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ACTUARY H A N D B O O K  

Chapte r  VI 

A POTEN'IIAL APPROACH TO VALUATION OF RESERVES 
AND SURPLUS IN-STATUTORY FINANCIAL STATEMENTS 

Sec t ion  I- In t roduct ion 

The modern approach to de te rmina t ion  of appropria te  assets underlying the 

sum of reserves  and surplus needed  for capac i ty  ut i l ized by inforce is rooted  in 

explici t  considerat ion of C- l ,  C-Z and C-3 risks and levels of ruin probability. 

Cash flows f rom assets  and liabili t ies are  fundamenta l .  Extension to 

comprehens ive  surplus managemen t  and f inancial  planning involves the dynamics 

I 

of the balance  of surplus (including MSVR and similar reserves).  Ideally, the 

whole s t ruc tu re  is t ied toge the r  by an in ternal  managemen t  basis f inancial  

account ing and planning sys tem.  

Prec ise  theore t ica l  approaches are impossible, but r e sea rch  has discovered 

p rac t i ce s  which appear to provide accep tab le  results .  The purpose of this 

chap te r  is to provide definitions, concepts ,  an outline of the s t ruc tu re  of 

p rac t i ce ,  and an outline of the relat ionships of p rac t i ce  to theory.  

This chapter  is conf ined to s t a tu to ry  f inancial  s t a t e m e n t s  and to measures  

of solvency and solidity using them.  However ,  the concepts  and procedures  apply 

with suitable changes to o ther  f inancial  s t a t emen t s ,  such as s tock company 

GAAP, prescr ibed for public repor t ing  by s tock  companies,  and to in ternal  

m a n a g e m e n t  f inancial  repor t s  desirable for f inancial  planning and control  by 

m anagem ent.  
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The object ive  of this chap te r  is to p resen t  a discipline of theory  and 

p r a c t i c e  available to the ac tua ry  whose managemen t  wants a full understanding 

and control  of i ts surplus management .  While no r e f e r e n c e  is made to 

regula t ion ,  the  theory  and p rac t i ce  are  applicable to the  full range of r ecom-  

mendat ions  of the Joint  C o m m i t t e e  on the Valuation Actuary.  The chapter  

provides background applicable also to the  r ecommenda t ions  current ly  being 

exposed to CIA membership  as to adequacy of reserves  and surplus for in - fo rce  

and for  plans for growth and change. 

S e c t i o n  Z: Concepts  and Defini t ions  

t 

In l a t e r  sections,  a number  of technica l  t e rms  will be used repea ted ly .  

Here  is a list of these  t e rms  with r a the r  precise  definit ions and short explana- 

tions of the concepts .  

Z.1 S o l v e n c  7 on  t h e  Valuat icm D a t e  

Nominal  insolvency occurs when the sum of s t a tu to ry  reserves ,  o ther  

l iabil i t ies and minimum capi tal  exceeds  s t a tu to ry  book value of assets.  Rehabili-  

ra t ion  (actual  insolvency under the law) can occur  only under court  order  

pe t i t ioned  by the  S ta te  Insurance Commissioner .  Involved in the considerat ion 

by the  court  would be a carefu l  sc ru t iny  of all asset  and liabili ty i tems.  Also, 

rehabi l i t a t ion  ac t ion  would be p r e c e d e d  by negot ia t ion  with o ther  comp~nles as 

to purchase  or merger .  Absent  nominal insolvency or rehabil i ta t ion,  the 

company  is cal led solvent.  
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Z.Z Sc,~:~'io 

A scenar io  is a de te rmin i s t i c  descript ion of a def ined fu ture  incorporat ing 

all ma te r i a l  da ta  and functions needed  to de te rmine  the losses caused by a 

par t i cu la r  risk or combinat ion of risks. 

Z.3 Solvency Alon~ A Scenario  

Assets exceed  liabili t ies at each duration of the scenario.  

z .4  soudit7 

Solidity exists  if assets  equal to the sum of reserves  and surplus needed  for 

capac i ty  u t i l ized  on the  valuation date ,  toge ther  with fu ture  inves tment  and 

product  cash flow, a re  suf f ic ien t  to provide for plausible deviations from 

expec ted .  

2.5 Reasonable  Devia t ions  f rom Expec ted  and RN~n Probabi l i ty  Pl 

These are  the  universe  of  deviat ions from expec t ed  losses from C- l ,  C-Z 

and/or  C-3 Risks for which assets  equal to reserves  on the  valuation date,  

t oge the r  with fu tu re  inves tmen t  and product  cash flows, are  suf f ic ient  to provide 

for fu tu re  obligations and expenses with probabil i ty (1 - p l  ). 
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Z.6 Plausible Deviat ions f rom Expec ted  ~ d  R- in  Probabi l i ty  PZ 

These are  the universe  of deviat ions f rom expec ted  losses from C- l ,  C-Z 

and/or  C-3 l~isks for which assets  equal to the sum of reserves  plus surplus 

needed  for capac i ty  ut i l ized by inforce  on the valuation date,  toge ther  with 

fu tu re  inves tment  and product  cash flows, are  suff ic ient  to assure solvency at all 

fu ture  durations with probabi l i ty  (1 -pz). 

z.7 w t a m  7 

This r e fe r s  to fu ture  solidity and corpora te  v i ta l i ty  and involves not only 

inforce  on the  valuation da te  but  also f inancial  plans for future  growth and 

change.  It is measured  by analysis of the  size and dynamics of v i ta l i ty  surplus 

(See the  defini t ion of "vi ta l i ty  surplus") over  several  fu ture  years  and is an 

extension of the universe of plausible deviat ions to include financial  planning for 

growth and change. 

Z.8 R e s e r v e s  

Inves ted  assets  equal to rese rves  on the valuation date,  t oge the r  with 

fu ture  inves tment  and product  cash flows, on inforce  business on a company wide 

basis, should assure tha t  all fu tu re  obligations and expenses on such business will 

be met ,  under reasonable  deviat ions f rom expec ted  exper ience.  Such reserves  

may not be less in aggrega te  than the minimum reserves  allowed by the Standard 

Valuation Law (SVL). 

Z.9 Surplus Needed  for  C a p a c i t y  Ut i l i zed  by Inforce  (To be r e f e r r e d  to as 

"Surplus Needed" he rea f t e r ) .  

VI-4 



I n v e s t e d  asse t s ,  equa l  to  the  sum of  r e s e r v e s  and surplus  needed ,  t o g e t h e r  

wi th  f u t u r e  i n v e s t m e n t  and p r o d u c t  cash  f l ows  on i n f o r c e  bus iness ,  should a s su re  

s o l v e n c y  at  all f u t u r e  du ra t ions  on a c o m p a n y - w i d e  basis ,  under  p laus ib le  

dev i a t i ons  f rom e x p e c t e d  e x p e r i e n c e ,  inc luding c a t a s t r o p h i c  o c c u r r e n c e s .  

