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MAKING VALUATIONS USING CASH FLOW ANALYSIS 

MR. MICHAEL E. MATEJA:  The goal  for  this  conc lud ing  session of  the  1986 

va lua t ion  a c t u a r y  sympos ium is to examine  the  "nuts  and bol ts"  of  cash  flow 

analys is .  Not  surpr is ingly ,  this  is the  p r i m a r y  goal  of  my  p r e s e n t a t i o n .  Some of  

the  ea r l i e r  p r e s e n t a t i o n s  got p r e t t y  deep in to  the  nu ts  and bol ts ,  but  t he re  are  

s t i l l  some  loose ends  l e f t .  A f t e r  we ge t  the  cash  flow issues t o g e t h e r ,  I wan t  to  

address  the  issue of good and s u f f i c i e n t  r e se rves .  This is the  u l t i m a t e  goal  of  the  

cash  flow analys is  p rocess  p e r f o r m e d  by the  va lua t i on  a c t u a r y ,  and I have  a few 

though t s  t h a t  may  help you  to b e t t e r  u n d e r s t a n d  this  e lus ive  concep t .  

L e t  me s t a t e  up f ron t  t h a t  for  m a n y  of  you  who have  a l r e a d y  u n d e r t a k e n  cash 

f low analys is ,  the  f i r s t  pa r t  of  my  p r e s e n t a t i o n  will be s o m e w h a t  e l e m e n t a r y .  

The o rgan ize r s  of this  sympos ium,  howeve r ,  have  s t rong  conv ic t ions  t h a t  we need  

to lay  down some ve ry  basic  ideas  about  cash  f low analys is .  Tha t  is my job. 

Mike Tuohy and Steve  R a d c l i f f e ,  s t and ing  in for  Joe  Buff ,  will ge t  a bit  more  

t e c h n i c a l .  You should u n d e r s t a n d  t h a t  you  do no t  n e e d  s o p h i s t i c a t e d  mode ls  such 

as those  desc r ibed  by Stan Tulin or Denny  Car r  to  ge t  u se fu l  resu l t s .  You can 

ge t  s t a r t e d  on a smal l  sca le ,  and I wan t  you  to consider  m y  r e m a r k s  in this  

c o n t e x t .  

What  a re  the nuts  and bol ts  of cash  flow ana lys i s?  The c o n n o t a t i o n  is c l e a r l y  

t h a t  this  is where  you  t ake  a look a t  the  p ieces  and see how t h e y  f i t  t o g e t h e r .  

And I propose  to do jus t  t h a t .  
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I th ink  we can be s t  ge t  a t  the  nuts  and bo l t s  of  cash  f low analys is  by looking a t  

t h r e e  i n t e r r e l a t e d  a r e a s  as p r e s e n t e d  in t he  p r o g r a m :  deve lop ing ,  p rocess ing ,  

and i n t e r p r e t i n g  cash  f lows.  The  f i r s t  job is to deve lop  the  cash  f lows.  Our 

business ,  as I f ina l ly  r e a l i z e d  s e v e r a l  y e a r s  ago,  is f u n d a m e n t a l l y  a cash  f low 

bus iness .  Your  in i t i a l  goal  mus t  be to ge t  a hand le  on the  s p e c i f i c  cash  f lows we 

a re  t a lk ing  abou t  and u n d e r s t a n d  the  logic  t ha t  r e l a t e s  the  va r ious  cash f lows.  

The  n e x t  t a sk  is p roces s ing ,  which  b a s i c a l l y  invo lves  bui ld ing mode l s  to deve lop  

the  e x p e c t e d  cash f lows fo r  s p e c i f i c  s cena r io s .  I won' t  dwel l  long on this,  

b e c a u s e  D e n n y  Car r ' s  p r e s e n t a t i o n  on a s sumpt ions  a d e q u a t e l y  c o v e r e d  what  you  

n e e d  to know. F ina l ly ,  t h e r e  is t he  job  of  i n t e r p r e t i n g  wha t  it  all means .  My 

p r e s e n t a t i o n  is based  in p a r t  on an analys is  we did to i l l u s t r a t e  the  r e l a t i o n s h i p  

of  "good and s u f f i c i e n t "  r e s e r v e s  as d e v e l o p e d  by cash  flow analysis  to the  

s t a t u t o r y  m i n i m u m  r e s e r v e s .  The  r e su l t s  p rov ide  a good e x a m p l e  of how cash 

f low analys is  can  be  i n t e r p r e t e d  and how it can  be p r a c t i c a l l y  u se fu l  to  you  on 

the  job.  

L e t ' s  focus  now on t he  p r o b l e m  of  deve lop ing  cash  f lows.  As we all r e a l i z e  by 

now, we mus t  be c o n c e r n e d  wi th  bo th  a s se t s  and l i ab i l i t i e s ,  so the  s imple  

p r e s c r i p t i o n  for  deve l op i ng  cash  f lows  is to u n d e r s t a n d  your  p r o d u c t s  and 

u n d e r s t a n d  the  i n v e s t m e n t s  back i ng  those  p r o d u c t s .  A c t u a r i e s  t r a d i t i o n a l l y  have  

worke d  wi th  the  cash  f lows  a s s o c i a t e d  wi th  p r o d u c t s ,  bu t  new skills a re  r e q u i r e d  

to u n d e r s t a n d  the  op t ions  a s s o c i a t e d  wi th  our p r o d u c t s .  The  c o m p l e t e l y  new 

c h a l l e n g e  is on the  i n v e s t m e n t  side,  and if  you  have  no t  done so a l r e ady ,  you 

n e e d  to  de ve l op  m o r e  f a m i l i a r i t y  wi th  the  p r a c t i c a l  side of  i n v e s t m e n t s .  

I n v e s t m e n t s  a re  no t h i ng  m o r e  than  c o m b i n a t i o n s  of  f u t u r e  cash  f lows,  and t h e r e  
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are  m a n y  opt ions  here  also to c o m p l i c a t e  the  analys is .  If  you  r ea l ly  u n d e r s t a n d  

b o t h  your  p roduc t  and your  i n v e s t m e n t  cash f lows,  I can assure  you t h a t  you will 

u n d e r s t a n d  the  i n su rance  business.  

Table  I0-]  shows all the  ma jo r  cash  f lows t h a t  you  will have  to cons ider  in doing 

any cash flow analys is .  I th ink eve ryone  u n d e r s t a n d s  t h a t  the  p roduc t  cash f lows 

are  de f ined  by our c o n t r a c t s .  I n v e s t m e n t  cash  f lows,  of  course ,  a re  g e n e r a t e d  

when the  p roduc t  cash f lows are  pos i t ive  and an i n v e s t m e n t  is pu rchased .  This is 

/ 

perhaps  c l e a r e s t  in the  case  of  s ingle p r emium produc t s ,  but  the  concep t  applies  

equa l ly  to p roduc t s  wi th  any  p r e m i u m  f r e q u e n c y .  

TABLE I 0 - I  

P r o d u c t  I n v e s t m e n t  
Cm-qh F l o w  C a s h  F l o w  

+ P r e m i u m  

- Bene f i t  

- Expense  

- F i t  

- Dividends  

+ I n v e s t m e n t  i ncome  

+ Pr inc ipa l  

+ C a p i t a l  ga in / loss  

+ Cal l  p r e m i u m  

- I n v e s t m e n t  expense  

If  you  can  design a p roduc t  and suppor t ing  i n v e s t m e n t  p rog ram where  the  ne t  of  

all  of  these  cash  f lows at  all du ra t i ons  is pos i t ive ,  t h e n  c l ea r l y  you have  a 

winner .  This is the  t h e o r e t i c a l  idea l ,  but  the  p r a c t i c a l  world  p roduces  a c r a z y  

qui l t  p a t t e r n  of  pos i t ive  and n e g a t i v e  cash  f lows t h a t  changes  m a t e r i a l l y  as the  

e x t e r n a l  e n v i r o n m e n t  changes .  If,  indeed ,  you  can con t ro l  the  cash  f lows under  
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all f u t u r e  c i r c u m s t a n c e s  so t ha t  you a lways  have  pos i t i ve  cash  f lows,  you  r e a l l y  

do ha ve  a winner .  

Let's look more closely at the product cash flows. My experience as a valuation 

actuary has been that the line actuaries look at their product cash flows based on 

pricing expectations or assumptions, and they tend to think they are locked in. 

This is certainly an appropriate place to start, but the fundamental problem of 

valuation based on cash flow analysis is to understand the implications of 

deviations from expectations. Optimism has no place in valuation; the mandate 

is to really understand and have convictions about what the product cash flows 

will look like under a variety of future conditions that are characterized as 

" r e a s o n a b l e "  d e v i a t i o n s  f rom  e x p e c t a t i o n s .  Only  when  such  an u n d e r s t a n d i n g  has 

b e e n  a c h i e v e d  will it  be  poss ib le  to u n d e r s t a n d  the  r e l a t i o n s h i p  to  i n v e s t m e n t  

c a s h  f lows,  which,  in the  f ina l  ana lys i s ,  is t he  r e a l  goal  of  cash  f low analysis .  

Even  when p r e m i u m s  w e r e  f ixed  and leve l ,  t h e y  we re  not  easy  to u n d e r s t a n d .  

With  t oday ' s  p r o d u c t s  t h a t  g ive  p o l i c y h o l d e r s  d i s c r e t i o n  ove r  the  a m o u n t  and 

t iming  o f  p r e m i u m s ,  the  p r o b l e m  is m u c h  m o r e  d i f f i c u l t .  U n d e r s t a n d i n g  how 

y ou r  p o l i c y h o l d e r s  will v a r y  the  a m o u n t  and f r e q u e n c y  of p r e m i u m  p a y m e n t s  

u nde r  va r ious  f u t u r e  a s s u m p t i o n s  thus r e p r e s e n t s  your  f i r s t  cha l l enge .  I 

p e r s o n a l l y  b e l i e v e  t h a t  t h e r e  should be a m e a s u r e  of  c o n s e r v a t i s m  in this and all 

o t h e r  a s sumpt ions .  C o n s e r v a t i s m  in this c o n t e x t  would be an u n d e r s t a t e m e n t  of 

cash  in f lows  when you would l ike cash  to inves t  and an o v e r s t a t e m e n t  of  cash  

o u t f l o w s  when you  would r a t h e r  hang  on to  i t .  The  a p p r o a c h  c o n c e p t u a l l y  is 

s imi l a r  to  the  c h o i c e  of  a m o r t a l i t y  t ab l e  for  v a l u a t i o n  of l i f e  or annu i ty  b e n e f i t s  

based  on c u r r e n t  v a l u a t i o n  p r a c t i c e .  
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Given  an a s s u m e d  s t r e a m  of  p r e m i u m  cash  f lows ,  the  ma jo r  cha l l enge  then  

b e c o m e s  a m a t t e r  of  g e n e r a t i n g  the  c o r r e s p o n d i n g  b e n e f i t  ca sh  f lows.  The ma jo r  

d e t e r m i n a n t  of  the  b e n e f i t  cash  f lows  is the  g u a r a n t e e s  p r o v i d e d  by  c o n t r a c t .  

These  t y p i c a l l y  a re  s o m e  c o m b i n a t i o n  of  d e a t h  b e n e f i t s ,  i n t e r e s t  c r ed i t s ,  

s u r r e n d e r  b e n e f i t s ,  and m a t u r i t y  va lues .  Su r r ende r  v a l u e s  a re  usua l ly  s u b j e c t  to 

s u r r e n d e r  cha rges ,  and t h e s e  s o m e t i m e s  a re  m a d e  c o n t i n g e n t  on "bai lout"  

provis ions .  If  you  have  r e a d  any of  the  r e p o r t s  of  t he  C-3 Risk  Task  F o r c e ,  you  

should u n d e r s t a n d  the  s e n s i t i v i t y  of  r e s e r v e s  to  s u r r e n d e r  b e n e f i t s  and changes  in 

i n t e r e s t  r a t e s .  

One  poin t  in p a r t i c u l a r  wi th  r e g a r d  to  b e n e f i t  cash  f lows  d e s e r v e s  spec ia l  

men t i on - - t he  i n t e r e s t - c r e d i t i n g  m e t h o d o l o g y  as i t  appl ies  to  the  new g e n e r a t i o n  

o f  fund a c c u m u l a t i o n  p r o d u c t s  such  as un ive r sa l  l i fe  and d e f e r r e d  annui t ies .  You  

will r e c a l l  t ha t  o t h e r  s p e a k e r s  have  m e n t i o n e d  this.  When you  a n a l y z e  the  

b e n e f i t  cash  f lows  to u n d e r s t a n d  wha t  p a r t  is a r e t u r n  of  p r e m i u m  and wha t  p a r t  

is c r e d i t e d  i n t e r e s t ,  it  b e c o m e s  obv ious  t h a t  t he  l a t t e r  ( tha t  is, t he  i n t e r e s t  

componen t )  is a ma jo r  d e t e r m i n a n t  of  f u t u r e  b e n e f i t s .  So, a p r e c i s e  and 

c o n s i s t e n t  de f in i t ion  of  the  i n t e r e s t - c r e d i t i n g  m e t h o d o l o g y  is v e r y  c r i t i c a l  to  

g e t t i n g  a good handle  on the  b e n e f i t  cash  f lows .  

For  mos t  p r o d u c t s  sold t oday ,  t h e r e  is a g r e a t  s e n s i t i v i t y  a s s o c i a t e d  wi th  t he  

b e n e f i t  cash  f lows.  This has  b e e n  c l ea r l y  i l l u s t r a t e d  in the  r e su l t s  p r e s e n t e d  by  

o t h e r  speake r s .  C e r t a i n l y  t h e r e  is m o r e  s e n s i t i v i t y  than  t r a d i t i o n a l l y  r e c o g n i z e d  

in pr ic ing.  The  cha rge  to the  va lua t i on  a c t u a r y  is to  u n d e r s t a n d  this  s e n s i t i v i t y  

and a s ses s  wha t  i t  m e a n s .  
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I w o n ' t  dwe l l  on e x p e n s e  and F IT  ca sh  f lows  e x c e p t  to say  t h a t  t h e y  a r e  

i m p o r t a n t .  E v e r y  c a s h  f low is i m p o r t a n t .  In m o d e l i n g ,  it is poss ib l e  to  m a k e  

r e a l i s t i c  a s s e s s m e n t s  of  how e x p e n s e s  sh i f t  b a s e d  on v o l u m e  i n d i c a t o r s  such  as 

po l i c i e s ,  p r e m i u m s ,  or  a s s e t s .  F o r  FIT, you  b a s i c a l l y  n e e d  to d e v e l o p  the  

c o m p o n e n t s  o f  t a x a b l e  i n c o m e .  

I w a n t  to f o c u s  now on the  d iv idend  ca sh  f low.  This  is a v e r y  i m p o r t a n t  cash  

f low,  and one  t h a t  a c t u a r i e s  h a v e  n o t  pa id  m u c h  a t t e n t i o n  to  in t h e  p a s t .  By 

d iv idend  c a s h  f low,  I m e a n  the  ca sh  pa id  to s h a r e h o l d e r s  of  s t o c k  c o m p a n i e s  or 

t he  d i f f e r e n c e  b e t w e e n  a c t u a l  and  i l l u s t r a t e d  d iv idends  pa id  to m u t u a l  

p o l i c y h o l d e r s .  I p r e f e r  to th ink  of  i l l u s t r a t e d  d iv idends  unde r  p a r  p o l i c i e s  as a 

b e n e f i t .  

When  you  s o r t  ou t  al l  t h e  p r o d u c t  and  i n v e s t m e n t  ca sh  f lows ,  i t  b e c o m e s  p l a in ly  

a p p a r e n t  t h a t  a f t e r  t h e  b e n e f i t s  h a v e  b e e n  pa id  to  p o l i c y h o l d e r s ,  any  r e m a i n i n g  

c a s h  f low is d iv ided  b e t w e e n  the  T r e a s u r y  and  the  o w n e r s .  We can  be a s s u r e d  

t h a t  t he  T r e a s u r y  will  g e t  i ts  due on a t i m e l y  bas i s ,  so t he  d iv idend  b e c o m e s  

w h a t  I ca l l  a " r e s idua l "  ca sh  f low.  V e r y  s imp ly ,  i t ' s  w h a t ' s  l e f t  ove r ,  and it c a n  

be  p o s i t i v e  or n e g a t i v e .  The  n e g a t i v e s ,  of  c o u r s e ,  a r e  w h a t  the  v a l u a t i o n  a c t u a r y  

is f u n d a m e n t a l l y  c o n c e r n e d  wi th ,  and a d d i t i o n a l  r e s e r v e s / a s s e t s  m u s t  be 

e s t a b l i s h e d  to  e l i m i n a t e  t h e m .  

R a r e l y  do you  see  a p r o d u c t  wi th  a s t r i n g  of  n e g a t i v e  ca sh  f lows  up f ron t ;  m o r e  

l ike ly ,  t h e  " re s idua l "  c a s h  f lows  a r e  p o s i t i v e .  C l e a r l y ,  if t h e y  a r e  a c c u m u l a t e d ,  

t h e  f u t u r e  f i n a n c i a l  r e s u l t s  will  be  b e t t e r  t h a n  if t h e y  a r e  pa id  out  as t h e y  

m a t e r i a l i z e .  In D e n n y  C a r r ' s  e x a m p l e s ,  t he  d iv idends  w e r e  a c c u m u l a t e d ,  and it  

was  e s t a b l i s h e d  in the  f o l l o w - u p  d i scuss ion  t h a t  th is  was  i m p o r t a n t  and could  
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a f f e c t  resu l t s .  R e m e m b e r ,  also, t h a t  these  res idua l  cash  f lows fund growth .  

Thus,  t h e r e  m a y  not  be an a c t u a l  cash ou t f low f rom the  company ,  but  this cash 

would c l ea r ly  not  be ava i lab le  any longer  s p e c i f i c a l l y  to suppor t  the  p roduc t .  In 

p r a c t i c e ,  the  p rob lem of  dividend a c c u m u l a t i o n  is solved by s e t t i n g  mode l  a s se t s  

equal  to mode l  l i ab i l i t i es  at  the  end of e a c h  yea r .  I pe r sona l l y  think t h a t  a 

b e t t e r  u n d e r s t a n d i n g  of  d iv idends  will s o m e d a y  be r e c o g n i z e d  as o n e  of  the  

g r e a t e s t  b e n e f i t s  a s s o c i a t e d  with  cash f low analys is .  

Le t ' s  tu rn  now to the  i n v e s t m e n t  side.  I n v e s t m e n t  cash  f lows are  eve ry  bit  as 

sub t le  as those a s s o c i a t e d  wi th  p roduc t s .  I used  to th ink about  our i n v e s t m e n t s  

as bonds and m o r t g a g e s  wi th  a p a r t i c u l a r  y ie ld  and m a t u r i t y  schedu le .  Cash  f low 

was p r e t t y  r e m o t e  f rom m y  vision of  i n v e s t m e n t s .  With i n t e r e s t  r a t e s  on the  

way down, we are  all l ea rn ing  about  ca l l  p ro t ec t i on - -o r  the  absence  t h e r e o f .  

Exerc i se  of  cal l  or r e f u n d  opt ions  will ge t  you  cash  to inves t  jus t  when you don ' t  

wan t  i t ,  which is when i n t e r e s t  r a t e s  a re  low. Most  i n v e s t m e n t  d e p a r t m e n t s  

have  been  g e t t i n g  in t ens ive  on - the - job  t r a in ing  in this  r e g a r d  this  y e a r .  Jus t  a 

few yea r s  ago we saw the  oppos i te  happen .  R e p a y m e n t  of  p r inc ipa l  under  

m o r t g a g e  loan pools s t r e t c h e d  out  jus t  when we would have  l iked to have  more  

funds to inves t .  

Simple bonds and m o r t g a g e s  no longer  are  the  sole deb t  i n s t r u m e n t s  in our 

por t fo l ios .  There  is a whole new g e n e r a t i o n  of deb t  i n s t r u m e n t s  on the  m a r k e t ,  

m a n y  of  which have  unique provis ions  r e g a r d i n g  f u t u r e  cash  f lows.  Your 

i n v e s t m e n t  s t a f f  can help you  b e t t e r  u n d e r s t a n d  i n v e s t m e n t  cash  f lows,  and the  

sooner  you ge t  them involved,  the  b e t t e r  o f f  you  will be.  Some of the  issues t h a t  

will su re ly  be d e b a t e d  in the  yea r s  to come  inc lude  the  app rop r i a t enes s  of  
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va r ious  a s se t s  to back  i n s u r a n c e  l i ab i l i t i e s  and the i m p a c t  on va lua t i on  r e s e r v e s  

of  a s se t s  wi th  unusua l  cash  f lows.  

P e r h a p s  the  mos t  t r o u b l e s o m e  a s p e c t  of  i n v e s t m e n t  cash  f lows is r e l a t e d  to 

d e f a u l t .  Any i n v e s t m e n t  p r o f e s s i o n a l  will te l l  you t ha t  it is s imply  u n r e a l i s t i c  to  

a s sume  t h a t  all i n v e s t m e n t  cash  f lows will be paid  as p r o m i s e d ,  unless ,  of  course ,  

y ou r  p o r t f o l i o  cons i s t s  of 100 p e r c e n t  g o v e r n m e n t - b a c k e d  s e c u r i t i e s .  Some 

m igh t  even  q u e s t i o n  t h a t  a s sumpt ion .  In our own cash  f low analysis ,  we make  a 

u n i f o r m  d e d u c t i o n  f r o m  the  y ie ld  to  c o v e r  " e x p e c t e d "  asse t  d e f a u l t s .  The  

d e d u c t i o n  is based  on an a s s e s s m e n t  of  a c t u a l  d e f a u l t  e x p e r i e n c e  in our po r t fo l i o ,  

which  cons i s t s  of  i n v e s t m e n t - g r a d e  i n s t r u m e n t s  ( tha t  is, i n s t r u m e n t s  wi th  an 

a v e r a g e  r a t i n g  of  Ban).  R e c e n t  e x p e r i e n c e  is d r iv ing  t h a t  d e d u c t i o n  upward .  

T h e r e  has  been  much  c o n c e r n  e x p r e s s e d  r e c e n t l y  abou t  i n v e s t m e n t s  in junk 

bonds,  and my  only sugges t i on  is t h a t  the  s a m e  a p p r o a c h - - t h a t  is, a d e d u c t i o n  

f r o m  the  yield-- is  a p p r o p r i a t e .  The  $64,000 ques t ion ,  of  cour se ,  is what ' s  t he  

r igh t  d e d u c t i o n .  R e a l i s t i c a l l y ,  I th ink  the  d e d u c t i o n  mus t  be much  h igher  than  

t ha t  c o n s i d e r e d  a p p r o p r i a t e  for  i n v e s t m e n t - g r a d e  bonds.  The  c o n v e n t i o n a l  

a s s u m p t i o n  is t h a t  " e x p e c t e d "  a s se t  d e f a u l t s  on junk  bonds will be less than  the  

y i e ld  d i f f e r e n t i a l .  But  t h e r e  is also a m o r e  s u b s t a n t i a l  downs ide  r isk,  which  is 

why i n v e s t o r s  r e q u i r e  the  y ie ld  d i f f e r e n t i a l  to  begin  wi th .  

I was qu i t e  i n t e r e s t e d  in the  r e c e n t  Wall S t r e e t  Jou rna l  a r t i c l e  

( S e p t e m b e r  Z9, 1986) on this  sub j ec t ,  which  p r e s e n t e d  d a t a  t h a t  i n d i c a t e  t h a t  3.4 

p e r c e n t  of t h e  junk  bonds  issued s ince  J a n u a r y  1, 1980, are  in d e f a u l t .  Fo r  

s e v e r a l  u n d e r w r i t e r s ,  t he  p e r c e n t a g e  of  bonds  in d e f a u l t  was 17 p e r c e n t .  The  

a r t i c l e  also p o i n t e d  out  t ha t  it  was l ike ly  t ha t  all d e f a u l t s  had no t  been  p r o p e r l y  
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r e p o r t e d .  The q u e s t i o n  of  how to a p p r o p r i a t e l y  r e c o g n i z e  a s se t  qua l i t y  in cash  

f low analys is  will  l ike ly  be  d e b a t e d  for  s o m e  t ime .  My pe r sona l  f ee l ing  is t ha t  I 

can ' t  a c c e p t  tha t  the  f inanc ia l  m a r k e t s  a re  s tupid ,  and ove r  t ime  the  p r e m i u m s  

r e c e i v e d  in t e r m s  of  higher  y ie ld  on junk  bonds  will  l ike ly  be  o f f s e t  by  higher  

a s se t  d e f a u l t  cos t s .  This is an a r e a  w h e r e  c u r r e n t  s t a n d a r d s  of  p r a c t i c e  will 

u l t i m a t e l y  con t ro l  the  a s s u m p t i o n s  m a d e  by  the  v a l u a t i o n  a c t u a r y .  

Back  in Table  10-1, I i d e n t i f i e d  t en  ma jo r  p r o d u c t  and i n v e s t m e n t  cash  f lows .  

I 've d i scussed  mos t  of  t hem,  and the  o t h e r s  should  be  i n t u i t i v e l y  c lea r .  With  

r e s p e c t  to v i r tua l ly  all of  t h e s e  cash  flows~ I have  e s t a b l i s h e d  tha t  t h e r e  is s o m e  

u n p r e d i c t a b i l i t y .  The nex t  s t e p  is cash  f low p roces s ing ,  which  a t t e m p t s  to  

u n d e r s t a n d  the  i n t e r r e l a t i o n s h i p  of  the  va r ious  cash  f lows .  Basically~ this is 

s c e n a r i o  analys is ,  and you  need  a m o d e l  to  keep  e v e r y t h i n g  in order .  

D e n n y  Car r ' s  p r e s e n t a t i o n  on a s sumpt i ons  i l l u s t r a t e d  mos t  of  the  nu t s  and bo l t s  

you  will have  to deal  wi th  in this a rea .  

It  is c o m m o n l y  a s s u m e d  t h a t  the  ma jo r  p r o d u c t  and i n v e s t m e n t  cash  f lows  a re  a 

func t ion  of  the  a s s u m e d  i n t e r e s t  r a t e  leve l .  With  i nc rea s ing  i n t e r e s t  r a t e s ,  l apse  

r a t e s  will i nc r ea se ,  and i n v e s t m e n t  p r e p a y m e n t s  d e c r e a s e .  Ju s t  t he  oppos i t e  

happens  in d e c r e a s i n g  i n t e r e s t  s c e n a r i o s .  I m e n t i o n e d  p rev ious ly ,  in d i scuss ing  

b e n e f i t  cash  f lows ,  t h a t  the  i n t e r e s t - c r e d i t i n g  m e t h o d o l o g y  was  also v e r y  

i m p o r t a n t .  To m o d e l  b e n e f i t  cash  f lows  a c c u r a t e l y ,  you  need  to u n d e r s t a n d  how 

i n t e r e s t - c r e d i t i n g  r a t e s  will  be  m a n a g e d .  

The  a s s u m p t i o n  t ha t  i n t e r e s t  r a t e s  a lone  d r ive  the  cash  f l ows  is u u d o u b t e d l y  an 

o v e r s i m p l i f i c a t i o n .  Tax cons idera t ions~ for  e x a m p l e ,  a re  a lso v e r y  i m p o r t a n t ,  

b u t  who would  be  b r a v e  enough to p r e d i c t  t ax  law changes?  It is i m p o r t a n t  to 
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u n d e r s t a n d  t h a t  mode l s  a re  only a p p r o x i m a t i o n s  to r e a l i t y .  This is why I b e l i e v e  

i t  is n e c e s s a r y  ba s i ca l l y  to t ake  a c o n s e r v a t i v e  a p p r o a c h  in deve lop ing  each  cash 

f low.  

O t h e r  cash  f lows,  which  a re  d e p e n d e n t  on the  majo r  p r o d u c t  and i n v e s t m e n t  cash  

f lows,  such  as expense s ,  FIT, and f u t u r e  s u r r e n d e r  b e n e f i t s ,  will also be 

d e p e n d e n t  on the  i n t e r e s t  s cena r i o s .  Once  you  have  d e v e l o p e d  the logic  of your  

cash  f low mode l ,  you should qu ick ly  beg in  to  a p p r e c i a t e  jus t  how much  the  

o v e r a l l  cash  f lows will move .  

D e v e l o p i n g  f o r m u l a s  t h a t  p r e d i c t  lapses  or ca l ls  as i n t e r e s t  r a t e s  sh i f t  r e a l l y  ge t s  

you  r igh t  in to  t he  nu t s  and bo l t s  of  cash  f low analys is .  In t he  e x a m p l e  t h a t  I will 

p r e s e n t  m o m e n t a r i l y ,  t he  lapses  a re  a s sumed  to change  as i n d i c a t e d  in Table  

10-2 .  The  u n d e r l y i n g  f o r m u l a  is p r e s e n t e d  in the  K o l k m a n - F e l d m a n  r e p o r t  on 

C - 3  r isk for  the  SPDA p r o d u c t ;  we have  m o d i f i e d  i t  to p r o d u c e  a r e d u c e d  lapse  

r a t e  when i n t e r e s t  r a t e s  dec l ine .  

TABLE 10-2 

LAPSE 

New 
Money Rate  Lapse Rate  

9% 2 .5% 
14 5 .0  
19 13 .0  
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Table  10-3 shows an a s sumed  call  f r e q u e n c y  and a typ ica l  ca l l  p r e m i u m  formula9 

which is used  in the  upcoming  example .  Once  cal l  p r o t e c t i o n  has expired ,  you  

can  assume t h a t  the  more  e c o n o m i c a l l y  a d v a n t a g e o u s  i t  is to r e f i n a n c e ,  the  more  

l ikely  t h a t  bo r rowers  will do so. Discussions  wi th  your  i n v e s t m e n t  s t a f f  will help 

you  to u n d e r s t a n d  how to provide  r e a l i s t i c a l l y  for  cal ls  and r e funds  for your  

p a r t i c u l a r  po r t fo l io .  

TABLE 10-3 

C A L L  

R e d u c t i o n  Probabi l i ty  
in i n o f  Cal l  

0% 0% 

1 15 

7 40 

3+ 95 

Cal l  P r e m i u m  = C x (1 - ( a -  1,) 
T " 

C = Coupon.  

a = Years  s ince  issue.  

T = Original  t e r m  of  bond.  

There  is one o the r  poin t  to  cons ider  b e f o r e  I l eave  the  gene ra l  sub jec t  of 

p rocess ing  cash  f lows (Figure 10-1). Ne t  cash f low is s imply  the  ne t  of  all  the  

indiv idual  cash f lows we have  been  cons ider ing .  If  n e t  cash flow is positive9 i t  

mus t  be r e inves t ed ;  if  it  is n e g a t i v e ,  i t  is n e c e s s a r y  to bor row or sell  a sse t s .  

Assumpt ions  in this  r ega rd  can m a t e r i a l l y  i n f l u e n c e  resu l t s .  I pe r sona l ly  f avor  

n e u t r a l  a s sumpt ions ,  which apply no m a t t e r  which way i n t e r e s t  r a t e s  are  going, 
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on t h e  t h e o r y  t h a t  f e w  c o m p a n i e s  wil l  b e  s m a r t  e n o u g h  to i n v e s t  s h o r t  i f  i n t e r e s t  

r a t e s  a r e  g o i n g  up or t o  i n v e s t  l ong  if i n t e r e s t  r a t e s  a r e  g o i n g  down .  A 5 - y e a r  

b o n d  is n e i t h e r  s h o r t  n o r  long ,  a n d  th i s  is t he  a s s u m p t i o n  we t y p i c a l l y  use .  

FIGURE 10-1 

R E I N V E S T M E N T  

N E T  C A S H  F L O W  

BORROWING/ASSET SALES 

B o r r o w i n g  is u s u a l l y  e a s i e r  t o  h a n d l e  t h a n  a s s e t  s a l e s ,  l a r g e l y  b e c a u s e  o f  F I T  

c o n s i d e r a t i o n s ,  and  i t  is u s u a l  t o  a s s u m e  b o r r o w i n g  on t h e  s a m e  t e r m s  as  

r e i n v e s t m e n t s .  R e f i n e m e n t s  a r e  p o s s i b l e  h e r e ,  b u t  I w o u l d  s t r e s s  t h e  p o i n t  t h a t  

a s s u m p t i o n s  in t h i s  r e g a r d  s h o u l d  b e  n e u t r a l - - t h a t  is, t h e y  s h o u l d  n o t  t a k e  

a d v a n t a g e  o f  f o r e k n o w l e d g e  o f  t h e  a s s u m e d  t r e n d  in i n t e r e s t  r a t e s .  
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One  las t  t hough t  a b o u t  i n v e s t m e n t  c a sh  f l ows  c o n c e r n s  the  d i f f e r e n c e  b e t w e e n  

mode l s ,  w h e r e  t he  a s s e t s  h a v e  n e a t l y  d e f i n e d  ca sh  f lows ,  and r e a l - w o r l d  

p o r t f o l i o s ,  w h e r e  d e v e l o p i n g  the  cash  f lows  can  b e  a c h a l l e n g e  in i t s  own r ight .  

The t y p i c a l  a s s e t  a c c o u n t i n g  s y s t e m  in an i n s u r a n c e  c o m p a n y  doesn ' t  u n d e r s t a n d  

c a s h  f lows ,  so you  will  u n d o u b t e d l y  have  to  s c r a m b l e  a b i t .  A n o t h e r  r e a l - w o r l d  

p r o b l e m  is con t ro l - -mak ing  su re  t h a t  y o u ' r e  look ing  a t  t he  s a m e  a s s e t s  and 

l i ab i l i t i e s .  N e w  bus iness ,  t r ad ing ,  and c o m m i t m e n t s  a re  s o m e  a r e a s  t h a t  should  

b e  of  p a r t i c u l a r  c o n c e r n  as you  add re s s  the  p r o b l e m  of  con t ro l .  

I'm going to save the final phase of cash flow modeling, interpreting cash flows, 

for the example. Dealing with even a single cash flow stream is messy at best. 

With several cash flow streams, you have the makings of a disaster. There is an 

obvious need to reduce the cash flow streams to manageable proportions. This 

can be done through an accumulation or discounting approach. I prefer the 

latter, as I will explain in a moment. 

Let's get into an example where many of these thoughts about cash flows will 

come to life (Table 10-4). In order to illustrate clearly how some of the cash 

flows behave, I had to keep the example fairly simple. The assumptions are 

presented in Table 10-4. We have a 6-year compound bullet SPDA. This is 

perhaps an unrealistic product, but it serves to illustrate many points well. 

