 DIPW MNP MYVN TNIRY PN MW YINa

nYTYY ,20% MINGY RN NNNND IMII NINTY 1Y 121 ,PIiN2 113 @YD Y - DIPY NN
TOMN IRYI ,INRI NDIINY DDIAN N0 IR INDIIAY APADNN IYIAP NDIIN WD W TOINN
193 MR Naxp PPN HaApNNN DIJDA DY PIYNN ;NARP DIPNA PIYN 1Y DHYWH NN NNooNa

2ap (Mwn” 19nY) NN 2Yh TVNY MIRMIND DRNNA ,NTIaYN

D1 NIWT IRWPRA 1™MIT KW 72077 MKI? IN°3) MDA 1P D973 171 03 WO Moo mysn vaw e 2
([17 "my] 31.12.16 01°% T0%a7 %W *502 ™7 I8 N2 MN2 ¥o0van ,a2a1n 171 ,[4-6 'vo] 31.12.16

48

<A
{=I!‘ Accredited as a Full Member
Mo of the Interniational Actuarial Association



"_n'*‘

WNRYN PN 2a% nHmy DHYWY TOMNN NR 2PNY NIPRN PN L,PINA 328 YD 28 - 1YW NN
YN HY NN ) TR IMRN YIAND TOINN IRV ... IRIT IMRY DX 0HWY ‘3 T 21NY Dy 1YY
YN 9272 MRV MIAPY VN IRYI L,INY 333 @YD 28N .DnYYY DITNY DAY IR INLVY

INaNp

DN ,NMAN MMY 1 Yy MrYav mYann “Hvnn mapn Yy moovann YN pran xawn
(o020 NMIND MY” 150%) TNR AMNN MY W PPN NIPN PPN WD 19IR 1230 MR
TI9) AN M ,TIY0I NYHYYI M1 291va VYNY DAY HI2 PPNN MIWINT VINYY 11 DIVIYY

NN M9YWA DAVRNN DR PIPAN 22IVN ,NYI YD DY 1Y NR VRVNIN

2008-2012 HYRIY’ YV DNOY NMND NIMY” ©”N%N DIVIA HY DDIAN NN YD’DIN IMNN MY
0NV 4 93 PR INIPN NITYY PN YY IXOHN T NI 2015 Mwa L P(NNwRY 1NTN)
NN MMY” 0"MYN DIDIAY DRNNA YDYDIN IMNN MY YV NITY IRV 12,5993 NIOTYN
D12 9PINY 10121 "N PIAIND DY PN NNIPN PITYN TYIN N1 1TV ORI HY DINHY

.1.10.17

http://www.btl.gov.il/Laws1/02_0001_166310.pdf **
http://www.cbs.gov.il/webpub/pub/text page.html?publ=35&CYear=2012&CMonth=1 **
49

<A
{=;.‘ Accredited as a Full Member
Mo of the Interniational Actuarial Association



H.*‘

2T nYNa YN :CMI -1 MY :12 P19

DIRIVY N2YD (T

MOV NR DYNPN ,“Series 92”7 nMNN MRYIVH NNMNN NYW MTPNR CMI INDIS 1999 MV
Interim Cohort NIRY2V VO DOMNA 2002 MV .NMITIVP MIVY D13 9Y IMINNN MNPYWIA VNN
DTIP NNDNOY IPDDA NIINNY DYIWAR DMPY PO JWR ,CMI YW 1 1Tay 913 Projection

MPVY NTIVN DR 17T (Short Cohort, Medium Cohort and Long Cohort) ICP nynn .ja%
MIT ITHNY AYRY JURN DNYON NTL ITHNY NOR NIY IPY 19IRA NV PN D NYVN
TY 1910 MW THNY NTN N2Y TNV DPOIND 1PN DNV 72 NN RIN ,ONAD (9INI .DMINR

MM 1999 7Y CMI »1ma Yy mooman P ICP NN .1926 Y® YXNR NTIPI DY ,1942
2020 ,(Short Cohort) 2010 Ty ,2000 MWN NANAY 2NNN "ONMPN VPAR” YV NYaVIN

CMI Y» nTayn n¥ap nnola ICP moviah Jwnna .(Long Cohort) 2040 IR (Medium Cohort)
3 NTIAY 71 .AMNN NPINN YV DPVDYVVD DHTINT VINYA MPOIN NTIAY M HV 1770

10N NR DD RIN .AMNRND NPIMN 2220 MRTIN IR HY DPNIVRT mwwn »an CMI Y

6 -1 CMI / GAD 92102 1970 NR 02°0) DAYV NNANN MM NN NPHANTINN HY NN
2VNN DR P90 (2005) 11 NTIAY 721 ./IOTNY DMIND NYVWH NN RWIIL 2003 T2I0PIRY

JON INRY DY 2004 7119 4- 2 CMI N»NANA 9002 10,3 NTIAY ) YY Hapnnw 1 wnd CMI Hv
DOTTNA TNNN HY 1Y% NNOON YUY ,NPINNY NNVPN MRT RN NTTNY 1IN POY WNN
NANTINN DIV HIPTYN RY D2WNN 1TY T2 HY PIAND IWNN ,NRT DY T NMIRTI-R YW 0PMNd

P- DY - NPVDIIVD NPYNNTINN NV YV DIV PHD (2005) 15 NTIAY 71 NNY NNNON

T HY DIDINN MRTN RN MND DR VI ,0NYY Nnann Mnom - Lee-Carter -1 Spline
07’2 7N2Y NNAN MNPYY NR NVIANN ,ARNYI PR IYR NYNNITINN

553 MRNA .DTNY AMNRN NN %Y CMIYY INTIaY Y Q01 19TY P90 (2006) 20 NTIAY M
9 NN DN DVIY AT VN NTIAYD NP NN 15 ATy 1Y Hapnnw 1wn

(2007) 25 NTIAY 1 VIV PV DM DD DYTINA NRM Y9I P-Spline nravTInn
S50 PNNTINND YY DI YHI RN .AMNN NNY ATIAYN NXIAP YV DIRYNNA DR NNYHVN

TnoN .P-Spline N» % TINnN 712y DINYT DINMNNA POYY ,20 NTIAY 1Y Hrapn ' Lee-Carter
990 nr

Lee-Carter 571 YW MY MNIN1A {17 ,D0VNYNRN DININ YD’02 DYTINA HY NINN @

97IMY Renshaw & Haberman namann mmnon %Y nynwry mvpn nnd Yv MIRNIN e
VNMP-NNPN-923 HTINY Lee-Carter Hv H7

50 DYDY VNMP-NNPN-923 Lee-Carter YT Lee-Carter ,P-Spline -0 Yw NRMWN e
DOTIND NWIYY HY NTIAYN NXIAP NNIPON

19070 .ININD NPINNY "N179070 YY N1ann DR 1R (2007) 30 ATIAY 01 27 NTIAY M)
Y DMIRD AN WINYWA 1AY 1YRY NMINRNN 92Y2 1N0MAY NPTNNA YV NIRYAV DIDY NTYN

50

% Accredited as a Full Member
of the International Actuarial Association



H.*‘

IR (2009) 37 NTIAY 7 .Lee-Carter -1 P-Spline nynviminn myxnxa RnaTH nymn oy I
.MAvN NN Pun 1YY ,”7NI90™ 1.1 N0

NN YY) DPI0N DININY DINDY TITIANN DYTIN NN YVDVVD NIT'NI MNTPNIN GR HY
D17 DYIRIVPR DMWY HINN N2 WINKYA v Ty Nawrn ICP nynn L (NYnn IR
11999 9N DNOMNN DYTIN N8-S5y ICP MM