Surplus  n e e d e d  is e q u i v a l e n t  or  r e l a t e d  to  b e n c h m a r k ,  t a r g e t ,  or a l l o c a t e d  surplus  

u sed  in pr ic ing  and in m a n a g e m e n t  bas i s  f inanc ia l  s t a t e m e n t s .  The l a t t e r  m a y  be  

h igher  or lower ,  s ince  i t  r e p r e s e n t s  surplus  a l l o c a t e d  to  a p roduc t  or l ine b a s e d  

on r i sk  r e l a t i v i t i e s ,  des i re  for  f a v o r a b l e  a g e n c y  ra t ings ,  or o the r  r easons ,  b u t  

i dea l ly  i t  should b e  equ iva l en t  to  the  surplus  needed .  Along s cena r io s  of  C - l ,  C -  

Z and /o r  C-3 r isks,  n e g a t i v e  l i ab i l i ty  (product)  cash  f lows  include c o n t r a c t u a l  

ob l iga t ions ,  expenses ,  t a x e s  and p o l i c y h o l d e r  and s t o c k h o l d e r  divid&nds; and 

a c c u m u l a t e d  a s se t s  should b e  no less  than  r e s e r v e s  a t  f u t u r e  dura t ions  of  such  

s cena r io s .  (Note  t ha t  t he  d e s i d e r a t u m  as to  a c c u m u l a t e d  a s se t s  be ing  no less  

than  r e s e r v e s  a t  f u t u r e  du ra t ions  fo r  d e t e r m i n a t i o n  of  surplus n e e d e d  b a s e d  on 

p laus ib le  dev ia t ions  a s su res  t h a t  a s s e t s  will b e  ava i l ab l e  to  c o v e r  t e m p o r a r y  

e x c e s s e s  of  r e s e r v e s  o v e r  a c c u m u l a t e d  a s s e t s  in t h e  t e s t  of  r e s e r v e s  a long 

s c e n a r i o s  of  r e a s o n a b l e  dev ia t ions ;  thus  this  d e s i d e r a t u m  does  no t  appea r  in the  

de f in i t i on  of  " reserves . " )  

Z.IO C a s h  F l o w  B a s e d  Surplus  (CFS) 

CFS  is an i m p o r t a n t  m e a s u r e  of  e c o n o m i c  s t r e n g t h  i ndependen t  of  all  

f i nanc ia l  s t a t e m e n t s .  CFS  equa ls  t he  p r e s e n t  va lue  of  the  e x c e s s  of  a s se t  cash  

f l ows  o v e r  l i ab i l i ty  cash  f lows  along a s c e n a r i o  up to the  t e r m i n a t i o n  of the  las t  

c o n t r a c t  in the  c lass  be ing  s tud ied ,  w h e r e  the  d i scoun t  r e c o g n i z e s  t he  r o l l - o v e r  

and  r e i n v e s t m e n t  of  a s s e t s  a long the  scena r io .  It  is thus  the  p r e s e n t  va lue  of 

gains  and losses  as of  the  va lua t i on  d a t e  fo r  t he  s cena r io .  CFS is d e t e r m i n e d  for  
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a r ep re sen t a t i ve  sample of scenarios of C-1, C-Z and/or  C-3 risks in the universe 

of plausible deviat ion scenarios chosen. It is a means of demonst ra t ing  the 

inheren t  prof i tabi l i ty  or loss to be expec ted  under a spread of possible futures,  

en t i re ly  independent  of the s t a tu to ry  or o ther  f inancial  s t a tements .  (-CFS) on 

the worst  scenarios in the plausible deviat ion universe is almost  always less than 

surplus needed,  because  surplus needed  must  addit ionally assure tha t  assets 

a c c u m u l a t e d  along the  scenarios must  be no less than reserves  at each fu ture  

durat ion of the  scenarios.  

z . l l  vitality S rpl.s 

This is the  excess of s t a t u t o r y  surplus plus MSVR and similar cont ingency 

reserves  over  surplus needed.  Increase  in v i ta l i ty  surplus equals net  income a f t e r  

dividends and FIT plus increases  in o ther  surplus account  i tems minus increase  in 

surplus needed.  Vital i ty surplus thus excludes  all inforce  i tems and is the  par t  of 

surplus available for growth and change,  i.e. for  new business strains, growth in 

marke t ing  systems,  new adminis t ra t ion  sys tems,  products  and lines, new subsidi- 

ar ies  and ventures ,  and f inancial  planning in general .  Its impor tance  depends on 

its dynamics more than on its size, s ince income into it arises from prof i tabi l i ty  

of inforce  products  adjus ted for  surplus needed;  the larger  this income, the more 

is available for growth and change.  Indeed a large vi ta l i ty  surplus may indicate  

fa i lure  to expand products  and sys tems  appropriately.  Analysis of v i ta l i ty  

surplus dynamics  over severa l  fu tu re  yea r s  is the  best  way to tes t  f inancial  plans 

for growth and change.  
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Z.1Z N e t  Premium Reserves  

A f t e r  a p p r o p r i a t e  C - l ,  C-Z and C-3  r i sk  s c e n a r i o  t e s t ing ,  r e s e r v e s  in 

s t a t u t o r y  f inanc ia l  s t a t e m e n t s  a re  e x p r e s s e d  as n e t  p r e m i u m  r e s e r v e s  for  r ea sons  

of  s imp l i c i t y ,  c a l cu l a t i on  c o n v e n i e n c e  and s t a t u t o r y  t r ad i t ion .  It  should a lways  

b e  r e m e m b e r e d  tha t  t h e y  a re  a p p r o x i m a t i o n s  to  r e s e r v e s  r e f l e c t i n g  all the  

f inanc ia l  dynamics ,  including r a t e s  of  p r e m i u m  con t inuance ,  t e rmi na t i on ,  

w i t h d r a w a l  and expense  as wel l  as  r a t e s  of  i n t e r e s t  and c la ims  and gross  

p r e m i u m s ,  d ividends ,  FIT, p r o f i t  cha rges ,  e t c .  N e t  p r e m i u m  r e s e r v e s  exp l i c i t l y  

r e f l e c t  c l a ims  and i n t e r e s t  and usua l ly  have  a CRVM t y p e  of  issue expense  

a l l o w a n c e  and m a y  be  s u b j e c t  to  a d e f i c i e n c y  r e s e r v e  a d j u s t m e n t ;  also, {he SVL 

e s t a b l i s h e s  c o n s t r a i n t s  on c la im r a t e  and i n t e r e s t  r a t e  assumpt ions .  Margins  in 

t he  c la im and i n t e r e s t  r a t e  f a c t o r s  in ne t  p r e m i u m  r e s e r v e s  should be  r e l a t e d  to  

t he  e x t e n t  of  C - l ,  C-Z and C-3  r isks  so  as to  r e f l e c t  t he  missing r a t e s  in an 

o p t i m u m  way.  N e v e r t h e l e s s ,  t he  t h e o r e t i c a l  s h o r t c o m i n g s  of ne t  p r e m i u m  

r e s e r v e s  do not  n e c e s s a r i l y  m a k e  such  r e s e r v e s  undes i r ab l e  as long as the  l eve l  

and p i t c h  of  the  r e s e r v e s  a l low a p rope r  wi thho ld ing  of  ne t  i n c o m e  ea r ly  for  l a t e r  

ava i l ab i l i t y  as r e a s o n a b l e  dev ia t ions  e m e r g e .  

