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Conversation #1: 
If you stop working today, 
invest your nest egg as 
safely as possibly, and try 
to maintain your current 
standard of living, how long 
will your money last? 

Fibonacci 
(1170-1250) 

He	
  discovered	
  the	
  technique	
  we	
  	
  
sFll	
  use	
  today	
  for	
  compuFng	
  	
  

present	
  and	
  discounted	
  values.	
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Interest Rates, Italy (1200−1400) 
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Equation #1 

• Here	
   is	
   an	
   example	
   so	
   you	
   can	
  
see	
  how	
  to	
  use	
  the	
  equaBon.	
  

• You	
   have	
   $300,000	
   invested,	
  
earning	
   3%	
   and	
   you	
   want	
   to	
  
spend	
  $30,000	
  per	
  year.	
  

] [ t	
   =	
   ln 

1
$30,000	
  

$30,000	
  

−	
  
(	
   )	
  $300,000	
   ×	
   3% 3% 

	
  

Equation #1 

c	
  

c	
  r 
	
  

r 
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t	
  = 1 
3% ln [ ] 1.42857	
  

Equation #1 

t	
  = 1 
3% [ ] 0.35667	
  

Equation #1 
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t = 11.9 	
  years	
  

In how many years will the money run out? 
Assuming a real discount rate of 1.5% 

Nest Egg at Retirement (W) 
Spending R

ate (c)  

$200,000 $300,000 $400,000 

$20,000 

$25,000 

$30,000 

$35,000 

10.8 

13.2 

9.2 

10.8 17.0 

8.5 

7.0 

6.0 

18.3 

23.8 

14.9 

12.5 

@	
  1.5%	
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U.S	
  Treasury	
  Yield	
  Curve	
  Rates	
  
NOMINAL	
   REAL	
  (TIPS)	
  

5	
  year	
   0.82%	
   -­‐1.24%	
  

7	
  year	
   1.34%	
   -­‐0.84%	
  

10	
  year	
   1.96%	
   -­‐0.30%	
  

20	
  year	
   2.73%	
   0.44%	
  

30	
  year	
   3.12%	
   0.73%	
  

Source:	
  hVp://www.treasury.gov/resource-­‐center	
  
Accessed	
  April	
  27th,	
  2012	
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Speaking	
  of	
  discount	
  rates:	
  
	
  

What	
  are	
  the	
  numbers	
  
used	
  by	
  public	
  pension	
  plans?	
  

Nominal	
  Discount	
  Rates	
  	
  
for	
  Public	
  Pension	
  Promises	
  

“Assumed”	
  Number	
   Percent	
  of	
  Plans	
  

Source:	
  Wall	
  Street	
  Journal,	
  March	
  14,	
  2012,	
  pg.	
  C2	
  
From	
  Universe	
  of	
  96	
  plans	
  in	
  Public	
  Fund	
  Survey	
  

TOTAL…	
   100%	
  

9%	
  8.5%	
  or	
  Greater	
  

48%	
  Between	
  8.0%	
  and	
  <	
  8.5%	
  

37%	
  Between	
  7.5%	
  and	
  <	
  8.0%	
  

6%	
  Between	
  7.0%	
  and	
  <	
  7.5%	
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How long will my 
number last? 

Not as long 
as you 
think. 

Conversation #2: 
How long will you spend 
living in retirement and how 
random is that number? 
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Benjamin Gompertz 
(1779-1865) 

•  BriFsh	
  Demographer	
  and	
  Actuary	
  
•  Fellow	
  of	
  the	
  Royal	
  Society	
  
•  Never	
  aiended	
  university!	
  
•  Brother-­‐in-­‐law	
  of	
  M.	
  Montefiore	
  
	
  

How	
  Many	
  Years	
  Beyond	
  ReBrement?	
  

•  ArithmeBc	
  Mean:	
  =	
  19.7	
  years	
  
•  Standard	
  DeviaBon:	
  	
  =	
  11.0	
  years	
  

20	
  

Mon.	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Tue.	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Wed.	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Thu.	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Fri.	
  	