Surrenders are subject to a disappearing surrender charge, as indicated. We are 

dealing with a closed block of business. Investments are assumed to be in 10- 

year bonds with 2-year call protection. FIT and expenses have been ignored for 

the  s ake  of  s imp l i c i t y ,  b u t  this  will  no t  m a t e r i a l l y  a f f e c t  t he  u s e f u l n e s s  of  our 

e x a m p l e .  We will  cons ide r  t h r e e  i n t e r e s t  s c e n a r i o s ,  i m a g i n a t i v e l y  l a b e l e d  low,  

l eve l ,  and high. These  a re  s o - c a l l e d  p o p - d o w n  and pop-up  s c e n a r i o s ,  and the  
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resultant impact on lapses and calls is indicated. A 50 percent probability of call 

was used simply to prevent all assets from rolling over at the end of Z years, 

when call protection expires. The interest-crediting methodology assumes that 

13 percent is credited in all cases. This is admittedly oversimplified, but it 

provides a meaningful basis for comparison. In practice, you would want to 

analyze several interest-crediting methods, recognizing the resultant impact on 

lapse. 

TABLE 10-4 

E X A M P L E  

O 6-year compound bullet. 

o 13 percent guarantee. 

o S.C. - 5, 4, 3, Z, 1, 0. 

o C l o s e d  b lock .  

0 1 0 - y e a r  b o n d / Z - y e a r  ca l l  p r o t e c t i o n .  

o Ignore  FIT and expense .  

o Interest scenarios: 

i 
n 

Low 9% 

L e v e l  14 

High 19 

L 

Z. 5% 

5 .0  

13.0  

Cal l  
Probability 

50% 
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The n e t  cash  f lows  for  t h e s e  t h r e e  s c e n a r i o s  a re  shown in Tab le  1 0 - 5 .  In e a c h  

c a s e  t h e r e  is a $1,000 depos i t  a t  t i m e  0. This cash  f low is i n v e s t e d  in the  10- 

y e a r  bond  and p r o d u c e s  the  bu lk  of  s u b s e q u e n t  a s s e t  cash  f lows .  The s i m i l a r i t y  

ends a b r u p t l y  a f t e r  t he  depos i t ,  as the  f u t u r e  cash  f low s t r e a m s  a re  qu i t e  

d iss imi lar .  If  t he  "Level"  c o l u m n  m a y  be  r e g a r d e d  as the  " e x p e c t e d , "  the  r e s u l t s  

of  t he  low and high s c e n a r i o s  t y p i f y  the  r e s u l t s  you  m a y  e x p e c t  to  see .  In the  

"low" scena r io ,  t h e r e  is p l e n t y  of  cash  to  invest~ and in the  high s cena r io ,  t h e r e  is 

v i r t ua l l y  none.  

T A B L E  10-5 

N E T  C A S H  F L O W  

Year Low Level High  

0 $ 1,000 $ 1,000 $ 1,000 

1 113 86 1 

2 lZ0 94 1 

3 684 10Z 3 

4 390 111 4 

5 247 120 6 

6 (657) (399) (ZT) 

B e f o r e  address ing  t he  s i g n i f i c a n c e  of  t h e s e  d i f f e r e n t  n e t  cash  f low s t r e a m s ,  I 

wan t  to look b r i e f l y  at  wha t  is dr iv ing  t h e m .  First9 le t ' s  look a t  the  l i ab i l i ty  cash  

f lows,  which  cons i s t  s imply  of  s u r r e n d e r  b e n e f i t s  p r ior  to y e a r  6 and the  m a t u r i t y  

b e n e f i t s  at  y e a r  6 (Table  10-6). N o t e  tha t  the  ea r l i e r  cash  f lows  r e f l e c t  the  

a s s u m e d  lapse  r a t e  r e l a t i v i t y  of  Z.5, 5, and 13 p e r c e n t .  The i n t e r e s t i n g  poin t  is 

t he  g r e a t l y  r e d u c e d  m a t u r i t y  va lues  in the  high s c e n a r i o  r e l a t i v e  to the  o t h e r  

10-15 



s c e n a r i o s .  The  high e a r l y  s u r r e n d e r s  have  a snowba l l ing  e f f e c t  t ha t  g r e a t l y  

d e p r e s s e s  f u t u r e  m a t u r i t y  va lues .  

TABLE 10-6 

L I A B I L I T Y  C A S H  F L O W S  

Year  L o w  L e v e l  High 

1 $ 27 $ 54 $ 139 

Z 30 58 139 

3 33 63 138 

4 37 68 137 

5 41 74 136 

6 1 , 8 3 4  1~611 1 ,038  

The  m o r e  i n t e r e s t i n g  r e s u l t s  show up on t he  asse t  s ide (Table  10-7). In the  high 

s c e n a r i o ,  t he  a s se t  cash  f lows a re  r e s t r i c t e d  a lmos t  e n t i r e l y  to  the  coupon  cash 

f lows a s s o c i a t e d  wi th  t he  i n v e s t m e n t  p u r c h a s e d  wi th  the  o r ig ina l  p r e m i u m .  With 

high s u r r e n d e r s ,  t h e r e  is e s s e n t i a l l y  no new cash  to i nves t  at  the  high p reva i l ing  

r a t e s .  The  i n c r e a s e d  asse t  cash  f lows in the  l eve l  s c e n a r i o  r e f l e c t  t he  e f f e c t  of  

r e i n v e s t m e n t  of  p r io r  pos i t i ve  cash  f lows.  Add i t iona l ly ,  t h e r e  is an ove ra l l  

g r e a t e r  book  o f  bus iness  b e c a u s e  of  the  r e d u c e d  lapse r a t e s .  The asse t  cash  

f lows  in the  low s c e n a r i o  r e f l e c t  a huge inf lux  of  cash  in the  th i rd  th rough  f i f t h  

y e a r s ,  r e f l e c t i n g  the  e f f e c t  of  cal ls .  Of  cou r se ,  this  e x t r a  cash  must  be i n v e s t e d  

a t  t he  lower  y ie lds  a s sumed  to be ava i l ab l e  then .  

10-16 



T A B L E  10-7 

A S S E T  C A S H  F L O W  

Year Low Level  High 

1 $ 140 $ 140 $ 140 

Z 150 152 140 

3 714 165 141 

4 4Z7 179 141 

5 288 194 14Z 

6 1)177 1)Z1Z 1 ,011  

One can  a l m o s t  s ense  t ha t  cash  f low p a t t e r n s  so d i s s imi la r  have  se r ious  f inanc ia l  

imp l i ca t i ons .  The  b o t t o m  line of  cash  f low analys is ,  of  cou r se ,  is i n t e r p r e t i n g  

the  r e su l t s .  We mus t  u n d e r s t a n d  the  f inanc ia l  impl i ca t ions )  p a r t i c u l a r l y  the  

• i m p a c t  on r e s e r v e / a s s e t  l eve l s  o f  t h e s e  d i s p a r a t e  cash  f low s t r e a m s .  At  las t  

yea r ' s  s y m p o s i u m ,  I d i s cus sed  cash  f l o w - b a s e d  surp lus - -CFS f o r  shor t - -as  an 

a p p r o p r i a t e  m e t h o d o l o g y  for  d i scount ing ,  cash  f lows .  C F S - g r e a t l y  s imp l i f i e s  

i n t e r p r e t a t i o n . o f ,  cash  f low so I can ' t  r e v i e w  t he  de t a i l s  o f  CFS  wi th  you  now) b u t  

I would  s t r o n g l y  u rge  you  to s t u d y  the  p a p e r  t ha t  J im G e y e r  and I p r e p a r e d  on 

t h i s  s u b j e c t .  D i s coun t i ng  cash  f lows ,  p a r t i c u l a r l y  in a non leve l  i n t e r e s t  

e n v i r o n m e n t ,  is a v e r y  sub t l e  p rob l em.  

T a b l e  10-8 shows  CFS r e su l t s  for  the  t h r e e  s c e n a r i o s .  In the  l eve l  scenar io )  the  

p r e s e n t  va lue  of  the  1 p e r c e n t  i n t e r e s t  marg in  is $5Z. This m e a n s  t h a t  $5Z of  t he  

in i t ia l  $1,000 o f  a s s e t s  could  be  t a k e n  as a d iv idend  at  t i m e  0, and . t he  r e m a i n i n g  

$948 o f  a s s e t s  would  p r o v e  just.  s u f f i c i e n t  to m a t u r e  all l iabi l i t ies ,  as  t h e y  a re  
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a s s u m e d  to fal l  due.  The  lower  CFS va lues  for  the  low and high s c e n a r i o s  

i n d i c a t e  a loss r e l a t i v e  to  the  l eve l  s c e n a r i o .  In the  high s c e n a r i o ,  in f a c t ,  t h e r e  

is an e c o n o m i c  loss. 

TABLE l O g  

CFS 

Low 13 (39) 

L e v e l  52. -- 

High (4) (56) 

CFS  does  no t  n e c e s s a r i l y  e q u a t e  d i r e c t l y  to  s t a t u t o r y  r e s e r v e s ,  but  in this  

e x a m p l e ,  w h e r e  t he  in i t ia l  p r e m i u m  is a s s u m e d  to equa l  the  in i t ia l  r e s e r v e ,  the  

e q u i v a l e n c e  holds.  If  good and s u f f i c i e n t  r e s e r v e s  a r e  d e f i n e d  to  c o v e r  a +500 

basis  po in t  m o v e m e n t  in i n t e r e s t  r a t e s ,  t he  v a l u a t i o n  a c t u a r y  should s t r e n g t h e n  

r e s e r v e s  by  0.4 p e r c e n t  to  p r o t e c t  aga ins t  t he  e c o n o m i c  loss in the  high i n t e r e s t  

s c e n a r i o .  If  F IT  and e x p e n s e s  w e r e  r e c o g n i z e d ,  of  cou r se ,  t he  e f f e c t  on r e s e r v e s  

would be g r e a t e r .  

At this po in t ,  I would  l ike to t r y  to  g e n e r a l i z e  s o m e  of  the  poin ts  I have  m a d e  

thus  fa r  and i l l u s t r a t e  how cash  f low ana lys i s  can  be  used  to  u n d e r s t a n d  good and 

s u f f i c i e n t  r e s e r v e s .  Tab l e  10-9 was p r e p a r e d  by two m e m b e r s  of  my s t a f f ,  

Joe l  Thomison  and L inda  Dinius,  and a d d r e s s e s  this  sub j ec t  in some  dep th .  In 

o r d e r  to  save  t i me ,  I will  no t  r e v i e w  the  a s sumpt ions  in de ta i l ,  but  t h e y  a r e  

g e n e r a l l y  c o n s i s t e n t  wi th  those  used in the  e x a m p l e  I have  jus t  r e v i e w e d .  In 

p a r t i c u l a r ,  r e q u i r e d  r e s e r v e s  a re  se t  a t  a l eve l  to  m a t u r e  b e n e f i t s ,  a s suming  a 
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~500 basis  po in t  m o v e m e n t  in i n t e r e s t  r a t e s .  I am no t  sugges t i ng  this  as a 

s t a n d a r d  for  good and s u f f i c i e n t  r e s e r v e s .  R a t h e r ,  I wan t  to d e v e l o p  a good and 

s u f f i c i e n t  r e s e r v e  l eve l  t h a t  is c l e a r l y  on the  c o n s e r v a t i v e  side,  and I submi t  t ha t  

+500 basis  po in t s  is c o n s e r v a t i v e .  The only  m a t e r i a l  changes  in a s sumpt ions  a r e  

wi th  the  cal l  p r o t e c t i o n ,  which  has b e e n  r e d u c e d  to 1 y e a r ,  and the  ca l l  

p r o b a b i l i t y ,  which  has b e e n  i n c r e a s e d  to  95 p e r c e n t .  The  ldnd of  work  i nvo lved  

in this  e x a m p l e  is wel l  w i th in  the  c a p a b i l i t y  of  any  a c t u a r y  who can  use  LOTUS.  

T A B L E  10-9 

G + S A N A L Y S I S  A S S U M P T I O N S  

0 6 - y e a r  c o m p o u n d  bu l l e t .  

o 13 p e r c e n t  g u a r a n t e e .  

o S .C.  - 5, 4 ,  3, Z, 1, O. 

o Var ious  b o n d s / l - y e a r  ca l l  p r o t e c t i o n .  

o Ignore  FIT and e x p e n s e .  

o I n t e r e s t  s c e n a r i o s :  

Ca l l  
i L P r o b a b i l i t y  

n 

Low 9% Z. 5% 95% 

High  19 1 3 . 0  

We used  a 1 0 - y e a r  bond in our  p r e v i o u s  e x a m p l e ,  and we found  s o m e w h a t  g r e a t e r  

• r isk in the  high s c e n a r i o  r e l a t i v e  to  the  low s c e n a r i o  ba sed  on t he  CFS r e su l t s .  

What  if we had a s sumed  a 5 - y e a r  bond or  a 1 5 - y e a r  bond?  Asse t  ca sh  f low s u r e l y  
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would have changed, and this suggests a corresponding change in risk and reserve 

levels. Once we have an operating model, it is not difficult to change the 

underlying asset, and we can develop some interesting graphs that show the 

effect on required reserves of using various assets. 

F igu re  10-Z shows r e s e r v e  r e q u i r e m e n t s  for  the  low (9 p e r c e n t )  and high (19 

p e r c e n t )  s c e n a r i o s ,  and you  can i m m e d i a t e l y  beg in  to see  how the  cho i ce  of  

a s s e t s  a f f e c t s  the  good and s u f f i c i e n t  r e s e r v e s .  In an i nc r ea s ing  i n t e r e s t  

s c e n a r i o ,  s ho r t  a s se t s  a re  g r e a t ,  s ince  you  can  c a p i t a l i z e  on high r e i n v e s t m e n t  

r a t e s .  As the  a s se t s  l e n g t h e n ,  t h e r e  is less and less gain f rom r e i n v e s t m e n t ,  and 

r e q u i r e d  r e s e r v e s / a s s e t s  i n c r e a s e  a c c o r d i n g l y .  

In a decreasing interest scenario, long assets, naturally enough, produce the more 

favorable result. The call assumption used in this example essentially eliminates 

asset length as a factor in determining the required reserves in the downside 

case; essentially all assets are called when the l-year call protection expires. 

The  r e q u i r e d  r e s e r v e  for  any g iven  asse t  m a t u r i t y  is s imply  the  h igher  of  the  

r e s e r v e  r e q u i r e d  in t he  low or high i n t e r e s t  s c e n a r i o ,  as i l l u s t r a t e d  by the  

h igh l i gh t e d  l ine in F i g u r e  10-3. Fo r  any g iven  p r o d u c t ,  you  should be able  to 

d e v e l o p  a c o m p a r a b l e  r e l a t i o n s h i p  b e t w e e n  r e q u i r e d  r e s e r v e s  and asse t  

m a t u r i t i e s .  

The  i n t e r s e c t i o n  of  the  two l ines sugges t s  t ha t  t h e r e  is an o p t i m a l  a s se t  t h a t  

would p r o d u c e  a m i n i mum r e q u i r e d  r e s e r v e .  In this  e x a m p l e ,  it is a bond wi th  a 

m a t u r i t y  of  b e t w e e n  11 and 1Z yea r s .  I be l i eve  this s imple  e x a m p l e  i l l u s t r a t e s  

why t he  va lua t i on  a c t u a r y  mus t  e v e n t u a l l y  be m o r e  invo lved  in the  f o r m u l a t i o n  
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of  i n v e s t m e n t  po l i cy .  The  c h o i c e  of  the  i n v e s t m e n t  to suppo r t  a p a r t i c u l a r  

p r o d u c t  is v e r y  i m p o r t a n t ,  and it s imply  c a n n o t  be  a s s u m e d  t h a t  sho r t  a s se t s  a re  

b e t t e r  t han  long a s s e t s  or v i ce  versa .  

In our  e x a m p l e  thus  far  we have  a s s u m e d  t h a t  b o t h  a s se t  and l i ab i l i ty  cash  f lows  

can  sh i f t  b e c a u s e  of  t he  e f f e c t  o f  ca l l s  and lapses ,  r e s p e c t i v e l y .  What  if t he  

p r o d u c t  w e r e  d e f i n e d  so t ha t  l apse  was  no t  p e r m i t t e d ?  

could  be  p u r c h a s e d  w h e r e  t h e r e  was  no r i sk  of  cal l .  

r e q u i r e d  r e s e r v e s ?  

Suppose  also t ha t  a s s e t s  

Wha t  would  h a p p e n  to  

F i g u r e  10-4 shows tha t ,  as  would  be  e x p e c t e d ,  t he  ove ra l l  l eve l  of  r e q u i r e d  

r e s e r v e s  dec l ines  in b o t h  the  high and low i n t e r e s t  s c e n a r i o s .  I t  is i n t e r e s t i n g  to  

n o t e  t ha t  t he  shape  of  the  high i n t e r e s t  l ine r e m a i n s  v i r t u a l l y  u n c h a n g e d - - t h e r e  is 

s imply  a pa r a l l e l  d o w n w a r d  sh i f t .  When the  r isk of  ca l l  is e l i m i n a t e d ,  t h e r e  is a 

d r a m a t i c  change  in the  shape  and s lope  of  the  c u r v e  in the  low i n t e r e s t  case .  

The a d v a n t a g e  of  long a s s e t s  in a dec l in ing  i n t e r e s t  r a t e  s c e n a r i o  is p la in ly  

a p p a r e n t .  The  i n t e r s e c t i o n  o f  t h e s e  l ines  aga in  s u g g e s t s  a n  o p t i m a l  a s s e t  t h a t  

will  m i n i m i z e  r e q u i r e d  r e s e r v e s  fo r  this  p a r t i c u l a r  c o m b i n a t i o n  of  p r o d u c t  and 

i n v e s t m e n t  cash  f lows .  G iven  the  g r e a t e r  r a n g e  of  the  r e q u i r e d  r e s e r v e ,  t he  

h igher  of  the  r e s e r v e  r e q u i r e d  in the  low or high i n t e r e s t  s c e n a r i o ,  i t  is obv ious ly  

m o r e  i m p o r t a n t  to have  the  v a l u a t i o n  a c t u a r y  i n v o l v e d  in the  f o r m u l a t i o n  of  
I 

i n v e s t m e n t  p o l i c y  b e f o r e  the  f a c t .  

The  four  c u r v e s  in F igu re  10-5 e f f e c t i v e l y  d e f i n e  the  b o u n d a r i e s  of  a good and 

s u f f i c i e n t  r e s e r v e  for  any  c o m b i n a t i o n  of  a s se t  cal l  and p r o d u c t  l apse  

a s s u m p t i o n s  less s e v e r e  than  tha t  d e f i n e d  by  the  f i r s t  s e t  of  cu rve s .  N o t e  t ha t  

t he  i n t e r a c t i o n  of  the  upside  and downs ide  r isks  m a k e s  it  imposs ib l e  to  p ick  up 
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t he  b e n e f i t  of  long asse t s  in a dec l in ing  i n t e r e s t  e n v i r o n m e n t  or of  sho r t  a s se t s  in 

an i n c r e a s i n g  i n t e r e s t  e n v i r o n m e n t .  N o t e  also t h a t  t he  r e q u i r e d  r e s e r v e  va r i e s  

ove r  a r a nge  o f  abou t  7 p e r c e n t .  I th ink  we can all a g r e e  t ha t  a 7 p e r c e n t  

d i f f e r e n c e  in r e s e r v e  l eve l s  is m a t e r i a l .  If I w e r e  the  v a l u a t i o n  a c t u a r y  fo r  a 

c o m p a n y  t h a t  had  m i n i m i z e d  risk,  I c e r t a i n l y  would l ike to r e a p  t he  b e n e f i t  by  

holdin~ a l ower  s t a t e m e n t  r e s e r v e .  

I t  is i n t e r e s t i n g  to  look at  w h e r e  c u r r e n t  s t a t u t o r y  m i n i m u m s  are  r e l a t i v e  to  

t h e s e  r e s e r v e s ,  which  is i l l u s t r a t e d  in F i g u r e  10-6. I th ink  the  g raph  speaks  fo r  

i t s e l f ;  c u r r e n t  m i n i m u m s  a re  r e a l l y  u l t r a c o n s e r v a t i v e ,  g iven  t ha t  the  good and 

s u f f i c i e n t  r e s e r v e  r e p r e s e n t e d  by the  shaded  a r e a  has  b e e n  des igned  to  su rv ive  a 

+500 basis  po in t  c h a n g e  in i n t e r e s t  r a t e s .  This is a t yp i ca l  r e l a t i o n s h i p  b e t w e e n  

c u r r e n t  s t a t u t o r y  m i n i m u m s  and good and s u f f i c i e n t  r e s e r v e s  fo r  m a n y  p r o d u c t s .  

Unless  v a l u a t i o n  laws a re  o v e r h a u l e d  to  ge t  m i n i m u m  s t a n d a r d s  c lo se r  to good 

and s u f f i c i e n t  r e s e r v e s ,  I see  no basis  fo r  e x p e c t i n g  the  v a l u a t i o n  a c t u a r y  

c o n c e p t  to  endu re .  T h e r e  would s imply  be no gain  for  wha t  a m o u n t s  to  

c o n s i d e r a b l e  pain.  Idea l ly ,  I th ink  c o m p a n i e s  t h a t  c o n t r o l  r isk should ge t  a b e t t e r  

b r e a k  on r e s e r v e s  than  c o m p a n i e s  t h a t  do not .  Thus,  s imp ly  r e d u c i n g  the  

s t a t u t o r y  m i n i m u m  to,  say ,  1.05 would no t  do t he  job.  The  only  p r a c t i c a l  way  to  

a c h i e v e  the  goal  o f  d i r e c t l y  r e l a t i n g  r e s e r v e  l eve l s  to the  unde r ly ing  r isks is to 

p l a c e  g r e a t e r  r e l i a n c e  on t he  f indings  of  the  v a l u a t i o n  a c t u a r y .  I th ink  t he  

c h a r g e  to the  v a l u a t i o n  a c t u a r y  should be  to  f ind the  po in t  in the  shaded  a r e a  

t h a t  a p p r o p r i a t e l y  r e f l e c t s  t he  c o m b i n a t i o n  of  lapse  and ca l l  r isk for  his 

c o m p a n y .  

The  cash  f lows u n d e r l y i n g  F i gu re  10-7 also help  us to u n d e r s t a n d  the  l i m i t a t i o n s  

a s s o c i a t e d  wi th  M a c a u l a y  d u r a t i o n ,  which  is a s u b j e c t  t h a t  has r e c e i v e d  

c o n s i d e r a b l e  r e c e n t  a t t e n t i o n .  The  i n t e r s e c t i ,  m of  the  no c a l l / n o  lapse  l ines  
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r e p r e s e n t s  a s se t s  and l i ab i l i t i e s  t h a t  a re  r e a s o n a b l y  well  m a t c h e d  on a M a c a u l a y  

du ra t i on  basis .  A bond wi th  a 9 -1 /Z -yea r  m a t u r i t y  has  a d u r a t i o n  of  5.8~ and t h e  

d u r a t i o n  of  a 6 -yea r  bu l le t  l i ab i l i t y  is, of  course~ 6.0. As you  m o v e  to the  nex t  

i n t e r s e c t i o n ,  the  d u r a t i o n  of  the  s h o r t e r  asse t  dec l ines  to 5.0, and the  du ra t i on  of  

the  l i ab i l i ty  dec l ines  to 4.3. The change  in the  d u r a t i o n  of  the  l i ab i l i ty  f rom 6.0 

to 4.3 gives some i n d i c a t i o n  of  the  unde r ly ing  v o l a t i l i t y  of  the  l i ab i l i t y  cash  

f lows.  When you move  to the  th i rd  i n t e r s e c t i o n ,  t he  d u r a t i o n  of the  l i ab i l i t i e s  

r ema ins  at  4.3, while the  d u r a t i o n  of  the  asse t s  drops to  1.9. Cal l  r isk p roduces  

the  g r e a t e s t  p o t e n t i a l  for  cash  f low sh i f t  in this  e x a m p l e .  All of  these  du ra t ions  

are  c a l c u l a t e d ,  i nc iden t a l l y ,  a t  14 p e r c e n t .  

The  f a c t  t h a t  the  cash  f lows can  sh i f t  so m u c h  is the  r e a son  t h a t  s imply  

m a t c h i n g  M a c a u l a y  du ra t ions  does not  n e c e s s a r i l y  ensu re  t h a t  m i s m a t c h  r isk is 

con t a ined .  Opt ion  pr ic ing  theo ry ,  which  is w h a t  Joe  Buf f  would have  t a l k e d  

about~ a t t e m p t s  to put  a s ingle va lue  on this  p o t e n t i a l  of  the  a s se t  and l i ab i l i ty  

cash  f lows to sh i f t ,  and we will c e r t a i n l y  h e a r  m o r e  about  this  in the  y e a r s  to  

c o m e ,  

I have  only c o v e r e d  a f r a c t i o n  of  the  m a t e r i a l  t h a t  is in the  f o r m a l  report~ and I 

would e n c o u r a g e  you  to s tudy  the  r e p o r t  c a r e f u l l y ,  wi th  p a r t i c u l a r  a t t e n t i o n  to 

the  need  for  r e b a l a n c i n g  at  each  po l icy  ann ive r sa ry .  I h a v e  used  " requ i r ed  

r e s e r v e "  and "good and s u f f i c i e n t  r e s e rve"  i n t e r c h a n g e a b l y  in my  p r e s e n t a t i o n ,  

bu t  I wan t  to s t r e s s  t h a t  t h e y  are  not  n e c e s s a r i l y  the  same .  Addi t iona l ly ,  good 

and s u f f i c i e n t  r e s e rve s  do no t  n e c e s s a r i l y  e q u a t e  to s t a t u t o r y  or GAAP.  The 

c o n c e p t  of~ good and s u f f i c i e n t  r e s e r v e s  is t r u l y  a d y n a m i c  one,  and we 

u n d o u b t e d l y  s t i l l  have  much  to learn .  It will c e r t a i n l y  p rov ide  a cha l l enge  to 

10-29 



v a l u a t i o n  a c t u a r i e s  in the  f u t u r e .  I th ink  it  is c l e a r  t h a t  this  c h a l l e n g e  can only 

be m e t  when we t r u l y  m a s t e r  the  nuts  and bo l t s  of  cash  f low analys is .  

MR. J O S E P H  J. BUFF:  The  t h e o r y  beh ind  d u r a t i o n  ana lys i s  as a tool  for  C -3  r isk 

m a n a g e m e n t  is p r e s e n t e d  in my  c h a p t e r  fo r  the  Va lua t ion  A c t u a r y  Handbook .  

A t t e n d e e s  of  the  1986 Sympos ium for  the  Va lua t i on  A c t u a r y  w e r e  sen t  as a d v a n c e  

r e a d i n g  a pa ne l  d i scuss ion  t a lk  I p r e s e n t e d  at  the  S o c i e t y ' s  1986 Bos ton  m e e t i n g .  

Bo th  p i e c e s  exp la in  how 

. Op t i on  p r i c ing  t e c h n i q u e s  can  be used  to d e t e r m i n e  a m a r k e t  va lue  

for  an a s se t  or l i ab i l i ty ,  even  if the  cash  f lows a re  i n t e r e s t  s ens i t i ve .  

Z. D u r a t i o n  can  be d e f i n e d  as a m e a s u r e m e n t  of  the  s e n s i t i v i t y  of 

m a r k e t  va lue  to  i n t e r e s t  r a t e  changes .  This e x t e n d s  M a c a u l a y  

d u r a t i o n  to  cash  f lows t h a t  a re  a f u n c t i o n  of  i n t e r e s t  r a t e s .  

. Adjus t ing  t he  r e l a t i o n s h i p  b e t w e e n  asse t  and l i ab i l i t y  du ra t i ons  can  

i m m u n i z e  p r o f i t  t a r g e t s  aga ins t  f u t u r e  i n t e r e s t  r a t e  m o v e m e n t s ,  a t  

l ea s t  a p p r o x i m a t e l y .  Thus,  d u r a t i o n  ana lys i s  can  be used  to m e a s u r e  

and c o n t r o l  C - 3  r i sk  e x p o s u r e .  

My m a t e r i a l s  for  the  P r o c e e d i n g s  of  the  1986 Sympos ium for  the  Va lua t i on  

A c t u a r y  s u m m a r i z e  t he  r a t i o n a l e  beh ind  d u r a t i o n  ana lys i s  and then  p r e s e n t  the  

r e s u l t s  of  a d u r a t i o n  ana lys i s  fo r  a s p e c i f i c ,  r e p r e s e n t a t i v e  b lock  of  new issues of 

a t y p i c a l  s ingle  p r e m i u m  d e f e r r e d  a n n u i t y  p r o d u c t .  S e v e r a l  b locks  of  bus iness  

can  be  c o m b i n e d  using the  " a g g r e g a t i o n  p r o p e r t y "  d e s c r i b e d  be low.  Al though  the  

t e s t  ca se  shown h e r e  a s s u m e d  0 p r o f i t  m a r g i n  fo r  s i m p l i c i t y ,  t he  c a l c u l a t i o n s  
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could just  as easi ly have included a prof i t  targeL such as 3 pe rcen t  of premium 

deposit  or 0.Z5 pe rcen t  of  cash value per  year .  

The mater ia l s  consist  of the following: 

. A descr ip t ion of  the case s tudy produc t  design and assumptions,  as 

well as quan t i t a t ive  resul ts  and genera l  conclusions.  

Z. A p rac t i ca l  discussion of how to imp lemen t  asse t / l i ab i l i ty  

management .  

. Table  10-10, the 40 in te res t  r a t e  scenar ios  used to t es t  the resul ts  of 

the durat ion analysis by appl icat ion of  a t radi t ional  s imulat ions 

analysis. 

. Figure 10-8, which discusses durat ion and convexity~ documents  the 

input and output  of the tes t  case  SPDA, and demons t r a t e s  the pi t fa l ls  

of  using Macaulay  durat ion to t ry  to analyze  i n t e r e s t - s e n s i t i v e  cash 

flows.  

. Figure 10-9, which graphical ly  displays the resul t s  of the s imulat ions  

tes t ing of the durat ion analysis model.  

Very br ief ly ,  the durat ion analysis and its  tes t ing  by a t radi t ional  s imulat ions  

model  demons t r a t e  the following: 
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. Opt ion  pr ic ing  m e t h o d s  allow the  pr ic ing  of an SPDA ( that  is, s e t t i n g  

of i n t e r e s t  r a t e s  c r e d i t e d  to pol icyholders)  and the  s e t t i n g  of 

i n v e s t m e n t  s t r a t e g y  ( tha t  is, s e l e c t i n g  asse t s  whose du ra t i on  m a t c h e s  

the  l i ab i l i ty  dura t ion)  so t h a t  p r o f i t a b i l i t y  can be i m m u n i z e d  aga ins t  

f u t u r e  i n t e r e s t  r a t e  vo l a t i l i t y ,  a t  l eas t  a p p r o x i m a t e l y .  

Z. M a c a u l a y  du ra t i on  can give ser ious ly  mis l ead ing  i n f o r m a t i o n  about  C-  

3 r isk exposure  when l i ab i l i t i es  and /o r  asse t s  a re  i n t e r e s t  sens i t ive .  

. The s imu la t i ons  t e s t i ng  showed  t h a t  ave r age  p r e s e n t  va lue  of book 

p ro f i t  over  Z0 y e a r s  was ve ry  close to 0, where  the  c r e d i t e d  r a t e s  

r e c o m m e n d e d  by the  du ra t i on  ana lys is  for  "b reak ing  even" were  used 

at  issue and s u b s e q u e n t l y  r e s e t  by fo rmu la .  Thus, t r ad i t i ona l  

s imu la t i ons  mode l ing  ve r i f i e s  t h a t  opt ion  pr ic ing  t h e o r y  is a va luable  

aid to p r o d u c t  p r ic ing  in an e n v i r o n m e n t  of  vo la t i l e  i n t e r e s t  r a t e s .  

. The s i m u l a t i o n s  t e s t i ng  showed  t h a t  the  d ispers ion  of p r e sen t  va lue  of 

book p ro f i t  was m i n i m i z e d  when the  in i t i a l  p roduc t  cash  flow was 

i n v e s t e d  in an asse t  whose du ra t i on  m a t c h e d  the  in i t ia l  l i ab i l i ty  

du ra t ion .  Thus, t r a d i t i o n a l  s imu la t i ons  mode l ing  ve r i f i e s  t ha t  

d u r a t i o n  ana lys i s  is a va luab le  aid to s e t t i n g  i n v e s t m e n t  s t r a t e g i e s  

t h a t  r e d u c e  i n t e r e s t  r a t e  risk.  If l i ab i l i ty  du ra t ions  had been  

r e c o m p u t e d  p e r i o d i c a l l y  and the  a s se t  po r t fo l io ' s  du ra t i on  r e b a l a n c e d  

acco rd ing ly ,  an even  g r e a t e r  level  of  i m m u n i z a t i o n  ( reduced 

d ispers ion  of  p r o f i t  across  scenar ios)  would have  been  ob ta ined .  

IO-3Z 



. I t  should be  n o t e d  t ha t  the  b e n e f i t s  of  d u r a t i o n  ana lys i s  and du ra t i on  

m a t c h i n g  a re  no t  l i m i t e d  to  SPDA p r o d u c t s .  Even  p r o d u c t s  t ha t  a r e  

no t  v e r y  " i n t e r e s t  s ens i t ive , "  such  as s o m e  GICs or s t r u c t u r e d  

s e t t l e m e n t  annui t ies ,  a r e  e x p o s e d  to C-3 r isk if a s se t  and l i ab i l i ty  

du ra t i ons  a re  not  he ld  in p r o p e r  b a l a n c e .  

SINGLE PREMIUM DEFERRED ANNUITIES 

I. C a s e  de f in i t ion .  

A. P r o d u c t  s p e c i f i c a t i o n s .  

! .  SZ0,000 s ingle  p r e m i u m .  

Z. I n t e r e s t  r a t e .  

a. In i t ia l  r a t e  g u a r a n t e e d  3 y e a r s .  
b.  U l t i m a t e  g u a r a n t e e :  3.5 p e r c e n t .  
c. R a t e s  r e s e t  annua l ly  beg inn ing  y e a r  4. 

3. Sur render  cha rges .  

a. Seven  p e r c e n t ,  g r a d e d  down to  0 p e r c e n t  ove r  7 yea r s .  
b. F r e e  s u r r e n d e r  of  10 p e r c e n t  of  cash  va lue .  

B. 

C. 

Assumpt ions .  