VIAYY ,NVYVN NR D*PINN NYR 7N2Y ,NPDNY NVIVA MIVAR - IRIVAY Yp D2 DN
mnann YV Mnwn nna %y

MoY%ya oMmR NIYY N9 e
NIMINN VD IR NYDDA IMNN NIV Y3 HY NOT MYPI DMR DYVPY NN e

PO0Y 1N RY VDNV HTINY TN L199 ,0ap DYVDINIVT DWNIN 0 ICP nvnn
N27Yn HYwnY) DMIPnn 2172 ,NRT DY .DNIMNN DITINY DWITIN ,D272190 DWNIN YRnwnh
951 VINYY NVYI (NPTIVIAN MNINNA KV VYT MIPT IR DN NMNMNN MY
ANMNN WINYWN JUNN MY MIRT Yan CMI .marn nrevhinoa kY NPVDIINIVT NNNa

- 790 ARNINIT L1999 ANRY INDNAY 117021 1IN NR NAVN2 INPY RY YR Nmn ICP nynna
JNIOTIVN NINGY MINaY 1390

1TIAYN NXIIAP .AMND NAINN Y WIN YTIN NNab n7vna nmay n¥ap CMI nnvpn 2008 Nva

99 PINRN 107N NR GPYN DA R LICP YWY NINMXIN MNOND DR PHIN TVR HTIN IXMY NVPaANN
DR DYNRNYNY IWARY RN 11a01Y VIV PO NYAY NMNR N YTINA .amnna mnmn
TIRDY PP 1IN PNITYY 1NN, DPMAIVNDY DMAPYWNY IIRIY T ,N1PINN N1V NIV

DINND JP0NN NR qPWY 1T 0T

RV 139 NTIAY 7973 .2009 2172 38 771 TXD MY ANINND MNPY NTNNY WIN DIYYD AR HTIN
DTN 39 NTIAY 771 .WINN YTINN YV AN PHINA NV DR NANIN2 IR ,MIY M2
S50 MWIRD PYNN HIY 19IN NNVONI PIRY INNY RNNY ITION TIRN NDWM ATIAY PYHIN

17NN INRN 1HNY TIN NOIN MIRIVPRA STINN

DINYT MININY 1Y) DMV DYV WINYY ,11a0Y NN VIV HT7IN %M"Y NMpHYn NIvNn RS
NNN M0 ANNN HTIN IAI) INY NI NMIVAR NIPINI ANNT ATayn nap L(ICP Yvw
DYDIINN "DININNT N MTPN TYVRI ,ANINN HV N1AND .(NPVDNVO NVYNINTINN IR MONN
MIVNI AVNNNA IRT ANRI,GAD / ONS »P HY pmIRY MMV NIR AMNN MY NMn™
OPNVRT NW MNMPY NPANY PRNNA INTINN MY AN ANWRIN NNWND LIOR
MYXNRA DNNIN DR NPNY PYRT TPYI N2 ,MININRD DIwa CMI -7 nTiaya awnnna
ToN VYN ATAYN NP NRT DY ONVDNN PPONIN DR PONnY nmn Yy P-Spline YTnn

MNMVA MNPVY ,IMYI NN RY "NRp Myawn” »penb Y1 P-Spline n7amminn Dw»w

NMIR2 NOOM’A 107N NNIN NI 17N YAV TNIMN YV NNINRD MWD N2y 0PNoNNN

99 MINN TNRY AN RY ANAP IR MYY MIVN MMINN 19IR MINWY’ 199 ANINR MY

NNINRD MVAN DYMY Y "NNRY TYR” 1T HY NIYRINIVION NPNTIIND VIYYH N2 I Y2
51

% Accredited as a Full Member
of the International Actuarial Association



H.*‘

DOTARI AMINN MNY HY DPYNYRT DMHPY , DIV AR STIN MaY ,NNNTY .o1mn JIvn Hw
.2007 MY DN TY DN TIVN MYRNRIA 2005 NIV MY N1y

YW DYNVRIN DINPVN NPANY NYMOYN MOYY DY IR ANNWIN AT "W DY ,P-Spline nw»

993K APDIYIIRD 1IN HY VNMP-22 P-Spline HTIN %2 MPONY NYIN NTIIY NXIAP NWVN
T DM TN DAXIN DYNINN NVN MNPVYY D20 DATMIR 1210 DM

NP LO5TIND YV DYNVYRIN DIVNION NI VHVNY APDIYIIRA N0 YY vONNY nan Yy
55 NN DM NVWA YV HTINNA NI MY NIPNDY MIVIR 1Y NNa mna Amay
NINIAP2 INY DPNN VYN 1PN DPNVDN N IPVY 28N YA NVINNA JTNRN .APDIYIIRD

apnwn oy 1 ax (Willets et al, 2004) n»DI1Y2IR2 YINNAN MDD IMNPR-VRION THYNN
NI RY QW IRINY NTH TYIN YV VNP IRIN YR ,1 ATIAY 9712 IRINND ,IPNININ

1TONY AYRY IRIN CMI -0 23N 298D 19IR2 .YHHIN 1Y DIYIIRA MY IRNWNA CMI - 0
1Y MYY IRIN IPDIVIIRA HPI MMV TIYL AN DIMDN DNV NR 1210 1926 NIVA
NR 1IRN DAINR DNMNNA DAPIN L1D YY1 .anyra Pann dwn MW Yy yavn 1931
RUNY MYTIND NIDN IPY NNNINNA DDV NIV ,"NNNNNa "rwd naTn n»iven”
5wnY) NPDIYIIRD IRYWY DMITONN 191 INRYY DYIAN THYN Y AYNN DINMIRND NIRMAN

.(Evandrou & Falkingham, 2002

YDIDAL 1XYW NYR DY NMYHYIN NMDIVIIRD 1NV DTNV HY AIRNVA YN NTIAYN NNAP
,MVAN MAaN YW DRYN DN MY’ DNVIan Ay CMI -0 1Im ,In1Ys ,0795n am

NP 132Y ONS MM NPRNRY P01 NP2 DIRYNY N2y Vita Club »1 HY 1parow Dian
W 9355- 'nan Tayn oy

09121 YHARI NPDIVIIRD 1IN 2D, DNTIPN DIRINND NR TWIR 1TIAYN NP YV MnIn
DY TN 1931 YV VNMPY RV MNPY DY - TN MY YV NYONMNMP MNONY 172 NMITY IRIN
oYy .IpNnNa MNINRD DAY 25- 2 097010 YV 2aN7 PN AMND NPV INY IMN MY
NYRIM ,DMINRN DININ D011 NXPNI DNV IR NTON MY 28Y MWD YOIT [ NNT
/ DNVIAND Y IR NPYMINPR-PID MNP 9Y NTON MY HY DMNMVD RV MNPV MININN
2NN STIND YD ,YaPa 199 .NpNAIN NNAN IR RY MITNYN PDIYIIR MNP / DMV
DOVNINYNY MWD NIRYA TN L0971 HIR1 1”DIYIRD YYD MInIn DAnIn 0MvNnIna

1219 DIRIT DN DR NVRIN MWD HY DRYYN DINPY 1HVH

DR TN W ORD NN ,NTIAYN NNIAP YW MONPNN NYITY 0TI Mana naon nmp)
VNN LATON VNMP Y7 IR D3 0ah” YTNYN NMINND MY HY DIYNVRIN DIYIVN
MY 9901Y "NTY1 VNMP 7Y DMWY MY NNPD AMT Y712 GAD / ONS *12 HY IXmIRY
NPX RIN T DY Y DYMIND MNIONN TNR .DMINR MAY 757”7 95 mnmon TN
NTIAYN NP PNYN NVXWA DYIRY WY DITNY DY DAY HY NXIVNI DMON "DIVNVNR”
W NORY "NOIPM 9227 HY NOR ,0227591 VY DMWY HXRAY 1PN NV DX INDTINN 2D YN
MDIINA DMIVARN DINVA 02229710 DITINN NPWN MNPVY RIN I WA NI "ATY mv”