In the  ca se  of  p a r t i c i p a t i n g  l i f e  i n su rance  wi th  a p r o p e r l y  des igned  d iv idend 

sca l e  b a s e d  on t he  ne t  p r e m i u m  r e s e r v e s ,  i t  can  b e  shown t h a t  t he  ne t  p r e m i u m  

r e s e r v e  is i den t i ca l  to r e s e r v e s  involving all  f i nanc ia l  dynamics .  

On ne t  p r e m i u m  r e s e r v e s  for  i n t e r e s t  s e n s i t i v e  p r o d u c t s ,  l ike SPDA, UL, 

e t c . ,  i t  m a y  tu rn  ou t  t ha t  the  SVL m i n i m u m  n e t  p r e m i u m  r e s e r v e  should  be  

l o a d e d  w h e r e  t h e r e  is poor  m a t c h i n g  of  a s s e t  cash  f lows  and l i ab i l i ty  cash  f lows .  
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Z.13 Categories of Risk 

C-1 Risk: Losses from defaul ts  in f ixed dollar inves tments  and f rom decreases  in 

m a r k e t  values of equity inves tments .  Causes of C-1 risk losses requiring surplus 

p ro tec t ion  are  long serious def la t ionary  depressions, like the Grea t  Depression of 

the  1930's, and long serious s tagf la t ion  recessions,  with which the  1970's were a 

close encounter .  A serious ear thquake  could be another  cause. Less serious C-1 

risk losses, for  which provision should be made in reserves ,  arise in non- 

ca tas t roph ic  environments  f rom defaul ts  in low qual i ty  inves tments  and swings in 

the  s tock marke t  and o ther  equi ty  inves tments ,  and r e f l e c t  management ' s  degree  

of inves tmen t  r isk-taking.  

C-Z Risk: Losses from increases  in claims and expenses and from pricing 

def ic ienc ies ,  o ther  than those f rom C-1 and C-3 risks. This is a large and varied 

c a t e g o r y  of classic concern  by ac tuar ies :  Increases  in aggrega te  death  claims, 

disabil i ty claims, medica l  claims; dec reases  in annuitant  deaths; epidemics and 

ear thquakes ;  acc identa l  ca tas t rophes ;  in f la ted  expenses; i r recoverable  expendi- 

tures  on products  and systems;  inc reased  expense ra tes  from ineff ic iency.  

Provision for smaller  ("reasonable") deviat ions from expec ted  should be made in 

reserves .  But large {"plausible") deviat ions are  m a t t e r s  for surplus provision; and 

losses f rom ear thquakes ,  epidemics  and magni tude  increases  in annui tant  life 

expec t anc i e s  are  exclusively m a t t e r s  for surplus. 

C-3 Risk: Losses from changes in in te res t  r a t e  envi ronment  causing decreases  in 

i n t e r e s t  r a t e  earnings f rom in te rmed ia t ion  in downside in te res t  r a t e  movements ,  

and from dis in termedia t ion  in upside in t e re s t  r a t e  movements .  Included here  are  

losses f rom in te res t  r a t e  changes causing inabil i ty to support  guaran teed  in te res t  
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r a t e s  even  in a b s e n c e  of  i n t e r m e d i a t i o n  and d i s i n t e r m e d i a t i o n  as a r e su l t  of 

i n t e r e s t  r a t e s  on r e i n v e s t m e n t .  

This  is t he  mos t  s e r ious  r isk t o d a y  on i n t e r e s t - s e n s i t i v e  p roduc t s  (GIC, 

SPDA,  SPWL, UL and S t r u c t u r e d  S e t t l e m e n t s )  b e c a u s e  of  the  vo la t i l i t y  of 

i n t e r e s t  r a t e s  in the  f o r e s e e a b l e  f u t u r e .  This r isk is r ad ica l ly  i n c r e a s e d  by  the  

d e g r e e  of  m i s m a t c h  of  a s se t  and l i ab i l i ty  cash  f l ows  and i ts  c o n t r o l  demands  

c a r e f u l l y  c o o r d i n a t e d  p r o d u c t ,  p r ic ing  and i n v e s t m e n t  po l i c i e s  a t  i ssue  and 

r e n e w a l  of  c o n t r a c t s  a t  all t imes .  P rov i s ion  for  this r isk must  be  m a d e  in 

r e s e r v e s  for  r e a s o n a b l e  dev i a t i ons  f rom e x p e c t e d  i n t e r e s t  r a t e  pat terns~ 

a 

m i n i m u m  S tanda rd  Va lua t ion  Law (SVL) r e s e r v e s  will  be  found  to  be  i n a d e q u a t e  

w h e r e  t h e r e  is poor  m a t c h i n g  of  a s s e t  and l i ab i l i t y  cash  f lows.  H o w e v e r ,  ma jo r  

p rov i s ion  for  this  r isk should  be  in surplus  aga ins t  largerp bu t  p laus ib le ,  

dev ia t ions .  

C-4  Risk" Losses  f rom g e n e r a l  bus iness  r isks,  such  as e x t e r n a l  happenings ,  o t h e r  

than  t h o s e  above ,  ou t s ide  the  con t ro l  of  m a n a g e m e n t ,  such as m a n a g e m e n t  
r 

i n c o m p e t e n c y  or  f raud .  This r i sk  is no t  c o n s i d e r e d  to  be  wi th in  a c t u a r i a l  pu rv i ew  

unt i l  i t s  e f f e c t  beg in  to e m e r g e  as C-I~ C-Z or C-3 r isks,  and is no t  d i scussed  

f u r t h e r  in this  c h a p t e r .  