  	
  	
  	
  	
  
20.8	
  
4.3	
  
20.7	
  
4.9	
  
34.5	
  
18.8	
  
21.0	
  
10.3	
  
8.5	
  
26.3	
  

2.3	
  
20.1	
  
4.7	
  
20.3	
  
29.1	
  
24.3	
  
30.2	
  
6.2	
  
36.3	
  
5.9	
  

12.1	
  
30.3	
  
11.4	
  
30.2	
  
19.6	
  
18.7	
  
40.5	
  
4.2	
  
24.7	
  
26.2	
  

9.0	
  
27.5	
  
20.4	
  
30.2	
  
20.9	
  
19.9	
  
34.2	
  
24.0	
  
11.8	
  
19.2	
  

34.2	
  
23.4	
  
35.6	
  
33.9	
  
28.8	
  
28.3	
  
17.0	
  
17.5	
  
0.3	
  
14.4	
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Remaining Years at Retirement 

0            5            10            15            20            25            30            35            40 
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8 years 

Expected Age at Death in the U.S. (Male) 

60.0 

65.0 

70.0 

75.0 

80.0 

85.0 

90.0 

Age 

Year 
1930        1940            1950           1960           1970             1980           1990           2000            2010 

Source: Human Mortality Database. University of California, Berkeley (USA) and Max Planck Institute for Demographic Research (Germany). 
Available at www.mortality.org (Data downloaded in Feb. 2012, Calculations by Minjie Zhang, Feb. 2012) 

Age 45 
Age 1 

Age 85 

Age 65 



Copyright	
  ©	
  2012	
  by	
  Moshe	
  A.	
  Milevsky	
  
All	
  rights	
  reserved.	
  Do	
  not	
  copy	
  or	
  distribute.	
  

Spring	
  2012	
  
7	
  Most	
  Important	
  EquaBons	
  for	
  ReBrement	
  

12	
  

Expected Age at Death in the U.S. (Female) 

60.0 

65.0 

70.0 

75.0 

80.0 

85.0 

90.0 

Age 

Year 
1930        1940            1950           1960           1970             1980           1990           2000            2010 

Source: Human Mortality Database. University of California, Berkeley (USA) and Max Planck Institute for Demographic Research (Germany). 
Available at www.mortality.org (Data downloaded in Feb. 2012, Calculations by Minjie Zhang, Feb. 2012) 

Age 85 

Age 65 
Age 45 

Age 1 

Standard Deviation of Remaining Life in U.S. (Male) 

4.0 
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24.0 
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Year 
1930        1940            1950           1960           1970             1980           1990           2000            2010 

Source: Human Mortality Database. University of California, Berkeley (USA) and Max Planck Institute for Demographic Research (Germany). 
Available at www.mortality.org (Data downloaded in Feb. 2012, Calculations by Minjie Zhang, Feb. 2012) 

Age 85 
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Standard Deviation of Remaining Life in U.S. (Female) 

9.0 

13.0 

15.0 

17.0 

19.0 
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Remaining Years 

Year 
1930        1940            1950           1960           1970             1980           1990           2000            2010 

Source: Human Mortality Database. University of California, Berkeley (USA) and Max Planck Institute for Demographic Research (Germany). 
Available at www.mortality.org (Data downloaded in Feb. 2012, Calculations by Minjie Zhang, Feb. 2012) 

11.0 

7.0 

5.0 

Age 1 

Age 45 

Age 65 

Age 85 
3.0 

Longevity	
  in	
  the	
  U.S.	
  	
  

Number	
  of	
  Americans…	
  

>	
  Age	
  90	
   2,000,000	
  

>	
  Age	
  100	
   97,000	
  
Source:	
  Census	
  Bureau	
  as	
  reported	
  in	
  Sep/
20/2010	
  issue	
  of	
  Investment	
  News	
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Probability of Death 
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Gompertz used 
Logarithms… 
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-8.00 

A	
  Law	
  
of	
  Mortality	
  

The	
  Gompertz	
  Law	
  of	
  Mortality	
  
•  The	
   death	
   rate	
   increases	
   every	
   single	
  
year	
   of	
   your	
   life	
   by	
   approximately	
   9%.	
  