29919 DRNN2 NINY NININN MNY MAPN 219 HY IR NNIYY MININ 92YH

52

% Accredited as a Full Member
of the International Actuarial Association



H.*‘

5% MDINNN NVWY HY VHNNY NTaYN NXIAP Y 10 ,DPNVRT ANIND MIPY IYIAPIY INRY
DNMPNA HY 17702 NVYNNVN NINY NNTINNN .MNMVA MINIR MIMNY IMNNN " NY
D702 RPN NNV PIRNY VNN NPVWN 2P DN ,DOVNIN NI MY NIVARM 3 1IN
1Y 07 NMNN2 DNY HY 72PN 11D HY NTIIYN NXIIAP YV MNAIN CPIRD MIVI NORN

L0NMP 289 923295 MIDIINN KV MAPN NPY TWARD HTINT MWINI 1XNH

NTIAYN NNIAP .AMINN2 WD YV NMIVA PIR NPV NMIN RIN HTINA NN PINRD VINHRN
I0NI9N R IPVPPN0 NIINA RN PIRD NIVY NMINNN MNPV NPNIANY MPONY NYRN
9TNN NI T AN RY LMD Y MY YMIApY WY DVHRNYAN TNIY NP2 DIWNN TN

.DOVNRNWYNRY PHDY NVPY 1INV MIN IRNN ATIAYD 777 DOIR , 019 AR HYTINa

NTI900 223Y NTIAYN NXIAP NIMINT DNWIN NTIPNI DIVNIAN DY DMPYWH NTNIND MY

- 1INV ,NYN NNI2 D1IVMIAN “"Advanced” -1 “Core” MmNy DMVNION MNP P2
D91 DWNRNWND DNIY TVRI TNV MWATN 10 DYV MRIND TR NHR 0N ,NTAYN NP
N2 27 NN ATAYN NNAP HY 1PN DR IRNND ATIAYN 7 MPY NNY mbpa

.29 NP HY DMVMISN NAY HTNN

MODIYIR DY MPTN YV IWPNL P72 CMI -0 YV DMNIMNND DYTIND D %Y ©Y DYDY
189 WY HRIW NYDIVIIR HY DMIR DYWH YwYN 197 RY IRIID - IVDN DN PP AT

.2009 MY RN CMI-n YV DYTIN IWVPIY DMPYWH DNINN IR AT A9 2D

53

% Accredited as a Full Member
of the International Actuarial Association



H.*‘

Mortality Improvement Scale MP-2016 — Society of Actuaries : 13 P19

99 VY 7Y

19n% Retirement Plans Experience Committee) SOA-n1 YW NTYN NN 1NDIY 2014 IR0
RP-2014 Mortality Tables) nninn »MM9wh 0rMovps 191 NN MRYALV Y9191 JPoN ("PTYN'N
NRIVN VTN IMNN N9 HTIin YR nonn (Mortality Improvement Scale MP-2014- ,
Continuous Mortality Investigation-n »1 YY PINRD VYL NMAY IMNND P NY HTIN

: DRAN MNIPYN NWIYY Yy ooanni Institute and Faculty of Actuaries-n Y» (CMI)

nMAND MY YW MPNY NP 20N TIAN DR ANNN MNINRAD DIVA YV PONn e
.AMpn Mva

mn2 5y MmN YW NYT NN YY DODIAN N1PAY DX PINTIND NIV IMNNN INY e
MV 221IR DN NNIND YDIAT HV

MDY MNPV PIY NRYMN NN YNY DIMX 11PN NIV AMNN NDVA MNPV e
THNY MDINAN NOPNY DRNNZ,PINTIN TNYY WapIw Amnnn

LMY 085 925 CMI-n " IR PRIRY ,NMINN M9WY (age-period-cohort) APC-n 9 1in
SPIRD NIV DNV MNPV NN HY PAVYNY I 112 WY MNY MmN vidw avna npb
95 DNIWN NMINY MAIRTIYPN MWD 19NN DNV Nman , 930 295 mnNn MY nmin

(01PN VPAR) YN MY

TN 93% AMNNN N9 12V 1IN TN IT HTIN N ATYNN NYIRNIY HTINN NRT NMYY
NV OPAIR MNOPN) D7 HVY RPN TNRND ,HDAPN DYPMIAN DTNVPN NV T HY DMA0IN
TIRD MV NYVN M NYY NYAPY Hapna DR ,ONDIHR MOPN) ITH MY YV ¥PNI

D22 2 Mpond aYun LAPC-1 YN R NINaw anrRY [0TvNnn STinn vionn oivorw
MYIYVA NPIVIN MPAIvY MRT IRV HTINa 199 mw»Y M 00N H7INa DNNON

MR Yy Wwanny *%an nrn CMI-N 971N VINKY 102 NYYIY 1YRN YRNYRY INY MNP
STIinn mrvn

MIRIN NTIAYN NININ2 VINY AVYI ATYNIN NNDIW NMIMTa

-5 7Y MIRYY 19IR2 DTN 85 D TY 1% YV NIV NNV IR IMND MNY MY e
115 9932 0%-Y 7Y NIRYY NT1Y DOWNRM 95 9232 0.85%

LMY 20 TYNA NNIVA PTIR NMINNN P NPY M NIPYVH MDIdNN NAPN e

.ONDIYRM YPAIRN) DTIOPIIN NVY 50% HW NNT HPpYN e

IRYYW MMTD 2009-9 1950 DIWN P2 2NIR NPDIYNR YY DOANN 2014-1 DOIANAY MTH
DY AMINNN MY DHNIN TRIN D9NN WA 190N DAY A3ATAA 190NN NV MR
54

% Accredited as a Full Member
of the International Actuarial Association



llm

7931 2014-7 1950 DIWN 1’2 27NIR NPYDIYIIRD 19XV 9 95-H 50 1AW D230 MMMV MY DVN
: 2016 YV MT1 INNY

Age-Adjusted Mortality Improvement Rates
Ages 50 - 95; Males

5%
A%
EL
&8
1%
(5

1950 1955 1 k- 970 1975 190 jplaBh 1990 1ioas 000 05 2010
1%

-

3%

Age-Adjusted Mortality Improvement Rates
Ages 50 - 95; Females

5%

a3

1%

%

1%

0%

1850 ; 1970 197% 1
1%

i

-3




“M

, D000 Y NIAY 1%-2 TIRN 217P 7N 1950 MIWN DNWN YRINHNY MINY ,00IN"Y NN ’9d
MW DY MY INRY TN 21779 HY G0N ,3%-D -3% P2V NNV I MY HI1 DNV MNPV
MDY NNV YXIND 1 DYVINAY (N2 ,9012 .(NNI123) TN MY NP'Y DY MY IR (TN) NN
TIRD DXNLEN ,DXVI NIAY N DM} NIAY 0 ,2014-Y 2010 PPV MNINRD DIV IMNNN

: NRAN NP2V INIOY NN ,MNTIPN DIV HY IMNV PINNY IRNYNA

femaies | wales | Agess03

1.46% 1.93% 2000-2003
0.42% 0.60% 2010-2014

NMIANN M9 MNPV NR DWW MY 71912 MRIY N7 "0INN Man” Yv DRaN DRYwINa
PYY STINN R0 HY (2032 TY) MRIN DAVY DPTNYN NWA MNPYYY NVINN 121 722 19XY
WP NAY NMWRIN MIVN PN — 2013 MY NR JADN 1291 MIRN IPNPHRN PN .ATYNN IR