1. P e r - p o l i c y  expenses :  $100 acqu i s i t ion ,  $Z5 m a i n t e n a n c e  
in f l a t ing  a t  9 0 - d a y  i n t e r e s t  r a t e  less  3.00 p e r c e n t .  

Z. Commis s ions :  6 p e r c e n t  p r e m i u m ,  c h a r g e b a c k s  dur ing f i r s t  1Z 
months .  

3. Lapse  r a t e :  5 p e r c e n t  all y e a r s ,  plus i n t e r e s t  s e n s i t i v e  e x c e s s  
lapses .  

F e d e r a l  i n c o m e  tax:  36.8 p e r c e n t  of  gain  f rom o p e r a t i o n s .  

R e s e r v e s :  equa l  c a sh  s u r r e n d e r  va lues .  

M o r t a l i t y :  none  a s sumed .  

T rad i t i ona l  p r i c ing  r e su l t s .  

1. B r e a k - e v e n  i n t e r e s t  s p r e a d  is 0.60 p e r c e n t .  

. 

5. 

6. 
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H. 

. C u r r e n t  (3/31/86) i n t e r e s t  e n v i r o n m e n t  does  not  allow spread  to 
be e a r n e d  at  issue wi th  c o m p e t i t i v e  r a t e .  Three  choices :  

a .  

b .  

c .  

C r e d i t  low r a t e :  no sales .  
Inves t  h ighe r -y ie ld ing ,  r i sk ier  asse t s .  
A c c e p t  in i t ia l  loss; m a k e  it up on renewals .  

D. K e y  base l ine  a s sumpt ions  for the  SPDA du ra t i on  model .  

. Va lua t ion  d a t e  is 3 /31 /86 .  The s t a r t i n g  y ie ld  curve  in pr ic ing 
the  cash  f lows was the  3 /31/86 yie ld  curve  for  A - r a t e d  
nonca l l ab l e  c o r p o r a t e  bonds (7.07 p e r c e n t  for  t h r e e - m o n t h  
bonds; 8.10 p e r c e n t  for  t e n - y e a r  bonds).  

Z. I n t e r e s t - s e n s i t i v e  excess  lapses  are  t en  t i m e s  the  excess  of  
c o m p e t i t o r  r a t e  over  c r e d i t e d  r a t e ,  wi th  a m a x i m u m  of 30 
p e r c e n t  annua l ly .  No excess  lapse if  i n t e r e s t  r a t e  d i f f e r e n t i a l  
is less t han  0.25 p e r c e n t .  The lapse func t i on  also assumes  t h a t  
po l i cyho lde r s  will wan t  to b reak  even on the  su r rende r  cha rge  
over  a 3 - y e a r  per iod.  

. C o m p e t i t o r  r a t e  each  q u a r t e r  is l a rge r  of  A - r a t e d ,  t h r e e - m o n t h  
and t e n - y e a r  new m o n e y  r a t e s ,  minus  a marg in .  The marg in  
begins a t  1 p e r c e n t  to  p roduce  an in i t i a l  c o m p e t i t o r  r a t e  of  9.25 
p e r c e n t  annual ,  e f f e c t i v e  at  3 /31/86 ,  and it  g rades  to 1 p e r c e n t  
over  the  f i r s t  two yea r s  of the  p ro jec t ions ,  to r e f l e c t  a 
" c o r r e c t i o n "  t o w a r d  h i s t o r i c a l  ma rg in  levels .  

. C a l c u l a t i o n s  are  on a " b r e a k - e v e n "  basis  ( tha t  is, 0 p ro f i t  
margin) .  

SPDA du ra t i on  analys is .  

A. G e n e r a l  mode l  for pr ic ing  i n t e r e s t - s e n s i t i v e  cash f low s t r e a m s  
p roduces  q u a n t i f i e r s  of  the  p roduc t ' s  r i s k / r e t u r n  pos tu re .  

1. Marke t  va lue  of  l iab i l i ty .  

Z. D u r a t i o n  of l i ab i l i ty .  

3. C o n v e x i t y  of l i ab i l i ty .  

B. Uses  of  the  r i s k / r e t u r n  q u a n t i f i e r s .  

1. Se t t i ng  c r e d i t e d  r a t e s  and marg ins ,  p ro f i t  t a r g e t s  (pricing). 

Z. Choos ing  i n v e s t m e n t  s t r a t e g i e s .  

3. C o m p a r i n g  p roduc t  design a l t e r n a t i v e s .  

4. C o m p a r i n g  c r e d i t e d  r a t e  r e s e t  s t r a t e g i e s .  

C. Applying the  gene ra l  model .  
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D. 

E. 

F. 

1. Pricing: i t e r a t e  on initial c r ed i t ed  r a t e  and/or renewal  margin 
unti l  the  l iabil i ty marke t  value equals the  premium deposit .  

Z. Inves tmen t  s t ra teg ies :  durat ion and convex i ty  of the l iabi l i t ies  
es tabl ish  t a rge t s  for  the asse t  por t fo l io ' s  durat ion and 
convexi ty .  

Determining  a c red i t ed  r a t e  s t r a t egy .  

1. This is c r i t ica l  to the design and adminis t ra t ion  of the product .  

Z. Rules  must  be se t  for use by the model .  

3. Meet ing this r equ i r emen t  helps managemen t  focus  on def inable  
c red i ted  r a t e  s t r a t e g y  quest ions.  

4. Will a por t fo l io  earning ra te ,  an ex te rna l  r e f e r e n c e  ("index"), or 
a combinat ion  of  both  drive the renewal  c red i t ed  r a t e s ?  

5. What about  piercing the bai lout  (if any)? 

Model used to analyze  some r e p r e s e n t a t i v e  credi t ing  r a t e  s t ra teg ies .  

1. R e s e t  off  of f ive -yea r  A- ra t ed  new money  ra te  once year ly ,  
a f t e r  ini t ial  r a t e  is f ixed for  the  f i rs t  th ree  pol icy years .  

Z. A renewal  margin of ZOO basis points  (Z percent )  will be 
s u b t r a c t e d  from this new money ra te .  

3. Mark to marke t  s t r a t egy :  move  SPDA c red i t ed  r a t e  up and 
down to t r ack  changes in the f i v e - y e a r  r a t e  net  of the margin. 

4. Downward  r a t che t :  c r ed i t ed  r a t e  is the lesser  of the f i v e - y e a r  
r a t e  net  of  margin and the previous  c red i t ed  ra te .  Thus, the 
only way this r a t e  can change is to dec rease .  

Rev iew of quan t i t a t i ve  resul ts  from running the model .  

1. For  a b reak -even  init ial  c r ed i t ed  r a t e  of 8.1 pe rcen t ,  the mark 
to marke t  c redi t ing  r a t e  s t r a t e g y  produces  a marke t  value 
l iabi l i ty  equal to the $Z0,000 premium deposit .  The initial 
durat ion is Z.3 years ,  and the initial  convex i ty  is Z5.Z years  
squared.  

Z. For a b reak -even  initial c r ed i t ed  ra te  of 8.5 pe rcen t ,  the 
downward r a t c h e t  credi t ing  r a t e  s t r a t e g y  produces  a marke t  
value l iabi l i ty  equal to the $Z0,000 premium deposi t .  The 
initial  durat ion is Z.5 years ,  and the init ial  convex i ty  is Z6.1 
years  squared.  

3. All else being equal, the downward r a t c h e t  s t r a t e g y  allows a 
higher init ial  c red i t ed  r a t e  than the mark to marke t  s t r a t egy .  
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G. 

H. 

I. 

4. S e n s i t i v i t y  t e s t i ng  shows tha t  ra i s ing  lapses ,  all e lse  being 
equal ,  i n c r e a s e s  the  m a r k e t  va lue  l i ab i l i ty .  Rais ing the  in i t ia l  
c r e d i t e d  r a t e ,  all e lse  be ing  equal ,  also i n c r e a s e s  the  m a r k e t  
va lue  l i ab i l i ty .  

Some  o b s e r v a t i o n s  ;rod r e c o m m e n d a t i o n s .  

1. C a l c u l a t i o n s  t a k e  a c c o u n t  of  the  e n t i r e  s t a r t i n g  y ie ld  cu rve .  

Z. Acqu i s i t ion  cos t s  a re  a m o r t i z e d  ove r  the  e n t i r e  Z 0 - y e a r  
p r o j e c t i o n  pe r iod .  

. The  c a l c u l a t i o n s  t e n t a t i v e l y  sugges t  t ha t  the  mos t  p r o f i t a b l e  
p r o d u c t  s t r a t e g y  would use  a d o w n w a r d  r a t c h e t  m e t h o d .  

. The  cos t  of  ra i s ing  c r e d i t e d  r a t e s  to c o n t r o l  lapses  e x c e e d s  the  
cos t s  of  a l lowing  lapses  to occu r .  May no t  work  for  r e c u r r i n g  
p r e m i u m  or f r o n t - e n d  load p r o d u c t s .  

. C r e d i t i n g  s t r a t e g y  has c r i t i c a l  i m p a c t  on the  p r o d u c t ' s  
r i s k / r e t u r n  p o s t u r e .  

P i t f a l l s  of M a c a u l a y  du ra t i on .  

. The  M a c a u l a y  d u r a t i o n  of  s c e n a r i o s '  f lows can  be used  to 
e s t i m a t e  the  d u r a t i o n  of  the  SPDA (or o t h e r  i n t e r e s t - s e n s i t i v e )  
l i ab i l i ty .  

Z. M a c a u l a y  d u r a t i o n  g ives  the  wrong  answer  for  the  d u r a t i o n  of  a 
pu t  o p t i o n  (SPDA w i t h d r a w a l  g u a r a n t e e s ) .  

. F o r  s a m p l e  SPDA, t he  M a c a u l a y  d u r a t i o n  e x c e e d e d  the  c o r r e c t  
d u r a t i o n  by  an a v e r a g e  o f  abou t  four  y e a r s .  

Conc lus ions .  

. D u r a t i o n  m a t c h i n g  can  be  used  to  i m m u n i z e  the  r a t i o  of surplus  
to  l i ab i l i t i e s .  D u r a t i o n  m a t c h i n g  is a d y n a m i c  s t r a t e g y ,  
e s p e c i a l l y  i f  i n t e r e s t  r a t e s  c h a n g e  rap id ly .  

Z. M a c a u l a y  d u r a t i o n  a long i n t e r e s t  r a t e  s c e n a r i o s  will no t  give 
u se fu l  i n f o r m a t i o n  abou t  the  d u r a t i o n  of  t he  l i ab i l i ty .  

. 

. 

P o l i c y h o l d e r  i n t e r e s t - c r e d i t i n g  s t r a t e g y  has  c r i t i c a l  i m p a c t  on 
t he  f i n a n c i a l  p e r f o r m a n c e  o f  t he  SPDA. 

For  s ingle  p r e m i u m ,  r e a r - e n d  load  p r o d u c t s ,  it  is g e n e r a l l y  m o r e  
p r o f i t a b l e  to  al low lapses  to  o c c u r  than  it  is to  ra i se  c r e d i t e d  
r a t e s  in o r d e r  to  d i s c o u r a g e  lapses .  
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SPDA s i m u l a t i o n  analys is .  

A. Cash  flow p ro j ec t i ons  use the  s a m e  i n t e r e s t  r a t e  s cena r ios  as the  
du ra t i on  model .  

I. L a t t i c e  pa th ,  no t  r a n d o m  walk.  

Z. T h r e e - m o n t h  and l O - y e a r  r a t e s  a re  l i s t ed  in Table  10-10.  

B. a re  t he  s a m e  as for  

C. 

R e g u l a r  and i n t e r e s t - s e n s i t i v e  a s sumpt ions  
du ra t i on  mode l  analys is .  

Graphs  o f  r e su l t s  a re  in F igu re  10-9. 

. Three se t s  of  r e su l t s .  

a. 

b. 
C. 

Z. Each 

a .  

b. 
C .  

d. 
e .  

Basel ine  assumpt ions :  m a r k  to m a r k e t  r e s e t .  
Base l ine  assumpt ions :  downward  r a t c h e t  r a t e .  
Mark to m a r k e t :  lapse  s e n s i t i v i t y  t e s t .  

g raph  has f ive l ines.  

Top l ine i n d i c a t e s  bes t  r e su l t  among  40 scenar ios .  
Second l ine i n d i c a t e s  Z0th p e r c e n t i l e .  
Middle l ine i nd i ca t e s  m e d i a n  r e su l t .  
F o u r t h  line i n d i c a t e s  80th  p e r c e n t i l e .  
F i f t h  l ine i nd i ca t e s  wors t  r e su l t  a m o n g  40 scenar ios .  

D. I n t e r p r e t a t i o n  of  resu l t s .  

. 

Z. 

. 

Base l ine  a s sumpt ion  r e su l t s  v e r i f y  t h a t  d u r a t i o n  mode l  p roduces  
answer  wi th  l eas t  v a r i a t i o n  in r e su l t s .  

The m e d i a n  p r e s e n t  va lue  o f  book p ro f i t s  a t  8 p e r c e n t  is c lose  
to  zero ,  bu t  no t  e x a c t l y :  

a .  

b. 
S imula t ions  used s t a t i c  s t r a t e g i e s .  
Values are  s t a t u t o r y  p ro f i t s .  

Higher  lapses  lower  m e d i a n  values .  

a .  

b. 
Give more  cost  to  w i t h d r a w a l  put  opt ion.  
"Worst  case"  not  m u c h  a f f e c t e d ,  because  not  much  in 
fo rce .  
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IMPLEMENTATION OF ASSET/LIABII.ITY MANAGEMENT 

I. 

II. 

Asset  sys t ems  requ i rements .  

A. Market  values.  

1. How computed?  

2. How of ten?  

B. Durat ions,  

1. Macaulay  or pr ice  change? 

Z. Convexi ty .  

C. Asset  segmenta t ion .  

D. Internal  coupon stripping. 

Asset  da ta  requ i rements .  

A. Basic requ i rements .  

1. Asse t  descr ipt ion.  

Z. Coupon. 

3. Maturity or reset date? 

4. Periodicity. 

5. Call/put provisions. 

a. Schedules. 
b. Refunding versus cash ca11. 

6. Sinking fund provisions. 

B. Other considerations. 

1. P r iva t e  p lacements .  

a. Market  values. 
b. Redempt ion  provisions.  

Z. Mor tgage  pass- throughs.  

a. Col la tera l .  
b. Pool  number .  
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Ill. 

3. CMOs. 

a. Issuer.  
b. Col la tera l .  
c. P ay men t  schedule .  

4. Commerc ia l  and res ident ia l  mor tgages .  

a. P r e p a y m e n t  p ro tec t ion .  
b. Collateral. 

Liability data requirements. 

A. "Master file" data. 

I. Valuation cell characteristics--variations by the following: 

a. Policy form. 
b. Issue month (or quarter) and issue year. 
c. Sex and issue age. 

B. 

Z. Da ta  needed  for each  valuat ion cell. 

a. Number  of  pol ic ies  in force .  
b. Curren t  accumula t ion  value. 
c. Curren t  c red i t ed  ra tes .  
d. Bailout ra tes .  

Pr icing assumptions.  

1. Convent ional  assumptions.  

a ,  

b. 
C.  

d. 
e .  

. 

Commissions and expenses .  
Mor ta l i ty  ra tes .  
Lapse ra tes .  
Annuit izat ion ra tes .  
l~olicyholder e lec t ion  r a t e s  if s ignif icant  choices,  such as 
period of  r a t e  guaran tee  upon renewal ,  can be made. 

In te res t  sens i t iv i ty  assumptions.  

a. C o mp e t i t i v e  environment .  
b. Lapse ra tes .  

i. Pol icy  lapses,  for 
premium products .  

ii. Premium s top-pays ,  
products .  

c. Pol icy  loan ra tes ,  if appl icable .  
d. Cred i t ed  r a t e  r e se t  s t r a t egy .  

single premium and recurr ing 

for recurr ing  premium 
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i. P o r t f o l i o  basis--single r a t e  or gene ra t i on .  

ii. E x t e r n a l  r e f e r e n c e  c o n t r a c t u a l  or j u d g m e n t a l .  

iii. Rules  for  using (a) and (b) to get  r e se t  r a t e s .  

e .  

f. 
Expense  in f l a t ion .  
New sales ,  if an open block is be ing mode led .  

IV. P r a c t i c a l  a spec t s  of  a s s e t / l i a b i l i t y  m a n a g e m e n t .  

A. Pos t aud i t i ng :  wha t  r epo r t s  do you need  to keep t r a c k  of? 

1. Economic  f o r e c a s t / s c e n a r i o .  

a .  

b. 
I n t e r e s t  r a t e  f o r e c a s t / a s s u m p t i o n s .  
I n f l a t i on  f o r e c a s t .  

2. Cash  flow va r i ance  r epo r t .  

a l  

b. 
C .  

d. 
e .  

I n v e s t m e n t  i ncome .  
M a t u r i t i e s  and a m o r t i z a t i o n .  
Cash  f rom opera t ions .  
Sur renders .  
Po l i cy  loans.  

3. P o r t f o l i o  mix.  

a. Taxab le  bonds.  

i. Less than  1 y e a r .  
ii. 1 y e a r  to 5 yea r s .  
iii. Medium t e r m .  
iv. Long t e r m .  

Do 

C .  

d. 
e .  

f .  
g. 

T a x - e x e m p t  bonds.  
Mor tgages .  
C o m m o n  s tock  (market ) .  
P r e f e r r e d  s tock  (marke t ) .  
Po l i cy  loans.  
Money  m a r k e t .  

4. I n t e r e s t - s e n s i t i v e  r e s e rve  p ro jec t ions .  

a .  

b. 
C°  

Universa l  l i fe .  
SPDA. 
I n t e r e s t - s e n s i t i v e  whole  l i fe .  

B. Asse t  s e g m e n t a t i o n .  

1. A c t u a l  a l l o c a t i o n  by p roduc t - - r ea l  po r t fo l io .  
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C. 

Z. Nota t iona l  segmenta t ion- -paper  por t fol io .  
3. P rob lems  of  segmenta t ion .  

a. Too few assets .  
b. Recogni t ion  of  capi ta l  gains. 
c. I n t e r e s t - c r e d i t e d  subsidy. 

4. Considera t ions  in r e s t ruc tu r ing  a portfol io .  

Organizat ion and communica t ion :  managing the c red i t ed  ra te .  

1. Who should be on the t eam--marke t ing  o f f ice r ,  i nves tmen t  
o f f i ce r ,  ac tuary ,  CEO. 

Z. Set t ing inves tmen t  policy.  

a. Insurance considerat ions .  
b. Inves tmen t  considerat ions .  
c. Match the insurance cons idera t ions  to the inves tmen t  

considerat ions .  

3. Team e f fo r t ,  

a. Asse t / l i ab i l i ty  m a n a g e m e n t  process .  

4. Avoiding common errors  in a s se t / l i ab i l i ty  managemen t .  
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TILLINGItASTIMORGAN STANLEY SPOA 
INTEREST RATE SCENARIOS 

LATTICE PATHS WITH EXPECIAI IONS HYPOTHESIS 

SCENARIO Q ~ I I  Q 2 / I  Q 3 / t  0411 0112  0212  0312 0 4 / 2  0 1 / 3  0213  0313  0413 0 1 / 4  Q214 0314 Q414 Q I I S  Q21S Q31S Q4/S 

1 T.O? 7 . 9 0  7 . 2 7  6 . 8 2  7 . 4 8  7 . 0 4  6 . 0 1  7 , 2 3  e .  SS 7 . 1 0  6 . 6 2  7. 19 7 . 7 6  0 . 4 2  9 . 1 4  9 . 9 1  11 ,03  12 .00  11 .22  10 .50  
0 . 1 0  8 . 3 5  0 . 1 7  0 .01  9 . 2 4  0 . 0 7  7 . 8 4  0 . 1 1  7 . 8 0  9 , 1 5  7 . 9 2  8 . 2 0  8 . 4 2  8 . 6 8  9 . 0 1  9 . 4 4  9 . 9 5  10 .55  9 . 9 8  9 . 5 0  

7 . 0 7  7 . 0 0  6 . 4 6  9 . 2 3  8 . 7 1  0 . 1 9  7 . 6 9  0 . 4 1  7 .61  7 . 1 0  7 .71  8 . 3 6  9 . 0 4  8 . 4 2  9 . 1 4  9 . 9 1  11 .03  12 .00  11.22 10 .50  
8 . 1 0  0 . 3 5  8 . 6 8  9 . 0 9  9 . 7 5  8 . 4 8  8 . 2 9  8 . 5 3  9 . 3 3  0 . 1 5  8 . 3 8  8 . 6 3  8 . 9 6  8 . 6 8  9 . 0 1  9 . 4 4  9 . 9 5  10 .55  9 . 9 0  9 . 5 0  

:D 7 . 0 7  7 . 0 0  7 . 2 7  7 . 9 3  0 . 7 1  9 . 5 3  10 .41  1 1 . 4 0  12.01 13 .04  1 2 . 1 5  13 .19  14 .26  I S . 4 0  14 .42  13 .44  12 .84  12 .00  13 .07  12 .22  
9 . 1 0  8 . 3 5  0 . 1 7  8 . 4 2  6 . 7 5  9 . 1 6  9 . 0 6  1 0 . 2 3  1 0 . 9 0  1 1 . 6 6  10 .97  11 .75  12 .62  1 3 . 6 0  12.71 11.91 11 .19  IO.SS 11.23  10 .57  

4 7 , 0 7  7 . 0 0  0 . 4 6  7 . 9 3  7 . 4 8  0 . 1 9  7 . 6 9  8 . 4 1  9 . 8 6  9 . 2 6  0 . 9 7  9 . 7 3  10 .52  9 . 8 0  10 .03  9 . 9 1  11 .03  12 .00  13.07 14 .23  
9 . 1 0  8 . 3 5  9 . 6 8  9 . 4 2  9 . 2 4  8 . 4 8  8 . 2 9  8 . 5 3  8 .BS  0 . 5 9  8 . 9 1  9 . 3 3  9 . 8 3  9 . 3 6  9 . 9 0  9 . 4 4  9 . 9 5  10 .55  11 .23  12 .00  

$ 7 . 0 7  7 . 0 0  7 . 2 7  7 . 9 3  7 . 4 8  8 . 1 9  7 . 6 9  8 . 4 1  7 .61  7 . 1 0  7 .71  7 . 1 9  6 . 6 7  6 . 2 2  9 . 7 5  7 . 3 2  7 . 0 0  6 . 5 4  6 . 1 2  5 . 7 3  
9 .  I0  0 . 3 5  0.  17 8 . 4 2  8 . 2 4  8 . 4 8  8 . 2 9  8 . 5 3  8 . 3 3  8 .  IS 8 . 3 8  6 . 2 0  7 . 9 7  7 . 6 9  9 . 0 1  8 . 2 8  6 . 0 4  7 . 7 5  7 . 4 3  7 . 0 9  

6 7 . 0 7  7 . 9 0  7 .27  6 . 8 2  7 . 4 8  8 . 1 9  7 . 6 9  7 . 2 3  6 . 5 5  7 . 1 0  7 .71  8 . 3 6  9 . 0 4  8 . 4 2  9 . 1 4  9 . 9 1  9 . 4 7  8 . 8 6  9 . 6 4  1 0 . 5 0  
8 . 1 0  6 . 3 5  8 . 1 7  6 . 0 1  8 . 2 4  0 . 4 8  9 . 2 9  9 . 1 !  7 . 8 8  9 . 1 5  8 . 3 8  8 . 6 3  8 . 9 6  8 . 6 9  9 . 0 1  9 . 4 4  9 . 0 6  8 . 7 6  9 . 0 9  9 . 5 0  

7 7 . 0 7  7 . 6 0  8 . 4 6  7 . 9 3  9 . 7 1  9 . 5 3  10 .41  1 1 . 4 0  10.31 1 1 . 2 0  12 .15  1 3 . 1 9  1 4 . 2 6  15 .46  16 .00  1 5 . 6 6  17 .42  16 .29  17 .73  16 .58  
9 . 1 0  8 . 3 6  8 . 6 8  8 . 4 2  6 . 7 6  9 . 1 6  9 . 6 6  10 .23  9 . 7 1  1 0 . 3 0  10 .97  11 .75  12 ,62  13 .60  ~4 .70  13 .70  14 .60  13 .78  14 .06  13.01 

6 7 . 0 7  7 . 6 0  7 . 2 7  6 . 8 2  7 . 4 8  7 . 0 4  7 . 6 9  8 . 4 1  F.61 7. 10 6 . 6 2  7 . 1 9  6 . 6 7  7 . 2 4  7 . 9 5  7 . 3 2  9 .  14 8 . 6 6  9 . 6 4  IO.S0  
9 . 1 0  8 . 3 5  6 . 1 7  0 . 0 1  8 . 2 4  9 . 0 7  0 . 2 9  8 . 9 3  8 . 3 3  6 . 1 9  7 . 9 2  8 . 2 0  7 .97  8 . 2 4  8 . 4 7  8 . 2 8  8 . 5 1  8 . 7 6  9 . 0 9  9 . 5 0  

9 7 . 0 7  7 . 0 0  0 . 4 6  9 . 2 3  1 0 . 1 3  I 1 . 0 9  10 .41  1 1 . 4 0  12 .01  11 .20  10 .44  9 . 7 3  10 .52  9 . 6 0  9 . 1 4  9 . 9 1  9 . 4 7  8 . 8 6  9 . 6 4  9 . 0 2  
0 . 1 0  ~l.3S 8 . 6 8  9 . 0 9  9 . 5 9  10 .17  9 . 6 6  10 .23  1 0 . 9 0  10 .30  9 . 7 7  9 . 3 3  9 . 8 3  9 . 3 8  9 . 0 1  9 . 4 4  9 . 0 6  0 . 1 6  9 . 0 9  8 . / 7  

10 7 . 0 7  7 . 0 0  8 . 4 6  7 . 9 3  7 . 4 8  7 . 0 4  7 . 6 9  7 . 2 3  6 . 5 6  6 . 1 1  6 . 6 2  6 . 1 0  6 . 6 7  7 . 2 4  6 . 7 5  7 . 3 2  ? . 0 0  7 .61  7 .12  7 . 7 5  
8.  I0  8 . 3 $  8 . 6 8  6 . 4 2  6 . 2 4  8 . 0 7  8 . 2 9  0 .  I I  7 . 0 0  7 . 6 2  7 . 9 2  7 , 6 6  7 . 9 7  8 . 2 4  0 .01  8 . 2 0  8 . 0 4  8 .31  8 . 0 6  8 . 3 3  

I I  7 . 07  7 . 8 0  0 . 4 6  7 . 9 3  9 . 7 1  8 . 1 9  0 . 9 5  9 . 7 9  10.31 9 . 6 2  10 .44  9 . 7 3  10 .52  9 . 6 0  10 .63  9 . 9 1  9 . 4 7  10.31 9 . 6 4  9 . 0 2  
9 . 1 0  8 . 3 5  0 . 6 9  8 . 4 2  6 . 7 6  8 . 4 8  0 . 0 1  9 . 2 2  9 . 7 1  9 . 2 7  9 . 7 7  9 . 3 3  9 . 0 3  9 . 3 8  9 . 9 0  9 . 4 4  9 . 0 6  9 . 4 8  9 . 0 9  8 . 7 7  

12 7 . 0 7  7 . 0 0  8 . 4 6  9 . 2 3  1 0 . 1 3  9 . 5 3  0 . 9 5  9 . 7 9  0 . 8 6  6 . 2 6  7 .71  7 . 1 9  6 . 6 7  7 . 2 4  7 . 9 5  8 . 5 2  9 . 4 7  8 . 8 6  8 . 7 0  7 . 7 5  
0 . 1 0  8 . 3 5  0 . 6 0  9 . 0 9  9 . 5 9  9 . 1 6  6 . 8 1  9 . 2 2  0 . 6 5  8 . 5 0  8 . 3 8  0 . 2 0  7 .97  0 . 2 4  8 . 4 7  9 . 7 2  9 . 0 6  8 . 7 6  8 . 5 3  8 . 3 7  

13 7 . 0 7  7 . 8 0  7 . 2 7  7 . 9 3  0 . 7 1  6 . 1 9  7 . 6 9  7 . 2 3  7 .61  8 . 2 6  7 .71  7 . 1 9  7 . 7 6  7 . 2 4  6 . 7 5  6 . 2 9  7 . 0 0  6 . 5 4  6 . 1 2  6 . 6 6  
0 . 1 0  q . 3 S  0 . 1 7  8 . 4 2  9 . 7 5  8 . 4 8  6 . 2 9  8 . 1 1  8 . 3 3  6 . 5 8  0 . 3 8  0 . 2 0  6 . 4 2  8 . 2 4  0 . 0 1  7 . 7 3  8 . 0 4  7 . 7 5  7 . 4 3  7 . 7 7  

14 7 .07  ? . 0 0  7 . 2 7  7 . 9 3  9 . 7 1  9 . 6 3  0 . 9 5  0 . 4 1  0 . 8 6  9 . 2 6  9 . 9 7  8 . 3 6  9 . 0 4  8 . 4 2  7 . 0 5  O.S2 9 . 4 7  10.31 9 . 6 4  10 .50  
9 . 1 0  9 . 3 9  9 . 1 7  0 . 4 2  9 . 7 5  9 . 1 6  0 . 0 1  6 . 5 3  0 . 0 5  9 . 5 9  8 . 9 1  0 . 6 3  8 . 9 6  8 . 6 0  8 . 4 7  8 . 7 2  9 . 0 6  9 . 4 8  9 . 0 9  9 . 5 0  

19 7 . 0 7  7 . 9 0  7 . 2 7  6 . 8 2  7 . 4 9  9 . 1 9  0 . 9 5  9 . 4 1  7 .61  7 . 1 0  6 . 6 2  7 . 1 9  7 . 7 6  ? . 2 4  6 . 7 5  6 . 2 9  6 . 0 1  6 . 5 4  6 . 1 2  6 . 6 6  
9 . 1 0  9 . 3 6  0 . 1 7  9 . 0 1  0 . 2 4  0 . 4 0  0 .81  0 . 5 3  0 . 3 3  0 . 1 5  7 . 9 2  0 . 2 0  0 . 4 2  0 . 2 4  0 . 0 1  7 . 7 3  7 . 4 2  7 . 7 5  7 . 4 3  7 .77  

r -  

b - -  

o 
! 

b - - ,  

o 

The t e d  r a t e  l a  t h e  t h r o e - m o n t h  money h e r b a l  r a t e  on s b o n d - e q u i v a l e n t  b a l l s .  

The b o t t o m  r a t e  t s  t h e  t a n - y e a r  p u b l i c l y  t r a d e d  C O r p o r a t e  b o n d  r a t a  on a b o n d - e q u i v a l e n t  b a s i s .  