Like	
  clockwork,	
  the	
  grim	
  reaper	
  takes	
  9%	
  
more	
  of	
  your	
  cohort	
  this	
  year,	
  compared	
  
to	
  the	
  previous	
  year.	
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A new research paper, and a census surprise, are calling into question some long-held
beliefs about a morbid bit of math: how much mortality rates increase with age.

It's no surprise that the older a group of people get, the higher the percentage of them
who will die in any given time period. Benjamin Gompertz, a 19th-century British
mathematician, charted the increase in mortality rates as very regular. His Gompertz law
of mortality says that each additional period brings a constant percentage increase in
mortality rates.

In the 20th century,
though, as the world
population aged and
demographers' data
improved, Gompertz
started to look fallible.
Researchers have
found that, starting
around age 80,
mortality keeps
increasing, but more
slowly. More 100-year-
olds die before turning
101 than 80-year-olds
do before their 81st
birthday, but the
difference was less
than Gompertz
predicted.

But Gompertz may be right after all. In a study published last year and publicized last
month, two longtime researchers of aging and believers in the late-life mortality slowdown
reported that they and others were wrong. Death rates among Americans born between
1875 and 1895 kept on climbing steadily as they aged, they found, all the way through
age 106, when their numbers got too sparse to follow.

Save 26Like

Log In
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Equation #2 

ln[p]	
  =(	
   )	
  1 – e e
t	
  
b	
   b	
  

x	
  –	
  m

2.7183 

Equation #2 

•  You	
   are	
   x	
   =	
   57	
   years	
   old.	
   The	
   modal	
  
value	
  of	
  life	
  is	
  m	
  =	
  87.25	
  years,	
  and	
  the	
  
dispersion	
  coefficient	
  is	
  b	
  =	
  9.5	
  years.	
  

• What	
  is	
  the	
  probability	
  you	
  will	
  live	
  for	
  
t	
  =	
  33	
  more	
  years,	
  to	
  the	
  age	
  of	
  90?	
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87.25	
  57	
  33	
  

Equation #2 

ln[p]	
  =(	
   )	
  1 – e e
t	
  

9.5	
   9.5	
  b	
   b	
  
x	
   –	
   m

ln[p] = -1.29427 

eln[p] = e-1.29427 

p = 0.2741 

p = (2.7183)-1.29427 
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27.4% 

The probability a 57-year-old  
will live to the age of 90, under the 
given modal and dispersion value 

Your Current Age Probability of Living to 90 

Under One Law of Mortality 

45 26.6% 

65 29.0% 

85 57.9% 
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39	
  

Health	
  and	
  Wealth:	
  	
  
Life	
  Expectancy	
  at	
  Age	
  70	
  

Income	
  
PercenFle	
   Healthy	
  Male	
   Healthy	
  

Female	
  

20th	
   8.2	
  yrs	
   13.8	
  yrs	
  

40th	
   9.1	
  yrs	
   14.8	
  yrs	
  

60th	
   10.1	
  yrs	
   15.9	
  yrs	
  

80th	
   11.2	
  yrs	
   17.0	
  yrs	
  
Source:	
  Federal	
  Reserve	
  Bank	
  of	
  Chicago,	
  WP	
  2005-­‐13	
  (De	
  Nardi,	
  French	
  and	
  Jones)	
  

40	
  

Impact	
  of	
  EducaBon:	
  Age	
  65	
  –	
  75	
  
Increase	
  /	
  ReducBon	
  in	
  Mortality	
  Rate	
  

Education Male Female 

Source: J.P. Cristia, August 2007, Congressional Budget Office, Working Paper #11 
“The Empirical Relationship Between Lifetime Earnings and Mortality”  

<	
  High	
  School	
   +23%	
   +26%	
  
High	
  School	
   -­‐2%	
   -­‐9%	
  
Some	
  College	
   -­‐10%	
   -­‐19%	
  
College	
   -­‐38%	
   -­‐32%	
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50%	
  
25%	
  

25%	
  

What	
  Explains	
  the	
  VariaBon	
  in	
  
Human	
  Lifespan?	
  