S0 DDA MY — 2016 MY NR Y101 MNARA 12IRN 1PN 1R TN J00 YY 07NN 02Ivn

D'V MRIAN DV DOINN IMINNN MY MNPY 2 DVINNY 171 D239 DINN Man HY vann
DOV YR D) .1.5%-2 1% 1’2 DY) 1970 — 1960 Y19 1945 — 1935 *1'D7 VY ,1%-Y 0.5% 1’2
.Y T AYOINN

MP-2016; Males

Hl
nE
Ba

TR R
.. a F .
- I
1. 1
G- 0%

DB i e

LU 4%

1451 15960 (G- 19HD Rt Fle k] FLIG =] men sl

56




"."“

rMP-2016; Females

i

&

&0 15

ey
]
17
an
i%
1591 120 Lo 1980 15

NMVYMT VINY NAIN ITI2 DR ATYNN ANHNRN DY IMINND INYW INMPY 1) IR W)
112 MYYY 1IN M MIIPN NTIRN YV 35 1PN MNRY DRNNA M) 2”718 7PDION NIPA
JPIVAR NTIAY MININD VINY

il A HRD i) 20N 201G

: IMINNN MY HY IMNPRIRID 2¥N NYAVN

DYDY0IN AMINND MIPY ,AMNNN N MNP HY DYMNPR-1RIDN MDY NYAWNY Tl
DIN2 DAIRIVPRY PIYNNY NVNN NTYND TV L,12Y .DMIVY NN NN NINIRL 20N DTYINN
DIV L,NIN2IN AYDIYIIRD NR DMIAIN HY DDINNA NYY? NNDIAY NIRDIVI VINWAY T2 YY
NN MW MNPV DIV? TTIYY AT 1YV TWARN PR DI NMIVYVIA DIYPN YN D 1NIAD

.02 NN YV MNY NPDIYIIR N2Y DINY

57

<A
{=|-I‘ Accredited as a Full Member
Mo of the Interniational Actuarial Association



H.*‘

Munich Re — HY9R7% amnn M9 HY1In :14 pra

Y897 AT T

Y,

.20/6/2016'° ©Y2 NTNIRY MY 70 Y379 HRIWIA DMIRIVHRA NTHR YV DI NIWRIY AN HTINN
5w DD DIMNAY 1YY ,NTYNN AN P IPNND MY A DNAVYT INNIPND 1IN INRY
JUnNa oINInD HTINn

Bernd Schedel, Richard Wendler :Dn 9pnnn nR 1299w ( MR :1919) 1 77390 »war

RN MPY
5y DOOIANA HRIVA AMHRN NBWY DAYPR DNTPRN NR NI ANYA ATayn nIon

N31% DINR DYTIN DIWPY MIVAR PNAM ,1999 Mwa CMI -0 Y AnoMaY NINTINN
990N DYDY MW ,0"MYN T HY 1Y AMNN NPV IWNRNYD IPNND 1DMNY IR DNTHN
(Cairns-Blake-Dowd, Plat, Currie, Renshaw- nMmnna MewH omIpnn nN1av oHnpn ovMn
back- m21% ,571 Y3 YW MRNNN DTN DR PIYNY 107 DIPINN .Haberman and Lee-Carter)

.2014 Ty 2009 D71V 7)1 testing

:2012 Y910 IRIRD IRIVPR KV NTAY 171 TINN MTIPI 190N X IXINN

DNV DINTPN DY MVIAN XN NPT KY NIMIN IYAVD NMINN MNYH e
ANY DRNN STIN DY DR MI2 RY IR ;010 207 VINYWa NPR TPNOIA PNNITINND e
NP VW NR 12TYY 0TI DAINR DYTIN PNAY W, TNy e

WP L1AY ;N0MMPN NYHINI NAVNNN DPR (1999 Mwn) IXNMRY CMI -0 now e

NY21N NVNMP DPPY DIND DIV .1929-45 DNIW ITHNY DM2Y IY DMWY DIV

,07T79) DMV P1APY RY Nt 25wa vHYMIN DYIR ,1931-37 DAY ITHNY DPWI 17pa O)
RN 19TY2 DWIY NOMMP DR PNIAN

MW PAPI MV MTINY TNIXY ,DNIR TIRD TIRAD MMV 0 -5 DTV IMAND NV e
.DWIY MYY 1% -5 0235 MWYWY 0.75% SV 19PN NIV NNIND NYY

:nn»n MR Y® ATayn nion
ORI HY NN MM DN DN DYTIN DIRNAY .1
0219 NYav RN NRRNNN DINNIA ST Md .2
.2013-1-2 91NN MY?”2P DY DOYTIND MIRXIND DR NYVAY .3

http://www.actuaries.org.il/info.php?id=87 *°

58

% Accredited as a Full Member
of the International Actuarial Association



M

1 s

:DYR2N DYTYNI IOPI DMIPINN LT TNND

D°1yMN) Human Mortality Database -nn mpY nin »Mpn 990m 1wn »nm .1
(o™%n Yy Dovian
90 TY 40 DYH731,2008 TY 1983 D7V P2 YAp) HTINN DINN
DIYR NNN maximum likelihood estimation NVYW1 D20V DMVNID WP ,HTIN HIY
.0%pn

Bayesian Information 113 D»VDVLD DANIAN MYXNRL PIAPI NI WRNNN HTINN .4
Criterion (BIC)

OWI Y NPTNY DNWYY Kannisto NOYWA AYNIA DM DY) MIAY IXNNIVOPR .5
nNMIRYY

mMPT 2pY 11N WPIY NON RN HID VYT MNINN NPIPN NPYVD DNYP DPNPHN DN
NYMPN NMYL MRIY VAR PPTY ,DNMN NPYNN PN INRY .ATH I2IRD HV PTn R
PNR ANNNN YYHI 1918 HAR ,00IM2

10723 MN12Y ,0'pHMNN 0NN Yv heat map 19nH

oo

45

iy e
1aaEn HaEd 1RES I oy
Colenainsr W amr

:RNDN 9 YY APC = Age/Period/Cohort R0 YRIWY »avmn HY1nn ,0Mpnn Nyt

logit(qye) = By +KZ +Viy

:TVRI
9795 mnwn =

VIR MY *aY NINwn = «
7Y MY 295 NInwn =y

59

BN
Hizk) Accredited as a Full Membar
Ut of the International Actuarial Association




H'L“

Kappasi

EFammas

D123 — NIRXIN

I.I :.:.