Z.14 C o r r e l a t i o n s  Amcmg 

Losses  f r o m  C-I  R i sk  and f rom C-3 R i sk  a re  obv ious ly  d e p e n d e n t  in s o m e  

circumstances, such  as c a t a s t r o p h i c  dep re s s ion  or s t a g f l a t i o n ,  bu t  C-3 Risk  

losses  can  o c c u r  w i thou t  C- I  Risk  losses ,  such  as wi th  poor  m a t c h i n g  of a s se t  and 

l i ab i l i ty  cash  f lows  in n o n - c a t a s t r o p h i c  e n v i r o n m e n t s .  Some a c t u a r i e s  h a v e  
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r ecogn ized  the cor re la t ion  b e t w e e n  C-1 and C-3 Risks by using a corre la t ion 

coe f f i c i en t  of  ½ in s t a t i s t i ca l  combinat ion  of risks. Serious (C-Z) disabil i ty 

income losses and serious C-1 Risk losses are essent ial ly  100% cor re la ted  

because  the fo rmer  ar ise  f rom unemployment  which is a f ea tu re  of the 

depress ion or s t agf la t ion  environment  of the l a t t e r .  Also, serious (C-Z) expense 

inf la t ion is 100% co r r e l a t ed  with C-1 Risk s tagf la t ion.  There may be other  

corre la t ions ,  bu t  it s eems  reasonable  to assume tha t  all o ther  risks are mutually 

independent  for  purposes  of  combinat ion  of risks. 

Sec t ion  3: The New Envi ronment  for  Assets~ R e s e r v e s  and Surplus Needed  ~- 

t 

Before  vola t i l i ty  of  in te res t  r a t e s  b e c a m e  a predominant  risk and in t e re s t -  

sens i t ive  products  p ro l i f e r a t ed  9 r e se rves  and surplus needed  could be regarded 

pr imar i ly  as l iabi l i ty concepts ;  the  ac tua ry  had to give only secondary  a t ten t ion  

to  assets .  And this a t t en t ion  was focused pr imari ly  on downswings in in teres t  

r a tes  and in te rmedia t ion .  Vanishing of  in te res t  spreads from upward movement  

of  in te res t  r a t e s  and d is in termedia t ion  were  his tor ical ly  unimportant .  Addition- 

ally, l i fe  insurance companies  inves ted  pr imar i ly  in inves tment  grade securi t ies :  

Now, rese rves  and surplus needed  must  be  considered  as asse t  segmenta t ion  

concep t s  and the (C-3 risk) dynamics  of  i n t e r r e l a t ed  asset  cash flows and 

l iabi l i ty  cash f lows along reasonable  and plausible scenar ios  of fu ture  happenings 

are basic.  Also, the  lower  qual i ty  of some inves tmen t s  and new types of 

inves tmen t s  have in t roduced  a new emphasis  on C-1 Risk. 

Assets  equal to r e se rves  and asse ts  equal  to the  sum of rese rves  and surplus 

needed  are requi red  based  r e spec t ive ly  on levels  of ruin probabi l i ty  Pl  and PZ and 
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r e l a t e d  un ive r se s  of  r e a s o n a b l e  and p laus ib le  dev ia t ions  f rom e x p e c t e d .  Here ,  

t he  m o r e  i m p o r t a n t  c o n c e p t  is a s s e t s  equa l  to  the  sum of r e s e r v e s  and surplus  

needed ;  the  cu t  of  such  a s s e t s  b e t w e e n  r e s e r v e s  and surplus  n e e d e d  is less  

i m p o r t a n t  than  the  t o t a l .  Indeed ,  wi th in  r ea son ,  t he  l ower  the  r e s e r v e s  and the  

h igher  the  surplus  n e e d e d ,  t he  m o r e  e f f i c i e n t  is the  use  of  cap i t a l ,  s ince  surplus 

is ava i l ab l e  a lways  for  any and all r isk dev ia t ions ,  while margins  in r e s e r v e s  a re  

r e l e a s e d  only by  f o r m u l a  r e g a r d l e s s  of  need .  Also,  the  h igher  the  s t a t u t o r y  

r e s e r v e ,  t he  l a rge r  a re  t he  t o t a l  a s s e t s  n e e d e d  b e c a u s e  along scena r ios ,  t h e  

a c c u m u l a t e d  as3e t s  can  be  no less  than  the  r e s e r v e s  a t  f u t u r e  dura t ions  of  the  

s cena r io .  H e r e  a re  t h e  re la t ionsh ips :  

D e t e r m i n a t i o n  o f  
Assets for  

R e s e r v e s  

Worst  Class  
o f  Scenar io  

I 

m u s t r a t i v e  P r o b a b i l i t y  
of  U l t i m a t e  R,,Jn 

R e a s o n a b l e  D e v i a t i o n s  P l  
f r om E x p e c t e d  

(= 10%, Z5% ?) 

R e s e r v e s  Plus  Surplus P laus ib le  D e v i a t i o n s  PZ ( = 1%) 
N e e d e d  f rom E x p e c t e d  

The ruin p r o b a b i l i t i e s  r e f e r  to  the  whole  f u t u r e  of  the  i n f o r c e  bus iness  and 

t he  s c e n a r i o s  a re  a s s u m e d  to  run  to  the  t e r m i n a t i o n  of  the  las t  c o n t r a c t  i n fo rce .  

M a t h e m a t i c a l  r e l a t i o n s h i p s  a r e  t r e a t e d  in Sec t i on  4. 

shown as 
As n o t e d  ea r l i e r ,  t h e  m o r e  s ign i f i can t  ruin p r o b a b i l i t y  l eve l  is pZ'  

1%. PZ is t he  p r o b a b i l i t y  t h a t  ruin will  e v e r  o c c u r  i f  a s se t s  on the  va lua t i on  d a t e  

a re  equal  to the  sum of  r e s e r v e s  and surplus  needed .  Thus, PZ = 1% s e e m s  p r e t t y  

acceptable. 

The value of Pl' used for reserve testing, is illustrated at 10% to Z5%. 

Actual values of Pl are much lower for minimum SVL minimum reserves on some 
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traditional products, and are much higher for SVL minimum reserves on some 

interest-sensitive products with poor matching of asset and liability cash flows. 

It is desirable that the SVL eventually be amended so that assets equal to 

reserves will be adequate at an appropriate uniform Pl ruin probability level for 

all products. However, it seems doubtful that the SVL can ever be so amended, 

unless the valuation actuary is required to determine surplus needed at the PZ 

ruin probability level; for instance, if reserves were to meet the Z5% ruin 

probability level test, but surplus is very low, the company would be technically 

solvent, but it would not have solidity! 

The single scenario gross premium reserve adequacy test is now inade- 

quate. The modern Ngross premium" valuation tests involve multiple scenarios of 

reasonable deviations from expected in the C-1, C-Z and C-3 risk categories. 

Another historical concept now outmoded is the "most likely" assumptions. 

This concept should be replaced by the "expected" assumptions. Because of the 

skewness toward worse experience in most probability distributions in our 

business, the probability that experience will be worse than "most likely" is over 

50%, while the corresponding probability for "expected" is below 50%. Further- 

more, "expected" is statistically more conservative. 

While surplus, including MSWR and similar reserves, is analyzed into surplus 

needed and vitality surplus (the balance of surplus), there is no implication that 

surplus is segmented into two parts, one part of which, surplus needed, is in the 

nature of a reserve. Such a concept would weaken solidity. Surplus is available 
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as a whole  for  all  a d v e r s e  happenings  and for  bus iness  plans;  i t  is no t  d ivis ible .  