GeneBc	
   Fixed	
  by	
  30	
   Environmental	
  

How long will I 
spend in retirement? 

Longer 
than you 

think! 
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Conversation #3: 
W hat i s your pens ion 
annuity really worth? 
 
And, how much would it 
cost to buy some more 
lifetime income? 

Edmond Halley 
(1656-1742) 

•  BriFsh	
  Astronomer	
  Royal	
  
•  Savilian	
  Professor	
  of	
  Geometry	
  	
  
	
  	
  	
  	
  	
  at	
  Oxford	
  University	
  
•  Mapped	
  earth’s	
  magneFc	
  field	
  
•  Isaac	
  Newton’s	
  Principia	
  publisher	
  
	
  

Wrote	
  and	
  published	
  hundreds	
  
of	
   papers	
   on	
   astronomy	
   and	
  
geophysics,	
   and	
   one	
   paper	
   in	
  
1693	
  on	
  pricing	
  life	
  annuiFes!	
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What	
  Does	
  ReBrement	
  Cost?	
  
$1,000	
  Monthly	
  Income	
  StarBng	
  at	
  Age	
  65	
  

How	
  much	
  do	
  you	
  need	
  at	
  
age	
  65	
  to	
  generate	
  $1,000	
  

per	
  month	
  during	
  
reBrement?	
  

Cost	
  of	
  REAL	
  
Pension	
  Annuity	
  
March	
  2012	
  

What	
  Does	
  ReBrement	
  Cost?	
  
$1,000	
  Monthly	
  Income	
  StarBng	
  at	
  Age	
  65	
  

Plan	
  
to	
  
Age	
  

REAL	
  InflaFon-­‐adjusted	
  Investment	
  Return	
  

Life	
  Expectancy	
  
(50th	
  PercenFle):	
  

75th	
  PercenFle	
  	
  
of	
  Remaining	
  Life:	
  
95th	
  PercenFle	
  

of	
  Remaining	
  Life:	
  

Male	
   $253,000	
  

Female	
   $281,000	
  

$161,700	
  

6.5%	
  

97.1	
  

$230,490	
  

$301,700	
  

$385,100	
  

$200,300	
  

$251,300	
  

$305,600	
  

$160,900	
  

$190,300	
  

$216,900	
  

$131,600	
  

$148,600	
  

0.0%	
   1.5%	
   4.0%	
  

90.1	
  

84.2	
  

Cost	
  of	
  REAL	
  
Pension	
  Annuity	
  
March	
  2009	
  

Male	
   $183,000	
  

Female	
   $199,000	
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ReBrement	
  is	
  more	
  expensive	
  
than	
  ever	
  before….perhaps	
  we	
  
should	
  consume	
  less	
  of	
  it.	
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3. Amount of periodic cash flow 

1. Survival probability to all ages 
2. Present value interest factor 

ax = Σ	
  ∞ 
i = 1 

iPx 

(1 + R)i 

Equation #3 
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“…People always live for 
ever when there is an 
annuity to be paid them…”"
"

JANE AUSTEN (1811)"
Sense and Sensibility	
  

  Age 

Interest R
ate 

$24.03 

$18.23 

$14.34 

$10.59 

$17.35 

$14.07 

$11.67 

$9.13 

$11.23 

$9.70 

$8.48 

$7.07 

$6.32 

$5.77 

$5.29 

$4.69 

55 65 75 85 

1.0% 

3.0% 

5.0% 

8.0% 
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Halley’s	
  EquaBon:	
  	
  
Usage	
  and	
  ImplicaBons	
  

•  Take	
  lump-­‐sum	
  or	
  pension	
  annuity?	
  
•  If	
  long-­‐term	
  interest	
  rates	
  go	
  back	
  to	
  normal	
  
in	
  3-­‐5	
  years,	
  how	
  much	
  more	
  annuity	
  income	
  
can	
  I	
  expect?	
  	