U3

1680 1885

=
5

0.3

1880 1200 1810

gk itle]

1fng

2000

1820 1830 1940

F ied Mappas!
Smodlfed vahies

Fal i L0700

Filed Gammaos
Smoathed vk es

1860 1871

=N NTRYN 912 IN3) 1929-45 7' DAY N2 NVVIMPN NYPAIN NR NIRIY N7 DINWINAN
DY PIRNY MONYNN Y9190 HTINY AR LY .MADI NPT MYAVN VW 1aN» R (2012

.DONMY DR

MYY 2.3% -1 1990 -N NIV MVYY 1.3% -I 1D NMNNN MY NP ,NUNMPN MYaVn RHY
MoYPM ,1930-1943 TP NAY 1.2% SV G0N NDW NN NONMPN NYHVWD .2000 -0 NMIV1
.1949-1961 *1’2 71y MWD

NPV ,NMT DI0NIAN MIAN 2TNY IR HTIND ,2008 TY NMYY 2014 TY MRXIN DMV TVRI
0N DYTIY 2008 NIV TY 19X1W D'MAIN AMINNA PNPY NN RN AMNDN Movl

JITIVNN HTIND ANV 1IN VYN MVNMPN NPAVH .INY MIMRND DIV NXNMPNIYN

60

AL
l=itgl

<

Accredited as a Full Member
of the International Actuarial Association



",u'“

DY) — MKRXIMN

0.4
Fiied Kappast
. Smoothed walues
09t |-
4™
1}
L
= [
m
e
032
0.4
1980 1885 19480 189595 2000 S 2010
|
_ F e Gammas
o2 n
Smcnbhad weiliees
o
L -
E [}
[
Rl = P
0.3
1880 18900 1910 15920 18230 1540 1950 TR 1870

D)W . 2004-) 1995 DIVN P2 MIVY 2.4% -3 1N NMANN INDYW NPW ,NONMP MYV RYY
NOMMPN NYOVN .1.8% -3 YV MMV TMVY TY NVA MMPWI NMINNNA V2 ,INY MIMRNA
MNP NOIPN TYVNA IR L0710 NMITL ,1930-1938 TP NP 1.2%-2 YW DN MV NV NN

L1942 992910 TPONN 0.4%- P RN NV MVPN .INY

NRYINN DDA NNINY 293 ,MR S IpnNnn NMIpon
5TINANR DYAPNNN BMIVNION ANV DRNND SYTINA NPT SY DYPR AT DIMN MR
120 AWM MY NV PRI ,APYNN YN DIIINN

5w) D»PN STINAN INY DIRNN IRI IND HSTINNY T2 HY NYaxn MR back-testing -0 NVW
(1999 mwn CMI -0

mva oYYy NVMMP NNPH 0N .0'WIY 10 DY 10 ,N°21PN AVIMP DPYPA TN HTIND
.02 M2Y MNaY ,any MaIanmRn nTH

61

<A
{=l!‘ Accredited as a Full Member
Mo of the Interniational Actuarial Association



H.%

T PMTY NADIA DY IR HTINA YW DDV DYVIAN

MR >wIR Oy MANINNN PNN MNP
215702 DPYMYNYN DMPY MInY L1983 Mwn Snn oamn 93% onrnn STinn A

NAPN NR RPY RY pYn MR ,(32pyw5H n"1Man 0N L) YRIW NPOYIR
JDOPNR DMVNIO PIAPY NWPY TN NIRP NIPN W 111791 ,(2000 -0 RDIVTY) IpNNN

MIMRNN DNV TNYNI ,N2T MNY DRIND PR (AONMPN NYavwn) gamma 'NTpn .2

D7Y31 0 - MDIdINN NNINYY ,DIVNIAN NR PoNNY N7 ,MR 279 .D'NIn) VYN 2pY
DVTnn

M 9NRY 03 1A nnY MYy At L1aR kappa Yy nR»Y o w pmpnn Ymna 3

LXPN TMYY HTIN2 wnnwnd 1pxn MR 995 19181 .AMINND M9V MINNNN DR
.D7°2°2 729N NAPN PP ,(°20VH72I0 NIIND) PIRD NNV MY NPY HY DIIDNY

nYawn 7721 0RIN NN Y 1Ipna Lee-Carter HY1ina wnnwnh owonn RS MR .4
.LC nYwh oRNN RY NN ,N0NMPN

62

@% Accredited as a Full Member
of the International Actuarial Association



H.*‘

5N HYTIN nysn

mwn 791,999 1210W 295 HTINN 9P DY DN DT ,MR YW STinn nrna nrb
5w DYARN 790N 25WNN HTIN MIIY TWARY DRI ,DMNTIPN DPINA MIRINND MO
:DNWN DOTINN

nYapy 9oIm XY O .My DYa Kannisto nprdva wnnwn mpnn YTinn .1
9917 NNINND NY NPV NPIIITA 1T HY DYANN D/N5N MPNNY INRND .MRNINA
DT oY L(NTYN MYY DRNN) 80 9 29 YY DMWY 2WNN 2NWNN HTIND ,T9RY 80
199 DN’ BMVNISN) 100 922 TY 80 DN AW MYV NIRDY

259NN STINa oMpnn HTINa (MVMP NYAIN) KRNI NTPNL TIRN 1M MINY v .2
MIMRNN DIV ,NPIMNY INY DYRNNN ,0I0 HY 17I¥1 DIPHMIN DNPY NIVMN
JDARY NYIRYY TIVN NNRNN DINA YA DTPNHN (DN VYN V2 113)

779 79) 99°R) 80 971 NYMAITA DT MIRIN NVVMPN NYAIN YV NPYNMIRDYI MRNYWD .3
JIRTD ATIPIN Y Y DvH 1 9yoa pponn (7

OI2Y ,2074 MV TY STIND 29 HY 1AWIN MY MNDOW) RAP MNTPN NPNN YN 4
DY D) YDA DOVNNWA ,MAYXRT T0IN YINY 73 ,IRI 2015 MWD HNN NIRDY
MnTpn

Yapa Ny .2000 IR 1989 MIWN NYNNN RAP MIPN YV OWMIN NPNRN HTINA 5
DR NPIIYAR 1IN2Y 1T YVWAIN DIV

ny»ap warn a%wnn Y1nn ,SOA > DINR DYTINY orRNNAY , MR nyxn 9 Yy .6
MIVY NWN P21 2WINND HYTINA MRXIN P2 NIITH DO ,PIRD NNVY NYY NPY
D12pY 10w 9PN 28 Yy PIRN

63

% Accredited as a Full Member
of the International Actuarial Association



",u'“

DYTIN NRNVYN :15 P19

TNOIRP MIAT :NIY

MPTNA DMIRIVPR DWHRNYN DAY D755 DYTIN DPOYN , DMWY DYTIN NNIN DNTIPN DP9
DR YV NPTINYY DONPNNN ORIV INMAY DYMPN DOTIN DPHM DHY1 MY

SR

5915 ,YXI00 299NN HTIND TN BRINY DYTINA D1TIINA D1IVNRIAN YV NIRNN 119 191D
5711 57 5v Mom M

N"OI'DIX 7Y XYW INNIDY D7 TIN

n"7'»D 077N

xaer
77In% hyxn 0'"n"% MR CMI (2009) SOA 20UN1O
2'nwn
D"''Y NDMWY 7w 9TIn nouan 7w 7Tim | CMI (Continuous | SOA (Society of 10'01 VTN
MR 7TIn?% MW7 | M parn nawnn Mortality NNActuaries)
'NXNN I n'momn 9 7y Investigation- NNOo1S NI
D'7TINN | N?'VO'VLVOY Human 790nUK) XYl Jnon
D'INXN Mortality NWIIQ D'j7NN NNINN NIN720
Database ANIZANI ANINN NNINN MI9'YI
win'w? 07l
DINIVPZNN
1983-2014 | miwn D' TN 1983-2014 2007 1y 1950-2009 | D2IMIN 0'02
277231 1950 NNy
n"oIIRND
1968 nmiwn
D'y D"y D"y "y D' | 7297 9'Y
D'y "y "y "y D'y | '™ '97 9y
Currie age- 7TinLee- -90 7M1V P-spline, poisson | 2Tm 7y oolan | ooian 77N
period-cohort Miller Currie age- model & QBIC & | APC nuwon Dy Y,
model. period-cohort APC for fitting. | 727w n'x1o -
"7 -80 72 7un model 7'a7yn . | Projection on top ¥ N'¥nIol
'Y - 90Kannisto nT'? My