The d i c h o t o m y  b e t w e e n  surplus  n e e d e d  and v i t a l i t y  surplus  is so le ly  for  pu rpose s  

of  unde r s t and ing  and planning.  

Section 4: Mathematics  Underlying R - i -  Probabilities~ So,~nn,'ios and 
C o m b i n a t i o n  of  R i sks  

I t  is des i r ab l e  to  pursue  s o m e  under ly ing  m a t h e m a t i c a l  p r o b a b i l i t y  t h e o r y  

in a cu r so ry  way  b e f o r e  cons ider ing  t he  p r a c t i c a l  p r o c e d u r e s  of  l a t e r  s ec t ions .  In 

read ing  this  s ec t ion ,  i t  is wel l  to b e a r  in mind t ha t  r igorous  m a t h e m a t i c s  s e r v e s  

only as  a guide to  p r a c t i c a l  app l i ca t ions .  P r o c e d u r e s  and fo rmu la s  u sed  in 
s 

p r a c t i c e  con ta in  an unknown leve l  of  e r ro r  which  is p r e s u m e d  not  to  be  m a t e r i a l  

r e l a t i v e  to the  e r ro r s  of  e s t i m a t i o n  in the  inputs  to  the  models .  Tes t ing  of  

r e s e r v e s  and d e t e r m i n a t i o n  of  surplus  n e e d e d  are  m a t t e r s  of  magn i tude ,  no t  

p rec i s ion ,  and u l t i m a t e l y  a re  b a s e d  on p r o f e s s i o n a l  j u d g m e n t .  

4.1 Relationship of Worst Scenarios of R e a s o n a b l e  
and Plausible Deviat ions to R,,i- P r o b a b i l i t y  L e v e l s  

Let: 

N = n u m b e r  of  r isks  in c a t e g o r i e s  C - l ,  C-Z and C-3 

X °  
1 

= r a n d o m  v a r i a b l e  equa l  to  p r e s e n t  va lue  of  losses  
f r o m  Risk  i d e f i n e d  in p r o b a b i l i t y  s p a c e  of  N 
d imens ions ,  w h e r e  i = 1, Z, 3 . . . . .  N 

F (X1, XZ,. . .XN ) = p r o b a b i l i t y  d i s t r i bu t ion  func t ion  of  X. 
l 

f (X1, XZ,. . .XN) = c o r r e s p o n d i n g  p r o b a b i l i t y  dens i ty  f u n c t i o n  

U (X1, XZ,...X N) = a g g r e g a t e  loss w h e r e  individual  r isk losses  a r e  X1, 
Xz,...and X N 

U = surplus  n e e d e d  a t  ruin p r o b a b i l i t y  l eve l  
P 
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Then, u re la tes  to p as follows- 

P r o b ( U ~  u) = ~ f(X 1, XZ,...X n) = 1 - p  

U~u 

where  the summat ion is t aken  over  the  whole N-dimensional  probabil i ty space in 

which aggrega te  losses are  not  more  than ua 

This formula  is not  d i rec t ly  useful  in p rac t i ce ,  except  in the l imited areas 

discussed immedia t e ly  below, because  our ignorance of the future  prevents  

der iva t ion  of explicit  t heo re t i ca l  dis t r ibut ion functions.  And~ if we could derive 

the  dis t r ibut ion function,  it would be unbel ievably complex. 

t 

The only area  where  a t heo re t i ca l  dis t r ibut ion funct ion has been derived is 

the  sum of  dea th  claims. Here  the Compound Poisson Distribution and several  

s imilar  functions,  incorporat ing average  number  of claims, the distribution of 

amounts  of individual c la ims ( ref lec t ing  r e t e n t i o n  limits) and level of risk 

charges ,  are  available in the  l i t e ra tu re .  Thus~ the  surplus needed at  ruin 

probabi l i ty  level PZ can be d i rec t ly  d e t e r m i n e d  f rom these  s tochast ic  distr ibu- 

tions. The results  can then be combined with  the surplus needed  for o ther  risks 

a t  probabi l i ty  level PZ' o therwise  de t e rmined ,  by the  procedures  in the next  

sect ion,  "Simplification of the  Combinat ion of Risks Procedures ."  

Empir ical  distr ibution funct ions have been  cons t ruc t ed  from actual  and 

p resumed  exper ience  on mortali ty~ C-1 and C-3 risks and re f lec t ing  possible 

corre la t ions .  A cash flow model  is then  used to d e t e r m i n e  U for  myriad points in 

the 3-dimensional  probabil i ty  space of the th ree  risks. These results can then be 

used to e s t i m a t e  the  surplus needed  at  ruin probabi l i ty  pz. The process involves 
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e x t e n s i v e  c o m p u t e r  model l ing  and e x a m i n a t i o n  of  eno rmous  ou tpu t s  even  wi th  

t h r e e  r isks.  

L e t  us now re tu rn  to the  gene ra l  s i t u a t i o n  w h e r e  the  fo rmu l a  above  canno t  

b e  app l i ed  d i rec t ly .  The re  is, h o w e v e r ,  an a p p r o x i m a t e  solut ion:  It  p r o c e e d s  

f r o m  the  f a c t  t ha t  in the  p robab i l i t y  s p a c e ,  t h e r e  is a h y p e r c u r v e  on which  U = u. 

Cor re spond ing  to each  po in t  on this h y p e r c u r v e ,  t h e r e  is a c lass  of  d e t e r m i n i s t i c  

s cena r io s ,  ca l led  "wors t"  s cena r io s  b e c a u s e  all o t h e r  s cena r io s  not  causing ruin 

p r o d u c e  U ~ u .  These  wors t  s c e n a r i o s  r e l a t e  to PZ and the  a c t u a r y  can  de f ine  

t h e m  heur i s t i ca l ly  by  judging t hem to  have  a p r o b a b i l i t y  PZ of not  be ing  the  

w o r s t  to  o c c u r  in the  fu tu re .  