  

•  At	
  what	
  age	
  should	
  I	
  start	
  my	
  Social	
  Security	
  
or	
  DB	
  pension?	
  

•  Is	
   it	
   beVer	
   to	
   protect	
   my	
   spouse	
   with	
   life	
  
insurance	
  or	
  with	
  a	
  joint-­‐life	
  annuity?	
  

•  What	
  is	
  the	
  value	
  of	
  a	
  GLWB	
  rider?	
  

What is a true 
inflation-adjusted 
lifetime of income 

really worth? 
Getting 
close to 
infinity! 
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Conversation #4: 
What is a proper spending 
rate from your nest egg, 
and what financial and 
economic factors does it 
depend on? 

56	
  

Survey	
  by	
  Investment	
  News	
  on	
  
withdrawal	
  rates	
  used	
  by	
  advisors	
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Deserves	
  
credit!	
  

58	
  

Understanding	
  the	
  4%	
  Rule…	
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But,	
  economists	
  and	
  financial	
  pracBBoners	
  
have	
  different	
  views	
  on	
  spending	
  rates.	
  

59	
  

Irving Fisher 
(1867-1947) 

•  Professor	
  of	
  Economics,	
  Yale.	
  
•  Created	
  first	
  inflaBon-­‐indices.	
  
•  Inventor,	
  entrepreneur,	
  
spokesperson,	
  health	
  advocate.	
  

•  Best	
  known	
  for	
  his	
  infamously	
  
incorrect	
  forecast	
  of	
  the	
  stock	
  
market	
  in	
  1929.	
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Irving	
  Fisher	
  is	
  most	
  famous	
  amongst	
  
economists	
  for	
  the	
  following	
  insight:	
  

Real	
  Return	
  =	
  Nominal	
  Return	
  	
  
minus	
  InflaBon	
  	
  



Copyright	
  ©	
  2012	
  by	
  Moshe	
  A.	
  Milevsky	
  
All	
  rights	
  reserved.	
  Do	
  not	
  copy	
  or	
  distribute.	
  

Spring	
  2012	
  
7	
  Most	
  Important	
  EquaBons	
  for	
  ReBrement	
  

32	
  

63	
  

To	
  understand	
  Irving	
  Fisher’s	
  insight	
  
on	
  consumpBon	
  rates,	
  lets	
  play	
  the	
  

ReBrement	
  Income	
  60	
  by	
  60	
  
Board	
  Game.	
  

64	
  

How	
  Would	
  You	
  Allocate	
  60	
  “ConsumpBon	
  
Chips”	
  at	
  the	
  Age	
  of	
  60?	
  

64	
  

70	
  to	
  75	
   75	
  to	
  80	
   80	
  to	
  85	
   85	
  to	
  90	
   90	
  to	
  95	
   95	
  to	
  100	
  

	
  	
  
10	
  

	
  
10	
  

	
  
10	
  

	
  
10	
  

	
  
10	
  

	
  
10	
  

>95%	
  
	
  

Age	
  
70	
  

<5%	
  
Age	
  100	
  

16	
   14	
   11	
   9	
   7	
   3	
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Irving	
  Fisher	
  (1930)	
  
The	
  Theory	
  of	
  Interest	
  

	
   “The	
   shortness	
   of	
   life	
   thus	
   tends	
   powerfully	
   to	
  
increase	
  the	
  degree	
  of	
  impaBence	
  or	
  rate	
  of	
  Bme	
  
preference	
  beyond	
  what	
  it	
  otherwise	
  might	
  be.”	
  

	
   “Everyone	
   at	
   some	
   point	
   in	
   his	
   life	
   doubtless	
  
changes	
  his	
  degree	
  of	
  impaBence	
  for	
  income.”	
  
	
   “He	
   expects	
   to	
   die	
   and	
   he	
   thinks:	
   Instead	
   of	
  
pilling	
  up	
   for	
   the	
   remote	
   future,	
  why	
  shouldn’t	
   I	
  
enjoy	
  myself	
  during	
  the	
  few	
  years	
  that	
  remain.”	
  