64

<A
{=;.‘ Accredited as a Full Member
Mo of the Interniational Actuarial Association




",u'“

27In"7 ny¥n 0"n"% MR CMI (2009) SOA 20VN1O
Awn
YN NIRY | vaipg 7Timn Kannisto 7Tin 7w nix7nn NMNA7 DT | 0NN 07
un o' | o'WWY | Axrr 90 712 Yun ,UXInn v'on | ,95 T 85 an (80 2un)
Ny 80 72 257 Toa N9 NIY'Y nvT Ny W1 1% -n
7Tima Io'wn MM D'7'a2 DY wnnunn anx1,0.85%
D'avinn APC | ,0'R¥nninn N7RN NS0 N PN
oy 80 7127 nTY Y -n,115 7Ty
NMIXI7 AT | IY'wa NN 0% Tv1 0.85%
9w 0 Ty 7an 119w
100 7122 AN 80
0T MR 'WIR | N 7Timn nan 7Tmn 2w nimn | (8571 1) 1% N9 AIVY
D'NNN 7TINNY AWY'YY | ID'UNNIVIYUY ,U¥Inn v"on RN NIYY?
XN NHOY q19'WN NOIN NINY? nyT Ny Long-term)
TV VIART X IR (T'NX) 2NN .unnwnn mortality
A9 YWY NoIn | 'Y K77 qwnt V'Y NI01DNN (improvement
NNO-JNR | 7) Ennn | 0T MR 'R NNINN NI9'Y
qwn" (72| o'’nn 7Tmng KA LY
nw N XN NIOY
nu7Nn 9% 017 K7 01170 K7 nu7Nn 94 2030 nmwn 7nn
nion'nn v nion'nn NnION™NN W' [ NI'TANN NN ' 77N nnnn
VITDLY "WYY VITLY 7un ICP v nip'nov
NOIINIPN | DYDY NLIINIPN | DMANINN DTN nrn
q9'Y NIYV'WYI | DY 07 (1) 21925 AN | NISIPYI NIVIYD
72197 DY 7j7 0'02 DNI'N wynnwn? anit
(2) ;nxnwn? NUYIY 178N
DNIX NIYW? N7 wUin'v |na
n7 (3) ;N1 CMI-n 7T
DNIX DU 20 XTI
2v n'on' NI v qwonn?
NNINN N7a0 'H NIXYIN NID'R
0O IX N'0'0] 7Tmn J5Timn
NN | 7227 Daon'nn
NT'? MwY oai
(o71nIEn VEOX)
65

<A
{=I!‘ Accredited as a Full Member
Mo of the Interniational Actuarial Association




H%

D'XNN 7TMnvw
X7 NHVY

27In"7 ny¥n 0"n"% MR CMI (2009) SOA 20VN1O
anwn
nyap I'R nion"nn |'K [N ICP ni'tnn nyap nninon
D'UNI9N nion'nn N9 NIV D'Y'NIN D'UNI9N
RILUYRRIWAT V79K"7 ;72197 DY D"VO'MLT RILUYRRIWAT
- KRN NNV lvalblirn) Y'Y KX P71 ,0'vIap - KRN NNV
n'nnNwY ['NI TNN I9'YUN 7TIn% 1AM n'nnwY
NIodNN ['N .00 757 | nna X7 ,'00d100
AY'WT7 | IY'W7 NIodNN wnnwn? 7ooY
M9y NNINN MI9'Y | NN 0'Y'NON
nNmMnN ANKRD NHOY? | 07T 0'wnmn
KRN NIOY D'Tin MR 'waIX D'M>NINN

66

Al

‘=!!‘ Accredited as a Full Member

Mo of the Interniational Actuarial Association




H.*‘

mMipon MO0 : 16 Pr9

NTYNN IPT DO

, IMIRD MYV, MYN MY, NP0 , 07N MY : DY DMNNN DMIRIVPR Y9I NTYNN 2070
DY MINMN MYN MW YV n9%)pn 11°pD 1YY DIYTH 0NN §INNT 12 PN PV MY
1199V D127 MPY 191D .0YIVY PIRI AMIND MY NPTNNY ,72Y2 MNPV IYR

DY DYYTIN PNAY DIpN W .1

PN L,AMNNN NV NN TNRY NIMY MYN R Y DYTIN pNad oipn W
LRINTY DIYIRD HYY L1010 ,MVa DPINNN MYYI DRYY DOWINWI Mawnnn
MmN YV MHNY APTIN MTOIN MIIWP'NN PHNI MYYI MmN NNy Tva
MY SW NYIMNAY M0 018D Y999 MITYrN PIRD NMNYY NyYniann mannn
mMIanNa) 7'DI9N MITP2 NPHRIO M YIVNMY MY PPOM MY PN Y
PN H93% DR INR YTINY MAXY PR .T151 DINVIAND NDXY MTYPYM MY'AN
MW’ 1Y DMWY DPNIYNN DANY 91 INDX MWVWN W ,NRT DY TN’ .08
VN ,AMNN MY DINNI MNY IMNNANM 0 D97 5 1719 *12 DN*’2 MAITION

ANNW 995 NRT TTIYH

DY) YRV DHYTIND NP .2
,Munich Re 11wnnN NVan »-5Y MY 57N 071911 ,0°97TIN 7901 1Y 1YY NTYMA
PIAPIV 93 1NV NN YTIND L,0MON MT-HY PMIR VR LM Lee-Carter YTIN
DMPYHY DNVWN DOTIND YV MYWNIa MT RY ATYNN LSOA-N HYTIm CMI-n p-HY
S9-9Y YR NTH Y RY .ouniea

nnna o»vp .3

27 9PNNM DYIYI PIRD NMINN MY NPINNS DNPPN DYTINM MOV'YA PN GR-5Y
DMWY NR 0N 127790 NPINNNY 72-5Y MTYN NARAN NIRNIN 12 TY ,DINN2 DIVN
07NN NYMNN AN 177aNN Y992 07NN NYMN MY .D»NN NYNIN2 DY TNYN
MIYvN Pan NNR INY PIR INIVY MmN mnnw Y50 ST 95N avan unn
1991 PNVDNN TONIN NNVA DNV AP Y DPAVNY DININY R MYNVIY
DYTPY DYTIN DMYP RY MY HI 792 2wnnnh PIR MDA MNY NNY HTinn
DR NINY DT YTNI wRNwaY Nvp DMVNIONN POHNI DMNSYY DNINN DR 1HVH
OPTNYN DNV YV Nnann

NYSIMNNT NINN Y N7 AYAVN 9% VN 1IN NPTH 1PN HRIYW NPTH ,q0N1
SN D9 DIWMA DPYTIR P NPTRN HY NINYVRIN DNV .AMNN MY NTTN
Sv MNPV DDV HY WAV DOMYNVNRA AYOYA 93 TN NYTY VP L
.DIVIIND

67

% Accredited as a Full Member
of the International Actuarial Association



H.*‘

IMNPR-VRID 28N AN

LJIRT DY 0N MIIRY MMINPR-PYYID 28N P2 WP HY PN pIRI DMYa DMpnn
DYTNY DMPY IRNNA HTINT TN ©2 NN IMINPR-YRION 28NN NHYIN TNINY
DYV’ DN 92PY NVP L19-11PI .RXNMIA N1V YTIN DD PR IMINPR-PRIDN AN
JIRT TOTNN TINY DOINR