Such scenar ios  can  mos t  eas i ly  b e  d e f i n e d  for  e ach  risk s e p a r a t e l y  wi th  

p r e s e n t  va lue  of  losses  on all o t h e r  r isks  he ld  a m e a n  va lues  zero.  Then  t he  

p r e s e n t  va lue  of  the  losses  on each  s e p a r a t e  r isk can  b e  c o m b i n e d  b y  the  f o r m u l a  

in t he  m a t e r i a l  en t i t l ed ,  "S impl i f i ca t ion  of  t he  C o m b i n a t i o n  of  Risks  P r o c e -  

dures ,  n 

this:  

The  fo rmu la  for  ca l cu l a t i ng  the  surplus  n e e d e d ,  u, for  a wor s t  s cena r io  is 

CO 
t 

U = - ~  (a t - I  t ) 7T (I + i  s ) - I  =0  
t=l s=l 

w h e r e  
a t = 

1 t = 

i = 
s 

asse t  cash  f low in y e a r  t 

l i ab i l i ty  cash  f low in y e a r  t 

i n t e r e s t  r a t e  e a r n e d  in y e a r  s, t ak ing  a c c o u n t  of ro l l ove r  
and i n v e s t m e n t ,  and 

t he  ini t ial  a s s e t s  on the  v a l u a t i o n  d a t e  equa l  r e s e r v e s  + u 
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The m o d e l s  u sed  fo r  the  c a l c u l a t i o n  a r e  d e s c r i b e d  in s e c t i o n s  on p r o c e -  

dures ,  n o t a b l y  S e c t i o n  5, w h e r e  a t ,  I t and i s a re  d e f i n e d  ca re fu l ly .  

If  u is s e t  equa l  to  zero ,  t he  f o r m u l a  c o n s t i t u t e s  a t e s t  for  r e se rves .  

The surplus  n e e d e d  u d e t e r m i n e d  a b o v e  is a cash  f low b a s e d  surplus n e e d e d  

i f  t h e r e  w e r e  no s t a t u t o r y  f inanc ia l  r e q u i r e m e n t s .  But ,  s t a t u t o r y  f inancia l  

s t a t e m e n t s  r e q u i r e  t h a t  a c c u m u l a t e d  a s s e t s  a long a s cena r io  be  no less  than  

r e s e r v e s  a t  f u t u r e  du ra t ions  of  the  scena r io .  Thus, t he  f o r m u l a  above  for  the  

surplus  n e e d e d  u mus t  b e  app l i ed  wi th  an add i t i ona l  d e s i d e r a t u m  to  assure  a s se t s  

no less  than  r e s e r v e s  a t  all  du ra t ions  of  e a c h  s c e n a r i o .  

s imple  e n h a n c e m e n t  o f  the  s o f t w a r e .  

This is a c c o m p l i s h e d  by  a 

4 .2  S i m p l i f i c a t i o n  of  the  Combin=t ion o f  Risks  P r o c e d u r e s  

D e v e l o p i n g  a s u f f i c i e n t  n u m b e r  of  w o r s t  s c e n a r i o s  of  all  N r isks  t o g e t h e r  is 

a formidable~  p e r h a p s  imposs ib le  task .  I t  has  b e e n  a c c o m p l i s h e d  for  t h r e e  r isks 

(mor ta l i ty9  C-1 and  C-3 wi th  corre la t ions)~ b u t  e v e n  h e r e  the  s ize  of  the  o u t p u t  

is eno rmous .  

F o r t u n a t e l y ,  m u l t i v a r i a t e  p r o b a b i l i t y  ana lys i s  sugges t s  tha t  t h e r e  is a 

s imp le r  p r o c e d u r e ,  which  a p p e a r s  to  invo lve  e r ro r  which  is i m m a t e r i a l  cons i -  

de r ing  the  e r ro r s  of  e s t i m a t i o n  o t h e r w i s e  p r e s e n t .  This s impler  p r o c e d u r e  

invo lves  t h e  d e t e r m i n a t i o n  of  surplus  n e e d e d  on e a c h  s e p a r a t e  r isk,  ignoring all 

o t h e r  r isks ,  e s t i m a t e d  by  s e t t i n g  losses  f rom all o t h e r  r isks a t  m e a n  values .  

Then,  t h e s e  indiv idual  r i sk  su rp luses  n e e d e d  a re  c o m b i n e d  by  the  fo l lowing ru les  

and  fo rmu la ,  wh ich  r e c o g n i z e  the  marg ina l  n a t u r e  of  e a c h  individual  r isk surplus  

n e e d e d .  
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Risks a r e  ass igned t o  ca t ego r i e s  of deg ree  of co r re l a t ion  with o ther  risks. 

Some c o r r e l a t e d  pairs  (l,m) can be assumed  to have  cor re la t ion  coe f f i c i en t s  

r lm = I ;  e . g . ,  C-Z r i s k  disabi l i ty  i n c o m e  losses and C-I  risk losses. Some pairs 

~,k) have  0 L r j k  .~ I ;  e .g. ,  C- I  r isk losses and C-3 risk losses, where  rjk might  be 

se t  a t  ½. Many pairs  (i,x) a re  c o m p l e t e l y  i ndependen t  with fix = 0; e.g.,  C-Z risk 

sum of dea th  c la im losses and C- I  r isk losses.  The f i rs t  s t ep  is to combine  (l,m) 

pairs  in to  a s ingle risk, the  surplus n e e d e d  for the  combina t ion  being the  sum of 

t he  surpluses  n e e d e d  for t he  individual  risks; such combined  risks are t h e n  

ass igned appropr ia te ly  to e i t he r  the  ~,k) or  (i,x) pair  ca tegor ie s  as single risks. It  

is my  obse rva t ion  t ha t  risks in the  ~,k) c a t ego ry  appear  in only one such 

ca t ego ry ,  i .e.  such  r isks are  c o r r e l a t e d  only wi th  one o ther  risk. I ' am  unaware  

of  any  i m p o r t a n t  r isk pairs  with  r jk L 0. 

Then,  t he  surplus needed ,  u, for  
p robab i l i ty  level  PZ is as fol lows: 

z 
All i i + All j ,k  
r---0 J . g k  
ix 0 ~ r jk L_ I 

t he  combina t ion  of N risks a t  ruin 

+ Z r jk uj u. k) 

where  u is the  surplus  n e e d e d  for  risk y at  ruin probabi l i ty  level  PZ' e s t i m a t e d  
Y 

b y  se t t i ng  losses  for  all o t he r  risks at  m e a n  values  zero.  This fo rmula  can be  

seen  to be in the  f o r m a t  of the  va r i ance  of the  sum of N co r r e l a t ed  random 

var iables ;  when the  d i s t r ibu t ion  of  each  var iable  is assumed to be normal ,  

squa red  surpluses  n e e d e d  at  ru in  probabi l i ty  PZ all are  the  s ame  mul t ip le  of the  

cor responding  var iances .  