50                55                 60                 65                  70                 75                 80 

Retirement Expenditures by Retiring Population:  
Baseline at Age 50 

Average Level 

100% 

90% 

80% 

70% 

60% 

50% 

40% 

Age 

1990 
2000 

2010 
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cx+1 − cx  + ln[px] 
γ 

Equation #4 

Longevity	
  
Risk	
  Aversion	
  

Investment	
  
Rate	
  

PaFence	
   Survival	
  
Probability	
  

Percentage	
  change	
  in	
  your	
  	
  
ConsumpFon	
  from	
  year	
  to	
  year	
  

cx  
r − ρ	
  ~ ~ 

OpBmal	
  Spending	
  Rates	
  from	
  $100	
  at	
  age	
  65	
  
RealisBc	
  Investment	
  AssumpBon:	
  2.5%	
  Real	
  

Increasing	
  Longevity	
  Risk	
  Aversion….	
  

Pre-­‐ExisFng	
  
Pension	
  Annuity	
  

Low	
  (1)	
  	
   Med.	
  (2)	
   High	
  (8)	
  

$0	
  

$1	
  

$2	
  

$5	
  
Note:	
  Assumes	
  5%	
  Survival	
  to	
  Age	
  100,	
  25%	
  Survival	
  to	
  Age	
  93	
  and	
  50%	
  to	
  Age	
  87.	
  	
  
SubjecFve	
  Discount	
  Rate	
  (ρ)	
  assumed	
  equivalent	
  to	
  real	
  investment	
  rate.	
  	
  

68	
  

8.02%	
  

4.12%	
  6.33%	
  
6.80%	
  
7.16%	
  

5.30%	
  
5.65%	
  
5.92%	
  
6.55%	
  

4.32%	
  
4.48%	
  
4.83%	
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69	
  65            70             75              80             85             90             95             100 

$14.00 

$13.00 

$12.00 

$11.00 

$10.00 

$9.00 

$8.00 

$7.00 

$6.00 

$5.00 

$4.00 

What is the right 
retirement nest egg 

spending rate? 
In addition to your 
v i e w s o n  t h e 
market, it depends 
on pension income 
and longevity risk 
aversion. 
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Conversation #5:  
 
What is the proper mix of 
risky stocks vs. safer bonds 
as you age? 
 
What should your asset 
a l locat ion depend on , 
besides risk tolerance? 

Paul Samuelson 
(1915-2009) 

•  Professor	
  of	
  Economics	
  MIT	
  
•  Nobel	
  Laureate	
  1970.	
  
•  Economic	
  Advisor	
  to	
  J.F.K.	
  
•  Many	
  of	
  his	
   students	
  went-­‐
on	
  to	
  win	
  Nobel	
  prize.	
  

•  Author	
   of	
   most	
   popular	
  
textbook	
  in	
  economics.	
  

•  Born	
  in	
  Gary,	
  Indiana.	
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Real Growth Rate of Stocks (SP500) over Time…. 
6.00 

5.00 

4.00 

3.00 

2.00 

1.00 

0.00 

Ja
n 

‘2
6 

Ja
n 

‘3
6 

Ja
n 

‘4
6 

Ja
n 

‘5
6 

Ja
n 

‘6
6 

Ja
n 

‘7
6 

Ja
n 

‘8
6 

Ja
n 

‘9
6 

Source:	
  Ibbotson	
  Associates,	
  Yearbook	
  2010	
  

$1,000	
  Invested	
  over	
  1000	
  Months:	
  
	
  Stocks	
  Doing	
  Worse	
  than	
  Cash	
  

74	
  

1 month 

Period Probability $ Pain 

Sources:	
  Federal	
  Reserve	
  Bank	
  of	
  St.	
  Louis	
  and	
  Center	
  for	
  Research	
  in	
  Security	
  Prices	
  (March	
  2012)	
  

2 months 

6 months 

1 year 

5 years 

40% 

39% 

35% 

31% 

20% 

37. 