%Y MW Nnan nNY*ap
DY 29 YY1 72PN MNINI AVNNN NYAPI PIRD NMNOM PN MNVY NV NPIN
JNINR MIXIRI NYINNANM MNIN D 00N

(HONMP) AT MY 8Y N9WA DYYTaN

MY HY NNY NNNIND) MYNMNP” YV AYAIN NNPH M7 MRS NMTa YRV
DN NNTIPN IRNA YV ’30 1 MY T YV IMNNN MY L(ATY MY Y Aimnnn
VY ,90111 .12190 NYAIN W ’50 -0 NIV T HYRY ,DMNINIVN NN TMYNYN 191N INY
-y .DYOYIN DONIM TN YY Y NYY IR, '60-N MY 7D MAY INY PAN N N0
RN IWRY STIN NNV OMynvn NrR 10NMpn YY nYabon nyawnnw pn» nNe
.Lee-Carter Y110 NnNTI NTHN MW NR NV MY

D2IN) VPN NRY DMINAN DDNAHY NN MONPNN
19T MO NMINYA NNYp (85 HPN) 0INIAND DY NPYDIVIIR HVY YO VIPINN NRY
10 72% DYIPNRN WHTINN TNR YO DY HAVY T DMWY DHYTIN MM .DIMA

.Kannisto 5711

DYYTING MW NYAPY ,DINMIN 20

NPT 92PN NMIN PHN D0-HY HTIND K MT-HY MVYI HTIN HY INRNNN MPrTa
MYy NYINNY DYMNVDN DM T PR ORIV LIAPD NN I TNNN NHRND
.01V 5-10 ,337707 ,A8PN NIVY 77 NPIVAR NNRNN NIPITA 2 1IN, PIRD

DYV DN TNX W, 0PNVDN DN D0I-HY NN pavh nan-by 995
NN TNYY DN DINNN DM DI PR HRIWIA .NMNA NOpN YY AR nopny
D000 DM YY JAN0NY PIOR AT 1PN 129 ,01W 40-50 YW NOIPNY IV NOTNN
.07V 20-25 YV INY 1IXP N9PNY

DOIPYY W DMWY D092 P DNIWA TNRD HTIND MRNIN YW Nyapy Yy 1Invwh novna
D23 D779 DIVNIAT WINY ,RANTY  .HTINa D1vNIan Yv npdnn Y1y oipn
NN NYIAPY YY 1NYN PIRD MY M0 RY MIRMINY S0 %Yy DwIh
JIPMIORYN NINIIYNN TIT RD HTIin myxnra

5w MIYYNY Dy ROR ,NMINNN MMNMWY NINNN YD P71 RY MWD ANan prad nm
maYwnn 121 ,MY2IN NIan YV joINM MYITIN MaIn o ,Nnna vinwn
(T DYTOIN DN ,DNVIAN ,DINITR) 13V 5P HY HTInn IMR YW N1Yavan

68

8

% Accredited as a Full Member
of the International Actuarial Association



H.*‘

D193 DMINR MNIPNI 1HNIY MY MNINY MRV

DR DYNVDNN DNININ IMPYRIL KRNI HRIVIA AMNNN MW YV DINNA I3pnnn
MIYNY N7 MWYWN WY LIRIN .M MIVP 1PDIIR NHYA 11N HRIY NITN 0219
mn”Na NR-0Y .MINR MOTNIY YR Y110 SR HRIWIA Maxin mmnm onmn ny
DYTIN) TIRN NINTON HRIY? NPDIVIIR 2D IH W Nt THRD AMNNa DY
3 H92 pNNN NMPN JYN2 MNYD 12277 (MY DN MNTIRA DYYTAN 07NN
IRNVAL MY NYWITY 19931 ,710990

DNIMINKRN DAYVL MmN
aRY NPRY T TY ,NMNNN NV NORN MNINRD DIV NNARINNIYMIAL 2"1IRA
PYIY 79N NRNIND NYIMND DR APY R 1710722 CMI -0 .nmnnn Mpywa 517
RY NYOINY MDD LII-IND .NANT APRYI IR NPIN NIPYWL ITH DRI PIAPY DTN
MNINRD DIV NNNDN AORD VY L1112 HRIVNI ,MINR MXIRL .RHN J19IRI MNI2A
D'PNINAY 933 NMAY 7210 DNYY NNN TWIY N DOTIN YV DYIV N9V axpa
AP TIVY DNMVY TINN 1D NITHY PN 19V .INIRN DNNVA HY DYINOM NMIPNA
1701 DNYVWN AP NYAP PIRD NMIVA YHY ,INAIY HTIND YV NTHIN DY NPIM

VNNYNN NYYNN YY NovIAN N1

NMnN MMM XY AT TVNN

DR TTYY DIPR W 31377 TPYRIA R¥NI PDIYNIRA AMNN NYINN Sy YR SRIWA
5 19TYNNY T3 ,NYY Nyn DIINNY PYHAR AMHNN PN NTYN AT DINN2 IPNND
JNRN DTN DAIRIVPRD NTHIRY MITY DY) PIRI NIMINNANN

69

.10

1

% Accredited as a Full Member
of the International Actuarial Association



H.%

'R NoD1
0”15V D019 — Munich Re now

Algorithm to replicate projected mortalities

Mortality rates were fitted onto historical population mortality data provided by the human
mortality data base. The analysis took the ages 40-90 and years 1983-2014 into consideration
and the corresponding mortality data is written down on tabs “mortality data ...”.

An age period cohort model (APC model) following the equation logit(qx,t) = B+ Kkt +yi,
was fitted separately for male and female onto the historical population mortality data. The
following identifiability constraints have been applied:

e Zero mean of k?

e Intercept a and slope b of the linear regression y?_, = a + b - (t — x) are zero

In order to derive future mortality, the parameter k2 has to be extrapolated for years t > 2014.
An ordinary linear regression has been used for extrapolation, i.e. fitted k2. have been regressed
against fitted the corresponding years t. In other words, constants ¢, d were determined in
order to regress k? = ¢ + d - t (ordinary least square optimization). The regression has been
executed for two time ranges:

e Years 1989-2014 (see file Mortality_Fit_Israel_KappaExtrapolation_1989 2014)

e Years 2000-2014 (see file Mortality_Fit_Israel_KappaExtrapolation_2000_2014)

Mortality rates for high ages were extrapolated applying the Kannisto model onto the ages 81-
90, i.e. logit(qy.) = KkAEL + x - kE? has been fitted for ages 81-90 and years 1983-2015. Here
the term “AE” denotes “age extrapolation” in order to stress the fact that a second GLM has
been fitted. The end age w = 110 has been assumed. For very distant years, Kannisto requires
values of g, ,, i.e. ¥i_,, where (t — x) is beyond the range of fitted generations. In consistency
with the identifiability constraints of the APC model, y2_, was set to zero for these years. Hence
v2_, = 0 holds for (t — x) > 1975.

All fitted parameters can be found on the tab “parameters ...”. Tab “qx att. Age ...” illustrates the
corresponding attained age morality table, i.e. to derive an entry age table one has to follow the

diagonals. The tab “gx improvement att. age” shows the mortality improvements, i.e.