A s imple  exam ple  of the  above is t he  surplus needed  a t  ruin probabi l i ty  PZ 

for the  combina t ion  of t h r ee  risks; r isk I (C-I) ,  r isk Z (mortal i ty)  and risk 3 (C-3) 

wi th  r lZ = rz3 = 0 and r13 = ½. u x for x = I ,  Z, 3 is the  surplus needed  at  ruin 
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p r o b a b i l i t y  PZ' d e t e r m i n e d  for  e a c h  r i sk  x, e s t i m a t e d  b y  s e t t i n g  losses  for  the  

o t h e r  two  r isks  a t  m e a n  va lue  zero .  u is as  fo l lows :  

u = u  I + + u  + u  I u 3 

4 .3  C o m m e n t s  a m D e t e r m i n a t i o m  o f  
Surplus  N e e d e d  fo r  E a c h  ~ a t e  R i s k  

Imp l i c i t  in the  d e t e r m i n a t i o n  of  the  surplus  n e e d e d  for  e a c h  r isk 

separa te ly~  e s t i m a t e d  b y  s e t t i n g  losses  on all o t h e r  r isks  a t  m e a n  va lues  ze ro ,  is 

t he  a v a i l a b i l i t y  of  o p e r a t i n g  marg in  cash  f low as a f i r s t  l ine of  d e f e n s e  aga ins t  
I 

such  risk.  In the  c a s e  o f  C-3 r isk,  t he  cash  f low p r o c e d u r e s  d e s c r i b e d  in Sec t ion  

6 e x p l i c i t l y  invo lve  all  o p e r a t i n g  f a c t o r s  and margins .  For  o t h e r  r isks the  wor s t  

s c e n a r i o s  u s e d  mus t  a lso  r e f l e c t  c r e d i t s  ava i l ab le ,  a ssuming  losses  f rom all t he  

o t h e r  r isks  a r e  a t  m e a n  va lues  ze ro .  These  c r e d i t s  aga ins t  g ross  losses~ h o w e v e r  

d e t e r m i n e d ,  would  e s s e n t i a l l y  b e  the  sum of  t o l e r a b l e  r e d u c t i o n s  in po l i cyho lde r  

d iv idends  and c red i t s ,  in s t o c k h o l d e r  d iv idends  and in r e t a i n e d  earn ings  as 

c o n t e m p l a t e d  in t he  w o r s t  s c e n a r i o s  chosen .  Essen t ia l ly ,  t h e s e  a re  a lso t he  

c r e d i t s  i nhe ren t  in the  exp l i c i t  C-3 r i sk  p r o c e d u r e s .  

S e c t i o n  5 a lso  s u g g e s t s  t h a t  cash  f low f rom all r isks t o g e t h e r  cou ld  be 

i nc luded  in the  w o r s t  s cena r io s .  If  such  omnibus  s c e n a r i o s  a re  u t i l i zed ,  t he  

o p e r a t i n g  c r e d i t s  cou ld  t h e o r e t i c a l l y  b e  m o r e  e x a c t .  H o w e v e r ,  t he  c o m p u t e r  

o u t p u t s  a r e  so e n o r m o u s  t h a t  f e w  c o m p a n i e s  would  have  t he  r e s o u r c e s  and 

c o m m i t m e n t  to  use  omnibus  a p p r o a c h e s .  

I t  is r e a l i z e d  t h a t  t he  d e t e r m i n a t i o n  of  c r e d i t s  in p r o c e d u r e s  fo r  s e p a r a t e d  

r i sks  adds  to  e r ro r  of  t h e  c o m b i n a t i o n  fo rmu la .  
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S e c t i o n  5: P r o c e d u r e s  

5.1 C-3 Risk on Produc ts  wi th  L a r ~  C-3 Risk 

On products  and lines with large  C-3 risk~ especial ly in te res t - sens i t ive  

produc ts  (e.g. GIC, SPDA, SPWL, UL, S t ruc tu red  Set t lements)  but  also conven- 

t ional ordinary l ife products  with gua ran t eed  cash and loan values and immed ia t e  

~nnuities~ a compute r ized  cash flow model  is needed.  Otherwise  it is almost  

impossible to quant i fy  the e f f e c t s  of mismatches  of asset  cash flow and liabili ty 

cash flow. The model sums cash flow from assets  less cash flow from liabilities 

with r e inves tmen t  of net  cash flow along each se l ec t ed  C-3 ~nterest r a t e  

scenar io  of reasonable  and plausible deviations.  Segmenta t ion  of the general  

account  on an actual~ propor t iona te  or notional  basis by product  and line is 

needed  (or a specia l ty  company or sepa ra t e  account  ded ica ted  to the product  and 

line). Re inves tmen t  policy is applied to both posit ive net  cash flow and nega t ive  

cash flow (interline or surplus borrowing). 

Asset  cash flow includes the following e lements  (af ter  appropria te  

marginal  FIT): Interest~ dividends and rent ;  matur i t i es  and repayments ;  p repay-  

ments  as a (call) funct ion of the scenario;  hedges as a funct ion of the  scenario~ 

e tc .  The assets arising f rom r e i n v e s t m e n t  of ne t  cash flow from assets  and 

liabili t ies (+ or -) as well as assets  existing on the valuation da te  are included. 

Liabil i ty cash flow includes the  following e lements  (af ter  appropr ia te  

marginal  FIT): Income from premiumsj  pol icyholder  charges~ policy loan in te res t  

and repayments~ etc.~ all as funct ions of the  scenar io  and con t rac t  design and 

policy; outflow from claims~ pol icyholder  dividends and credits~ withdrawals~ 
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t e r m i n a t i o n s ,  pol icy  lo~ns, r e c o v e r i e s  of  acqu i s i t i on  expenses ,  s t ockho lde r  

d iv idends ,  e t c . ,  all as f unc t i ons  of  t h e  s c e n a r i o ,  p r o d u c t  pol icy  and design and 

c o m p a n y  pol icy .  No te  t h a t  po l icy  lo~rLq and po l icy  loan i n t e r e s t ,  as a po l icy-  

ho lde r  opt ion ,  are  t r e a t e d  as l i ab i l i ty  ca sh  f low,  i .e . ,  as an insurance  cash f low,  

n o t  an asse t  cash  f low i t e m .  

The  mode l  a c c u m u l a t e s  n e t  a s se t s  f o r w a r d  over  the  scena r io  to the  

d u r a t i o n  of  t e r m i n a t i o n  of  t h e  las t  c o n t r a c t  in t he  class~ a t  which t ime  the  

r e m a i n i n g  a s se t s  (+ or -) a r e  ad jus t ed  to  m a r k e t  va lue  accord ing  to  the  scenar io  

i n t e r e s t  r a t e  t h e n  in e f f e c t .  P o t e n t i a l  m a n a g e m e n t  ac t ions  a re  r e f l e c t e d  in t he  

scena r ios .  

Asse t s  n e e d e d  on the  va lua t i on  d a t e  for  the  s cena r io  are  d e t e r m i n e d  so 

t h a t  t he  a c c u m u l a t e d  a s se t s  on t h e  t e r m i n a t i o n  d a t e  of  the  las t  cont rac t~  

a d j u s t e d  to m a r k e t ,  a re  zero .  In the  case  of  asse t s  n e e d e d  for  the  sum of  

r e s e r v e s  and  surplus n e e d e d  9 the  a s se t s  m u s t  be s u f f i c i e n t  add i t iona l ly  to assure  

t h a t  a c c u m u l a t e d  asse t s  a long the  s c e n a r i o  a re  neve r  less than  r e se rves  a t  f u t u r e  

du ra t ions .  