71LLINGHASTIMORGAN STANLEY SPDA 
I H V [ R [ S !  RATE SCENARIOS 

LATVlCE PA|H$ WIIH EXPEC|A/ IONS HYPOTHESIS 

SCENARIO Q I / 6  0 2 / S  0316 Q4/6  Q I / ?  Q211 Q317 0411 Q1/e  0209  Q319 0410 Q t l 9  Q219 Q3 /9  -Q419 Q I / 1 0  Q2/10  Q3/10  04110  

1 B . 4 0  8 . 7 6  B . 1 6  7 .91  9 . 2 9  7 . 8 9  7 . 1 7  4 . 6 8  7 . 3 4  7 . 9 7  0 . 6 S  8 . 0 8  7 . 5 4  9 . 1 0  7 .04  7 . 1 3  9 . 6 6  7 .23  1.07 e . s 4  
9 . 1 0  0 . 1 9  0 . 6 7  9 . 3 7  9 . a 0  0 . 4 0  0 . 1 4  7 . 0 4  0 . 1 6  8 . 4 2  0 . 0 4  0 . 4 2  0 . 1 6  9 . 4 2  0 . 1 4  7 . 0 ]  7 . 49  ?.81 0 . 1 0  8 . 3 5  

] 0 . 4 9  10 .20  9 . 5 0  0 . 0 5  0 . 2 5  F .60  8 . 3 4  7 .17  8 . 5 4  7 .9~  7 . 4 4  8 . 0 0  7 . 5 4  7 .03  6 . 5 1  6 . 1 3  6 . 6 6  7 .23  6 . ~ 6  0 . 3 1  
9 . 1 0  9 . 5 2  9 . 1 3  0 . 9 3  6 . 6 0  0 . 4 0  8 . 6 2  8 . 4 1  0 . 5 4  8 . 4 2  0 . 1 0  0 . 4 2  0 . 1 5  1 .94  7 . 5 0  7 . 1 4  1 ,49  7.81 1 .47  7 .11  

3 12 .74  13 .82  14 .99  13 .97  I S . t O  16 .44  16 .32  14 .21  13 .48  14 .04  I S . O r  11 .29  16 .13  17 ,52  19 .00  2 0 . 7 t  19 .33  t 0 . 0 2  16.83 10 .29  
I t . 2 •  12 .04  12 .93  12 .10  12 .99  13 .99  13 .04  i 2 , 1 9  11 .42  12.21 13 .00  14 .08  13 .09  14 .05  15 .12  10 .20  05 .06  13.94 12.93 13 ,83  

4 14 .84  16.01 17 .47  18 .07  2 0 . 5 9  tO .17  17 .09  16 .63  15 .10  14 .64  I S . O I  14 .84  13 .04  i 2 . 9 1  02 .05  13.0t )  14 .24  15 .46  16.83 10.20 
12.07 13 .66  14 .91  16 .19  17 .54  16 .27  15.11 14 .04  13 .08  t 2 . 2 1  13 .00  12.21 11 .42  1 0 . 7 3 , 1 0 . 1 2  10.10 11 .36  12,10 12.93 1 3 . 9 3  

S S . 1 3  5 . 5 6  6 . 0 3  5 . 6 2  O. tO 0 . 6 8  0 . 1 6  6 . 6 8  0 . 3 1  4 . 8 5  0 . 3 9  S.OT 6 . 4 0  6 . 0 ~  6 . 5 1  7 . t 3  7 . 7 5  7 .23  1 .07  0 . S 4  
6 . 7 4  7 . i l  7 . 4 1  7 . 1 3  1 .40  7 . 1 4  / . S O  7 . 8 4  1 .91  7 .05  7 .01  7 . 1 6  7 .$1  7 . 1 9  7 . 5 0  7 . 0 3  8 . 1 2  7.91 8 . 1 0  8 . 3 5  

• 9 . 4 0  | . 7 6  9 . 9 0  t 0 . 3 0  9 . 6 0  8 . 0 4  8 , 3 4  9 . 0 4  0 . 9 4  9 . 3 7  t 0 . 0 7  0 . 4 0  10.20 11 .00  02 .05  03 .09  12 .23  11 .40  12.40 11 .51  
9 . 1 0  8 . 7 9  9 . 1 3  9 . 5 9  9 . 1 6  0 . 9 5  0 . 0 2  0 . 0 7  9 .21  0 . • 0  0 .22  0 .80  9 .21  9 . 6 2  10 .12  10 .70  10 .09  9 . 5 1  10 .04  9 . 5 2  

1 14 .04  13 .92  12 .01  11 .99  13.01 1 2 . t 2  13 .15  13 .25  i t . S O  12 .57  13 .05  12 .74  11 .89  12.91 14 .03  13 .00  12 .33  13.27 12.40 13 .41  
12.07 12 .04  11 .30  iO.OS 11 .35  10 .69  11 .39  10 .12  10 .14  i 0 . 7 4  t i . 4 3  10 .74  10 .04  10 .13  11 .40  10 .70  10 .09  10 .65  10.04 10 .59  

0 10 .94  10 .20  10 .06  11 .99  i 3 . 0 1  14.10 t 5 . 3 2  14 .27  13 .48  04 .04  03 .05  12 .74  11 .09  12.91 02 .05  13 .09  14 .24  13.21 14.44 15 .69  
I 0 . 0 0  9 . 5 2  10 .04  10 .05  11 .35  12 .14  13 .04  t 2 . 1 0  11 .42  12.21 1 1 . 4 3  10 .74  t 0 . 1 4  00 .73  10 .12  10 .10  11 .36  10.65 11.30 12 .02  

• 0 . 0 0  9 . 1 6  9 . 5 0  10 .30  11 .19  00.41 11 .29  12 .25  I I . $ 9  10 .19  10 .73  12 .14  11 .09  12.91 14 .03  15 .29  16 .59  18 .02  16.R3 15 .69  
8 . 5 4  0 . 1 9  9 . 1 3  9 . 5 6  10 .09  9 . 5 9  00.11 10 .72  t 0 . 0 4  9 . 6 3  10 .14  10 .74  10 .14  10 .73  11 .40  12 .16  13.01 13.94 12.93 12 .02  

10 8 . 9 4  6 . 4 7  6 . 0 3  S .54  7 , 0 9  7 . 8 0  1.11 1,?1 0 .54  9 .27  10 .07  9 . 4 0  10.21 1 t . 0 9  i 2 , 0 S  t 1 . 2 4  12 .23  11 .40  10.65 11 .57  
0 . 0 1  7 . 7 0  7 .41  1 .90  0 . 1 2  • . 4 0  O ; t 4  0 .41  0 . 6 4  9 . 0 9  9 . 2 2  9 . 0 0  9 .21  9 . 6 2  10 .12  0 . 6 0  10 .09  9 . 5 1  9 . 1 4  9 . 5 2  

11 9 . 4 0  9 . 1 6  9 . 5 0  0 . 9 5  0 . 2 5  7 . 0 9  7 . 1 1  6 . 6 8  6 .31  0 . 9 9  6 . 3 0  E . 9 4  T .S4  • . t O  1 . 6 4  7 . 1 3  8 . 6 6  6 . 2 2  5 .01  5 .42  
0 . 1 0  6 . 7 9  9 . 1 3  1 . 1 3  0 . 8 0  1 . 4 0  8 . 1 4  1 . 9 4  7 .51  7 . 8 $  7 .51  7 . 8 5  I . I S  1 . 4 2  1 . 1 4  7 . 1 3  7 .49  1 .13  6 . 1 1  6 . 4 0  

12 6 . 9 4  4 . 4 7  1 .02  8 . 5 4  6 . 1 0  • . • l  6 . 1 6  0 . 6 8  6 . 3 1  6 . 6 5  7 . 4 4  6 . 9 4  6 . 4 8  8 . 0 5  5 . 6 5  6 . 1 3  5 . 7 3  5 . 3 5  5 . 0 0  5 . 4 2  
0 . 0 7  7.70 9 . 1 0  7 .01  7 . 4 9  7 . • 2  I . S 0  7 . 0 4  7.S1 Y .09  0 . 1 6  7 . 9 5  7.SO 7 .15  0 . 1 9  7 . 0 4  6 . 1 0  6 .41  6 . 0 4  6 . 4 0  

13 6 . 9 4  7 .53  1 .02  4 . 5 4  0 . 0 0  4 . 4 0  0 . t 0  6.GO 7 . 3 4  7 .97  7 . 4 4  9 . 0 9  9 . 7 7  9 . 5 2  0 . 8 0  0 . 3 0  0 . 0 2  0 .41  1.81 8 . 5 4  
0 . 0 7  8 . 3 5  | . 1 0  7 .81  7 . 4 8  7 . 8 2  1 . 9 0  7 .94  | . 1 5  8 . 4 2  0 . 1 6  8 . 4 2  8 . 6 4  3 . 6 0  • . 6 3  8 . 4 0  8 .61  8 . 3 8  6 . 1 0  9 . 3 5  

14 10 .94  l l , e ?  11 ,06  10 .30  11 .10  12 .12  11 .29  12 ,25  13 .40  02 .57  11 .13  10 .94  I t . B 9  01 .09  12 .05  11 .24  IO.SO 9 . 1 9  10.65 9 . 9 4  
IO.O0 10 .00  00 .04  0 . 6 6  10 .08  10 .09  tO. I t  10 .72  i i , 4 2  10 .74  i 0 . 1 4  9 . 6 3  t 0 . 1 4  9 . 8 2  10 .12  8 . 6 0  9 . 1 9  9 . 9 3  9 . 1 4  8 . 1 9  

IS 4 . 9 4  0 . 4 7  6 . 0 3  0 . 5 4  6 . 1 0  6 . 6 ~  5 . 3 0  4 . 9 4  6 . 4 3  6 . 0 9  S.SO S . I 3  4 . 7 9  5 . 2 0  5 . 6 5  5 . 2 1  5 . 7 3  6 . 3 2  6 . 1 6  6 .31  
0 . 0 7  7 . 1 0  7 .47  7 .91  7 , 4 0  ? . 1 4  6 . 7 0  6 . 4 2  6 . 1 9  7 . 1 6  6 . 0 0  6 . 4 3  6 . 0 6  6 . 4 3  6 . 7 9  6 .42  8 . 1 9  1 .13  ? .41  7 .11  

! 

0 

| h e  t o p  r o t e  09 t h e  t h r e e - m o n t h  money m a r k e t  r a t e  on • b o n d - e q u i v a l e n t  b e s t s .  

The b o t t o l  r o t e  19 t h e  t e n - y e a r  p u l D I t c | y  t r a d e d  c o r p o r a t e  bond  r a t e  on • b o n d - e q u i v a l e n t  b a s i s .  



TILLaMG, HASYIIdORGA. STANLEY SPOA 
INVERE~T R~TE 5C iNANIO5  

L A T T | C [  PAIH5  ~ | I H  E~PECTATg0NS HYPOTHESIS 

SCENAR|0 Q I I ! 1  Q2111 03111  0 4 1 1 1 Q l l l 2  Q2112 0 3 1 1 2  0 4 1 1 2  Q I I 1 3  0 2 1 1 3  Q3113 0 4 1 1 3  Q1114 0 2 1 1 4  03114 04114  0 1 1 1 5  0 2 / 1 5  03115  Q411S 

I 8 . 2 5  T . 6 S  7 . 1 1  7 . 6 8  0 . 2 9  ~ . 9 6  9 .GU 0 . 9 8  g . 7 1  1 0 . 4 8  1 1 . 3 4  I 0 . S 3  1 1 . 3 8  I 0 . $ 6  1 1 . 4 2  1 2 . 3 3  1 1 . 4 6  1 2 . 3 8  1 1 . 4 9  1 0 . 6 7  
8 . 5 4  8 . 3 4  8 . 1 0  8 . 3 7  0 . 6 0  9 . 8 5  9 . 1 9  0 . 8 9  9 . 2 3  9 . 8 5  1 0 . 1 7  9 . 8 9  1 0 . 2 1  8 . 7 3  1 0 . 2 5  1 0 . 0 7  1 0 . 3 0  1 0 . 9 2  10 .34  9 . 8 9  

2 8 . 0 9  6 . 6 6  6 . 2 8  S . 6 7  6 . 1 3  S . 6 9  6 . 1 5  6 . 6 4  7 . 1 7  6 . 0 6  ? . 2 0  6 . 9 8  7 . 2 2  7 . 8 0  8 . 4 3  6 . 1 6  9 . 9 4  9 . 1 4  9 . 8 7  1 0 . 9 7  
7 . 4 5  7 . 1 2  9 . 7 7  7 . 1 4  7 . 5 0  7 . 1 7  1 . 5 3  ? . 8 7  8 . 1 9  7 . 9 0  8 . 2 2  7 . 9 4  8 . 2 6  8 . 5 4  0 . 7 7  9 . 0 3  9 . 3 9  9 . 0 ;  9 . 4 2  0 . 8 6  

3 1 7 . 6 6  1 8 . 3 7  1 0 . 2 0  1 6 . 4 3  1 5 . 2 3  1 4 . 1 5  13.  I2  1 4 . 1 9  1 5 . 3 4  1 ~ . 5 8  1 5 . 3 8  1 0 . 6 3  1 7 . 9 9  1 9 . 4 4  2 1 . 0 4  2 2 . 7 5  2 1 . 1 1  1 9 . 5 9  1 8 . 1 7  1 6 . 8 6  
1 4 . 8 2  1 3 . 8 0  1 2 . 8 7  1 3 . 8 5  1 2 . 6 2  1 2 . 0 0  0 1 . 3 4  8 2 . 1 3  1 3 . 0 2  14 .01  1 3 . 0 1  1 4 . 0 6  1 5 . 1 7  1 8 . 3 9  1 7 . 7 3  19 .21  17 .91  16 .53  1 5 . 3 6  14 .31  

4 1 7 . 6 8  1 9 . 0 9  17.71 1 6 , 4 3  I S . 2 3  1 9 . 4 9  1 7 . 9 1  1 9 , 2 5  1 7 . 8 7  1 9 . 3 2  1 7 . 9 3  1 9 . 3 8  2 0 . 9 9  2 2 . 6 7  2 1 . 0 4  2 2 . 7 5  2 4 . 6 3  2 9 . 8 5  ~4 .71  2 6 . ? S  
1 4 . 8 2  16 .01  1 4 . 8 8  1 3 . 6 5  1 2 . 9 2  1 3 . 9 0  1 4 . 9 9  1 6 . 1 9  1 5 . 0 4  1 6 . 2 5  1 5 . 1 0  1 6 . 3 2  1 7 . 6 6  1 9 . 1 3  1 7 . 1 3  18 .21  2 0 . 8 3  2 2 . 6 0  2 0 . 9 2  2 2 . 7 0  

5 8 . 2 5  0 . 9 1  9 . 6 3  1 0 . 4 0  1 1 . 2 3  1 0 . 4 3  1 1 . 2 7  1 0 . 4 6  1 1 . 3 0  1 0 . 4 9  1 1 . 3 4  1 0 . 5 3  9 . 7 1  1 0 . 5 6  1 1 . 4 2  1 0 . 5 9  9 . 8 4  1 0 . 6 4  9 . 6 7  9 . 1 7  
8 . 5 4  8 .19  6 . 1 2  9 . 5 4  1 0 . 0 5  9 . 5 8  1 0 . 0 9  9 . 6 2  1 0 . 1 3  9 . 6 5  1 0 . t ?  9 . 6 9  9 . 3 0  9 . 7 3  1 0 . 2 5  9 . 7 7  9 . 3 8  9 . 8 2  9 . 4 2  9 . 1 1  

6 9 . 6 0  8 . 9 1  9 . 6 3  0 . 9 3  0 . 2 9  7 . 7 0  7 . 1 5  7 . 7 2  7 . 1 7  ? . 7 5  0 . 3 ?  9 . 0 ~  9 . 7 7  9 . 0 7  0 . 4 3  8 . 1 0  9 . 0 4  6 . 1 4  8 . 4 8  7 . 8 8  
9 . 0 9  8 . 7 9  9 . 1 2  8 . 6 2  8 . 6 0  8 . 4 0  8 . I 6  0 . 4 4  8 . 1 9  0 . 4 1  O.?O 9 . 9 6  9 . 3 0  8 . 9 9  6 .77  9 . 0 3  9 . 3 0  9 . 0 7  8 . 8 5  0 . 6 5  

7 I I  17 1 0 . 3 7  6 . 6 3  1 0 . 4 0  9 . 6 5  a . 9 6  9 . 6 0  8 98 8 . 3 5  7 . ? ~  0 . 3 7  7 77 7 22 6 .70  ? . 2 4  6 . 7 2  7 27 6 . 7 5  6 . 2 7  6 . 7 7  
9 . 9 0  9 . 5 1  6 . 1 2  6 . 5 4  9 , 1 6  O .9S  9 . 1 9  6 . 8 9  0 . 6 7  0 . 4 7  6 . 7 0  6 . 5 0  0 . 2 6  7 . 9 7  8 . 2 9  8 . 0 0  6 . 3 3  8 . 0 4  7 . 7 2  9 . 0 7  

6 13 .01  1 4 . 0 5  I S . 2 0  1 6 . 4 3  1 7 . 7 5  1 9 . 2 |  1 7 . 8 1  1 6 . 5 2  1 7 . 8 7  1 9 . 3 2  1 7 , 9 3  1 9 . 3 9  1 1 . 9 8  1 9 . 4 4  I 8 . 0 S  1 6 . 7 3  18 .11  1 6 . 8 0  1 8 . 1 7  1 6 . 8 6  
1 1 . 2 2  1 1 . 9 9  1 2 . 8 7  1 3 . 8 5  1 4 . 9 3  1 6 . 1 3  1 4 . 9 9  1 3 . 9 5  0 5 . 0 4  1 6 . 2 5  1 5 . 1 0  8 6 . 3 2  1 9 . 1 7  1 6 . 3 9  1 5 . 2 3  1 4 . 1 8  1 5 . 3 0  1 4 . 2 4  1 5 . 3 6  14 .31  , 

C> 
9 I S . I S  1 6 , 3 7  17 .71  1 6 . 4 3  1 5 . 2 3  1 4 . 1 5  t 5 . 2 8  1 6 . 5 2  1 7 . 8 7  1 9 . 3 2  1 7 . 9 3  1 6 . 6 3  1 7 . 9 8  1 6 . 6 8  t 5 . 4 9  1 4 . 3 6  1 5 . 5 4  1 6 . 8 0  1 8 . 1 7  1 9 . 6 5  

1 2 . 8 2  1 3 . 8 0  1 4 . 8 8  1 3 . 8 5  1 2 . 9 2  1 2 . 0 8  1 2 . 9 6  1 3 . 9 5  1 5 . 0 4  1 6 . 2 ~  IS .  tO 1 4 . 0 6  1 5 . 1 1  1 4 . 1 2  1 3 . 1 0  1 2 . 3 3  1 3 . 2 3  1 4 . 2 4  1 5 . 3 6  1 6 . 6 0  ~'~ 

I 0  9 . 6 0  1 0 . 3 7  9 . 6 3  1 0 . 4 0  1 8 . 2 3  1 0 . 4 3  9 . 6 8  1 0 . 4 6  9 . 7 1  9 . 0 2  9 . 7 4  1 0 . 5 3  9 . 7 7  9 . 0 1  8 . 4 3  7 . 8 2  7.21 ? . 8 5  8 48 9 . 1 7  
9 . 0 9  9 . 5 1  9 . 1 2  6 . 5 4  1 0 . 0 5  9 . 5 0  9 . i 6  9 . 6 2  9 . 2 3  8 . 9 2  9 . 2 6  9 . 6 9  9 . 3 0  6 . 9 9  8 . 7 7  8 . 5 8  8 . 3 3  8 . 6 1  8 . 8 5  9 . 1 t  

I I  5 . 2 4  5 . 6 6  S . 2 6  4 . 0 6  5 . 2 1  4 . 9 Q  4 . 5 4  4 . 2 2  3 . 9 2  3 . S ~  3 . 9 3  4 . 2 5  4 . 5 9  4 . 9 5  S . 3 5  4 . 9 ?  5 . 3 7  4 . 9 9  5 . 3 9  5 . 0 1  
6 . 7 5  7 . 1 2  6 . 7 7  6 . 4 2  6 . 8 0  6 . 4 S  6 . 1 0  5 . 7 5  5 . 4 1  5 . 0 9  5 . 4 4  5 . 8 0  6 . 1 7  6 . 5 5  6 . 9 3  6 . 5 8  6 . 9 6  6 . 6 1  7 . 0 0  6 . 6 4  

I )  5 . 2 4  5 . 6 6  5 . 2 6  4 . 8 8  5 . 2 7  5 . 6 9  5 . 2 8  ~ . 9 1  4 . 5 6  ~ . 9 2  4 . 5 7  4 . 9 4  5 . 3 3  4 . 9 5  5 . 3 5  4 . 9 7  4 . 6 2  4 . 9 9  4 . 6 3  5 . 0 1  
6 . 7 5  7 . 1 2  6 . 7 7  6 . 4 2  6 . 8 0  ? . 1 7  6 . 8 2  6 . 4 7  6 . 1 2  6 . 5 0  6 . 9 5  6 . 5 2  8 . 9 1  6 . 5 5  6 . 9 3  6 . 5 8  6 . 2 3  6 . 6 1  6 . 2 5  6 . 6 4  

13 7 . 0 9  6 . 5 8  6 . 1 1  6 . 6 7  5 . 2 7  4 . 9 0  4 . 5 4  ~ . 2 2  4 . 5 6  4 . 2 3  3 . 9 3  3 . 6 5  3 . 9 4  4 . 2 6  3 . 9 6  4 . 2 7  3 . 9 7  3 . 6 9  3 . 9 9  4 . 3 1  
0 . 0 7  7 . 7 9  7.41 7 . 1 4  6 . 0 0  6 . 4 0  6 .  I 0  5 . 7 5  6 .  12 5 . 7 8  5 . ~ 4  9 . 1 1  5 . 4 6  5 . 8 2  5 . 4 8  5 . 0 5  5 . 5 1  5 . 1 7  5 . 5 3  5 . 9 0  

14 8 . 2 6  8 . 9 1  6 . 2 7  8 . 9 3  9 . 6 5  1 0 . 4 3  9 . 6 8  1 0 . 4 6  11 .31  1 0 . 4 9  I 1 . 3 4  1 2 . 2 6  1 1 . 3 9  1 2 . 2 9  1 1 . 4 2  1 2 . 3 3  1 1 . 4 6  1 2 . 3 8  1 1 . 4 9  1 2 . 4 2  
8.54  8 .79  8 .57  8 .82  9 . 1 6  9 . 5 8  9 , 1 9  6 . 6 2  1 0 . 1 3  9 . 6 5  1 0 . 1 7  1 0 . 7 8  10 .21  1 0 . 8 2  1 0 . 2 5  1 0 . 8 7  1 0 . 3 0  1 0 . 9 2  1 0 . 3 4  1 0 . 9 7  

IS 5 . 2 4  6 . 6 6  6 . 1 1  5 . 6 7  9 . 1 3  5 . 6 9  5 . 2 6  S . 7 1  5 . 3 0  6 . 7 3  6 . 1 9  S . 7 ~  5 . 3 3  4 . 9 9  5 . 3 5  4 . 9 7  4 . 6 ~  4 . 9 9  5 . 3 9  5 . 6 2  
8 . 1 5  7 . 1 2  7 . 4 7  7 . 1 4  7 . 5 0  7.17 6 . 8 2  7 . 2 0  6 . 8 5  7 . 2 2  7 . 5 9  7 . 2 5  6 . 9 1  6 . 5 5  6 . 9 3  6 . 5 8  6 . 2 3  6 . 6 t  7 . 0 0  1 . 3 8  

The t o p  r a t e  18 t h e  t h r o e " m o n t h  m o n e y  m l r ~ o t  rO tG on  a b o n d - o q u Q ~ 6 1 Q n ~  b a i l s .  

The b o t t o m  r a t e  i s  t h e  t e n - y e a r  p u b l i c l y  t r a d e d  c o r p o r a Q o  b o n d  r a t e  on  s b o n d - e q u l v a l o n l  b a s i s .  



TILLING*4AST/MORGAN STANLEY SPDA 
INTEREST RATE SCENARIOS 

LATTICE PAIH5 WI IH  EXPECTATIONS HVPOTflESI5 

SCENARIO 01116 03116 Q3 /16  Q4 /16  Q I I I . /  Q311./ Q3011 Q4111 Q1116 Q2115 Q3118 Q4118 Q111•  

I • . • 1  9 . 2 0  0 . 5 5  0 . 2 3  • . 9 9  I 0 . 7 9  10 .03  10 .64  11 .72  I 0 . 5 1  11 ,16  I O . 9 3  10 .15  
• .41  • . 1 6  • . 9 3  9 . 2 0  • . 5 6  I 0 . 0 1  • . 6 1  10 .06  I O . 6 0  10,11 t O . O •  10 .11  • . 7 6  

2 11 .53  12 .41  11 .58  12.51 1 3 . • 4  14 .63  15 .63  14 .10  13 .64  1 2 . 6 6  1 3 . 7 0  14 .02  13. . /6  
10 .39  11.02 10 .44  I I . 0 1  I I . 0 0  I ) . O )  13 .55  1 2 . 6 •  11 .92  11 .24  1 1 . • 8  12 .02  12 .05  

3 19 .23  19 .12  3 1 . 3 5  ) 3 . 0 9  2 1 . 4 3  2 3 . 1 7  31 .51  19 .98  10 .52  ) 0 , 0 3  1 0 . 6 0  1 7 . 2 6  t 6 . 6 9  
15 .43  16 .69  18 .05  19 .56  19 .14  1 • . 6 6  18 .23  16 .93  15 .74  11 .03  15 .83  14 .15  1 5 . • 1  

4 2 9 . • 5  3 1 . 3 4  ) • . 0 9  3 1 . 4 6  3 4 . 1 0  3 1 . 5 5  3 4 . 2 3  3 7 . 0 9  4 0 . 1 9  31 .21  34 .51  3 . / . 39  3 4 . 6 6  
) 4 . 6 6  2 6 . 8 0  2 4 . 7 8  2 6 . 9 3  ) • . 2 •  3 1 . 0 6  ) 9 . 4 4  3 2 . 0 4  3 4 . 8 9  3 2 . 2 0  2 9 . 1 5  3 2 . 3 8  29 .91  

• • . 5 1  0 . 2 0  8 . 5 5  9 . 2 3  8 . 5 5  7 . • 6  • . 6 1  9 . 3 1  8 . 6 5  9 . 3 4  9 . 6 5  9 . 3 9  10 .15  
8 . 8 •  • . 1 6  8 . 9 3  • . 2 0  • . 9 |  8 . 7 8  • . 0 2  9 . 2 •  • . O T  • . 3 4  9 . 1 2  9 . 4 0  9 . . / 6  

• 1 . 51  . / . • 1  1 . 5 5  • . 2 3  9 . • 9  I 0 . T S  11 .61  10 .64  11 .72  I 0 . 1 1  11 .16  1 0 . • 3  10 .15  
1 . 8 9  • . 6 9  8 . 9 3  • . 2 0  9 . • 6  10.01 10 .55  10 .06  10 .60  I 0 . 1 1  10 .66  10 .17  • . 7 6  

1 6 . 2 9  6 . 1 0  6 . 3 2  5 . 8 6  8 . 3 4  5 . • 0  • . 4 . /  5 . 0 5  5 . 4 0  6 ,  10 6 . 5 3  5 . 0 6  6 . 4 4  
' / . 1 5  B . I I  7 . 7 •  1 . 45  7 . 0 3  . / . 4 •  . / .13  6 . 7 7  1 .17  6 .91  1 . ) 1  7 .61  6 .O0 

• 18 .23  19 .72  21 .35  19 .50  2 1 . 4 3  2 3 . 1 1  21 .51  19 .96  2 1 . 6 0  2 0 . 0 3  1 9 . 6 0  2 0 . 1 3  21 .18  
15 .43  16 .66  18 .05  16 .76  10 .14  1 9 . 6 6  10 .33  16 .93  18 .33  11 .02  15 .83  17.11 18 .53  

• 10 .23  19 .72  18.31 16.98 10 .30  19.6. /  21 .51  ) 3 . 2 0  2 1 . 6 0  2 0 . 0 3  10 .60  2 0 . 1 3  10 .69  
i 8 . 4 3  16 .65  15.51 14.44 i • . 6 8  16 .94  19 .23  19 .76  16 .33  1T.02  15 .53  17 .11  15.91 

I0  8 .51  1 ,91  . / .35  6 . 8 3  T . 3 6  7 . 0 6  . / . 40  5 . 0 0  8 . 6 5  9 . 3 4  I 0 . 1 1  9 . 3 9  10. IS 
8 . 8 9  8 . 6 9  6 . 4 4  8 . 1 5  0 . 4 8  9 . 7 8  9. '53 0 . 8 3  9 . 0 7  9 . 3 4  0 . 1 1  9 , 4 0  9 . 7 6  

I I  4 . 6 5  4 , 3 2  4 . 0 2  4 . 3 4  4 . 0 3  4 . 3 5  4 . 0 5  3 . 1 6  3 . 4 0  3 . 1 1  4 . 0 6  nt.41 4 . 1 0  
0 . 2 8  5 . 9 3  5 . 5 6  5 . 9 6  5 . 6 1  6 . 9 9  5 . 6 4  5 . 3 0  4 . 9 8  6 . 3 3  5 . . / 0  6 . 0 9  5 . 7 3  

12 6 .41  5 . 0 2  5 . 4 3  5 . 8 6  5 . 4 5  • . 0 9  6 , 3 6  6 . 8 8  6 . 3 9  S . g 3  0 . 4 1  6 . 9 3  6 . 4 4  
7 . 0 3  6 . 6 7  . / . 06  7 . 4 5  7 . 1 0  . / .49  7 .81  6 . 2 3  1 . • 1  7 . 6 1  . / . 95  8 . 3 Z  8 . 0 0  

13 4 . 6 5  4 . 3 2  4 . 0 2  3 . 7 3  3 .4 . /  3 . . / 4  3 . 4 8  3 . 2 3  3 . 4 9  3 . 2 4  3 . 0 2  2 . 9 0  3 . 0 3  
4J.28 5 . 9 3  5 . 5 8  5 . 2 5  4 . 9 3  5 . 2 1  4 . 9 5  4 . 6 4  4 . 9 8  4 . 6 6  4 . 3 1  4 . 0 0  4 . 3 9  

14 11 .53  12.4"/  13 .49  12.51 11 .63  12 .50  13 .59  12 .62  11 .72  10 .97  10.11 9 . 3 9  8 . 1 2  
10.39  11 .02  11 .74  11 .01  10 .49  11 .13  11 .85  11 .18  I 0 . 6 0  t O . I t  O . T I  0 . 4 0  0 . 1 1  

15 6 . 2 i i  6 .8Q . / .35  0 . 8 3  7 . 3 8  9 . 9 5  . / . 40  0 . 5 9  6 . 3 9  iJ.DO . / . 46  6 . 9 3  6 . 4 4  
1 . . / 6  l .  I I  8 . 4 4  8 . 1 5  8 . 4 0  9 . 1 9  9 . 5 3  0 . 2 3  T . • l  6 . 2 0  0 . 6 2  8 . 3 2  0 . 0 0  

Q211•  Q 3 / I •  Q411•  Q I / ) 0  Q3/ C 63120 Q 4 / 2 0  

• .43  8 . 7 6  8 . 1 4  1 . 5 6  6 . 1 1  8 . 8 4  9 . 2 1  
9 . 4 5  9 . 2 2  • . 0 3  5 . 7 7  9 . 0 9  9 . 3 4 -  9 . 1 4  

12 .76  13 .03  1 4 . • 5  13.88 15.01 13.95 15 .09  
11 .31  12 ,12  1 2 . • 1  1 2 . 1 •  13 .05  12.21 1 3 . 1 3  

20 .21  2 1 . • 9  2 3 , 6 •  2 5 . 6 4  23 .79  12 .09  2 0 . 4 9  
1 7 . 2 i  18 .63  2 0 . 2 0  2 1 . • )  20 .32  18.86 11 .52  

3 1 . 5 6  3 4 . 6 4  3 1 . 1 3  3 4 . • I  32 ,47  3 0 . 1 0  3 2 . 5 •  
3 2 . 5 6  3 0 . 0 0  3 2 . 1 5  3 0 . 2 5  21 .91  25 .88  2 5 . 1 4  

10 .07  10 .20  I 1 . 0 2  10 .24  11.01 10.79 1 1 . 1 2  
10 .22  • . 8 2  10 .29  • . 8 8  10.35 9 . 9 4  10 .41  

10 .91  10 .20  • . 4 1  5 . 5 0  8 . 1 1  9 . 8 4  8 . 2 1  
10 .22  • , 8 2  • . 5 1  • . 2 8  • . 0 6  9 . 3 4  0 . 1 4  

6 . 9 •  S .ST 5 . 1 7  4 . 8 0  4 . 4 6  4 . 9 3  5 . 2 2  
1 . 6 5  7 . 2 •  6 . 9 3  6 . 5 6  6 . 2 0  6 . 6 0  7 ,01  

30.21 2 1 . • •  2 3 . 6 •  2 1 . • 7  2 0 . 3 •  1 6 . • 5  11 .50  
11.21 18 .63  2 0 . 2 0  10 .74  11.41 16.20 15 .10  

20 .21  2 i . I •  2 0 . 3 0  10 .04  17 .49  10.95 1? .50  
17.21 18 .63  I . / . 31  16 .10  15.01 16 .20  1 5 . 1 0  

IO.OT I I . B T  11 .02  10.24 11.07 11.90 11 .12  
I 0 . ) )  1 0 . 1 •  10 .29  0 . 5 5  10 .35  1 0 . • 1  10 .41  

4 . 4 3  4 . ? •  4 . 4 4  4 . 8 0  4 . 4 6  4 . 1 5  3 . 9 6  
6 . 1 2  6 . 5 2  6 . 1 0  6 . 5 6  6 , 2 0  5 . 0 4  5 . 4 9  

6 . • •  5 . 5 7  Q.OI  5 , 5 9  6 . 0 4  5 . 0 2  0 . 0 1  
7 .65  7 . 2 •  1 . 1 0  • .34 1 .14  7 .38  7 . 7 •  

2 . 8 2  2 . 8 2  2 . 4 3  2 . 6 3  ) . 0 4  2 .64  2 . 0 5  
4 .11  3 . 8 4  3 . 5 9  3 . 8 6  4 . 1 6  3 . 8 9  4 . 1 •  

| . 1 0  8 . 1 6  • . 1 4  • . 9 0  • . 5 1  8 .A4  9 .71  
5 . • 1  0 . 2 3  • . 0 3  0 . 2 8  • . 5 6  • . 3 4  0 . 1 4  

6 . 9 6  1 . 5 3  0 ~ 4  O.OO 8 . 1 7  8 . 0 4  0 . 2 1  
6 . 3 1  8 . 7 2  9 . 0 3  • . 2 0  • , 0 8  • . 3 4  • . 1 4  

> 

b - - ,  

o 
I 

o 

The t o p  r a t e  | o  t h e  t h r e e - m o n t h  money m a r k e t  r a t a  on • b o n d - e q u i v a l e n t  b o a t S .  

The b o t t o m  r a t a  i s  t h e  t e n - y e a r  p4J40ttcI V t r a d e d  C o r p o r a t e  bond  r a t a  on a b o n d - e q u i v a l e n t  b a s t e .  