_ Axt+1
ml,, = 1——=—,
! Axt
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REPORT OF THE MORTALITY RESEARCH COMMITTEE
OF THE ISRAEL ASSOCIATION OF ACTUARIES
ON MORTALITY IMPROVEMENTS IN ISRAEL

Executive summary

The Committee comprised actuaries from various fields: life assurance, pensions,
reinsurance, National Insurance, the Capital Markets , Insurance and Savings Authority,
and a demographer from the Israel Central Bureau of Statistics (CBS). The discussions
included a comprehensive study of methods and approaches to demographic forecasting
in Israel and abroad, in use today and in the past. The principal topics and conclusions
from the discussions were as follows:

e The Committee held a number of meetings at which the various models were
presented and studied, in particular: a model built by Munich Reinsurance
Company, the Lee-Carter model and its derivatives which was adopted by the
CBS, the model used in the UK as developed by the CMI of the Institute and
Faculty of Actuaries, and a model published in the USA by a subcommittee of the
SOA. The first two models are based on Israeli population mortality. In the
discussions, the advantages and disadvantages of the model were examined, and
as a result the idea was raised to develop a combined model which might be
appropriate for Israeli forecasting. The combined model was not validated.

e The report relates to the differing requirements of the three bodies in Israel which
use mortality forecasts: The CBS, the National Insurance Institute, and the
Capital Markets, Insurance and Savings Authority.

e In some countries, e.g. the USA and the UK, recent years have seen a deceleration
or a cessation of rates of mortality improvement, and even an increase in mortality
rates. In Israel there has been some slowing down of mortality improvements in
recent years, but there seems no reason to conclude that the trend of deceleration
will continue.

e The Committee found that it is reasonable to consider using different models or
even different approaches for demographic forecasting, taking into account the
uses for which the forecast is intended. It should not be expected that a single
model will be appropriate for the whole range of needs.

e Over the years, forecasts have tended to underestimate future improvements in
life expectancy.
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There is a link between socio-economic status and longevity, but today it is not
possible to include such a parameter in forecasts because of the lack of suitable
models.

Immigration to Israel is a significant factor which introduces uncertainty into
demographic forecasts and measurement of mortality improvements. In addition,
in the early years of the State there were inaccuracies in recording ages.

In Israel, as in many countries, there is a “cohort effect”, i.e. differing behaviour
of mortality improvements according to year of birth. However, the economic
effects have not been investigated.

The Committee has set out a number of points which should be addressed when
determining a model and parameters for mortality forecasting within the
framework of actuarial work.
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Summary and conclusions (chapter 16 of the report)

Summary of Committee Discussions

The Committee comprised actuaries from various fields: life assurance, pensions,
reinsurance, the National Insurance Institute, the Capital Markets Authority, and a
demographer from the Israel Central Bureau of Statistics (CBS). The discussions
included a comprehensive study of methods and approaches to forecasting mortality
improvements in Israel and abroad, in use today and in the past. The principal matters
discussed were as follows:

1. Different models should be examined

It is reasonable to examine models or even different approaches for demographic
forecasting, taking into account the uses for which the forecast is intended:
insurance, pensions, total population. For example, while the CBS forecasts are
part of the governmental institutions’ long-term planning of social support
systems, and are aimed at the general population, the forecasts of the Capital
Markets, Insurance, and Savings Authority are directed at calculating reserves and
premiums for pension plans and insurance companies, and intended for the
insured population only. It should not be expected that a single model will be
appropriate for the whole range of needs. However, it is important to the public
that different governmental bodies meet in an organized fashion to discuss
different models and developments in the realm of mortalit improvements, and
this should be encouraged.

2. Survey of models in Israel and abroad

Several models came up for discussion in the Committee, in particular: a model
built by Munich Reinsurance Company; the Lee-Carter model (and its
derivatives) which was adopted by the CBS; the model used in the UK as
developed by the CMI of the Institute and Faculty of Actuaries; and a model
published in the USA by a subcommittee of the SOA. The committee did not
discuss the sensitivity of the various models to parameter changes. We did not
receive information on this issue.
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3. Difficulties in forecasting
Despite the spectrum of methods and models that exist for mortality improvement
forecasting in Israel and the rest of the world, and the investigations over many
years, at this point the actual results indicate that previous forecasts have tended
to underestimate future improvements in life expectancy. In other words, actual
life expectancy has turned out to be higher than predicted. The gap between the
two increases with the longer time-frame of the forecast. It has been claimed that
factors affecting mortality improvements have changed historically, and
forecasting models should take this into account. As long as such models do not
exist, it is difficult to use this information in order to forecast trends of future
improvements.
In addition, Israel is a country of immigrants, and this significantly affects
demographic forecasts and the measurement of mortality improvements. In the
early years of the State there were inaccuracies in recording ages. Similarly, it is
difficult to determine how the major immigration waves affected changes in
population mortality rates.

4. Mortality and socio-economic status
Studies throughout the world and in Israel indicate that there is a link between
socio-economic status and longevity. However, in order to include socio-
economic status in the forecast, there is a need for a model describing future
changes in such status. No such model exists at the present time. Additionally, it
is difficult to obtain reliable historical data in order to create such a forecast.

5. Determination of the overall rate of improvement
The short- and long-term improvement trends are determined by considering past
trends as well as additional factors, such as trends and developments in other
countries.

6. Differences in improvement by year of birth (cohort)
In Israel, as in many countries, there is a “cohort effect”, (differing behavior of
mortality improvements according to year of birth). Mortality improvements for
those born in the 1930's are significantly greater than those for other cohorts, and
improvements for those born in the 1950's are less. In addition, there are signs of
greater improvements among those born in the 1960's, but so far the data are
limited. However, it is possible that the economic effects are not significant in

comparison to models which do not use year of birth such as Lee-Carter.
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7. Special treatment of older ages due to sparse data
In light of the relatively low population at higher ages (85 and above), there is
large variance in the data, and therefore room for smoothing the results. One of
the accepted models for this is the Kannistd model.

8. Data quality, consistency and model sensitivity
Model fitness tests are conducted by calibrating the model to selected data points
in the past, and checking the forecast results against the remaining past data
points. In Israel, there are insufficient historical data for long-range forecasts, so
it should be noted that fitness tests are possible only for the short term, i.e. 5-10
years.
Generally, in order to forecast on the basis of historical data, there is a need for
data from a period longer than that of the forecast. In Israel at present there are no
available and reliable data for such a forecast over a period of 40-50 years, and
therefore in this case one will have to rely on historical data from a shorter period
of 20-25 years.
In order to maintain consistency among the model results over years and across
ages, it is sometimes appropriate to smooth the model parameters. For example,
use of separate parameters for men and women might lead to unreasonable results
in the long term. Consistency is maintained by means of a model and not through
artificial intervention.
It is common to carry out sensitivity tests, not only on the mortality improvement
forecasts, but also on the ramifications for uses of the model, e.g. reserves and
financial strength of the company, and economic consequences for stakeholders
(the public, policyholders, financial institutions etc.)

9. Comparison with trends in other countries

The study of mortality improvements in Israel is in its infancy, data are not
extensive, and Israel has a relatively small population. Because of this, it is
important to compare the data and trends observed in Israel with those in other
countries. Nonetheless, in analyzing mortality changes over time, one should bear
in mind that Israel's population is very heterogeneous (ethnic, lifestyle, and other
differences) and that its composition has changed over the period of the study due
to waves of immigration, so comparisons should be made with caution.
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10. Recent trends

11.

In recent years the USA and the UK have seen a deceleration or a cessation in the
rates of mortality improvement, and even an increase in mortality rates.  The
CMI in the UK has changed its forecasts as a result. It is still too early to
determine if this is a change in the trend or a temporary cessation. Furthermore,
the reasons for the phenomenon are not fully clear. In other countries, including
Israel, there has been some slowing down of mortality improvements in recent
years. The nature of models is such that their forecasting ability declines as one
moves away from the basis period and looks at the longer term. Therefore, as
opposed to short- and medium-term improvements which are a result of the
chosen model, determination of the rate of improvements for the long term is
based in large measure on the user's decisions.

Further work on mortality improvement

Knowledge about population mortality forecasts is in its early stages in Israel.
Research in this area should be encouraged. The Committee for Mortality
Investigations will continue meeting from time to time, in order to receive updates
about developments in Israel and the world, and to report to the ILAA as
necessary.
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