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CMI & company data

CMI forecast to 2048 with 95% ClI for age 75
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Conclusions
s e Forecast with CMI data possible.
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£ e CMI forecast biased (basis risk) for company data.
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e Company data insufficient for stand-alone forecast.
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Log(mortality) by age

Log(mortality) by year

e $° * ° ® level 00
R : ° ® LevelO1
o o...e: o . ° . ® Level 10
®see @ ¢ Levelll
e3,.° cmi
L ]
° ° : L
e P . .
o e o ~ . .
o _| ) o
| . o ° [ ] . | . °
= ° =
E o« ° ¢/ £ e
£ ° ) e =
[ ] L] o]
g e o g L] 3 °
g L N ] : Y £ L] °
> ° (] S <
8 °, °oe o S %
1
< _| L] L]
i bd ., e °8 o R °
° o’® 4
L]
L ] L] Py
s ° o ® ¢ . ®
> ©
o * ® Level 00 i N
. & o ® levelOl °
P ° ® Level10 °
® levelll
. cMmI w | e
2]
T T T T T T T ! T T T T T T T T
60 65 70 75 80 85 90 2000 2001 2002 2003 2004 2005 2006 2007
Age Year

The Piggyback Model

Gaps between CMI and user forecasts are
e Constantintime

e Linear function of age

The Piggyback Assumption

e \ery strong.

e Doing nothing is also an assumption!




Plan of Talk

e Forecasting with the CMI data

* CMI output sheets

e Estimating the gap functions

* user output sheets

The Lee-Carter Model

Lee-Carter (1992)

10g/l,ij :Ozi+ﬂilij, i:l,...,na, j:l,

YR =0, Y k=1
Dij ~ P(Esjpi;)

Estimation: Maximum likelihood
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Lee-Carter forecast for age = 50

Lee-Carter forecast for age = 60

Beta in LC and DDE models

Year

o o | 3 [ —
R ¥ le® ®  Original LC
4 i Ve — DDE
2w 2
5 9 S B
k= k=4 1
o o
E 7] £ i
8 w g
s 2 ° ;; i
B E 0
0 N
71 7
T T T T T T T T T T
1960 1980 2000 2020 2040 1960 1980 2000 2020 2040
Year Year ©
9]
o
Lee-Carter forecast for age = 70 Lee-Carter forecast for age = 80
o
_ $ i
©
7 A
2 2 2
I g 7
£ 7 £
g g 9
B 0
-
o
51 71
T T T T T T T T T T
1960 1980 2000 2020 2040 1960 1980 2000 2020 2040
Aae
Lee—Carter model: age 53 and age 54 forecasts DDE model: age 53 and age 54 forecasts
[Ie} n
6 0
I I
o o
© ©
[ I
2 2
g w0 £ u
o © o ©
E T E T
=3 =3
k) S
— Age 53 — Age 53
—— Age 54 — Age 54
o o
N N
I I
wn n
N N
I I
T T T T T T T T T T
2000 2010 2020 2030 2040 2000 2010 2020 2030 2040

Year




The Delwarde-Denuit-Eilers Model
Delwarde-Denuit-Eilers (2007)
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Beta in LC and DDE models
lng,ij :Oéi+ﬁ¢l€j, 1= 17‘..,71(1, ]: 17.‘.,ny
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Bi =321 Bj(xi)9;
{B1(x),...

, B.(z)} is B-spline basis

Beta

Dij ~ P(Eijpuij)
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Estimation: Maximum penalized likelihoo@®¢splines)

DDE forecast sheet

Between the Sheets

e Mean sheet - fitted and forecast surface by age and year

7
7/ 1147444
247

e Standard error sheet - SE surface by age and year

i,
G
i
7% 0 il
i
1
g™ M
3 AT
3 AT
2 I
3 Gk
2 -6 i,
R0
,,{;;/////5'////, 7 %

)
i
I Y
ik

7,

T

A5

o
/////,Zl/ 47

40




8 - g 8 g
1 N 1 ~
2 g =
& - 8 b g + ©
m I m « 7]
o s @ o — v
L S & 8 1S3 — =
\%} IS \%/ 54 f) ml
s —
g i ) g — 508 2
© 1 S5 g
o 2 o 3 © —+ o
5 Kk 5 g o) vl i e
m m \JN S AaU m
T T T T T T T T T T T T m UM /\_ AT m @
Sv- S's- §'9- §'L- §z- 0~ Ge- Ov- e = . o
N2 « —
(Anreviow)Boy (Aureriow)Bo) (@] _ < R -
I & I 9 = ~
@) + L g
R ®
o o o . y ) % - [72]) )
8 - g R g @) SIS < 5
I < ] « D VI o) n
o [} (@)] I o
3 9 & 2 ‘N = S )
i o i D +
g 8 g h - M_ M < w
s L8 & s 8 o o N
- [=] bl - Q —
m e m o [Tt
m o m 2 2
~ - 8 T g g -
£ - g - =
m m - — O
¢ I g
5] — k3 -
g 3 O
T T T T T T T T T T T T
g5~  §9- gL~ g8 ge- Sv- X ¥
o
(Anrevsow)Bo| (Aureviow)boj -
[a
£
N
©
)
e ™~
—_ o
— o
N N
9] 3
: 2 2 ¢
@ > 0
< [7p) Q2w
z — E o X
= = o S
5] M 8 X X %
E O o oL
3 @ > 2> 0 s
5 ) o S c o g
@ : > T © c X
A < 229y
] % Yo EE=R
= @© S -
S §83a
P
C
©
o o
m o
&
O
@) o
© ]

Age




Lee-Carter (DDE) forecast: age = 50 Lee-Carter (DDE) forecast: age = 60
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Gap by age in log(mortality)

Gap by age with 95% CI Gap by age with 95% CI
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Gap by year in log(mortality) with 95% CI

Forecast: age 65, Level 00 Forecast: age 65, Level 01
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Conclusions
Forecast: age 75, Level 00 Forecast: age 75, Level 01
o Piggyback models allow the actuary
g o | BN e To adjust forecasts based on standard data sets (CMI, UK population, etc
g g o for basis risk.
o n i<} I
B o B
o | e To make forecasts with Cls with very limited data.
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Input requirements
e Mean and standard error sheets from CMI, UK,... forecast.
Forecast: age 75, Level 10 Forecast: age 75, Level 11
e o e Company data by age and year split by relevant factors
. o » social class, postcode, etc.
£ g . Output format
£ $- E 7
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e Company mean and standard error sheets split by input factors

* suitable for actuarial tasks: stress testing, valuation, pricing, reserving,
etc.
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