SCENARIO 

16 

17 

19 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

TILLINGPIASTIMORGAN STANLEY SPOA 
INTEREST RATE SCENARIOS 

LATTICE PATHS WITH EXPECTATIONS HYPOTHESIS 

Q I I I  Q211 Q311 Q 4 / I  Q I / 2  Q 2 / 2  Q312 Q 4 / 2  Q 1 / 3  Q 2 / 3  Q313 Q 4 / 3  Q I / 4  Q 2 / 4  Q 3 / 4  Q 4 / 4  Q I / 5  Q 2 / 5  Q3 /5  Q4/S 

? . 0 7  7 . 0 0  8 . 4 6  9 . 2 3  9 . 7 1  9 . S 3  8 . 9 5  9 . 7 9  1 0 . 3 1  9 . 6 2  8 . 9 7  9 . 7 3  9 . 0 4  0 . 4 2  7 . 8 5  7 . 3 2  8 . 1 4  7 .61  7 . 1 2  7 . 7 5  
9 . 1 0  8 . 3 5  8 . 6 9  9 . 0 9  8 . 7 5  9 . 1 6  8 . 8 1  9 . 2 2  9 . 7 1  9 . 2 7  6 . 9 1  9 . 3 3  8 . 9 6  0 . 6 8  8 . 4 7  8 . 2 0  6 . 5 1  8 . 3 1  8 . 0 6  8 . 3 3  

7 .O7 7 . 9 0  9 . 4 8  7 . 9 3  7 . 4 9  7 . 0 4  6 . 6 1  7 . 2 3  7 . 6 1  0 . 2 6  7 . 7 1  7 . 1 9  7 . 7 6  8 . 4 2  9 . 1 4  9 . 9 1  9 . 4 7  8 . 8 6  9 . 2 8  7 . 7 5  
8 , 1 0  8 . 3 5  8 . 6 9  9 . 4 2  8 . 2 4  8 . 0 7  7 . 8 4  6 . 1 1  8 . 3 3  8 . 5 6  8 . 3 8  8 . 2 0  8 . 4 2  8 . 6 9  9 . 0 1  9 . 4 4  9 . 0 6  8 . 7 6  8 . 5 3  9 . 3 3  

7 . 0 7  7 . 9 0  8 . 4 6  7 . 9 3  8 . 7 1  9 . 6 3  8 . 9 5  9 . 7 9  I O . 3 1  1 1 . 2 0  1 2 . 1 5  1 3 . 1 9  1 2 . 2 4  13~29 1 4 . 4 2  1 5 . 6 6  1 4 . 9 5  1 6 . 2 9  I ; . 1 3  1 9 . 3 2  
8 . 1 0  8 . 3 5  8 . 6 6  6 . 4 2  6 . 7 5  Q . I G  6 . 8 1  9 . 2 2  9 . 7 1  I O . 3 0  I O . 9 7  1 1 . 7 5  t i . O 5  1 1 . 9 3  1 2 . 7 1  1 3 . 7 0  1 2 . 8 0  1 3 . 7 8  1 4 . 8 6  1 6 . 0 4  

? . 0 7  7 . 9 0  ? . 2 7  6 . 9 2  6 . 4 3  7 . 0 4  7 . 6 9  7 . 2 3  6 . 5 5  7 . 1 0  ? . 7 1  7 . 1 9  6 . 6 1  7 . 2 4  6 . 7 5  6 . 2 9  6 . 0 1  5 . 6 3  5 . 2 6  5 . 1 3  
8 . 1 0  8 . 3 5  8 . 1 7  8 . 0 1  7 . 8 0  8 . 0 7  9 . 2 9  8 . 1 1  7 , 6 9  9 . 1 5  8 . 3 8  9 . 2 0  7 . 9 7  9 . 2 4  8 . 0 1  7 . 7 3  7 . 4 2  7 . 0 8  6 . 1 3  7 . 0 9  

7 . 0 7  7 . 8 0  7 . 2 ?  6 . 8 2  6 . 4 3  6 . 0 5  8 . 6 1  7 . 2 3  6 . 5 5  7 . 1 0  7 . 7 1  7 . 1 9  6 . 6 7  7 . 2 4  7 . 0 S  7 . 3 2  7 . 0 0  7 .61  8 . 2 8  9 . 0 2  
8 . 1 0  8 . 3 5  8 . 1 7  0 . 0 1  7 . 8 0  7 . 6 4  7 . 9 4  8 . 1 1  7 . 0 8  8 . 1 5  8 . 3 8  8 . 2 0  7 . 9 7  8 . 2 4  0 . 4 7  8 . 2 8  8 . 0 4  8 . 3 1  8 . 5 3  6 . 7 7  

7 . 0 7  6 . 7 0  7 . 2 7  7 . 9 3  7 . 4 8  0 . 1 9  0 . 9 5  8 . 4 1  0 . 0 6  8 . 2 6  9 , 9 7  0 . 3 6  7 . 7 8  1 . 2 4  6 . 7 5  6 . 2 9  6 . 0 1  5 . 6 3  6 . 1 2  6 . 6 6  
0 . 1 0  7 . 9 5  8 . 1 7  8 . 4 2  8 . 2 4  0 . 4 8  8 . 8 1  8 . 5 3  8 . 8 5  8 . 5 8  6 . 9 1  8 . 6 3  8 . 4 2  8 . 2 4  0 . 0 1  7 . 7 3  7 . 4 2  7 . 0 8  7 . 4 3  7 . 7 7  

7 . 0 7  6 . 7 0  6 . 2 5  5 . 8 6  6 . 4 3  7 . 0 4  7 . 6 9  7 . 2 3  7 . 6 1  8 . 2 6  ? . 7 1  7 . 1 9  6 . 6 7  7 . 2 4  6 . 7 5  6 . 2 9  6 0 1  5 . 6 3  6 . 1 2  6 . 6 6  
8 . 1 0  7 . 9 5  7 . 7 4  7 . 4 9  7 . 8 0  8 . 0 7  8 . 2 9  8 . 1 1  8 . 3 3  8 . 3 0  8 . 3 8  0 . 2 0  7 . 9 ?  8 . 2 4  8 . 0 1  7 . 7 3  7 . 4 2  7 . 0 6  7 . 4 3  7 . 7 7  

1 . 0 1  6 . 1 0  1 . 2 1  6 . 8 2  6 . 4 3  6 . 0 5  5 . 6 8  5 . 3 4  4 . 8 4  4 . 5 1  4 . 9 0  4 . 5 1  4 . 2 4  3 . 9 6  4 . 2 9  4 . 6 5  5 . 1 1  5 . 6 3  5 . 2 6  5 . 7 3  
8 . 1 0  7 . 9 5  0 . 1 ;  9 . 0 1  7 . 9 0  7 . 5 4  7 . 2 5  6 . 9 4  6 . 6 1  6 . 2 1  6 . 6 4  6 . 3 0  5 . 9 6  5 . 6 2  5 . 9 8  6 . 3 5  6 . 7 2  1 . 0 8  6 . 7 3  7 . 0 9  

1 . 0 7  6 . 1 0  6 . 2 5  6 . 8 2  1 . 4 0  7 . 0 4  7 . 6 9  7 . 2 3  6 . 5 5  7 . 1 0  6 . 6 2  6 . 1 8  5 . 7 4  6 . 2 2  5 . 8 0  6 . 2 9  6 . 0 1  5 63 5 . 2 6  4 . 9 2  
O . 1 0  7 . 9 5  7 . 7 4  6 . 0 1  0 . 2 4  8 . 0 7  0 . 2 9  8 . 1 1  7 . 0 0  8 . 1 5  7 . 9 2  7 . 6 6  7 . 3 5  7 . 6 9  7 . 3 9  7 . 7 3  7 . 4 2  7 . 0 8  6 . 7 3  6 . 3 7  

1 . 0 7  6 70 7 . 2 7  6 . 8 2  7 . 4 0  7 . 0 4  7 . 6 9  7 . 2 3  7 . 6 1  0 . 2 6  1 . 7 1  8 . 3 6  9 . 0 4  9 . 8 0  9 . 1 4  8 . 5 2  9 . 4 7  10 .31  1 1 . 2 2  1 2 . 2 2  
8 . 1 0  7 95 6 . 1 7  6 . 0 1  8 . 2 4  8 . 0 7  8 . 2 0  8 . 1 1  8 . 3 3  8 . 5 8  8 . 3 0  0 . 6 3  8 . 9 6  9 . 3 8  9 . 0 1  8 . 7 2  9 . 0 6  9 . 4 8  9 90 1 0 . 5 7  

? . 0 7  6 . 7 0  7 . 2 7  7 . 9 3  1 . 4 8  7 . 0 4  7 . 6 9  0 . 4 1  9 . 8 6  8 . 2 6  1 . 1 1  7 . 1 9  6 . 6 7  1 . 2 4  8 . 7 3  6 . 2 9  7 . 0 0  7 .61  7 . 1 2  6 . 6 6  
0 . 1 0  T 95 6 . 1 7  8 . 4 2  6 . 2 4  0 . 0 7  6 . 2 9  8 . 5 3  8 . 6 5  8 . 5 8  8 . 3 0  8 . 2 0  7 . 9 7  8 . 2 4  9 . 0 1  7 . 7 3  8 . 0 4  8 . 3 1  8 . 0 6  7 . 7 ?  

7 . 0 7  6 . 7 0  6 . 2 5  6 . 8 2  6 . 4 3  6 . 0 S  5 . 6 8  5 . 3 4  5 . 6 3  5 . 2 5  4 . 9 0  4 . 5 7  4 . 2 4  3 . 9 6  3 . 6 9  4 . 0 0  3 . 8 2  4 . 1 6  3 89 4 . 2 3  
8 . 1 0  ? 95 7 . 7 4  0 . 0 1  7 . 8 0  7 . 6 4  7 . 2 5  6 . 9 4  7 . 2 8  6 . 9 7  6 . 6 4  6 . 3 0  5 . 9 6  5 . 6 2  5 . 2 9  5 . 6 4  5 . 3 0  5 . 6 5  5 . 3 1  5 . 6 6  

1.Q7 6 . 7 0  7 . 2 7  7 . 9 3  7 . 4 6  8 . 1 9  7 . 6 9  7 . 2 3  7 . 6 1  6 . 2 6  8 . 9 7  6 . 3 6  9 . O 4  6 . 4 2  7 . 0 5  8 . 5 2  8 . 1 4  1 .61  7 . 1 2  6 . 6 6  
8 . 1 0  7 95 9 . 1 7  0 . 4 2  0 . 2 4  0 . 4 0  8 . 2 9  8 . 1 1  8 . 3 3  0 . 5 8  8 . 9 1  8 . 6 3  8 . 9 6  0 . 6 8  0 . 4 7  0 . 7 2  9 . 5 1  8 . 3 1  8 . 0 6  7 . 7 1  

1 . 0 7  6 . 7 0  6 . 2 5  5 . 8 6  5 . 5 3  5 . 2 0  5 . 6 8  5 . 3 4  4 . 8 4  5 . 2 5  5 . 6 9  6 .  19 5 . 7 4  6 . 2 2  6 . 7 6  6 . 2 9  7 . 0 0  7 . 6 1  7. 12 1 . 7 5  
8 . 1 0  7 9$ 7 . 7 4  7 . 4 9  7 , 2 1  8 , 8 0  7 . 2 5  6 . 9 4  6 . 6 1  6 . 9 7  7 . 3 2  ? . 6 6  1 . 3 5  7 . 6 9  6 . 0 1  7 . 7 3  0 . 0 4  8 . 3 1  8 . 0 6  9 . 3 3  

7 . 0 7  6 . 7 0  6 . 2 5  6 . 8 2  7 . 4 8  8 . 1 9  7 . 6 9  8 . 4 1  8 . 8 6  9 . 6 2  6 . 9 7  9 . 7 3  9 . 0 4  8 . 4 2  9 . 1 4  8 . 5 2  9 . 4 7  0 , 8 6  9 . 6 4  9 . 0 2  
8 . 1 0  7 95 7 . 7 4  6 . 0 1  8 . 2 4  8 . 4 8  8 . 2 9  8 . 5 3  8 . 6 5  9 . 2 1  6 . 9 1  9 . 3 3  8 . 9 6  8 . 6 8  9 . 0 1  8 . 7 2  9 . 0 6  8 . 1 6  9 . 0 9  8 . 7 7  

t 

The t o p  r o t e  t o  t h e  t h r e e - m o n t h  money l r k e t  r o t e  o n  i b o n d - o q u l v o l o n t  b o o l e .  

The b o t t o m  r o t e  I s  t h e  t o n - y e a r  ~ b l i c l y  t r a d e d  c o r p o r a t e  b o n d  r a t e  on  i b o n d - o q u l v m l o n t  b o l t s .  



TILLINI~IAST/MORGAN STANLEY SPDA 
INVERESI RATE SCENARIOS 

LATTICE PAIHS WI|N EXPEC|AIiONS MvPOTHESIS 

SCENARIO Q I / 6  02 /6  0 3 / 6  Q4/0 Q I I 7  Q211 Q3/7 Q4/? Q118 Q2/9 0310 Q4/0 Q I I 9  03 /9  Q3/9 Q4/0 Q I I 1 0  Q2/10 03 /10  Q4/10 

19 8 .94  7.53 7 .02  7.61 0 .25  7 .69  7.17 7.71 ?.34 0 ,95  9 .39  0 .94  6 .48  0 .0S 6 .51  6 .13  5 .73  6 .22  5.81 5 .42  
0 .01  8 .30  0 .10  8 .31  9 . 6 0  0 .40  0 .14  8.41 0 .15  7.00 ?.01 7 .85  7.51 1.15 7 .50  1.14 6 .70  1.13 6 .11  6 .40  

I1 9 .08  7.53 7.02 ?.01 7 .09  0.91 7.17 6 .60  7 .34  0 . 9 0  6 . 3 0  5 .97  0 .40  6 . 0 5  9 . 0 5  8 .13  5 . 7 3  6.22 6 .76  6 .31  
0 .54  8 .35  0 .10  0 .31  0 .12  1.02 0 .14  7 .84  0 .15  7 .05  7.61 7 .19  7.51 7.1S 0 .79  7.14 6 .78  7.13 1.47 ?.11 

10 17.29 10.11 14.99 13.91 13.01 12.12 11.29 12.25 | 3 . 4 9  12.51 13.66 14.04 13.04 12.91 14.03 15.25 14.24 15.46 14.44 13.47 
14.89 13.00 12.93 12.10 11.35 10.60 10.11 10.72 11.42 10.74 11.43 12.21 11.42 10.73 11.40 12.16 11.36 12.10 11.30 10.59 

10 5 .13  4 .79  5 .19  4 .63  5 . 3 4  6 .68  0 . 1 6  6 .60  0 .31  6 . 9 9  6 . 6 0  5 .13  4 .79  6 . 2 0  4 .86  4 .53  4 .93  5 .35  5.61 6 .31  
0 .74  6 .39  6 .76  8 .40  0 .77  7 .14  7 .50  7 .84  7.51 7 .10  6 . 0 0  6 .43  6 .06  6 .43  9 .00  6 .?0  6 .05  6.41 6.77 ?.11 

20 9 .00  0 .70  9 . 5 0  10.30 0 . 6 0  0 .94  0 . 1 0  9 .04  0 .54  7 .07  0 .06  9 . 4 0  10.29 11.09 10.36 11.24 IO.SO 11.40 10.65 11.57 
0 .54  0 .79  9 .13  9 . 6 0  0 . 1 6  0 .05  0 .19  0 .87  8 .64  0 .42  0 .64  0 .80  9 .21  9 .62  9 .20  0 . 6 0  0 .18  9 .57  9 .14  9 . 5 2  

21 6 .94  ? .53  0 .10  8 .05  0 .2S 0 .94  0 . 7 0  10.52 9 .94  0 .27  0 .05  0 .40  10.21 0 .52  10.35 11.24 12.23 11.40 10.65 9 . 9 4  
0 .07  0 .35  0 .51  0 .03  0 . 6 0  | . 0 6  0 .19  9 .62  9 .21  0 . 8 0  0 .64  0 .88  9.21 0 .08  9 . 2 0  9 .60  10.09 9 .57  9 .14  0 .?9  

22 8 .94  6 .47  7 .02  7.01 0 . 2 6  0 .94  0 .34  9 .04  0 .54  0 .27  90.07 9 .40  10.21 11.09 12.05 03.09 12.23 11.40 12.40 13.47 
0 .07  7.10 0 .10  0 .31  | . 6 0  0 .05  J . 0 2  0 .07  8 .64  0 .88  0 . 2 2  0 .88  9.21 9 .62  10.12 10.70 10.09 9 .51  10.04 10.59 

23 6 .13  4 .79  4 .40  4 .03  4.81 4 .20  4 .65  4 .94  5 .43  6 . 0 6  4 .73  4.41 4 .70  4 .47  4 .10  3 .90  4 .24  4 .60  5 .00  4 .66  
0 .14  6 .39  6 .03  8 .40  0 .04  6 . 6 9  0 .00  6 .42  0 .19  6 .43  6 .0?  5.11 6 .06  6.?1 5 .30  6 .02  5 .35  5 .69  6 .04  5 .68  

24 4.41 4 .12  3 .84  3 .58  3 .33  3.61 3 .92  4 .29  4 .07  6 . 0 0  4 .?3  5 .13  5 .57  0 .05  0 .51  0 .13  5 .?3  5 .35  5 .00  4 .66  
0 .02  0 .67  6 .33  0 .00  4 .60  6.01 6 .39  5 . 1 0  6 . 0 0  6 .43  0 .01  0 .43  6 .?9  7 .16  ? .60  7 .14  6 .78  6.41 6 .04  5 .60  

2S 12.14 11.07 11.06 11.91 I I . l I  12.12 11.21 10.52 I I . S O  10.79 11.73 12.14 11.00 12.91 12.06 11.24 10.60 11.40 10.65 9 . 9 4  
11.25 10.00 I 0 . 0 4  10.65 10.00 10.69 10.11 9 .62  10.14 9 .63  10.14 10.74 10.14 10.73 10.12 0 . 6 0  9 .10  9 .57  9 .14  9 . 7 9  

: l  0 .94  1 .63  7.02 6 .64  ? .09  ? .09  0 .34  1.77 ? .34  ? .97  ? .44  0 .00  7 .54  1 .03  6 .67  0 .13  6 .08  7.23 6 .16  7 .34  
0 .07  0 .35  0 .10  7.01 0 . 1 2  , 0 . 4 0  8 ,62  0 .41  9 .15  0 . 4 2  0 . 1 6  1 .42  8 . 1 6  ? . I 4  7 .60  ? .14  7 .49  7.01 1.47 7 .79  

2? 4.41 4 .79  6 .19  0 .02  0 . 2 4  0 .00  5 .30  6 .14  6 .31  0 . I 9  6 . 5 0  5 .97  0 . 4 I  0 . 05  6 .66  6 .13  0 .06  6 .22  6 .16  6 .31  
0 .02  0 .39  4 .16  7 .13  6 .77  ? .14  6 .10  7 .15  7.61 7 .10  0 . 9 0  7 .16  ?.61 7 .16  6 .79  7 .14  ?.49 7.13 1.41  1.11 

20 6 .97  6 .47  6 .03  0 .02  6 .24  4 .08  4 .56  4 .94  6 . 4 3  0 . 0 0  0 .90  5 .97  9 .48  0 .06  6 .67  0 .13  5 . 1 3  6 .22  5.01 S.42 
1 .44  1.10 ?.47 ? .13  6 .77  6 .41  6 .06  8 .42  0 .?9  9 .43  0 . 0 0  7 .10  7.61 ? .16  ?.SO 7.14 6 .78  1.13 6.11 6 .40  

20 0 .00  1.53 1 .02  0 .64  0 . 1 0  0.00 0 .16  5 .?4  0.31 0 .0S 1 .39  5 .91  0 .48  0 .06  6 .05  6 .21  4 .93  4 .80  5 .00  5 .42  
0 .64  0 .35  8 .10  ?.91 7 .48  ? .02  ? .50  ?.15 ?.51 7 .95  ?.91 7 .16  ?.§1 ? .15  0 .79  6 .42  6 .05  5 .69  6 .04  6 .40  

30 9 . 4 0  10.20 11.09 10.30 9 . 6 0  0 .94  9 .?0  9 .04  0 .54  ? .97  7.44 0 .09  7.64 ? .03  0 ,91  7 ,13  6 .00  1.23 7.81 7 .34  
9 .10  9 .62  10.04 0 . 5 0  9 . 1 0  0 .05  0 .19  0 .01  0 .64  8 .42  0 . 1 6  8 .42  0 .15  7 .04  ?.50 ? .03  7.49 ?.01 8 ,10  7 .19  

! 

T h l  top  r i t e  l e  the  t h r e e - m o n t h  money ~ r k l t  r i l l  i n  I b o n d - e q u l v i l l n t  b a s i s .  

The b o t t o m  r o t e  Is  the t i n - y e a r  p u b | l c 1 ~  I r o d e d  c o r p o r a t e  bond r o l e  on I b o n d - e q u i v a l e n t  b i l l s .  



TILLINGHASTIIIORGAN STANLEY SPOA 
INTEREST RATE SCENARIOS 

LATTICE PATHS WItH EXPECTATIONS HYPOTHESIS 

SCENARIO Q I / i l  Q211i Q 3 / I I  Q4111 Q1112 Q2112 Q3SI2 Q4112 Q!113 Q2113 Q3SI3 Q4/13  Q1/14 Q2114 Q3/14 Q4114 Q I I I 5  Q2/15 03 /15  Q4115 

16 4.51 4 .86  5 .26  4 ,88  4 .53  4 .90  5 .28  S . ? l  6 .17  6 . 6 6  7 .20  7 .77  8 .40  9 .07  9,81 9 . 1 0  6 , 4 6  9 .14  8 .48  7.86 
6 .03  6 . 4 0  6 .77  6 , 4 2  6 . 0 8  8 . 4 5  6 .82  7 .20  7 .56  7 .90  0 . 2 2  9 . 5 0  8 .74  9 . 9 9  9 .34  9 . 0 3  8.81 9 .07  8.85 8 .65  

t7 6 .09  5 . 6 6  6.11 5 .67  5 .27  5 . 6 9  5 .28  4.91 4 .56  4 .23  3 .93  4 .25  3 .94  3 .66  3.41 3 .68  3.9? 3.69 3.43 3 .70  
7 :45  7 .12  7.47 7 .14  9 . 6 0  7 ,17  0 .82  6 .47  6 .12  5 .76  S .44  5 .60  6 .46  5 .13  4.81 5 .15  6.51 5.17 4 .85  5 .20  

18 l l . | ?  10.37 11.21 1 2 . i l  13.00 12.15 11.27 10.46 11.31 10.49 | 1 . 3 4  12.26 11.38 12.29 13.30 14.36 IS .54  14.42 15.59 16.86 
9 .98  g .61  10.02 10.61 11 .30  IO.G5 10.09 9 . 6 2  10.13 9 . 6 5  10.17 10.76 10.21 10.82 l l . 3 3  12.33 13.23 12.38 13.29 14.31 

19 5 .24  5 . 6 6  6.11 6 .60  6 . 1 3  S .69  5 . 2 8  4.91 4 . 5 6  4 .92  S .32  4 .94  5 .33  4 . 9 5  4 . 6 0  4 .97  4 .62  4.99 5 .39  5 .01  
6 .76  7 , 1 2  7,47 7.81 7 .50  7 .17  6 , 6 2  6 .47  6 .12  6 . 6 0  6 . 6 6  6 .52  6 .91  6 . 5 5  6 . 2 0  6 . 5 6  6 .23  6.61 7.00 6 .64  

20 11.17 10.37 11.21 10,40 11.23 12.15 13.12 12.17 11 .3 !  12.22 13.21 14.27 13.25 12 .29  l l . 4 2  12.33 11.46 12.38 13.38 14.4? 
9 .98  9 .61  10.O2 6 .54  IO.OS 10.65 11.34 10.69 i 0 . 1 3  10.73 11.43 12.23 11.48 10,62 10,25 10.87 10.30 10.92 11.63 12.44 

21 8 .25  6.91 9 .63  8 ,93  0 . 2 9  7 .70  7 .15  7 .72  ?.17 6 . 6 9  6 . 1 9  6 .68  6 .20  G.70 6 .23  5 .78  6 .25  5 .60  6.27 6 .77  
8 .64  6 .79  9 . 1 2  8 .62  8 . 6 0  6 . 4 0  | . 1 6  8 .44  6 . 1 9  7 .90  ? .59  7 .94  7 . b 2  7.97 ? .65  7.31 7.68 ?.35 7.?2 6 .07  

22 11.17 12.07 13.05 1 2 . i !  11.23 12.16 11.27 10.46 9 .71  i 0 . 4 9  9 . 7 4  10.53 9 .77  9 .07  8 . 4 3  ? .82  7 .2?  ?.85 7.29 6 .77  
9 .98  10.57 11.26 10.61 10.05 10.66 10.09 9 .62  9 . 2 3  9 . 6 5  9 . 2 6  9 .69  9 . 3 0  8 .89  9 .77  6 .58  6 .33  0.61 8 .36  8 .07  

23 3 .88  4 .16  4 .52  4 .20  4 .53  4 . 9 0  5 . 2 9  4.91 4 . 5 6  4 .23  4 .57  4 .25  3 .94  3 .66  3.41 3 .16  3 .42  3 .69  3 .99  4.31 
5 .33  5 .69  6 .05  5.?1 6 .06  6 . 4 5  6 . 8 2  6 .47  6 .12  5 .78  9 ,15  5 .60  5 .46  5 .13  4.81 4 .50  4 .83  5 .17  5 .53  5 .90  

24 3 .88  3 .60  3 .89  4 . 2 0  4 .53  4.21 3.91 3 .63  3 .92  3 .64  3 .93  3 .65  3 .39  3 .15  3.41 3 .16  2.94 2.?3 2.95 2.74 
5 .33  5 .01  5 .35  5.71 6 .08  5 , 7 3  5 .39  5 .07  5 .41  5 .09  5 . 4 4  6.11 4 .79  4 . 4 9  4.81 4 .50  4.21 3.94 4 .23  3 .96  

25 6 .25  7 .65  7.11 6 .60  6 .13  6 . 6 2  6 .15  6 .64  9 .17  6 . 9 6  6 . 1 9  6 .66  7 .22  6 .70  6 . 2 3  6 .72  7.27 6 .75  7.29 7.88 
8 .54  6 .34  8 .10  7.81 7 .50  7 .94  7 .53  7.87 7 .56  7 .90  7 .59  7 .94  8 . 2 6  ?.97 7 .65  6 . 0 0  8 .33  8 .04  8 .36  6 .65  

26 7 .09  7 .65  7.11 7 .66  6 .29  9 . 9 9  9 . 6 6  6 .96  9 .71  9 . 0 2  8 .37  7 .77  7.22 ? .60  8 .43  7 .82  7.27 7 .85  8 .48  9 .17  
6 .07  8 .34  6 .10  6 .37  0 .60  9 . 6 5  9 . 1 9  8 .89  9 .23  8 . 9 2  6 . 7 0  8 .60  8 .26  8 .54  8 .77  6 .56  8 .33  8.61 8 .85  9.11 

27 6 .09  6 .58  7.11 6 .60  7 .13  7 .70  7 .16  7 .72  8 . 3 5  9 . 0 2  8 .37  9 .04  9 .77  10.56 9.61 10.59 9 .84  10.64 11.49 10.67 
7 .45  7 .79  | . l O  7.61 8 .13  0 . 4 0  8 . 1 6  8 .44  6 .67  8 .92  6 . 7 0  8 .96  9 . 3 0  9 .?3  9 . 3 4  9 .77  9 .38  9 .82  10.34 9 . 8 6  

28 5 .24  4 . 8 6  4 .52  4 .20  3 .90  3 .62  3.91 4 .22  3 .92  3 .94  3 .93  3 .65  3 .94  3 .66  3 .96  ~ 4 . 2 7  3 .97  4 .?9  3,99 4.31 
6 .75  9 , 4 0  6 .05  5.71 6 .37  6 . 0 5  5 . 3 9  S.?S 5.41 6.O9 5 .44  5 .11  5 . 4 6  5 .13  5 .48  5 . 6 5  5.51 5 .87  5 .53  5 .90  

28 4.51 4 .18  3 .89  4 .20  4 .53  4 . 9 0  4 .54  4 .22  3 .92  3 .64  3 .93  4 .25  3 .94  4 .26  4 .60  4 .97  4 .62  4 .29  3 .99  3 .?0  
9 .03  ~ . 6 9  5 .35  S . ? l  6 . 09  6 . 4 5  5 . t 0  5 . 7 5  5 .41  5 . 0 9  5 . 4 4  5 . 9 0  5 . 4 9  5 .82  6 . 2 0  6 .58  5 .23  5 .87  5 . 5 3  5 . 2 0  

30 7 .09  6 .50  7.11 6 .60  6 .13  6 .62  7 .15  6 .64  7.17 7.75 7 .20  6 .68  7 .22  ? .60  0 .43  9 . 1 0  9 .04  9 .14  0 .40  7.88 
8 .07  7 .79  6 . 1 0  7.61 7 .50  7 .84  6 . 1 6  ?.87 8 .19  8 .47  6 .22  7 .94  6 .26  0 .54  8 .77  9 .03  9 .38  9 .0?  8 .85  8 .65  

,o 
* . d  

o 

The top  r a t a  te the  t h r e e ° m o n t h  money a w r k e t  r a t e  on a b o n d - e Q u i v a l e n t  b a s i s .  

The bo t tom r a t e  i l  the  t e n - y e a r  p u b l i c l y  t r a d e d  c o r p o r a t e  bond r a t e  on a b o n d - e q u i v a l e n t  b a s i s ,  



TILLJN~SA511MOflGAN STANLEY 5POA 
INTEREST RATE SCENARIOS 

LATTICE PAIHS WITH EXPECTATIONS HYPOTHESIS 

SCENARIO 01 /10  Q2/16 Q3116 Q4/10 01 /17  Q2117 Q 3 / i ?  04 /17  Q1110 Q2118 03 /18  Q4/19 Q I I I 9  02119 Q3119 04 /19  01 /20  Q2120 Q3/20 Q4120 

16 a. SI 7.91 1.36 7 .94  8 .68  7 .96  7 .40  6~00 6 .65  9 .34  0 .60  9 .07  8 .72  8 .16  7 .53  8 .14  7 .56  8 .11  7.60 7 .06  
0 .89  8 .69  8 .44  0 .74  6 . 9 0  8 .70  0 . 6 3  0 ,83  1 .07  9 .34  i . t 2  9 .93  9 .17  9 .93  0 .13  9 .03  9 .1?  9 .08  6 .83  6 .53  

17 4 .00  3 .72  3 .45  3.21 2 ,90  2 .77  2 .99  2 .76  3.01 3 .24  3.51 3 .79  3 .52  3 .27  3 .54  3 .29  3 .06  3.30 3.07 2 .85  
S~SO 5 .22  4 .90  4 .59  4 ,30  4 .02  4 .32  4 .04  4 .34  4 .66  S.O0 $ .36  S.03 4 .72  5 .06  4 .75  4 .44  4 .78  4.47 4 .19  

10 16.05 16.92 10.31 16.90 10.30 17.05 15.93 17.13 15.89 17.19 19,60 20 .13  21.78 23.57 21.99 23.68 25.64 23.79 22.09 23 .90  
13.39 14.37 15.51 14.44 15.50 14.51 13.55 14.59 13.62 14.61 15.83 I1 .11  18.53 20.08 18.63 20 .20  21.92 20.32 18.86 20 .49  

10 4 .65  9 .02  5 .43  5 . 8 6  6 .34  5 .99  8 .36  5 . 9 t  6 . 49  S. lO 5 .52  6 .12  5 .64  5 .99  6 .47  0.01 6.S0 7.02 ?.60 6 .21  
0 .28  6 .67  7 .06  7.4S 7 .03  7 .49  1.87 7 .$3  7.17 0,01 7.31 6 .65  7 .25  7 .65  0 . 0 9  1 .70  9 .09  8.41 8 .83  9 . 1 4  

20 15.66 14.52 16.11 10.98 11.31 17.05 15.13 17.13 15.89 14.14 IS .96  14.82 13.76 14.88 13.83 12.13 13.00 15.01 16.26 17.50 
13.35 12.50 13.42 14.44 15,51 14.61 13.65 14.59 13.62 12.16 13o69 12.82 12.05 12.90 12.12 11.43 12.19 13.05 14.02 15.10 

21 7.32 7.91 5 .55  7 .94  7 .30  9 .05  ? .40  5 .88  6 .39  6 . 9 0  1,41 6 .93  1.49 0 . 1 0  1 . 7 0  9 .47  10.24 9.51 8 .04  9 .55  
8 .40  8 .09  8 .93  8 .?4  0 ,40  0 .10  0 .53  8 ,23  7.91 0 .28  1 ,95  8 .32  0 .07  8 .91  9 .22  9.51 9 .89  9 .56  9 .34  9 .62  

22 6 .29  5 .84  6 .32  5 . 0 5  5 . 4 9  5 . 0 6  4.71 5 .00  5 . 4 9  5 .93  5 .92  5 .13  5 .54  5 . 9 9  9 .57  5 .17  5 .59  5. 19 5 .62  5 .22  
?.?S 1.41 7 .79  7 .45  7 .10  6 .74  6 .38  5 .17  1.17 T.S7 1.21 6 .05  1 .25  1 .65  7 .29  6 .93  1.34 6 .97  7.38 ?.01 

23 4 .00  3 .72  3 .45  3.21 3 .47  3 .23  3 .49  3 .76  4 .06  3 .77  4 .01  4.41 4 .10  3.11 3 .54  3 .29  3 .06  3 .30  3.51 3 .66  
5 .55  5 .22  4 .90  4 . 5 9  4 .92  4.61 4 .95  5 ,30  5 .61  5 .33  5 . 7 0  6 .09  5 .73  5 .39  5 . 0 6  4 .75  4 .44  4.16 5 .13  5 .49  

24 2 .55  2.31 2 .56  2 .31  2.21 3 .30  2 .22  2 ,06  1.91 2 .07  2 .23  2 .08  2.24 2.06 2 .25  2 .09  2 .26  2.44 2.64 2 .46  
3 .70  3 .45  3.71 3.4F 3 .23  3 .41  3 .25  3 .03  2 .03  3 .05  3 .29  3 .07  3.31 3 .09  3 .33  3.11 3 .35  3.61 3.89 3 .63  

25 6.51 7.91 8 .55  2 .94  0 .50  9 .22  0.61 0 .00  5 .65  0 . 0 3  8 ,68  8 .07  7 .49  6 .96  7.53 6 .99  7.56 7.02 7.60 7.06 
5 .89  8 .89  8 .93  8 ,?4  0 .90  9 . 2 6  9 .02  6 .83  9 .01  6 .07  9 ,12  9 .92  5 .67  8 .37  5 .72  8 .42  5.71 8 .47  6 .83  8 .53  

20 0.51 9 .20  0 .55  7.94 7 .30  6 .89  6 .36  6 ,88  6 . 3 9  6 .90  8,41 • 6 .93  7.49 8 .96  7 .53  8 .14  5 ,80  9,51 8 .84  9 . 5 5  
5 .89  9 . 1 6  0 .93  0 .74  8 .48  0 . 1 9  2 .67  8 ,23  7.91 8 .28  7 .95  0 .32  8 .67  0 .37  0 .12  5 .03  9.20  9 .56  9 .34  9 .62  

27 11.63 10.71 I t . 5 6  12.51 11.63 12.66 13.59 14.70 13.64 14.74 13.70 12.72 11.61 12.71 13.03 14.95 16.17 17.49 16.20 15.08 
10.39 0.91 10.44 11.07 10.49 11.13 11.05 12,69 11.92 12.19 11.98 11.30 10.72 11.37 12.12 12.97 13.93 15.01 14.02 13.13 

20 4 .00  3 .72  3 .45  3 .73  3 .47  3 .22  3 .45  3 .76  3 .49  3 .21  4 .00  3 .79  3 .52  3.81 3 .64  3 .29  3 .55  3 .84  4 .15  4 .49  
5 .66  6 .22  4 .90  5 .25  4 .92  4.69 4 .95  5 . 3 0  4 ,90  6 ,33  6 . 1 0  5 . 3 6  5 .03  S.39 5 . 0 6  4 .15  5 .09  5 . 4 6  5 .84  6 .24  

29 4 .00  3 .72  4 .02  4 .34  4 .03  3 .74  3 .40  3 ,23  3 .49  3 .77  4 .08  3 ,79  4 .10  3.81 3 .54  3 .02  4 .13  4 . 4 6  4 .15  4 .49  
5 .50  5 .22  5 .58  5 . 9 6  6.61 9 .27  4 .95  4 .64  4 .98  5 .33  6 . 7 0  6 . 3 6  6 .13  5 .39  5 .06  5 .42  5 .80  6 .20  5 .84  6 .24  

30 0.51 9 . 2 0  9 . 9 5  10.75 9 . 9 9  9 .27  10.03 9 .31  8 .65  8 .03  y , 4 8  5 .07  7.49 6 .96  6 .41  6 .99  7.56 7 .02  0 .53  7 .06  
8 .09  9 .16  9.51 0 .90  9 . 5 6  9 . 2 5  9.81 9 , 2 9  9 .0?  9 .87  8 .62  0 .92  0 .67  9 .31  5 .05  0 .42  0 .77  9 .47  6 .14  0 .53  

0 
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The t o p  r a t e  I s  the  t h r e e - m o n t h  money marke t  r s t e  on • b o n d - e q u i v a l e n t  b a a l s .  