51. 

96. 

143. 

164. 
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$1,000	
  Invested	
  over	
  1000	
  Months:	
  
	
  Stocks	
  Doing	
  Worse	
  than	
  Cash	
  

0.00%	
  

10.00%	
  

20.00%	
  

30.00%	
  

40.00%	
  

50.00%	
  

0	
   20	
   40	
   60	
   80	
   100	
   120	
  

Pr
ob

ab
ili
ty
	
  o
f	
  S

ho
rt
al
l	
  

($300)	
  

($225)	
  

($150)	
  

($75)	
  

0	
  

Pa
in
	
  

Months	
  

Probability	
  of	
  Stocks	
  lagging	
  cash	
  

Magnitude	
  by	
  which	
  a	
  $1,000	
  
investment	
  in	
  stocks	
  lags	
  cash	
  

In	
  the	
  words	
  of	
  Paul	
  Samuelson	
  

“…I	
  do	
  not	
  favor	
  or	
  disfavor	
  any	
  changes	
  in	
  
equity	
  tolerance	
  induced	
  by	
  lengthening	
  of	
  
the	
   investment	
   horizon.	
   What	
   I	
   argue	
   is	
  
that	
   a	
   risk-­‐averse	
   person	
   who	
   is	
   an	
  
expected	
   uBlity	
   of	
   wealth	
   maximizer,	
   will	
  
not	
   by	
   any	
   valid	
   applicaBon	
   of	
   the	
   law	
   of	
  
large	
   numbers	
   have	
   to	
   be	
   more	
   equity	
  
tolerant	
  when	
  Bme	
  is	
  large….”	
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Financial 
Capital	
  

Human  
Capital	
  

Age	
   25	
   35	
   45	
   55	
   65	
  

+	
  

Personal Balance Sheet over the Lifecycle 

1%	
   15%	
   35%	
   50%	
   70%	
  

99%	
   85%	
   65%	
   50%	
   30%	
  

75	
  

1%	
  

99%	
  

Ψ   
1 
γ (     ) µ 

σ2 

Equation #5 

= − r + FC	
  (              ) HC	
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Numerical Example…. 

EsBmated	
  Human	
  Capital	
  =	
  $500,000	
  
Financial	
  Capital	
  =	
  $500,000	
  

Bonds	
  Earn	
  2%.	
  
Stocks	
  Earn	
  8%	
  with	
  a	
  	
  
volaBlity	
  of	
  20%,	
  which	
  
is	
  a	
  6%	
  growth	
  rate.	
  

Ψ =  
1 
γ ($1,500,000) 

Low risk aversion 

Ψ = 1 

$1,500,000 
in stocks 

Medium risk aversion 

Ψ = 3 

$500,000 
in stocks 

High risk aversion 

Ψ = 8 

$187,500 
in stocks 
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As you age, how much in (risky) 
stocks vs. (safe) bonds? 

Age is 
nothing  

but a 
number! 

Conversation #6: 
 
How important is leaving a 
financial legacy and what is 
it really worth today? 
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ECONOMIC	
  TRADEOFF	
  AT	
  RETIREMENT	
  
FI
N
AN

CI
AL

	
  	
  L
EG

AC
Y	
  
	
  

LIFETIME	
  INCOME	
  SECURITY….	
  

Solomon S. Huebner 
(1882-1964) 

•  Professor	
  of	
  Insurance,	
  Wharton.	
  
•  Founder	
  of	
  the	
  American	
  College	
  
•  Promoted	
   the	
   concept	
   of	
   human	
  
life	
  value	
  (HLV)	
  

•  Consultant	
  to	
  the	
  US	
  Government	
  
•  Traveled	
  the	
  world	
  giving	
  lectures	
  
on	
   the	
   importance	
   of	
   l i fe	
  
insurance.	
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Mortality Rates During Period of Spanish Flu:  
Years 1917 to 1919 

3.50% 

2.50% 

2.00% 

1.50% 

1.00% 
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3.00% 
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1917 