The b o t t o a  r • t •  i s  the t e n - y e a r  p u b l i c l y  t r a d e d  c o r p o r a t e  bond r a t e  Qn • b o n d - e q u i v a l e n t  b • s l s .  



TILLINGHAST/MOAGAN STANLEY SPOA 
INTEREST RATE SCENARIOS 

LATTICE PATHS WITH EXPECTATIONS HYPOTHESIS 

SCENARIO O l l l  Q2 I I  0311 Q411 Q I t 2  Q212 Q312 Q4/2 Q I I 3  0213 Q313 Q413 O i l 4  0214 Q314 Q4/4 O i l s  0216 0315 Q41S 

31 7,07 6 .70  8 .25  6 .82  8 , 4 3  7 .04  8.81 6.21 s . e 3  6 .11  8 . 6 9  8 .10  8 .74  6 .22  6 .00  6 .26  7 .00  6 .54  7.12 ?.75 
0 .10  7 .95  7.?4 8.01 7 .80  8 .07  7 .84  7 .50  1 .28  7 .62  7 .32  7 .66  1.35 7 .89  7 .39  7 .73  0 .04  1.75 8 .06  0 .33  

32 7.07 6 .70  6 .25  6 . 8 6  S.S3 6 .05  6.61 6 .21  6 .55  7 .10  7.71 0 .36  9 .04  8 .42  7 .85  7 .32  7 .00  7.61 0 .20  9 . 0 2  
O.10 7.95 7 .74  7 .49  7 . 2 !  7 .54  7 .84  7 .50  7 .88  8 . 1 5  0 .30  8 .63  0 .96  O.6O 8 .47  0 .20  0 .04  0 . 3 !  0 .53  8 .77  

33 7.07 8 .70  7.27 6 . 8 2  6 . 4 3  7 .04  7 .69  8.41 1.81 7 .10  7.71 8 .36  7 .78  8 .42  9 .14  9.91 9 .47  10.31 11.22 10.50 
8 .10  7 .95  8 .17  0,01 7 .60  8 . 0 7  8 .28  0 .53  8 .33  8 , 1 5  8 . 3 8  0 .63  8 . 4 2  8 .68  9.01 9 .44  9 .06  g .48  9 .98  9 . 5 0  

34 7 .01  6 . 7 0  7.21 6 .82  6 . 4 3  6 .0S  6 .61 7 .23  6 .55  7 .10  6 .62  7 . t 9  6 .67  7 .24  7 .85  7 .32  7 .00  6 .54  ?.12 6 . 6 6  
O.10 7 .95  8 .17  8.01 7 .00  7 .54  7 .84  O . t l  1 .80  0 . I S  7 .92  0 . 2 0  7 .97  0 .24  0 .47  0 .20  0 .04  7.15 0 .06  7 .77  

35 7 .07  6 .70  7.27 7 .93  7 .48  7 .04  8 .61  7 .23  7.61 8 . 2 6  8 . 9 7  0 . 3 6  7 .76  0 .42  9 . 1 4  9 .91  I 1 . 0 3  10.31 11.22 10.S0 
0 .10  7 .95  8 .17  8 . 4 2  8 . 2 4  8 .07  7 .84  0.11 0 .33  0 . 5 8  0 .91  8 .63  0 .42  0 .68  9 .01  9 .44  9 .95  9 .48  8 .90  9 . 5 0  

36 7 .07  6 .70  6 .25  5 . 8 6  6 . 4 3  6 . 0 5  6 .61  6.21 5 . 8 3  8 .11  6 . 6 2  6 .18  6 .67  7 .24  7 .05  0 .52  8 .14  0 .86  9 .64  9 . 0 2  
6 . 1 0  7.95 7 .74  7 .49  7 .80  1 .64  7 .84  7 .58  1 .28  7 .62  7 .92  7 .66  1.97 8 .24  8 .47  8 .72  8.51 0 .76  9 .09  8 .7?  

37 7.01 6 .70  6 .25  6 .02  7 .48  6 . 1 9  8 . 9 5  1 . 4 l  7.61 7 .10  7.11 8 .36  7 .76  7 .24  6 .75  6 . 2 9  7 .00  7.61 8 .28  9 .02  
8 . 1 0  7 .95  7.74 0.01 0 .24  8 .40  8 .81  8 .53  8 . 3 3  6 . 1 5  8 .38  8 .63  8 .42  8 .24  8 . 0 i  7 .73  8 .04  0.31 8 .53  8 .11  

30 7.07 6 .70  6 .25  8 .82  6 . 4 3  G.0S 6.81 6.21 5 . 6 3  S .25  4 . 9 0  4 .57  4 .93  4 .60  4 .29  4 .00  4 .45  4. 16 3 .89  3 .64  
8 . 1 0  7 .95  7.74 8.01 1 .60  7 .54  7 .84  7 .58  7 .28  6 .97  6 .64  6 .30  6 .67  8 .32  5 .98  5 .84  6 .00  5 .65  5.31 4 .98  

39 7 .0?  6 .70  7.27 7 .93  8 .71  6 . 1 0  7 .69  0.41 8 . 8 6  8 . 2 6  7.71 8 . 3 6  9 .04  6 .42  9 .14  9 .91  11.03 12.00 13.07 12.22 
0 .10  7.95 8 .17  8 .42  0 .75  1 . 4 6  8 . 2 9  0 .53  8 .85  8 . 5 8  0 .30  0 .63  8 . 9 6  6 .60  9.01 9 .44  9 .95  10.55 11.23 10.57 

40 7.07 6 .70  7 . 2 7  7.93 8 .11  9 . 5 3  8 . 9 5  8 .41  8 . 8 6  8 . 2 6  7.71 0 .36  9 .04  8 .42  7 .05  8 .52  9 .47  8 .86  8 .28  7 . 1 5  
8 . 1 0  7 .96  8 .17  0 .42  8 . 7 5  9 . 1 6  8 .81  8 .53  8 . 0 5  8 . 5 8  8 .38  8 .63  8 . 9 6  8 .60  8 .47  8 .72  9 .06  8 .76  8 .53  8 .33  

O 
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The top  r o t e  Is  t he  t h r e e - m o n t h  money m r k o t  r o t e  on • b o n d - e q u i v a l e n t  b a s i s .  

The b o t t o m  r o t e  Is  the  t o n - y e a r  p u t ) i l c l y  t r a d e d  c o r p o r a t e  bond r o t e  on • b o n d - e q u i v a l e n t  b e s t s .  



TILL|HGHA$TIMOItG&N STANLEV SPDA 
INtERESt RAIE SCENAA80S 

LATTICE PATHS WITH EXPECTATIONS HYPOTHESIS 

SCENARIO Q I / 8  Q2/6 Q318 Q4/0 Q I / ?  Q2/7 Q3/7 Q 4 / ;  Q I / 8  02 /e  G30e Q418 Q I I 9  Q209 0319 9419 Q I I t 0  92110 03110 9 4 / 1 0  

31 6 .94  7 .53  ; . 0 2  7.61 B.25 8 .94  9 . 7 0  10.52 11.56 10.79 11.73 10.94 10.21 9 .62  10.3S 11.24 12.23 13.27 14.44 15.69 
8 .07  8 .35  8 .10  8 .37  8 .60  8 .85  9 .19  9 .62  10.14 9 . 6 3  10.14 9 .63  9 .21  8 .88  9 . 2 0  9 . 6 0  10.09 10.65 11.30 12.02 

32 9 . 4 0  10.20 9 .50  10.30 11.10 10.41 11.29 10.52 11.58 10.?9 10.07 10.94 11.89 12.91 14.03 13.09 14.24 15.46 16.83 15.69 
9 .10  9 .52  9 .13  9 . 5 6  10.08 9 . 5 9  10.11 9 .62  10.14 9 . 8 3  9 . 2 2  9 .63  10.14 10.?3 11.40 10.10 11.36 12.10 12.93 12.02 

33 9 .40  8 .76  9 .50  10.30 11.10 10.41 | 1 . 2 9  10.52 9 .94  9 .21  10.07 9 .40  8 . 7 ;  0 .10  0 .09  9 . 6 0  0 .02  9.19 IQ.65 9 . 9 4  
9 .10  6 .19  9 .13  9 .56  10.00 9 . 5 9  10.11 9 .62  9.21 6 .80  0 .22  0 .86  8 .64  8 .42  8 .03  8 . 8 6  0.61 8.83 9 .14  8 . 7 9  

34 5 .97  5 .56  8 .03  6 ,54  e.  lO S.6B 0 .16  5 .74  5 .43  5 .09  4 .30  6 .94  6 .40  7.03 e .S7 7 .13  ; . 7 5  6.41 ; . 6 7  8 . 5 4  
1.44 7.11 7.47 7.81 7 .48  7 .14  7 .50  7.15 0 .19  7 .10  7.61 7 .85  ; . 5 1  7.84 1 .50  7 .83  8 .12  8.38 8 .10  8 . 3 5  

35 9 .40  10.20 11.06 10.30 11.10 12.12 13.15 1 4 . 2 ;  13.48 12.57 13.05 14.04 10.13 1$.04 14.03 15.25 14.24 13.27 12.40 13.47 
0 .10  9 .52  10.04 9 .56  10.08 10.68 l l . 3 0  12.19 11.42 10.74 11.43 12.21 13.09 12.10 11.40 12.10 11.36 10.65 10.04 10.59 

36 0 .40  9 .16  9 .50  8 .85  8 .25  1 .04  9 . 7 0  9 .04  9 .94  10.70 11.73 10.94 | 1 . 0 9  12.91 12.05 13.09 14.24 13.21 14.44 15.69 
9 .10  8 .19  0 .13  8 .83  1 . 6 0  8 .86  9 . 1 0  0 .87  9.21 9 .63  10.14 9 .63  10.14 10.73 I0 .  i2  10.70 11.36 10.65 11.30 12.02 

31 9 .08  0 . 7 6  0 .50  8 .85  g.$O | 0 . 4 1  9 . 7 0  10.52 9 . 9 4  1 0 . ; 9  11.73 12.74 l l . 8 9  12.91 14.03 13.09 14.24 13.21 12.40 13.47 
8 .54  8 .19  0 .13  8 .83  9 .18  9 . 6 9  9 . 1 0  9 .62  0.21 9 .63  10.14 1 0 . ; 4  10.14 10.13 11.40 1 0 . ; 0  11.36 10.6~ 10.04 I 0 . 5 9  

38 3 .80  4 . | 2  4 . 4 8  4 .83  5 .24  9.168 8 . 1 8  S.74 5 .43  S.89 6 . 5 0  5 .13  5 .57  0 .05  8.8S 5 .27  5 .73  5 .35  5.81 6.31 
S.32 5 .87  6 .03  6 .40  6 .1Y Y . I 4  T .50  7 .15  6 .10  7 . | 6  I . a O  6 .43  6 . 7 9  ? . i S  6 .70  6 .42  0 .78  6.41 6.77 7. I I  

39 1=.14 13.82 12.87 13.97 1 3 . 0 l  12.12 l l . 2 0  10.52 11.58 12.57 13.85 14.94 19.13 15.04 16.35 17.77 18.59 15.46 14.44 13.47 
11.25 12.04 11.30 12.10 11.35 I 0 . $ 9  10~11 9 .62  10.14 10.74 1 t . 4 3  12.21 13.09 12.19 13.00 14.01 13.01 12.10 11.30 10.59 

40 8 .08  7 .53  1.0~ 6 .54  7 .00  7 .00  7.17 7.11 9 .54  0 .21  8 .85  8 .08  7.84 1.03 7.64 7.13 ; . ; 5  7.23 1.81 ; . 3 4  
0 .54  8 . 3 5  8 .10  T.81 0 .12  0 . 4 0  8 .14  8.41 8 .84  0 .80  8 .64  8 .42  8 .15  1.84 0 .14  7 .83  8 .12  1.81 8 .10  1.79 

u 
b - ,  

The top  r a t a  in  the  t h r e e - m o n t h  money M r k a t  r a t a  on a b o n d o a q u l v s l a n t  b a i l s .  

The b o t t o m  r a t a  Is  the  t a n - y e a r  p u b l i c l y  t roc lad  c o r p o r a t e  bond r a t a  on a b o n d - e q u i v a l e n t  bamtm. 



TILLINGk4ASTIMOIqGAN STANLEV SPOA 
iNT|RES!  RATE SCENARIOS 

LATTICE PAIHS WlIH EXPECTATIONS HYPOTHESIS 

SCENARIO QI /11  02/11 Q3/11 Q4/11 Q I / 1 2  02 /12  Q3/12 0 4 t 1 2  Q I / 1 3  Q2/13 Q3113 0 4 / 1 3  01 /14  Q2/14 03 /14  Q4/14 Q I / I S  02 /15  03 /15  04/15 

31 13.01 12.07 13.09 14.10 13.08 14.19 I S . 2 |  16.52 17.87 19.32 17.93 19.93 IS .43  14.32 13.30 14.36 13.34 14.42 13.38 14.47 
11.22 10.ST 11.26 12.04 11.30 12.00 12.96 13.95 IS .04  16.25 19.10 14.06 13.12 12.2e I I . $ 3  12.33 11.68 12.38 11.63 12.44 

32 13.01 12.07 13.09 14.10 13.08 12.15 13.12 14.18 IS .34  14.33 15.38 14.27 13.29 14.32 13.30 14.36 IS .54  14.42 1 5 5 9  14.47 
11.22 10.57 11.26 12.04 11.30 10.65 11.34 12.13 13.02 12.18 13.07 12.23 11.49 12.28 I I . $ 3  12.33 13.23 12.38 13.29 12.44 

33 9 . 6 0  10.37 11.21 12.11 13.08 14.15 IS .20  19.52 15.34 19.58 17.93 19.30 17.68 i 9 .9R  18.05 16.73 10.11 19.59 18.17 16.86 
9 .09  9.51 10.02 10.61 11.30 12.00 12.90 t 3 . 9 5  13.02 14.01 15.10 16.32 IS. iF 14.12 15.23 14.10 15.30 16.53 15.36 14.31 

34 8 .25  7.65 8 .27  7.68 7 .13  6 .62  7 .15  9 . 6 4  6 .17  8 .60  6 .19  5 .74  6 . 2 0  5 .76  6 .23  5 .78  6 .25  5 .80  6.27 S,82 
8 .54  8 .34  8 .57  8 .37  0 .13  7.84 8 . 1 6  7 .87  7 .56  7 .90  7 .59  7 .25  7.62 7 .28  7 .65  7.31 7.60 7.35 7.72 7.38 

35 13.01 12.07 11.21 12.11 11.23 12.15 13.12 12.17 13.17 12.22 11.34 12.26 13.29 14.32 13.30 14.36 15.54 14.42 13.38 12.42 
11.22 10.51 10.02 10.61 10.05 10.65 11.34 10.69 11.39 10.73 10.17 10.78 11.48 12.28 11.53 12.33 13.23 12.38 11.63 10.97 

36 15.1S 14.05 13.05 14.10 15.23 14.15 13.12 12.17 11.31 10.49 9 . 7 4  9 . 0 4  8 . 4 0  7.RO 7 .24  7 .82  8 . 4 6  7.85 8.48 9 .17  
12.82 11.99 11.26 12.04 12.92 12.08 11.34 10.69 10.13 9 .65  9 . 2 6  8 . 9 6  0 .74  6 .54  8 .29  0 .58  8.81 8.61 8 .65  9.11 

37 I 1 .17  12.07 11.21 12.11 13.00 12.1S 13.12 14.1R 15.34 16.50 17.93 16.63 17.98 19.44 21.04 19.51 10.11 19.59 21.18 19.69 
9 .98  10.57 10.02 10.61 11.30 10.69 11.34 12,13 13.02 14.01 15.10 14.06 15.17 14.39 17.13 16.46 15.30 16.53 17.89 16.60 

38 6 .09  6 .58  6.11 5 .67  5 .27  5 . 6 9  6 .15  6 . 6 4  6 .17  6 .69  6 .19  5 . 7 4  6 . 2 0  5 . 7 6  5 .35  4 .97  4 .62  4 .99  4 .63  4.31 
7 .45  7 .79  7.47 7 .14  6 .80  7 .17  7 .53  7 .87  7 .56  7 .90  7 .59  7 .25  7 .62  7 .28  8 .93  6 .58  6 .23  6.61 6 .25  5 .90  

39 13.01 12.07 11.21 10.40 11.23 12.15 13.12 14.18 15.34 14.23 13.21 14.27 13.25 14.32 15.49 14.36 15.$4 14.42 13.36 14.47 
11.22 10.57 10.02 9 .54  10.05 10.65 11.34 12.13 13.02 12.18 11.43 12.23 11.40 12.28 13.19 12.33 13.23 12.38 11.63 12.44 

40 6.0t) 9 .50  9.11 9 .60  6 .13  5 . 9 9  5 . 2 0  5 .71  9 .17  5 .73  5 . 3 2  4 .94  5 .33  5 . 7 6  6 .23  5 .78  6 .25  5 .80  5 .39  5.01 
7.45 7 .79  7 .47  7.01 7 .50  7.17 6 . 8 2  7 .20  7 .56  7 .22  6.8R 6 .52  6.91 7 .28  7 .65  7.31 7 .68  7.35 7.00 6 .64  

! 
b - -  
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The top  r a t e  i s  the  t h r e e - m o n t h  money marke t  r a t e  on 8 b o n d - e q u i v a l e n t  b a s i s .  

The bo t t oa l  r a t e  19 the  t e n - y e a r  i ~ d o l l c l y  t r a d e d  c o r p o r a t e  bond r a t e  on a b o n d - e q u i v a l e n t  b a s i s .  



TILLINGdiA$T/MORGAN STANLEV SPOA 
INIEREST RATE SCENARIOS 

LATTICE PAIHS WI IH  EXPECTATIONS HYPOTHESIS 

SCENARIO Q I / 1 6  Q2/16  Q3116 Q4116 Q I I I 7  Q2117 Q3117 Q4117 Q I I I 8  Q2116 Q31 t0  Q4/10  Q I I I 9  Q2119 Q3119 Q4J19 Q l l 2 0  02120 Q3/2Q Q4 f20  

31 15 .65  16 .92  18.31 16 .90  10 .30  11 .05  10 .49  19 .96  2 1 . 6 0  2 0 . 0 3  11 .60  17 .26  18.68 1 7 . 3 4  16.11 17.41 16.17 17 .49  18.95 2 0 . 4 9  
13 .35  14.37 15.51 14 .44  15 .60  14.$1 15 .66  16 .93  18 .33  17 .02  15 .93  14 .19  15.91 14 .03  13 .65  14 .92  13 .93  15.01 16 .20  I ? . 9 2  

32 13 .43  14 .$2  13 .49  12.51 13.S4 12 .56  11 .61  I 0 . 6 4  11 .72  12 .66  11 .76  10 .93  11.81 12 .76  13 .83  12 .83  13 .88  12 .69  13 .95  1 2 . 9 9  
11 .68  12 .50  11 .74  11.07 I 1 . 0 0  11 .13  10 .55  10 .06  10 .60  11 .24  10 .66  10 .17  10 .72  11 .31  12 .12  11 .43  12 .19  l I . S O  12.27 11 .68  

33 15 .65  16 .92  18.31 19 .00  2 1 . 4 3  19 .67  21 .51  2 3 . 2 8  2 1 . 6 0  2 3 . 3 6  2 5 . 3 0  2 7 . 3 9  25 .41  27 .51  2 9 . 8 2  3 2 . 2 0  29 .93  27 .76  3O. IO 2 7 . 8 9  
13 .35  14.37 15.51 16 .76  16 .14  10 .84  1 8 . 2 3  1 9 . ; 6  18 .33  19 ,86  2 1 . 5 5  2 3 . 4 0  21 .6?  = 3 . 5 3  2 5 . 5 7  2 7 . 8 0  25 .12  23.81 25 .66  2 3 . 9 5  

34 6 . 2 9  5 . 8 4  5 . 4 3  5 . 8 6  6 . 3 4  5 . 8 9  5 . 4 7  5 .91  6 . 3 9  6 . 9 0  1 . 4 6  8 . 0 7  6 . ? 2  9 . 4 3  8 . 7 0  0 . 4 1  6 . 6 0  6 . 1 7  8 . 8 4  9 . 5 5  
7 . 7 5  7 .41  7 . 0 6  7 . 4 5  7 . 0 3  1 . 4 9  7 . 1 3  7 . 5 3  ? .91  0 . 2 8  8 . 6 2  8 . 9 2  9 . 1 7  9 . 4 5  9 . 2 2  9 . 5 1  9 . 2 8  9 . 0 8  9 . 3 4  9 . 6 2  

35 11 .53  10.71 9 . 9 5  10 .75  9 . 9 9  10 .79  10 .03  1 0 . 0 4  11.72  10 .67  I 0 . 1 1  10 .93  I 1 . 0 1  10 .97  10 .20  9 . 4 7  0 . 8 0  9 .51  8 . 8 4  9 . 5 5  
10 .39  9 .91  9 .51  9 . 9 6  9 . 5 0  IO .O I  9 . 0 1  IO.Q6 10 .60  tO. i t  9 . 7 1  10 .17  10 .12  10 .22  0 . 8 2  9 . 5 1  9 . 2 8  9 . 5 6  9 . 3 4  9 . 6 2  

30 6 . 5 1  9 . 2 0  9 . 9 5  9 . 2 3  0 . 5 0  9 . 2 2  10 .03  9 . 3 1  8 , 6 5  8 . 0 3  8 . 6 6  9 . 3 9  8 . 7 =  9 . 4 3  1 0 . 2 0  9 . 4 7  10 .24  9 . 5 1  10 .29  1 1 . 1 2  
0 . 8 9  9 . 1 6  9 . 5 1  9 . 2 0  | . 0 |  9 . 2 5  9 . 6 1  9 . 2 9  9 . 0 7  0 . 8 7  9 . 1 2  9 . 4 0  9 . 1 7  9 . 4 5  9 . 6 2  9 . 5 1  9 . 6 8  9 . 5 6  9 . 9 4  10.41 

37 1 6 . 2 3  19.72 2 1 . 3 5  2 3 . 0 9  2 9 . 0 0  2 7 . 0 4  2 5 . 1 0  27 .17  2 5 . 3 0  2 3 . 3 6  2 1 . 6 9  2 0 . 1 3  2 1 . 7 8  23 .S7  2 1 . 8 9  2 3 . 6 6  2 5 . 6 4  2 3 . 7 9  25 .78  2? 89 
1$ .43  16.68 16 .05  19 .56  2 1 . 2 2  2 3 . 0 3  2 1 . 3 2  2 3 . 1 5  2 1 , 4 3  19 ,66  10 .43  17.11 18 .53  2 0 . 0 8  10 .63  2 0 . 2 0  2 1 . 9 2  2 0 . 3 2  22 .05  2 3 . 9 5  

38 4 . 6 5  4 . 3 2  4 . 0 2  4 . 3 4  4 . 0 3  4 . 3 6  • . 7 1  4 . 3 1  4 . 1 2  • . 3 9  4 . 0 9  3 . 7 9  3 . $ 2  3 . 2 7  3 . 5 4  3 . 2 9  3 . 0 6  3 . 3 0  3 .57  3 . 3 2  
0 . 2 6  5 . 6 3  5 . 5 8  5 . P 3  9 . 0 1  6 . 9 9  0 . 3 0  6 . 0 2  6 .41  0 . 0 5  9 . 7 0  5 . 3 6  5 . 0 3  • . 7 2  5 . 0 0  4 . 7 5  4 . 4 4  4 . 7 8  5 . 1 3  4 .61  

39 I S . 6 5  14 .52  13 .49  12.51 11 .63  12 .96  | 1 . 6 7  12 .62  13 .64  14 .74  13 .20  14 .82  13 .74  12 .76  11 .87  12 .03  11 .92  11.01 10.29 9 . 5 5  
13 .35  12 .50  11 .24  11 .07  10 .49  I t . t 3  10 .9S I 1 . 1 0  11 .92  12 .75  11 .90  12 .62  12 .05  11 .37  10 .10  11 .43  10 .05  10.35 9 . 9 4  9 . 6 2  

40 • . 6 5  6 . 0 2  4 . 6 1  4 . 3 4  • . 0 3  4 . 3 5  • ~1 4 . 3 7  4 . 1 2  6 . I 0  4 . 7 4  5 . 1 2  5 . 5 4  5 . 1 S  5 . 5 7  9 . 0 1  5 . 5 9  5 . 1 9  4 . 8 3  4 . 4 9  
0 . 2 6  6 . 6 7  6 .31  6 . 9 6  6 . 0 1  6 . 0 9  4 , | 0  6 . 0 2  6 . 4 1  0 . 6 1  0 . 4 4  6 . 6 5  7 .25  6 . 8 9  7 . 2 9  T.?O ? .34  6 , 9 1  6 . 6 0  6 . 2 4  

rn 
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The t o p  r o t e  I s  t h e  t h r o e - m o n t h  money m r k e t  r i t e  on i b o n d - o q u l v o l e n t  b l o l o .  

The b o t t o l  r i l e  I s  t h e  l e n - y o o r  p u b l i c l y  t r a d e d  c o r p o r o t o  bond  r o t e  on I b o n d - o q u l v o l i n t  b o s l s .  



SPDA Risk/Return Quantifiers 
III I I I I II I 

• Market Value of Liability. 

• Duration of Liability. 

" t l  

C 

o 
O 0  

• Convexity of Uability. 



Uses of Risk/Return Quantifiers 
I i I II 

i 

• Setting Credited Rates (Pricing). 

• Choosing Investment Strategies. 

= Comparing Product Design Alternatives. 
Profit Targets 
Surrender Charges 
Sales Compensation 
Bailout Provisions 
Credited Rate Guarantees 
Expenses 

'11 
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m Comparing Credited Rate Reset Strategies. 



Definition of Duration 

The duration of a cash flow stream is a 
measure of its price sensitivity and is equal 
to minus 100 times the percentage change 
in the present value of the stream for a 
one basis point increase in all the forces of 
interest representing the term structure. 

c~ 
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0 ! 
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Advantage of Price-Sensitivity Definition of Duration 

• Can be used for any interest-rate-based 
financial instrument. 

-- Noncallable and callable bonds 

-- Mortgages and mortgage-backed ,securities 

- -  Interest rate swaps 

--  Options and futures 

'11 
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,, Can be used to analyze asset and liability cash 
flow streams, whether or not interest sensitive. 



Duration - Aggregation Property 
I I I I  I 

,, The duration of the combination of two 
cash flow streams is the market-value-weighted 
average of the durations of the separate streams. 

" This aggregation property follows from the 
definition of duration as a price sensitivity 
measure. 

C~ 
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Duration - Aggregation Property 
I I 

(Two-Bond Portfolio) 

Portfolio = Bond I + Bond 2 

Market 
Value 

Duration 

B = B, + B=~ 

D 'B,~ D, +l'_...:.c,l .,R_~, D, 
= ~ B / °  ,B~ 

C 

! 
O 0  



Duration Aggregation Property 
I I  I I  I I I I I I  

(Callable Bond) 

Callable 
Bond 

m 
I B m  

Noncallable Call 
Bond Option 

Market 
Value 

Duration 

B - N C 

°. 

i i 

-n 

! 

O 0  



Duration - Aggregation Property 
i I 

(Asset/Liability Management) 

Surplus = Assets - Liabilities 

Market 
Value 

Duration 

S - A L 

Ds- = • DA --(~ S ,)" DI. 

C 
po 
r~ 
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Convexity 

Convexity measures the curvature of the 
price curve just as duration measures 
its slope. 

• A key component of convexity is the 
sensitivity of duration to changes in the 

i 

term structure. 

c~ 
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Both duration and convexity are index numbers 
that measure the interest rate behavior of 
a cash flow stream's price curve. 



Derivatives of the Price Curve 

P 

• P r i c e  

C u r v e  

/ 

D = _  1_ dP 
P d6 

C = ~ d'P 

D is Duration 

C is Convexity 

C~ 
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Determining a Credited Rate Strategy 
I II I I I I I I  I I  

• Initial Rate to be Credited. 

• Length of Initial Guarantee Period. 

• Frequency of Rate Resets after 
Initial Guarantee Period Has Elapsed. 

i 

• Contractual Minimum Rate Guarantees. 



Determining a Credited Rate Strategy 

• Portfolio Earnings or External Reference? 

• Target Margins: Initial and Renewal? 

• When to Pierce the Bailout? 

• Whether to Follow the. Competition 
Upward Only? 
Downward Only? 
Upward and Downward? 

= 

• Dynamic or Static Parameters? 
Corridors and Safety Margins? 

C 

! 

C O  



Credited Rate - Baseline Assumptions 
I I I I I II II I 

• Fixed for 3 Years Initially. 
Then Changed Annually. 

• Renewal Rates Indexed by Non-Callable 
5-Year A-Rated New Money Rates. 

• Renewal Margin is 200 Basis Points. 

C~ 
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• Minimum Guarantee 3 .5%.  



Illustrative Reset Strategies 

• Mark to Market 

Follow the 5-Year Rate Minus Margin. 
Move Credited Rate Up and Down. 

= Downward Ratchet. 

Refer to the 5-Year Rate Minus Margin. 
Only way Credited Rate can Change 

is to Move Down from Previous Level. 

nl 
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Illustrative Reset Strategies 
I I '1 I I  

12% - 

1 1 %  - 

10o/o - 

9 % -  

8 % - -  

7 % -  

6o,,0 - 

5 % -  

0 

I m 

nmmiim 

i bm i m  a m m m m m  l i m i t  

I II I 

Initially, 8 %  
is credited 
for 3 Years 

I I I I I I I I I I  I l i I l I 

m a i m  

I l l  I l l l l  I I I I I I I I l l l l l l l l l l O I I l l l l l l l l l l l l l l l l l l l R I I /  

m m m  

I | | l | | e l e |  

I I I I  
! ! 

1 2 

5-Year A-Rated 
New Money Rate 

~1 I I I I I 

3 4 5 6 7 8 
Years 

Mark to Market 
with 2% Margin 

j L. 

9 10  

1 ,,....... Downward Ratchet 
with 2% Margin 
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Mark to Market Baseline Results 
4 

I I • I 

• Initial Credited Rate 8.1% for 3 Years. 

• Market Value Liability $20,000. 

• Duration 2.3 Years. 

• Convexity 25.2 Years-Squared. 
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Downward Ratchet Baseline Results 

• Initial Credited Rate 8.5% for 3 Years. 

• Market Value Liability $20,000 

• Duration 2.5 Years. 

• Convexity 26.1 Years-Squared. 
;o 



Pitfalls of Macaulay Duration 
Market to Market Benchmark Case 

• Duration is 2.3 years. Verified 
by Simulation Analyses. 

" Macaulay Durations with Same Assumptions: 
Minimum 3.7 Years 
Maximum 7.8 Years 
Mean 6.0 Years 

! 
O 0  

= Mean Macaulay Duration exceeds Correct Value 
by 3.7 Years. 



Pitfalls of Macaulay Duration 
Downward Ratchet Benchmark Case 

I II I I 

• Duration is 2.5 years. Verified 
by Simulation Analyses. 

• Macaulay Durations with Same Assumptions: 
Minimum 4.5 Years 
Maximum 8.3 Years 
Mean 6.8 Years 

'-rl 

C 
p0 
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= Mean Macaulay Duration exceeds Correct Value 
by 4.3 Years. 



Pitfalls of Macaulay Duration 
An Example of Undetected C-3 Risk Exposure 

• Target Account to be "Immunized" is 
Surplus + Liabilities. 

• Surplus + Liabilities is Immunized 
if Asset Duration = Liability Duration, Because: 

• Duration (Assets + Uabilities) 
= Duration (Assets) -- Duration (Liabilities) 
= The "Duration Gap. - 
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Pitfalls of Macaulay Duration 
An Example of Undetected C-3 Risk Exposure 

Duration 

Assets 5 Years 

Liabilities 

Duration Gap 

3 Years 

2 Years 

Mean Macaulay Duration 

4 Years 

4 Years 

0 Years 
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Pitfalls of Macaulay Duration 
An Example of Undetected C-3 Risk Exposure 

I I 

• Suppose Assets + Uabilities = 1.1 

• Suppose Interest Rates Rise by 1%. 

• Then Assets + Uabilities Changes to 
1.1 x ( 1 -  2 x 1 % ) =  1.078. 

• Surplus + Liabilities was 10o/0 
• Surplus + Liabilities is now 7.8% 

• An "Unexpected" Loss of 220/0 of 
Relative Surplus has occurredl 
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MR. M I C H A E L  R. T U O H Y :  In this  p r e s e n t a t i o n ,  I 'm going to d i scuss  f u t u r e  

i n t e r e s t  s c e n a r i o s  and c r i t i que  t hose  p r o p o s e d  in the  New York  law. Then I will  

look  a t  s o m e  r e su l t s  for  the  b l o c k  of  bus ines s  t h a t  D e n n y  C a r t  d e s c r i b e d  in 

Sess ion  4 and 

memorandum. 

whole process. 

t a k e  you  th rough  a s a m p l e  opin ion  and a s a m p l e  a c t u a r i a l  

To c lose ,  I will  d i scuss  s o m e  r a m i f i c a t i o n s  of  going th rough  this 

NEW Y O R K  INTEREST SCENARIOS 

F i r s t  of  all,  le t ' s  go b a c k  to  the  New  York  law and look  a t  wha t  New York  has  

to ld  us should  be  our i n t e r e s t  s c e n a r i o s .  The f i r s t  s c e n a r i o  is one  t ha t  r e m a i n s  

leve l ,  t he  r e su l t s  of  which  can  b e  u sed  as a r e f e r e n c e  point .  The  s e c o n d  c rawl s  

up 50 bas i s  po in t s  a y e a r  fo r  10 y e a r s  and t hen  r e m a i n s  leve l ;  t he  th i rd  z o o m s  up 

1.0 p e r c e n t  a y e a r  for  5 y e a r s  and zaps  b a c k  down again  ove r  the  nex t  5 y e a r s .  

The nex t  pops  up 3.0 p e r c e n t  i m m e d i a t e l y  and t h e n  r e m a i n s  leve l .  The las t  t h r e e  

a re  the  mi r ro r  i m a g e s  of  the  second ,  th i rd ,  and  f o u r t h  t h e y  c r a w l  down,  z o o m  

down,  and pop down.  In addi t ion ,  Ne w York  t e l l s  us to  inc lude  s o m e  y ie ld  c u r v e  

invers ions .  

Tab l e  10-11 shows  s o m e  s a m p l e  New Y o r k  s c e n a r i o s  for  1 0 - y e a r  T r e a s u r y  y ie lds .  

The s t a r t i n g  po in t  was  7.3 p e r c e n t ,  which  was  t he  y i e ld  s o m e t i m e  in J u l y  1986. 

10-79 



TABLE 10-I  I 

NEW Y O R K  LAW 

INTEREST SCENARIOS 

(10-YEAR TREASURY YIELDS) 

S c e n a r i o  

Time  1 Z 3 4 5 6 7 

0 7 . 3 %  7 . 3 %  7 . 3 %  7 . 3 %  7 . 3 %  7 . 3 %  7 . 3 %  

1 7 .3  7 .8  8 .3  10.3 6 .8  6 .3  4 . 3  

5 7 .3  9 .8  1Z.3 10.3 4 . 8  4 . 0  4 .3  

10+ 7 .3  1Z.3 7 .3  10.3 4 . 0  7 .3  4 .3  

Scenar ios  5 and 6 a re  not  e x a c t l y  mi r ro r  images  of s cena r io s  Z and 3, as a 

m i n i m u m  i n t e r e s t  l eve l  of  4.0 p e r c e n t  is de f ined .  To rev iew the  New York 

r e c o m m e n d a t i o n s ,  we r a n d o m l y  g e n e r a t e d  ZOO i n t e r e s t  scenar ios .  In Session 4, 

Denny  C a r r  desc r ibed  how he deve loped  40 i n t e r e s t  scenar ios .  The ZOO were  

deve loped  in a s imi la r  way .  Each  scena r io  s t a r t e d  a t  7.3 p e r c e n t ,  and the  r a t e s  

a f t e r  1 y e a r ,  5 yea r s ,  and 10 y e a r s  were  r ev i ewed .  The New York sugges t ions  

were  c o m p a r e d  wi th  the  95th and the  5 p e r c e n t i l e s  of  the  r a n d o m l y  g e n e r a t e d  

r a t e s .  The r a t e s  were  not  s i g n i f i c a n t l y  d i f f e r e n t .  Table  10-1Z shows the  

scena r ios  if t he  95th  and 5th  p e r c e n t i l e s  are  s u b s t i t u t e d  for  the  e x t r e m e  r a t e s  in 

e a c h  of the  New York scenar ios .  Most of  the t e s t s  desc r ibed  l a t e r  use these  

"ad jus ted"  New York  scenar ios .  
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TABLE IO-1Z 

ADJUSTED NEW YORK 

INTEREST SCENARIOS 

(10-YEAR TREASURY YIELDS) 

Scenario 

Time 1 Z 3 4 5 6 7 

0 7 .3% 7 .3% 7.3% 7 .3% 7.3% 7 .3% 7 .3% 

1 7.3 8.Z 8.6 10.6 7 .0  6.8 5.5 

5 7 .3  11 .6  13 .8  10 .6  5 .8  4 . 8  5 .5  

10+ 7.3 15.8 7.3 10.6 4.3 7.3 5.5 

Adjus tments  for A-Ra ted  Bonds 

The scenarios  considered so far  have  only r e l a t e d  to Treasury  bonds. The normal  

l ife insurance company bond por t fo l io  includes a large propor t ion of bonds of 

lower qual i ty  than Treasuries .  In our project ion,  we assumed an average  qual i ty  

of single A. To conver t  Treasury  yields to A- r a t ed  bond yields~ a mult ipl ier  is 

applied and a cons tan t  addition made.  The mult ipl iers  and the spreads vary  by 

te rm.  Table 10-13 shows some examples:  
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T A B L E  10-13 

A - R A T E D  BOND YIELDS 

( A D J U S T M E N T S  TO T R E A S U R Y  YIELDS) 

M a t u r i t y  Multil~lier Spread  

90 days  1 . 0 2 4  0 . 5 0 %  

3 y e a r s  1. 033 0 . 6 0  

10 y e a r s  1. 049 0 . 7 5  

Z0 y e a r s  1. 058 0 . 8 5  

For  a 9 0 - d a y  bond,  the  mu l t i p l i e r  is 1.024 and a sp read  of  50 bas is  poin ts .  If t he  

9 0 - d a y  T r e a s u r y  r a t e  is 10 p e r c e n t ,  this  r e su l t s  in a 10.74 p e r c e n t  y i e ld  for  90-  

day  A - r a t e d  bonds.  S imi lar ly ,  if t he  Z 0 -yea r  T r e a s u r y  is y ie ld ing  10 p e r c e n t ,  the  

A - r a t e d  bond  is a s s u m e d  to  y ie ld  11.43 p e r c e n t .  These  mul t ip l i e r s  and sp reads  

a re  b a s e d  on an ana lys i s  o f  pa s t  h i s to ry .  

In addi t ion ,  a d e f a u l t  a s s u m p t i o n  is r equ i r ed .  For  A - r a t e d  bonds ,  we  a s s u m e d  an 

annual  d e f a u l t  r a t e  of  17 bas is  po in ts .  I'll c o m e  b a c k  to this whole  s u b j e c t  of  

d e f a u l t  l a t e r .  

M i s m a t c h  L i f e  R e s u l t s  

P r o j e c t i o n s  w e r e  m a d e  using the  s a m e  b lock  of  bus iness  tha t  Denny  Ca r r  

a n a l y z e d  in Sess ion 4 for  M i s m a t c h  Li fe .  The p r o d u c t  is a t yp i ca l  b a c k l o a d  

u n i v e r s a l  l i fe .  Tab le  10-14 g ives  de t a i l s  of  c e r t a i n  y e a r s '  new bus iness  

p r o d u c t i o n .  The v a l u a t i o n  is be ing  p e r f o r m e d  as of  D e c e m b e r  31, 1990. 
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T A B L E  10-14 

M I S M A T C H  I.I~'E 

H I S T O R I C A L  S.aLV-S G R O W T H  (000's) 

Annual  Lump 

Y e a r  P r e m i u m  Sum T o t ~  

198z $ 16 $ 4 $ zo 

1984 8O 40 IZO 

1986 I IZ 55 167 

1988 136 30 166 

1990 160 16 176 

It  was  a s s u m e d  t h a t  t he  r e s e r v e  e q u a l e d  the  cash  va lue .  Tab le  10-15 shows  the  

d e v e l o p m e n t  o f  the  fund v a l u e s  and cash  va lues  s ince  1980. 

T A B L E  I 0 - 1 5  

HISTORICAL LIAB~.FFY G R O W T H S  (000'S) 

Y e a r  Fund  Value  Cash  Value  

198Z $ Z5 $ Z 

1984 ZOO 44 

1986 608 Z41 

1988 I,Z08 638 

1990 Z,OIZ 1,Z35 
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P r o j e c t i o n s  were  m a d e  using the  New York and "ad jus ted"  New York scenar ios  

desc r ibed  ea r l i e r .  The d i s c o u n t e d  va lue  of  the  c u m u l a t i v e  surplus a t  the  end of 

Z0 y e a r s  was c o m p u t e d  for  each  scenar io .  The a s sumpt ions  and me thods  used  

were  i d e n t i c a l  to those  ou t l ined  by Denny  in Session 4. Table  10-16 and F igure  

10-10 show the  resu l t s .  

TABI .~  10-16 

DISCOUNTED VALUE OF SURPLUS (000's) 

Ad jus t ed  
Scenar io  New York New York 

1 $641 $641 

Z 503 4ZO 

3 548 530 

4 524 511 

5 540 687 

6 535 618 

7 614 709 

For  bo th  se t s  of s cena r ios ,  the  d i s c o u n t e d  va lues  a re  c o n s i s t e n t l y  pos i t ive ,  

p o r t r a y i n g  a supposedly  h e a l t h y ,  so lven t  b lock  of business .  The va lues  p roduced  

by the  New York  and the  ad ju s t ed  s cena r io s  are  d i f f e r e n t ,  but  not  s i gn i f i c an t l y  

so. For  s cena r io s  Z, 3, and  4, the  up scenar ios ,  lower  d i s c o u n t e d  values  are 

shown for  the  ad jus t ed  scenar ios ,  which is to  be e x p e c t e d  as i n t e r e s t  r a t e s  go 

c o n s i s t e n t l y  h igher .  S imi la r ly ,  the  New York va lues  are  lower  for  the  down 

scena r ios .  However ,  in add i t ion  to looking a t  the  surplus a t  the  end of the  
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p r o j e c t i o n  per iod ,  which  is s u f f i c i e n t  to s a t i s f y  New York's r e q u i r e m e n t s ,  we 

look a t  t he  p rogress ion  of  this  surplus in all yea r s .  For  two scenar ios ,  c u m u l a t i v e  

surplus  does  b e c o m e  nega t i ve .  C u m u l a t i v e  losses a re  shown for  y e a r s  5 th rough  

9 for  s cena r io  3. S imi lar ly ,  s cena r io  Z shows c u m u l a t i v e  losses in y e a r s  8 th rough  

13. I n t e r e s t  r a t e s  r ise  under  these  two scenar ios ,  and  the  losses are  caused  by 

c r e d i t e d  i n t e r e s t  be ing h igher  t han  t h a t  e a rned  on the  m a t c h i n g  asse ts .  Also, the  

r e s e r v e  basis  was  a s sumed  to be the  cash  value ,  which e x a c e r b a t e s  the s i t u a t i o n  

as losses a re  i n c u r r e d  during the  pe r iod  of  su r r ende r  cha rge  runof f .  

These  r e su l t s  sugges t  t h a t  a r ev iew of  the  m a r k e t  va lue  surplus  at  the  end of  the  

p r o j e c t i o n  pe r iod  should not  be the  only t e s t  appl ied.  A r e q u i r e m e n t  t h a t  

c u m u l a t i v e  book value  surplus  is n e v e r  n e g a t i v e  appears  appropr i a t e .  

A C T U A R I A L  OPINION 

However ,  t he  a c t u a r y  of  M i s m a t c h  L i f e  ignored  the  y e a r - b y - y e a r  resu l t s  and 

based  his opinion on the  resu l t s  a t  the  end of  the  p r o j e c t i o n  per iod.  A copy of 

the  A c t u a r i a l  Opinion is shown in Appendix A. A sample  a c t u a r i a l  opinion was 

p r e p a r e d  for  this  s a m e  sympos ium las t  yea r .  Three  changes  have  been  made  to 

t he  f o r m a t  to comply  wi th  New York requi re=nents .  F i r s t ,  i t  is s t a t e d  t h a t  the  

a c t u a r y  was appo in t ed  by the  boa rd  of  d i r ec to r s .  Second,  it  is s t a t e d ,  r a t h e r  

c o n t r o v e r s i a l l y ,  t h a t  the  r e s e r v e s  a re  "good and s u f f i c i e n t "  r a t h e r  than  

" app rop r i a t e , "  which was the  desc r ip t i on  used  las t  yea r .  And third ,  a c o m m e n t  is 

i nc luded  as to what ' s  b e e n  happen ing  s ince  the  d a t e  of  the  va lua t ion .  The r epo r t  

is no t  p r e p a r e d  unt i l  F e b r u a r y  15, 1991. 

A s t a t e m e n t  is inc luded  saying tha t  even t s  occur r ing  b e t w e e n  D e c e m b e r  31, 

1990, and the  da t e  the  Opinion was c o m p l e t e d  were  r e v i e w e d  for m a t e r i a l i t y ,  

and  no m a t e r i a l  even t  a f f e c t i n g  the  Opinion occu r r ed .  
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A C T U A R I A L  M E M O R A N D U M  

A s a m p l e  of  an A c t u a r i a l  M e m o r a n d u m  is shown in Appendix  B. I 'm going to  t a k e  

y o u  fa i r ly  qu ick ly  th rough  the  s t r u c t u r e  of  this M e m o r a n d u m .  It  s t a r t s  wi th  a 

f a i r ly  b r o a d  d e s c r i p t i o n  of  the  bus iness  in f o r c e .  Then  the  i n - f o r c e  r e s e r v e s  a re  

descr ibed~ along with the  bas i s  on which  t h e y  a re  c a l c u l a t e d .  You' l l  n o t e  t ha t  

r e l i a n c e  is p l a c e d  on E. Z. Earn ings  for  the  p r e p a r a t i o n  of  the  da ta .  

The th i rd  p a r t  of  t he  M e m o r a n d u m  ou t l ines  t he  a s s e t s  t h a t  a re  m a t c h i n g  t he  

r e s e r v e s .  Again,  r e l i a n c e  as to  a c c u r a c y  of  the  d a t a  is e x p r e s s e d  9 in this c a s e  on 

Max M. Yield ,  t he  ch ie f  i n v e s t m e n t  o f f i c e r .  Asse t  de t a i l s  as to s t a t e m e n t  value~ 

coupon  rate~ and m a t u r i t y  d a t e  a re  shown.  It  shows  a f a i r l y  h e a l t h y  si tuat ion~ 

wi th  i n v e s t m e n t s  in A - r a t e d  bonds  wi th  coupon  r a t e s  of  9.Z5 and 9.75 percent~  

c o m p a r e d  wi th  new m o n e y  T r e a s u r y  y ie lds  of  7.3 pe rcen t9  which  would  sugges t  a 

new  m o n e y  A - r a t e d  bond  y ie ld  of  a b o u t  8.5 p e r c e n t .  The re fo re9  t he  a s s e t s  a r e  

showing  u n r e a l i z e d  gains  a t  the  t i m e  of  the  va lua t ion .  That ts  p r o b a b l y  the  r e a s o n  

why no n e g a t i v e  ea rn ings  w e r e  shown fo r  t he  "pop up" s c e n a r i o  4~ which  

i n c r e a s e s  i n t e r e s t  r a t e s  3 p e r c e n t  i m m e d i a t e l y .  

The nex t  s e c t i o n  of  the  r e p o r t  dea l s  wi th  t he  m e t h o d o l o g y  o f  how the  l i ab i l i ty  

ca sh  f low was  p r o j e c t e d .  The p r o c e d u r e s  and a s s u m p t i o n s  t h a t  D e n n y  C a r r  

d e s c r i b e d  in Sess ion 4 a re  shown.  Similarly~ the  m e t h o d s  and a s s u m p t i o n s  u s e d  to  

p r o j e c t  the  i n v e s t m e n t  cash  f low a re  ou t l ined .  These  t w o  s e t s  of  a s s u m p t i o n s  

a re  i n t e r r e l a t e d  and a re  i n t e r a c t i v e  on a q u a r t e r l y  bas is .  The  i n t e r e s t  s c e n a r i o s  

a r e  t h e n  descr ibed~ along wi th  the  a s s u m e d  s p r e a d  b e t w e e n  t he  T r e a s u r y  and A-  

r a t e d  bond  y ie lds .  N o t e  t ha t  s c e n a r i o s  3 and 4 did e x p e r i e n c e  an inve r s ion  a t  

s o m e  s t a g e  in the i r  c a r ee r s .  The  r e s u l t s  a re  then  summar ized~  showing a f a i r l y  
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h e a l t h y  surplus  on e a c h  of  t he se  s cena r io s .  This is the  surplus  a t  the  end of  Z0 

y e a r s .  It doesn ' t  t i e  in wi th  the  n u m b e r s  I showed  you  e a r l i e r ,  b e c a u s e  those  

w e r e  d i s c oun t ed .  But  as you  can see~ t he  wors t  r e su l t s  in b o t h  se t s  of  n u m b e r s  

a r e  shown fo r  s c e n a r i o  Z~ the  one t h a t  c r awl s  up and s t ays  t h e r e .  All of t h e m  

show a h e a l t h y  solvency~ h o w e v e r .  T h e r e  fo l lows  s o m e  r a t i o n a l i z a t i o n  as to why 

the  r e s e r v e s  a re  good  and s u f f i c i e n t .  The  M e m o r a n d u m  f in i shes  wi th  some  

l imi ta t ions~  inc lud ing  t he  po in t  t h a t  if a c t u a l  e x p e r i e n c e  is worse  than  assumed~ 

t h e n  the  s i t u a t i o n  m a y  no t  be  as h e a l t h y  as p o r t r a y e d .  

S T O C H A S T I C A L L Y  G E N E R A T E D  SCENARIOS 

So~ Ern ie  D. Spread ,  t he  a c t u a r y  9 has  c o m p l e t e d  his r e v i e w  and goes  on v a c a t i o n  

fo r  a while~ happy  he is a s s o c i a t e d  wi th  a heal thy~ s o l v e n t  o r g a n i z a t i o n .  But  is 

this  t h e  way  i t  should  h a v e  f in i shed?  In p a r t i c u l a r ,  a r e  the  s c e n a r i o s  used  t he  

ones  t h a t  r e a l l y  te l l  us the  whole  s t o r y ?  As a c h e c k ,  we ran  the  p r o j e c t i o n s  using 

40 s t o c h a s t i c a l l y  g e n e r a t e d  s c e n a r i o s .  Tab l e  10-17 and F i g u r e  10-11 show t h e  

r e s u l t s  of  t h e s e  p r o j e c t i o n s .  One New York  s c e n a r i o  g ives  a m o r e  o p t i m i s t i c  

r e s u l t  t han  all 40 of  the  s t o c h a s t i c a l l y  g e n e r a t e d  s c e n a r i o s ,  and the  o t h e r  six 

show r e s u l t s  above  the  m e d i a n  l eve l .  This does  sugges t  t h a t  m a y b e  we n e e d  to  

th ink  a b i t  h a r d e r  abou t  which  s c e n a r i o s  should  be  used  to  d e m o n s t r a t e  so lvency .  

D e n n y  C a r r  showed  t h a t  if  i n t e r e s t  r a t e s  a re  a s s u m e d  to  l eve l  o f f  a f t e r  10 y e a r s ,  

t h e n  the  surplus  f i gu re s  a re  s i g n i f i c a n t l y  i m p r o v e d .  All s e v e n  New York  

s c e n a r i o s  a r e  l eve l  a f t e r  10 y e a r s .  A n o t h e r  r e a s o n  fo r  the  f a v o r a b l e  r e su l t s  is 

t h a t  t he  s c e n a r i o s  have  v e r y  low v o l a t i l i t y .  D e n n y  d e s c r i b e d  t he  r e c e n t  

s i g n i f i c a n t  i n c r e a s e  in v o l a t i l i t y  in m o v e m e n t s  of  i n t e r e s t  r a t e s .  The  s c e n a r i o s  

be ing  u s e d  by Ern ie  D. Sp read  a re  d a n g e r o u s l y  vo l a t i l e .  A c o m b i n a t i o n  of  l eve l  

i n t e r e s t  r a t e s  a f t e r  10 y e a r s  and low v o l a t i l i t y  causes  the  New York  s c e n a r i o s  to  

p r o d u c e  unusua l ly  f a v o r a b l e  r e su l t s .  
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TABLE I0-17 

DISCOUNTED VALUE OF SURPLUS (000~s) 

New York Scenarios 

1 $ 641 

Z 503 

3 548 

4 5Z4 

5 540 

6 535 

7 614 

Stochas t ica l ly  
G e n e r a t e d  Scenarios 

Highest $6Z6 

95th percen t i l e ,  $577 

Median, $434 

5th percent i le ,  ($186) 

Lowest ,  ($ZZ8) 

It should be noted that the block of business tested was universal life and that 

s ignif icant  inward cash flow takes  p lace  a f t e r  10 years .  If we had t e s t ed  a block 

of SPDA business, then  the conclusions might have been d i f f e ren t .  However,  I 

think tha t  these  resul ts  suggest tha t  it may be imprudent  to manage  your 

company by just  looking at  the  New York scenarios .  Clear ly ,  there  is a lot more  

work needed  in the a rea  of se lec t ing  the appropr ia te  scenarios  to be used in the 

solvency tests .  
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I N T E R E S T - C R E D I T I N G  S T R A T E G Y  

Now le t ' s  m o v e  on to s o m e  o t h e r  i m p l i c a t i o n s  t ha t  c o m e  ou t  of  doing this  work.  

The f i r s t  r e l a t e s  to i n t e r e s t  c red i t ing .  You' l l  f ind t ha t  as Denny  s h o w e d  y o u  in 

Sess ion  49 r e su l t s  can  va ry  s ign i f i can t ly ,  depend ing  on you r  i n t e r e s t - c r e d i t i n g  

s t r a t e g y .  This s u g g e s t s  t h a t  s o m e  d isc ip l ine  is r e q u i r e d  in s e t t i n g  t h a t  s t r a t e g y .  

I 'm sure  t ha t  s o m e  of  you  m a y  have  d i sc ip l ined  p r o c e d u r e s  in p l ace ,  bu t  I 'm 

equa l ly  sure  o t h e r s  a re  p r e t t y  und i sc ip l ined  a b o u t  how t h e y  c o m e  up wi th  the  

c r e d i t e d  i n t e r e s t  r a t e  on a m o n t h - b y - m o n t h  bas is .  Our  r e s e a r c h  s u g g e s t s  t ha t  to  

a c h i e v e  s a t i s f a c t o r y  p r o f i t a b i l i t y ,  d isc ip l ine  is r e q u i r e d .  It  a lso sugges t s  t h a t  t he  

c o m p e t i t o r ' s  r a t e  should be  p a r t  of  the  fo rmu la .  Some  of  the  more  "macho"  

a c t u a r i e s  m a y  wan t  to  tough  it  out  and a l w a y s  d e c l a r e  e a r n e d  i n t e r e s t  minus  150 

bas is  po in ts ,  b u t  m a y b e  t he  i n - f o r c e  bus iness  will d i s appea r ,  and no new sa les  will 

b e  made .  If  you  d raw the  conc lus ion  t h a t  c o m p e t i t i o n  is going to  be  p a r t  of  t he  

fo rmula ,  t hen  it  is n e c e s s a r y  to  de f ine  c o m p e t i t i o n ,  which  is no t  t ha t  easy .  

Denny  gave  a de f in i t ion  of  c o m p e t i t i o n ,  bu t  as we 've  p e r f o r m e d  this work  ove r  

the  las t  yea r ,  our  de f in i t i on  of  c o m p e t i t i o n  has  m o v e d  a t  l e a s t  q u a r t e r l y .  This 

de f in i t ion  is a big a s sumpt ion ,  and i t 's  no t  one t h a t  can  b e  m a d e  wi th  a high 

d e g r e e  of  c o n f i d e n c e .  C l e a r l y ,  t he  s e n s i t i v i t y  of t h e  r e s u l t s  to  this  a s s u m p t i o n  

mus t  b e  t e s t e d .  The only w a y  to  i n c r e a s e  c o n f i d e n c e  is to  m o n i t o r  the  

c o m p e t i t i o n .  Who a re  y o u r  r ea l  c o m p e t i t o r s ?  K e e p  t r a c k  of  t h e m  and deve l op  

the  de f in i t i on  o f  c o m p e t i t i o n  o v e r  the  y e a r s .  
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Any i n t e r e s t - c r e d i t i n g  s t r a t e g y  and the  a s sumpt ions  t h a t  go behind it  r equ i re  

r egu l a r  rev iews .  You don ' t  lock in to  a s t r a t e g y  f o r e v e r .  What  seems  r ea sonab le  

this  y e a r  m a y  not  be r ea sonab le  in 5 yea r s '  t ime ,  but  I'm not  sugges t ing  t h a t  you  

only lock in to  your  s t r a t e g y  on a m o n t h l y  basis.  

INVESTMENT STRATEGY 

What  about  i n v e s t m e n t  s t r a t e g y ?  There  are  so m a n y  d i f f e r e n t  assumpt ions  t h a t  

go in to  this  work t h a t  to i d e n t i f y  ve ry  p r e c i s e l y  one o p t i m i z e d  i n v e s t m e n t  

s t r a t e g y  r ea l ly  m a k e s  l i t t l e  sense .  However ,  it  is possible  to i d e n t i f y  a c e r t a i n  

r ange  of du ra t ions  of  asse t s  t h a t  you  wouldn ' t  l ike to be outs ide .  

It is also n e c e s s a r y  to  de f ine  the  q u a l i t y  l imi t s .  

be? I'm going to deal  wi th  junk bonds,  as Mike M a t e i a  did, l a t e r .  

p r e p a y m e n t s  didn ' t  ge t  too much  press  a t  l as t  yea r ' s  sympos ium.  

g e t t i n g  much  more  press  this yea r ,  and no t  surpr is ingly ,  wi th  the  

How junky  are  you p r e p a r e d  to 

Calls  and 

They  are  

call  and 

p r e p a y m e n t  a c t i on  t h a t  a lot  of  us have  s u f f e r e d  over  the pas t  1Z months .  

C l e a r l y ,  this  is t he  y e a r  of  the  p r e p a y m e n t  r a t h e r  t han  the  y e a r  of  

d i s i n t e r m e d i a t i o n ,  and we are  f inding t h a t  ca l l s  and p r e p a y m e n t s  are jus t  as 

i m p o r t a n t  as t h e  e x t r a  w i thd rawa l s .  

SYNTHETIC ASSETS 

In ana lyz ing  a b lock of business ,  you  migh t  f ind t h a t  you  are s i gn i f i c an t l y  

m i s m a t c h e d  and t h a t  r e a l i g n m e n t  of  your  asse t s  is neces sa ry .  As Mike M a t e j a  

m e n t i o n e d ,  you need  to th ink b roade r  than  r egu la r  m o r t g a g e s  and bonds. There  
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a r e  a lo t  of  s y n t h e t i c  a s s e t s  t ha t  a re  be ing  m a n u f a c t u r e d  by  the  i n v e s t m e n t  

b a n k e r s ,  and s o m e  of  t h e s e  m a y  f i t  t he  l i ab i l i t i e s  q u i t e  n ice ly .  Some  of  the  n e w  

m o r t g a g e - b a c k e d  s e c u r i t i e s ,  ze ro  coupon  bonds ,  e t c . ,  m a y  be  b e t t e r  m a t c h e s  to 

your  l i ab i l i t i e s  t han  m o r e  t r a d i t i o n a l  i n v e s t m e n t s .  It  is w o r t h w h i l e  keep ing  

a b r e a s t  of  the  l a t e s t  d e v e l o p m e n t s .  

PAIN T H R E S H O L D S  

In measu r ing  t he  r e su l t s  of the  p r o j e c t i o n s ,  we  h a v e  u sed  c u m u l a t i v e  surplus  and 

t he  d i s c o u n t e d  va lue  of  t h a t  surplus .  But  t h e r e  a re  c e r t a i n  o t h e r  m e a s u r e s  w o r t h  

r ev i ewing ,  which  we s o m e t i m e s  r e f e r  to  as pa in  th resho lds .  Fo r  e x a m p l e ,  how 

low a m a r k e t  v a l u e / b o o k  va lue  r a t i o  a re  y o u r  c o m f o r t a b l e  wi th?  Do you  wan t  to  

go th rough  the  s l e ep l e s s  n ights  y o u  had  in 1981, when  you r  m a r k e t  va lues  w e r e  

running a t  70 p e r c e n t  o f  book ,  or do y o u  w a n t  to  avo id  t h a t ?  You m a y  wish to  

s e l e c t  s t r a t e g i e s  t h a t  only  have  a smal l  p r o b a b i l i t y  of  t he  m a r k e t  v a l u e / b o o k  

va lue  r a t i o  dropping  b e l o w ,  say ,  85 p e r c e n t .  

Also,  if  you  r e a l l y  a re  the  "macho"  a c t u a r y  and c r e d i t i n g  e a r n e d  i n t e r e s t  less  

1.50 p e r c e n t  w h a t e v e r  the  c i r c u m s t a n c e s ,  you  m a y  hi t  a pa in  t h r e sho ld  when  you  

f ind y o u r s e l f  600 bas is  po in t s  a w a y  f r o m  the  c o m p e t i t i o n .  A n o t h e r  s t a t i s t i c  to  

r e v i e w  is t he  c u m u l a t i v e  b o r r o w i n g / r e s e r v e  r a t io .  In m o s t  work  tha t ' s  done  on 

this  s u b j e c t ,  i t  is a s s u m e d  tha t  in the  e v e n t  of  n e g a t i v e  cash  f low,  bo r rowing  

t a k e s  p l a c e  in one  fo rm or ano the r .  D o n n a  C l a i r e  to ld  y o u  in Sess ion  9 t h a t  

n e a r l y  all New York  c o m p a n i e s  a s s u m e  bo r rowing ;  s o m e  of t h e m  b o r r o w  shor t ,  

o t h e r s  b o r r o w  long, and o t h e r s  have  n e g a t i v e  i n v e s t m e n t s ,  bu t  n e a r l y  all bo r row.  

Bu t  this  b o r r o w i n g  can  g e t  out  of  hand,  and you  m a y  have  a c e r t a i n  b o r r o w i n g -  

t o - r e s e r v e  r a t i o  t h a t  c a u s e s  d i s c o m f o r t .  These  a re  a f e w  e x a m p l e s  of  pa in  

th resho lds .  This l i s t  can  b e  added  to,  and i t ' s  wor th  th inking th rough  which  a re  
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y o u r  p a r t i c u l a r  pain  th resho lds  and t e s t i ng  under  wha t  c i r c u m s t a n c e s  t h e y  will be 

b r e a c h e d .  

JUNK BONDS 

To close,  I would l ike to r e t u r n  to the  sub jec t  of junk  bonds, because ,  l ike Mike 

Ma te j a ,  i t 's  s o m e t h i n g  tha t  worr ies  me.  There  are s eve ra l  compan ies  c la iming  

t h e y  are  making  the i r  spreads  as a resu l t  of inves t ing  in junk bonds, having only 

e x p e r i e n c e d  min ima l  de f au l t s .  On a v e r a g e ,  i f  you  look back  a t  h i s to ry ,  the  cos t  

of  d e f a u l t  is s i g n i f i c a n t l y  less than  the  cos t  of  the  add i t iona l  y ie ld  as you  go 

down the  qua l i t y  curve .  But a d i s t o r t e d  p i c t u r e  is p a i n t e d  if  the  r e su l t s  of  low- 

q u a l i t y  i n v e s t m e n t s  are p r o j e c t e d  by inc reas ing  the  y ie ld  of the  bonds and 

d e d a c t i n g  the  e x p e c t e d  a v e r a g e  de fau l t .  Those d e f a u l t s  a ren ' t  going to happen  

n ice  and r e g u l a r l y  on a y e a r - t o - y e a r  basis.  T h e y  a re  going to be uneven ,  and we 

need  to c o m e  up wi th  some  way of  mode l ing  this.  This is an a r e a  of r e sea r ch .  

One approach  is to i n c o r p o r a t e  r a n d o m l y  g e n e r a t e d  levels  of  d e f a u l t  in the  

p ro j ec t ion .  In order  to der ive  the  p robab i l i t y  func t ions ,  a d e t a i l e d  analys is  of the  

junk  bond e x p e r i e n c e  is requi red .  Howeve r ,  cons ider ing  what  has happened  to 

the  junk bond m a r k e t  over  the  las t  5 yea r s ,  junk bond e x p e r i e n c e  of the  pas t  is 

no t  n e c e s s a r i l y  going to be r e p e a t e d  in the  fu tu r e .  But  i t 's  c lea r  t ha t  one has to 

r e f l e c t  the  uneven  o c c u r r e n c e  of  d e f a u l t s  in to  the  p r o j e c t i o n  if one is to t ake  

c r ed i t  for the  add i t i ona l  y i e ld  t h a t  junk  bonds provide .  I 'm not  saying t h a t  junk 

bonds are  n e c e s s a r i l y  i napprop r i a t e  i n v e s t m e n t s ;  wi th  a s u f f i c i e n t l y  wide spread  

of  i n v e s t m e n t s ,  the  add i t iona l  y i e ld  may  m o r e  than  c o m p e n s a t e  for  the  

add i t i ona l  r isk.  Howeve r ,  the  i ndus t ry  u r g e n t l y  requ i res  more  r e s e a r c h  on the  

sub jec t .  
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In conc lus ion ,  l e t ' s  look b a c k  o v e r  the  l as t  y e a r  s ince  t he  s y m p o s i u m  in 1985. 

P r o b a b l y  we a re  now looking a t  e v e n  m o r e  unknowns  t han  we w e r e  las t  y e a r .  

T h e r e  a re  m o r e  a r e a s  fo r  f u t u r e  r e s e a r c h  t h a t  h a v e  b e e n  i d e n t i f i e d .  But ,  c l e a r l y ,  

t h e r e  has  b e e n  p r og re s s ,  if  only  in i d e n t i f y i n g  t h e s e  a r e a s  of  l ack  o f  k n o w l e d g e .  

I 'm h o p e f u l  t h a t  o v e r  the  n e x t  y e a r  or  n e x t  f ew y e a r s ,  t h e s e  a r e a s  will be  

add re s s e d ,  and a d d r e s s e d  succe s s f u l l y .  
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Appendix  A 

Sta tement  o f  Actuarial  Opinion 
Statutory Annual S ta tement  of  the 
Mismatch Li fe  Tn-~trance Company 

For the Year Ended December  31, 1990 

I, Ernie  D. Spread~ am Vice P r e s i d e n t  and A c t u a r y  for  M i s m a t c h  L i fe  Insurance  
C o m p a n y  in the  s t a t e  of Domic i l e ,  and am a m e m b e r  of the  A m e r i c a n  A c a d e m y  
of  A c t u a r i e s  and m e e t  i ts  qua l i f i c a t i ons  to ac t  as a Valua t ion  A c t u a r y .  In a 
l e t t e r  to  the  NAIC Valua t ion  A c t u a r y  Bureau  d a t e d  Ju ly  4, 1990, I was appo in ted  
by the  Board  of  D i r e c t o r s  of  M i s m a t c h  L i f e  Insurance  C o m p a n y  to wr i te  this  
A c t u a r i a l  Opinion. A copy  of the  Board 's  resolution~ d a t e d  Ju ly  4, 1990, was 
enc losed  wi th  the  l e t t e r .  

I have  e x a m i n e d  the  a c t u a r i a l  a s sumpt ions  and a c t u a r i a l  me thods  used in 
d e t e r m i n i n g  po l icy  r e se rve s  and r e l a t e d  a c t u a r i a l  i t ems ,  as l i s ted  below, as 
shown in the  Annual  S t a t e m e n t  of the  C o m p a n y ,  as p r e p a r e d  for  f i l ing wi th  s t a t e  
r e g u l a t o r y  o f f i c i a l s ,  as of  D e c e m b e r  31, 1990. 