1918 

1919 

Age 

Ax = Σ	
  ∞ 
i = 0 

Equation #6 

( i px )(qx+i )
(1+ R)(i+1)

What	
  is	
  the	
  net	
  single	
  premium	
  (value)	
  	
  
of	
  a	
  desired	
  (promised)	
  death	
  benefit?	
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Valuation 
Rate 

Life 
Expectancy 

Value of a $100,000 Death Benefit at Various Ages 

Age 

55 65 75 85 

1.0% 

3.0% 

5.0% 

7.0% 

$75,973 

$45,319 

$28,315 

$18,560 

$82,648 

$57,776 

$41,656 

$30,959 

$88,773 

$70,894 

$57,592 

$47,552 

$93,683 

$82,697 

$73,538 

$65,846 

28.0 19.4 12.1 6.6 

How to fine-tune your 
financial legacy? 

Consider 
using all 
types of 

insurance	
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Conversation #7: 
 
Taking ever ything into 
account, if you continue on 
the current path, is your 
retirement income plan 
sustainable? 

Andrey N. Kolmogorov 
(1903-1987) 

•  Russian	
  MathemaBcian	
  
•  Parents	
  were	
  communist	
  
revoluBonaries.	
  

•  It	
  is	
  said:	
  “What	
  Euclid	
  did	
  
for	
  geometry,	
  Kolmogorov	
  
did	
  for	
  probability.”	
  

•  Awarded	
  Order	
  of	
  Lenin	
  
seven	
  (7)	
  Bmes.	
  

•  Founded	
  schools	
  for	
  
children	
  to	
  study	
  math	
  
and	
  sciences.	
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Pλt = 
∂P 
∂t + (µw − 1) 

∂P 
∂w 

1 
2 σ

2w2 ∂
2P 
∂w2 + 

Equation #7 

Will	
  I	
  run	
  out	
  of	
  money,	
  	
  
before	
  I	
  run	
  out	
  of	
  life?	
  

LifeBme	
  Ruin	
  Probability	
  (LRP)	
  

Pλt = 
∂P 
∂w + (µw − 1) 

∂P 
∂w 

1 
2 σ

2w2 ∂
2P 
∂w2 + 

LifeFme	
  Ruin	
  Probability	
  

Age 65 

Spend 
$4 per $100 $6 per $100 

Age 75 

Retire 

2.5% 

7.6% 22.1% 

9.8% 

Parameters:	
  m	
  =	
  87.25,	
  b	
  =	
  9.5,	
  µ	
  =	
  8%,	
  σ	
  =	
  20%	
  (growth	
  of	
  6%)	
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Is my retirement income plan sustainable? 
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)  

Retirement Sustainability Quotient (RSQ) 

$7.00 1 

$6.00 2 

$5.50 3 

Spending Rates per $100 at Age 65 
Expected Return = 7%   Volatility =25% 

The Retirement Income Frontier 
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Retirement Sustainability Quotient (RSQ) 

Annuity 

35% 

8 

Annuity 

30% 

7 

Annuity 

25% 

6 

Annuity 

20% 

5 

Annuity 

10% 

4 

Spending Rate = $5.50 at Age 65;  
Expected Return = 7%   Volatility =25% 

Annuity 

40% 

9 
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Is your current plan 
sustainable? 

It is all  
about the 

probabilities. 

Conclusion:	
  
1.  ReBrement	
  income	
  planning	
  

is	
   more	
   than	
   just	
   a	
   “math	
  
problem”…but	
   you	
   can’t	
  
avoid	
  the	
  numbers	
  either.	
  

2.  There	
   are	
   some	
   basic	
  
equaBons	
   that	
   all	
   financial	
  
advisors	
  should	
  be	
  aware	
  of.	
  

3.  Reduce	
   reliance	
   on	
   “black	
  
boxes”	
   and	
   move	
   any	
  
debate	
  to	
  assumpBons.	
  

4.  I	
   hope	
   you	
   appreciate	
   and	
  
hopefully	
   enjoyed	
   the	
   brief	
  
history	
  lesson…	
  