(i) A g g r e g a t e  R e s e r v e  for  L i f e  Pol ic ies  and 
C o n t r a c t s  (Exhibit  8) 

$I,Z35,346 

(ii) A g g r e g a t e  R e s e r v e  for  A c c i d e n t  and H e a l t h  
Pol ic ies  (Exhibit  9) 

(iii) Net  D e f e r r e d  and U n c o l l e c t e d  P r e m i u m s  
(Page Z, Line  17) 

(iv) Po l i cy  and C o n t r a c t  C l a i m s - - L i a b i l i t y  End of 0 
C u r r e n t  Year  I ncu r r ed  by U n r e p o r t e d  (Exhibit  11, 
P a r t  1, L ine  3) 

I have  cons ide red  the provis ions  of  the  Company ' s  i n - f o r c e  pol ic ies  and the  
r e l a t e d  a d m i n i s t r a t i v e  expenses .  I have  c o n s i d e r e d  any r e in su rance  a g r e e m e n t s  
p e r t a i n i n g  to t he  pol ic ies ,  the  i n t e r e s t - c r e d i t i n g  phi losophy,  t he  c h a r a c t e r i s t i c s  
of  the  Company ' s  asse t s ,  and the  i n v e s t m e n t  po l icy  adop t ed  by the  C o m p a n y  as 
t h e y  migh t  a f f e c t  f u t u r e  in su rance  and i n v e s t m e n t  cash  f lows under  the  pol ic ies  
and i n v e s t e d  asse ts .  My e x a m i n a t i o n  inc luded  such t e s t s  and ca l cu l a t i ons  as I 
cons ide red  n e c e s s a r y  to fo rm the  opinion s t a t e d  below.  

The uni t  expenses  in the  cash f low t e s t s  were  based  on a "go ing-concern"  basis  
for  those  c o n t r a c t s  in fo rce  on the  va lua t i on  d a t e  under  cons i s t en t  se ts  of 
a s sumpt ions  wi th  r ea sonab l e  marg ins  for adve r se  dev ia t ions ,  for  var ious  pa ths  of  
f u t u r e  i n t e r e s t  r a t e s .  Where  appropr i a t e ,  new cons ide ra t i ons  on l ives cove red  a t  
the  v a l u a t i o n  da t e  were  cons ide red ,  bu t  no new l ives were  a s sumed  to  be cove red  
e x c e p t  for  the  above desc r ibed  uni t  expenses .  P a r t i c u l a r  a t t e n t i o n  was g iven to 
those  provis ions  and c h a r a c t e r i s t i c s  t h a t  migh t  cause  fu tu r e  insurance  and  
i n v e s t m e n t  cash  f lows to vary with changes  in the  leve l  of  p reva i l ing  i n t e r e s t  
r a t e s .  
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S t a t e m e n t  of Actuar ia l  Opinion 
Page Z 

In o ther  respects ,  my examinat ion  included such review of the ac tuar ia l  
assumptions and methods,  as well as such tes ts  of the ac tuar ia l  calculat ions,  as I 
considered necessa ry  under the c i rcumstances .  

In making my examinat ion,  I have re l ied upon listings and summar ies  of policies 
in force  and other  associa ted  da ta  prepared  by E. Z. Earnings, control ler .  I 
re l ied on the s t a t ed  inves tment  policy of the  Company,  including listings and 
summar ies  of assets,  as provided by Max M. Yield, ch ief  inves tment  o f f ice r  of 
the Company.  I p e r f o r m e d  no ver i f i ca t ion  as to the  a c c u r a c y  of these data.  

In my opinion, as of D e c e m b e r  31, 1990" 

1. The policy reserves  and other  ac tuar ia l  i t ems  shown herein:  

(i) Are computed  in acco rdance  with commonly  a c c e p t e d  ac tuar ia l  
s tandards and cons is tent ly  applied and are  fair ly s t a t ed  in 
accordance  with sound ac tuar ia l  principles.  

(ii) Are based on ac tuar ia l  assumptions tha t  produce rese rves  at  least  
as g rea t  as those cal led for in any policy or c o n t r a c t  provision as 
to rese rve  basis and method  and are  in acco rdance  with all o ther  
policy or con t r ac t  provisions. 

(iii) Meet  the r equ i r emen t s  of the insurance laws of the s t a t e  of 
Domicile.  

(iv) Are computed  on the basis of assumptions consis tent  with those 
used in comput ing the  corresponding i t ems  in the Annual 
S t a t e m e n t  of the Mismatch  Life Insurance Company for the yea r  
ending December  31, 1989. 

(v) Include provision for all ac tua r i a l  rese rves  and r e l a t ed  ac tuar ia l  
s t a t e m e n t  i tems tha t  ought to be establ ished.  

Z. The an t ic ipa ted  inves tment  cash flows arising f rom an al locat ion of assets  
equal to reserves  and other  liabilities, plus an t i c ipa ted  considerat ions  to be 
r ece ived  from the in - force  policies, make  good and suff ic ient  provision, 
according to p resen t ly  a c c e p t e d  ac tuar ia l  s tandards  of p rac t i ce ,  for  the 
an t ic ipa ted  cash flows requi red  by con t r ac tua l  obligations and the r e l a t ed  
expenses of the Company.  

This opinion is updated  annually as requi red  by s t a tu t e .  The impac t  of 
unan t ic ipa ted  events  subsequent  to the da te  of this opinion is beyond the scope 
of the opinion. Events  occurr ing b e t w e e n  D e c e m b e r  31, 1990, and the da te  the 
opinion was comple ted  have been  rev iewed  for ma te r i a l i ty .  No event  ma te r i a l ly  
impact ing  this opinion has occurred .  The cash flow por t ion of this opinion should 
be viewed recognizing tha t  the Company's  fu tu re  exper i ence  will not exac t ly  
follow all the assumptions used in the cash flow project ion.  

Ernie D. Spread, MAAA 

February  15, 1991 
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Appendix  B 

A c t u a r i a l  Memorandum 
Suppor t ing  the  S t a t e m e n t  of  A c t u a r i a l  Opinion 

For  t he  S t a t u t o r y  Armna] S t a t e m e n t  o f  t h e  M i s m a t c h  L i f e  ln mjrance  Company  
For the  Year Ended D e c e m b e r  31,  1990 

RESERVES INCLUDED IN THIS MEMORANDUM 

P r o d u c t  Desc r ip t i on  

M i s m a t c h  L i fe  Insu rance  C o m p a n y  o f f e r s  n o n p a r t i c i p a t i n g  Universa l  L i fe  
c o n t r a c t s .  The po l icy  is a f lex ib le  p r e m i u m  Universa l  L i fe  pol icy  m a t u r i n g  a t  
age  95. Expense  loads  are  6 p e r c e n t  of  p r e m i u m s  plus $36 per  po l icy  each  year .  
G u a r a n t e e d  cos t  of  i n su rance  r a t e s  is based  on 1958 CSO m o r t a l i t y ,  but  lower  
r a t e s  c u r r e n t l y  a re  being charged .  G u a r a n t e e d  c r e d i t e d  i n t e r e s t  is 4 p e r c e n t ,  
and excess  i n t e r e s t  m a y  be c r ed i t ed .  The c r e d i t e d  i n t e r e s t  r a t e  a t  D e c e m b e r  31, 
1990, was 8.ZZ p e r c e n t .  Sur render  charges  a re  appl icab le  to cash su r rende r s  
during the  f i r s t  14 po l icy  yea r s  and equal  150 p e r c e n t  of the  t a r g e t  p r e m i u m  (for 
example ,  $1Z.00 per  $1,000 a t  issue age 35) for  yea r s  1 th rough  5, g rad ing  
l inea r ly  to 0 in y e a r  15. C u r r e n t  m o r t a l i t y  and i n t e r e s t  r a t e s  are  not  g u a r a n t e e d  
b e y o n d  the  c u r r e n t  pol icy  month .  

Po l i cy  In F o r c e  and Valua t ion  Bases of  R e s e r v e s  

R e s e r v e s  were  c a l c u l a t e d  equal  to  t he  cash  s u r r e n d e r  values .  The in - fo rce  and 
r e s e r v e s  as of D e c e m b e r  31, 1990, as show in Exhibi t  8 of t he  Annual  S t a t e m e n t  
of  the  Company ,  are  i l l u s t r a t e d  below: 

F a c e  A m o u n t  Fund  
Issue Year  (000's) Value (000's) " R e s e r v e s  (000's) 

To ta l  

1981 $ 456 $ 39,144 $ 36,408 
198Z 96Z 71,7Z3 64,797 
1983 Z,534 170,116 148,830 
1984 5,3Z9 Z99,609 Z48,451 
1985 6,734 314,685 241,958 
1986 8,Z79 315,489 Z16,141 
1987 9,416 Z73,340 160,348 
1988 II,Z64 Z349740 99,57Z 
1989 13,694 183,169 18,841 
1990 161391 I09~6ZI 0 

$ ?5,059 $ Z,011,636 $ 1,Z35,346 

For  t h e s e  f igures ,  I r e l i ed  upon l is t ings  and s u m m a r i e s  of  pol ic ies  in fo rce  
p r e p a r e d  by E. Z. Earnings ,  Con t ro l l e r .  I r e v i e w e d  the  r e su l t s  for r easonab leness  
but  p e r f o r m e d  no v e r i f i c a t i o n  as to the  a c t u a r y  of t he se  da ta .  
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ASSETS I N C L U D E D  IN THIS M E M O R A N D U M  

For  the  pu rposes  of  cash  f low projectionL% i n v e s t e d  a s s e t s  o f  $I,Z35,346 w e r e  
a l l o c a t e d  to suppor t  U n i v e r s a l  L i f e  r e s e r v e s  as of  D e c e m b e r  31, 1990. A l i s t ing  
of  t h e s e  a s s e t s  was  p r o v i d e d  by  Max M. Yield,  C h i e f  I n v e s t m e n t  O f f i c e r .  This 
l is t ing inc ludes  par  va lue  and coupon  and m a t u r i t y  d a t e s  fo r  e ach  s e c u r i t y ,  as  
wel l  as  the  book  and m a r k e t  va lues  a s s igned  to  the  s e c u r i t y .  

I did n o t  v e r i f y  the  c a l c u l a t i o n  of  t h e s e  v a l u e s  or the  r e c o r d s  of  s e c u r i t i e s  he ld  
t h a t  f o r m e d  t he  bas i s  fo r  t h e s e  c a l c u l a t i o n s .  This l i s t ing  p r o v i d e d  the  bas i s  fo r  
t he  p r o j e c t i o n s  of  i n v e s t m e n t  i n c o m e  and a s s e t  m a t u r i t i e s .  The  a s s e t s  a re  
s u m m a r i z e d  be low:  

A-RATED BONDS 

S t a t e m e n t  Coupon  M a t u r i t y  Ca l l  P r o t e c t i o n  
Value  R a t e  D a t e  Unt i l  

$ 63,6Z0 9.Z5% 
85,856 9.Z5 
I13,65Z 9.Z5 
151,330 9.Z5 
Z03,ZI5 9.Z5 

8,030 9.75 
39,531 9.75 
63,6Z0 9.75 
85,Z39 9.75 
111,181 9.75 
14Z,68Z 9.75 
167~389 9.75 

$ I,Z35,346 

6/91 
6/9Z 
6/93 
6/94 
6/95 
6 r99 
6100 
6r01 
610Z 
6/03 
6/04 
6/05 

1191 
1/9Z 
1193 
1/94 
1195 
1190 
1191 
i tgz 
1/93 
1/94 
1/95 
1/96 

PROJECTION OF INSURANCE CASH FLOWS 

A m o d e l  p r o j e c t i o n  was  p r e p a r e d  of  the  Un ive r sa l  L i f e  c o n t r a c t s  in f o r c e  as of  
D e c e m b e r  31, 1990. A d e s c r i p t i o n  of  the  p r o d u c t  and of  the  a s s u m p t i o n s  used  
for  p r o j e c t i o n s  is g iven  in Exhib i t  1. Fo r  e a c h  y e a r  of  i ssue ,  t he  i n - f o r c e  bus iness  
was  m o d e l e d  in to  a s ingle  cel l .  The  in i t ia l  m o d e l  r e s e r v e s ,  p r e m i u m s ,  and f a c e  
a m o u n t  w e r e  v a l i d a t e d  to  a c t u a l  va lues .  A l though  the  c h a r a c t e r i s t i c s  o f  e a c h  
m o d e l  ce l l  would  no t  n e c e s s a r i l y  g e n e r a t e  the  s a m e  va lues  as the  a g g r e g a t e  of  
all t he  po l i c i e s  in the  ce l l  for  d i f f e r e n t  p r o j e c t i o n s ,  in my  opinion,  t he  
d i f f e r e n c e s  a re  no t  m a t e r i a l .  

The p r o j e c t i o n  of  i n su rance  cash  f lows  t o o k  in to  a c c o u n t  p r o j e c t e d  e x c e s s  
i n t e r e s t  c red i t s ,  p o l i c y  t e r m i n a t i o n s  f rom d e a t h s  and su r r ende r s ,  and 
m a i n t e n a n c e  expenses  and commiss ions .  I t  was  a s s u m e d  t h a t  l eve l  t a r g e t  
p r e m i u m s  were  r e c e i v e d  f rom all i n - f o r c e  po l i c i e s .  P r e m i u m s  w e r e  a s s u m e d  to  
b e  pa id  q u a r t e r l y .  

P r o j e c t e d  e x c e s s  i n t e r e s t  c r e d i t s  w e r e  d e t e r m i n e d  b a s e d  upon c u r r e n t  C o m p a n y  
p r a c t i c e .  The c r e d i t e d  r a t e  in e a c h  p r o j e c t i o n  q u a r t e r  is s e t  as the  p o r t f o l i o  
a v e r a g e  earn ings  r a t e  for  the  p r ev ious  q u a r t e r ,  n e t  of  i n v e s t m e n t  e x p e n s e s  and 
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p rov i s i on  for  d e f a u l t s ,  less  150 bas is  po in t s ,  but  no t  m o r e  than  50 basis  po in t s  
d i f f e r e n t  than  t he  " c o m p e t i t i o n  r a t e "  (de f ined  as the  l a r g e r  of  the  Z -yea r  rol l ing 
a v e r a g e  of  5 - y e a r  T r e a s u r y  bond  y ie lds  less 50 bas is  po in t s ,  or the  c u r r e n t  5 - y e a r  
T r e a s u r y  bond  y ie ld  less Z5 basis  poin ts ) .  

P o l i c y  t e r m i n a t i o n s  f r o m  d e a t h  we re  p r o j e c t e d  using t he  C o m p a n y ' s  c u r r e n t  
a s s u m p t i o n s  fo r  p r o d u c t  p r i c ing ,  i n c r e a s e d  by  5 p e r c e n t  as a marg in  to  c o v e r  
r e a s o n a b l e  d e v i a t i o n s  f r o m  e x p e c t e d  a s sumpt ions .  No f u t u r e  i m p r o v e m e n t  of  
m o r t a l i t y  was a s sumed .  

T he  c r e d i t e d  i n t e r e s t  r a t e  p r o c e d u r e s  r e su l t  in l i t t l e  d i f f e r e n c e  b e t w e e n  c r e d i t e d  
i n t e r e s t  r a t e s  and c o m p e t i t i v e  i n t e r e s t  r a t e s .  At the  wors t  d i f f e r e n t i a l  of t he  
c r e d i t e d  r a t e ' s  be ing  0.50 p e r c e n t  less t han  the  c o m p e t i t i v e  r a t e ,  an e x t r a  0.50 
p e r c e n t  l apse  r a t e  was a s sumed .  P o l i c y  loans  and p a r t i a l  w i t h d r a w a l s  a r e  
i n s ign i f i c a n t  and  a s s u m e d  to  be  ze ro .  

M a i n t e n a n c e  e x p e n s e s  of  $35 pe r  p o l i c y  in f o r c e  w e r e  assumed ,  which  is $2 pe r  
p o l i c y  h i g h e r  t han  c u r r e n t  e x p e r i e n c e .  M a i n t e n a n c e  e x p e n s e s  were  a s s u m e d  to  
i n f l a t e  a t  a r a t e  equa l  to  the  c u r r e n t  3 - y e a r  bond y ie ld  less 5 p e r c e n t .  
P e r c e n t a g e s  o f  p r e m i u m  e x p e n s e s  w e r e  5 p e r c e n t  fo r  commiss ions  and Z p e r c e n t  
fo r  p r e m i u m  tax .  

F e d e r a l  i n c o m e  t a x e s  w e r e  a s s u m e d  p a y a b l e  on gains  f r om o p e r a t i o n s  a t  a r a t e  
of  36.8 p e r c e n t .  C r e d i t  was g iven  for  n e g a t i v e  t axe s .  

P R O J E C T I O N  OF INVESTMENT CASH FLOWS 

A f t e r  c o n s u l t a t i o n  wi th  t h e  C h i e f  I n v e s t m e n t  O f f i c e r ,  t he  i n v e s t m e n t  cash  f lows 
w e r e  p r o j e c t e d  as fo l lows.  The  t iming  and a m o u n t s  of  coupon  i n c o m e  and 
m a t u r i t i e s  we r e  p r o j e c t e d  f o r  t he  s e c u r i t i e s  he ld  on D e c e m b e r  319 1990, in 
s u p p o r t  o f  t he  U n i v e r s a l  L i f e  r e s e r v e s .  It  was a s s u m e d  t h a t  t he se  s e c u r i t i e s  
would be he ld  unt i l  m a t u r i t y  or cal l .  In the  e v e n t  o f  any  n e g a t i v e  cash  f lows,  
funds  w e re  a s s u m e d  to  be  b o r r o w e d  a t  t he  c u r r e n t  9 0 - d a y  r a t e  plus Z.00 p e r c e n t .  

I n v e s t m e n t  cash  f lows,  c o m b i n e d  wi th  t h e  i n s u r a n c e  cash  f lows,  a r e  used  f i r s t  to  
p a y  i n t e r e s t  on b o r r o w e d  funds  and t hen  to  p a y  o f f  any  s h o r t - t e r m  b o r r o w e d  
b a l a n c e s  ou t s t and i ng .  Any n e t  p o s i t i v e  cash  f low is i n v e s t e d  e a c h  q u a r t e r  a t  t he  
new m o n e y  i n t e r e s t  r a t e  in o r d e r  to  m a i n t a i n  t he  fo l lowing  d e s i r e d  mix of  in- 
f o r c e  a s s e t s  (in o r d e r  o f  p r i o r i t y ) :  

Asse t  Cal l  P r o t e c t i o n  % T o t a l  

5 - y e a r  A bond  5 y e a r s  50% 
1 5 - y e a r  A bond  5 y e a r s  50 

Where  m a r k e t  i n t e r e s t  r a t e s  w e r e  less t han  a v e r a g e  coupon  r a t e s  on t he  bonds  by  
a t  l e a s t  ZOO basis  po in t s ,  it  was a s sumed  t h a t  t he  bonds  would be ca l l ed  i f  it  were  
to t he  b o r r o w e r ' s  a d v a n t a g e  to  do so. A 2 p e r c e n t  ca l l  p r e m i u m  is app l i cab le .  I t  
was a s s u m e d  t h a t  t he  b o r r o w e r  would h a v e  a 1.35 p e r c e n t  r e f i n a n c i n g  cos t .  

C a p i t a l  gains  t a x e s  we re  a s sumed  p a y a b l e  a t  a r a t e  of  Z8 p e r c e n t .  I n v e s t m e n t  
e x p e n s e s  w e r e  a s s u m e d  to be  an annual  r a t e  of 0.1Z p e r c e n t .  D e f a u l t s  for  A- 
r a t e d  bonds  we re  a s s u m e d  to have  an annua l  r a t e  of  0.17 p e r c e n t .  
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INTEREST SCENARIOS 

The spot  curve of U.S. Treasury  yields as of D e c e m b e r  31, 1990, was establ ished.  
P ro jec t ions  were  made under seven scenar ios  of  fu ture  yields. These p r o j e c t e d  
U.S. Treasury  yields are summar ized  in Exhibit  Z for yea r ly  anniversar ies  of the 
valuat ion da te .  The r a t e s  assumed at  in ter im da tes  and i n t e rmed ia t e  years  to 
ma tu r i t y  were ca l cu la t ed  as l inear in terpola t ions  of the given ra tes .  U.S. 
Treasury  yields were  conve r t ed  to A bond yields by assuming tha t  the A bond 
yield equals the U.S. Treasury  yield t imes  a mult ipl ier ,  plus a spread,  as follows: 

Maturity 

90-Day 3-Year  10-Year  Z0-Year 

Multipl ier  1.0Z4 1. 033 1. 049 1.058 
Spread O. 5 0 ~  O. 60% O. 75% O. 85% 

Brief  descr ipt ions  of the  seven scenar ios  follow: 

Scenario 1: 

Z: 

3: 

4: 

5: 

6: 

7" 

Ra t e s  remain  level  during the p ro jec t ion  period.  

Ra t e s  rise gradual ly for 10 years  and then level  off .  

Ra tes  rise gradual ly for  5 years  and then fall  to the original 
levels.  

R a t e s  rise sharply for 1 yea r  and then level  off .  

R a t e s  fall gradual ly  for  10 years  and then level  off .  

R a t e s  fall gradual ly for  5 years  and then rise to their  original 
level.  

R a t e s  fall  sharply for  1 yea r  and then level  off .  

In scenar ios  3 and 4, the yield curve inver ts  and then re turns  to i ts  original 
shape. 

SUMMARY OF RESULTS 

Tota l  cash flows, including both  insurance  and inves tmen t  cash flows, and 
allowing for r e inves tmen t  of  net  posi t ive  cash f lows and borrowing to cover  ne t  
nega t ive  cash flows, were  p r o j e c t e d  to the end of a Z0-year  period.  The marke t  
value of asse ts ,  based  on the assumption tha t  i n t e re s t  r a t e s  a f t e r  such da te  
would be  f rozen  at the prevail ing r a t e  on tha t  da te ,  was then compared  with 
pol icy reserves .  Although s ignif icant  cash f lows under  Universal  Life c o n t r a c t s  
ex tend  beyond Z0 years ,  the resul ts  beyond  Z0 yea r s  are not  included here.  All 
scenar ios  cove red  in this Memorandum g e n e r a t e d  higher p resen t  values of surplus 
when ex tended  beyond Z0 years .  
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The resul ts  of the pro jec t ions  at the beginning and end of the pro jec t ion  period 
for all the in te res t  r a t e  scenar ios  are summar ized  below: 

Market  Value 
of Asse ts  Rese rves  Surplus 

(000's) (000's) (000's) 

D e c e m b e r  31, 1990 $ 1,Z35 $ 1,Z35 $ 0 

D e c e m b e r  31, Z010 

Scenario 
Scenario 
Scenarlo 
Scenario 
Scenario 
Scenario 
Scenario 

1 7 ,548 6173 1,375 
Z 16,405 15,670 735 
3 9 ,317 7,971 1,346 
4 11,669 10,ZZ3 1,446 
5 5,621 4 ,393  1,ZZ8 
6 6,211 5 ,034 1,177 
7 5,8Z5 4 ,570  1,255 

HOW RESULTS WERE USED IN FORMING THE OPINION 

On the basis of the uniformly pos i t ive  surplus resul ts ,  it is concluded that  the 
above r e se rves  and the asse ts  held in support  of such rese rves  make good and 
suf f i c ien t  provision for  the  l iabil i t ies included in this Memorandum. 

LIMITATIO N S 

The Universal  Life  business is subjec t  to cash flow matching risks in increasing 
in t e re s t  r a t e  environments ,  both  s t e a d y  increases  and increases  during the upside 
por t ions  of  in te res t  cycles .  When in te res t  r a t e s  rise, the por t fo l io  earnings r a t e  
will not r ise as quickly as compe t i to r s '  c r ed i t ed  in t e re s t  ra tes ,  and earned r a t e s  
will not  support  the c r ed i t ed  ra tes .  If c r ed i t ed  r a t e s  are kept  less than marke t  
r a t e s  to maintain the in t e re s t  earnings, surrenders  may increase ,  forcing the 
Company  to borrow or l iquidate asse ts  during periods of high in te res t  ra tes .  This 
is known as marke t  value risk. (When in te res t  r a t e s  decl ine,  high-yielding asse ts  
may be called,  leading to increased  inves tmen t  ac t i v i t y  during periods of low 
in t e re s t  ra tes .  This is known as r e i n ves tmen t  risk.) 

The exposure to marke t  value risk is de t e rmined  pr imar i ly  by the in t e re s t -  
credi t ing s t r a t egy ,  the amount  of  pol icy surrenders ,  and the ma tu r i t y  s t ruc tu re  
of  the asset  por t fol io .  The ma tu r i ty  s t r uc tu r e  of the por t fo l io  and the in te res t  
c red i ted  to the product  are control led  by Mismatch  Life.  If fu ture  inves tments  
have ma tu r i t i e s  d i f f e ren t  than assumed in these  projec t ions ,  or if the in t e re s t -  
credi t ing s t r a t e g y  is d i f f e ren t  than assumed in these  projec t ions ,  then the 
business would be exposed to marke t  value risks not an t ic ipa ted  in these  
pro jec t ions .  

The exposure to marke t  value risk also is de t e rmined  by the amount  of policy 
surrenders  and the i n t e r e s t  r a tes  on similar  products  being o f f e r ed  by  
compe t i to r s .  These  i t ems  cannot  be cont ro l led  d i rec t ly  by the Company.  If 
fu ture  surrenders  or compe t i to r s '  i n t e re s t  r a tes  are  higher than those assumed in 
the pro jec t ions ,  then the business would be exposed to market  value risks not 
an t i c ipa ted  in these  projec t ions .  
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In add i t ion  to i n v e s t m e n t  risks~ the  bus iness  is e x p o s e d  to  s e v e r a l  o t h e r  r isks.  
P r o d u c t - r e l a t e d  r isks inc lude  t he  l eve l  of  d e a t h  c l a i m s  and m a i n t e n a n c e  
expenses .  O t h e r  r isks a re  the  r isk of  a s s e t  d e f a u l t  and c h a n g e s  in f e d e r a l  i n c o m e  
tax .  To the  e x t e n t  t ha t  t h e s e  i t e m s  e x c e e d  t hose  assumed~ the  bus iness  cou ld  b e  
e x p o s e d  to  r isks  no t  a n t i c i p a t e d  in t h e s e  p r o j e c t i o n s .  

Ernie D. Spread~ MAAA 

February 15, 1991 
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EXHIBrr 1 

MISMATCH T-I~E INSURANCE COMPANY--UNIVERSAL LIFE 
SUMMARY OF MODEL CELL SPECIFICATIONS AND ASSUMPTIONS 

P ro d u c t  Specifications 

Plan. Pol icy  Form UL-1981-90.  Universal  Li fe  with level  net  amount  at 
risk. 

Ta rge t  premiums.  Used as basis for f i r s t -yea r  commissions and surrender  
charges,  annual premium per unit. 

Issue Age Targe t  P remium 
35 $8.00 

Expense loads. 6 pe rcen t  of p remium,  $36 per  policy all years ,  assessed 
monthly.  

Surrender charges.  150 pe rcen t  of  t a rge t  premium years  1 through 5, 
decreas ing  15 pe rcen t  of t a rge t  premium each year ,  to 0 in yea r  15. 

Cost  of insurance charges.  Gua ran t eed  r a t e s  equal to 1958 CSO age last  
b i r thday.  Cur ren t  r a t e s  per  $1,000 as of 1Z/31/90: 

A t t a ined  Age Annual Cost  of Insurance 

35 $1 .58  
40 7 .36  
45 3 .16  
50 5 .14  
55 6 .99  

In te res t  c red i ted .  4 p e r cen t  guaran teed .  

Current  i n t e re s t - c red i t i ng  s t r a t egy .  Por t fo l io  average  earnings ra te  for 
previous  qua r t e r  less 1.5 pe rcen t ,  not  more  than 0.50 pe rcen t  d i f f e r en t  
from "compet i t ion  ra te ."  (Compet i t ion  r a t e  is larger  of Z-year  rolling 
average  of 5 -year  Treasury  bond yields less 0.50 pe rcen t ,  or current  5-year  
Treasury  bond yield less 0.Z5 percent . )  

Inves tmen t  s t r a t egy .  Pos i t ive  net  cash flow inves ted  each quar te r  to 
maintain des i red mix of in - force  asse ts  (in order  of  priori ty):  

Asset  % Total  
5 - y e a r A  bond 50% 

1 0 - y e a r A  bond 50 
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EXHIBIT 1 
(Continued) 

Assumptions_ 

. 

Z. 

3. 

4. 

. 

. 

. 

Model plan. Issue age 35, male.  

Premiums.  Targe t  p remium paid each year  in force .  Quar te r ly  mode.  

Withdrawals.  No loans or par t ia l  withdrawals,  excep t  for lapse. 

Lapse ra tes .  Base ra tes  as follows: 

Policy year  1- -18% 
Z--IZ 
3 " 8  

4J 5 

Addition to base r~tes  due to compet i t ion  r a t e  (i') being higher than cur ren t  
r a t e  (i) = Z00(i - i) ~, for example:  

i '  - i Addit ional  Lapse 
0.50% 0.5% 

Mortal i ty .  A pe rcen t age  of the 1965 to 1970 Selec t  and Ul t ima te ,  Male 
table,  as follows: 

Durat ion P e r c e n t a g e  

I 6Z% 
5 58 

I0 53 
15 49 
Z0 5Z 

Expenses. 

Maintenance:  $35 per policy. 
Commissions: 5 pe rcen t  premiums.  
P remium tax: Z pe rcen t  premiums.  
Inflation: Main tenance  expense in f la ted  at r a t e  equal to 3 -year  

bond ra te  less 5 pe rcen t .  

Federa l  income tax. 36.8 pe rcen t  on s t a t u t o r y  gain f rom operat ions.  
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EXHIBIT Z 

MISMATCH I . l lZE I N S U R A N C E  C O M P A N Y - - U N I V E R S A L  I . ~  

S c ~ a r i o s  

Date 
IZ/31 

1990 
1991 
199Z 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
ZOO0+ 

D a t e  
1 Z/31 

1990 
1991 
199Z 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
ZOO0+ 

D a t e  
1 Z/31 

# 1- -Leve l  

90-Day 

6.00% 
6.00 
6 .00 
6 .00 
6 .00 
6 .00 
6.00 
6 .00 
6 .00 
6 .00 
6 .00 

3-Year 10-Year g0-Year 

6.60% 7.30% 7.40% 
6.60 7.30 7.40 
6.60 7.30 7.40 
6.60 7.30 7.40 
6.60 7.30 7.40 
6.60 7.30 7.40 
6.60 7.30 7.40 
6.60 7.30 7.40 
6.60 7.30 7.40 
6.60 7.30 7.40 
6.60 7.30 7.40 

#3--Up~ Then Down 

90-Day 3-Year 10-Year Z0-Year 

6 .00% 6.60% 7.30% 7.40% 
7.10 7.70 8.60 8.70 
8.10 8.90 9.90 10.00 
10.60 10.60 II.Z0 II.Z0 
13.80 IZ.40 1Z.50 IZ.40 
16.60 14.Z0 13.80 13.50 
13.80 IZ.40 IZ.50 1Z.40 
10.60 10.60 II.Z0 II.Z0 
8.10 8.90 9.90 10.00 
7.10 7.70 8.60 8.70 
6.00 6.60 7.30 7.40 

# 5 ~ S l o w  Down,Then Level  

90-Day 3-Year  10-Year Z0-Year 

1990 6.00% 6.60% 7.30% 7.40% 
1991 5.70 6 .30 7.00 7 .10 
199Z 5.50 6 .00 6.70 6 .80 
1993 5.Z0 5.80 6 .40 6.50 
1994 5.00 5.50 6 .10 6.Z0 
1995 4 .80 5.Z0 5 .80 5.90 
1996 4 .50 5.00 5.50 5.60 
1997 4 .30  4 .70  5.Z0 5.30 
1998 4 .00 4 .40  4 .90  4 .90  
1999 3.80 4 .10 4 .60  4 .60 
Z000+ 3.50 3 .90 4 .30  4.30 

#7_.--Slow Up and Level 

Date 
1Z/31 90-Day 3-Year  

1990 6.00% 6.60% 
1991 6.70 7.40 
199Z 7.40 8.10 
1993 8.10 8.90 
1994 8.80 9.60 
1995 9.50 10.40 
1996 10.Z0 11.Z0 
1997 10.90 lZ .00  
1998 11.60 1Z.70 
1999 1Z.30 13.50 
Z000+ 13.00 14.Z0 

10-Year Z0-Year 

7.30% 7.40% 
8.Z0 8.30 
9.00 9 .10 
9.90 10.00 
10.70 10.80 
11.60 11.70 
1Z.40 1Z.50 
13.30 13.40 
14.10 14.Z0 
15.00 15.Z0 
15.80 16.00 

#4 Sharp Up~ Then Level 

Da te  
lZ/31 90-Day 3-Year  10-Year Z0-Year 

1990 6.00% 6.60% 7.30% 7.40% 
1991 11.70 10.50 10.60 10.50 
199Z lZ.70 10.90 10.60 10.40 
1993 1Z.70 10.90 10.60 10.40 
1994 11.70 10.50 10.60 10.50 
1995 8.70 9.50 10.60 10.70 
1996 8.70 9.50 10.60 10.70 
1997 8.70 9.50 10.60 10.70 
1998 8.70 9 .50 10.60 10.70 
1999 8.70 9.50 10.60 10.70 
Z000+ 8.70 9.50 10.60 10.70 

#6--Down~ Then Up 

Date  
1Z/31 90-Day 3-Year  10-Year Z0-Year 

1990 6.00% 6.60% 7.30% 7.40% 
1991 5.60 6.10 6.80 6.90 
199Z 5.Z0 5.70 6.30 6.40 
1993 4.80 5.Z0 5.80 5.90 
1994 4.30 4 .80  5.30 5.40 
1995 3.90 4 .30 4 .80  4 .80  
1996 4 .30 4 .80  5.30 5.40 
1997 4 .80  5.Z0 5.80 5.90 
1998 5.Z0 5.70 6.30 6.40 
1999 5.60 6.10 6.80 6.90 
Z000+ 6.00 6.60 7 .30 7 .40 
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EXHIBIT Z 
(Continued) 

Date 
1Z/31 

#7---Shar~ Down~ Then Level 

90-Da 7 3-Yea.r lO-Year ZO-Year 

1990 6.00% 6.60% 7.30% 7.40% 
1991 4.50 5.00 5.50 5.60 
199Z 4.50 5.00 5.50 5.60 
1993 4.50 5.00 5.50 5.60 
1994 4.50 5.00 5.50 5.60 
1995 4.50 5.00 5.50 5.60 
1996 4.50 5.00 5.50 5.60 
1997 4.50 5.00 5.50 5.60 
1998 4.50 5.00 5.50 5.60 
1999 4.50 5.00 5.50 5.60 
Z000+ 4.50 5.00 5.50 5.60 
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