The a s se t s  n e e d e d  fo r  r e s e r v e  t e s t i n g  and  for  r e s e rve  plus surplus n e e d e d  

t e s t i n g  a re  r e s p e c t i v e l y  based  on wors t  s cena r ios  o f  r easonab le  devia t ions  and  

w o r s t  s cena r io s  of  p laus ib le  dev ia t ions .  

The p rocess  is i d e n t i c a l  for  d e t e r m i n a t i o n  of  cash  f low based  surplus (CFS), 

e x c e p t  t h a t  in t h e  l a t t e r  t h e r e  is no r e q u i r e m e n t  t h a t  a sse t s  be no less t h a n  

r e s e r v e s  a t  e ach  f u t u r e  d u r a t i o n  a long t h e  scenar io .  
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Surplus n e e d e d  for  o the r  r isks can  be  d e t e r m i n e d  as d i scussed  in the  

m a t e r i a l  under  C-1 and C-Z risks,  and then  c o m b i n e d  wi th  the  surplus n e e d e d  for  

C-3 r isk by  the  c o m b i n a t i o n  fo rmulas  of  S e c t i o n  3. Or,  t he  s cena r io s  r e f e r r e d  to 

a b o v e  may  be  e x p a n d e d  to  inc lude  o t h e r  (or all) r isks,  bu t  t he  ou tpu t  f rom the  

m o d e l  b e c o m e s  enormous .  

5.Z P r o d u c t s  W i t h o u t  a L a r g e  C-3  R i s k  

On Such p r o d u c t s ,  such  as m e d i c a l  c a r e  i n su rance  and t e r m  l i fe  insurance ,  

w h e r e  the  risks axe a lmos t  e n t i r e l y  C-Z risk,  t h e  m o d e l  is much  s imple r  in design 

b e c a u s e  the  C-3 r isk f rom i n t e r m e d i a t i o n  and d i s i n t e r m e d i a t i o n  carl be  ignored,  

e x c e p t  fo r  the  group  m e d i c a l  c a r e  l ine, which  invo lves  opt ions  of  a d m i n i s t r a t i o n -  

only  or m i n i m u m - p r e m i u m ,  r e su l t i ng  in sudden  mass i ve  o u t f l o w s  of  a s se t s  beh ind  

c la im r e s e r v e s .  H o w e v e r ,  t h e s e  m o r e  t r ad i t i ona l  mode l s  t r e a t i n g  C-Z risk c la ims  

va r i a t i ons  have  the i r  own c o m p l i c a t i o n s  b e c a u s e  s t o c h a s t i c  va r i a t i ons  a re  usua l ly  

less  i m p o r t a n t  t han  wild cards ,  l ike in f l a t ion ,  cos tLshi f t ing  b y  the  F e d e r a l  

g o v e r n m e n t ,  and  po l i cyho l de r  a n t i - s e l e c t i o n  a t  r enewa l .  The c o n c e p t s  of 

" r ea sonab le "  and "plausible"  d e v i a t i o n  s c e n a r i o s  con t inue  to  apply.  More  de ta i l  

can  be  found  in the  m a t e r i a l  on C-1 and C-Z risks which  fo l lows  this d iscuss ion.  

5.3 C-1 Risk 

F o r  Surplus N e e d e d  

C-1 r isk r e l a t e s  to  type ,  qua l i t y  and d i s t r i bu t i on  of  i n v e s t e d  asse t s .  The 

wor s t  s cena r io  o f  p laus ib le  dev i a t i ons  is an e c o n o m i c  ep i sode ,  for  which  t h e r e  is 

a (ruin) p r o b a b i l i t y  PZ = 1% of  i ts  b e i n g  the  wor s t  e v e r  to  occur  in the  fu tu r e .  

This e c o n o m i c  ep i sode  migh t  be  v i s u a l i z e d  as one which  would  r equ i r e  go ve r n -  
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menta l  ass is tance for the l ife insurance business, e.g. cash flow f reezes ,  pegging 

of secur i ty  values, Federa l  Reserve  accommodat ion .  Such an episode would 

des t roy  the  solidity of many companies and the  solvency of some companies.  

The appropr ia te  level of  C-1 risk surplus needed  is tha t  which would assure the 

sol idi ty of a company so tha t  the company would not  be worse off  than its best  

compet i to rs ,  with t ime available to r ecove r  its previous strong financial  condi- 

tion. A corol lary  of this reasoning is tha t  i t  is unrea l i s t ic  to con templa te  worse 

occur rences ,  which would change our economy beyond possible r e tu rn  to 

no rma lcy  as we know it. 

Such an episode might  take  two forms: 

o A de f l a t iona ry  depression, like tha t  of the 1930's. 

o An inf la t ionary  episode, with serious recess ion of 4-5 years ,  

double digit inflat ion,  t ight  money and widespread insolvencies, 

and high unemployment  peaking at,  say, 1Z% and then 

decreasing.  This is fol lowed by a less serious s tagflat ion.  

The episode should be assumed to s t a r t  immedia te ly ,  however  unlikely this may 

be under cur ren t  conditions,  s ince when such an episode does become  imminent ,  

build-up of surplus needed  would not  be feasible probably. 

Inves tment  of f icers  would analyze  each  secur i ty  and parce l  of rea l  e s t a t e  

individually or in classes so as to e s t ima te  its probabi l i ty  and timing of defaul t  

and the  pe r c e n t a ge  and t iming of r ecove ry  on assets  held at  book and to e s t ima te  

the  maximum downside m o v e m e n t  of the marke t  value of common stocks. 

The p rocedure  for de te rmin ing  surplus needed  is this: Capital  losses on 

defaul t ,  dec reases  in m a r k e t  values of stocks and cash income losses, less capi tal  
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gains  on r e c o v e r y ,  less to le rab le  r e d u c t i o n s  in po l i cyho lder  dividends and c red i t s ,  

s t ockho lde r  dividends and r e t a i n e d  earn ings ,  wi th  i n t e r e s t  on cash i t ems ,  and 

wi th  appropr i a t e  marg ina l  FIT a d j u s t m e n t s ,  a re  a c c u m u l a t e d  over  the episode.  

Surplus needed  is the  d i s c o u n t e d  value of  the  m a x i m u m  amoun t  of this  

a c c u m u l a t i o n ,  the  d i scoun t  be ing a f t e r  marg ina l  FIT. In s impl i s t i c  t e rms ,  

n e g l e c t i n g  the  i n t e r e s t  and m a x i m u m  a d j u s t m e n t s ,  the  surplus needed  on book 

value  i n v e s t m e n t s  equals  (Book value) x (Chance  of defaul t )  x (1 - % r e c o v e r -  

abil i ty)  + (Income Los t  a f t e r  FIT) and the  surplus needed  on c o m m o n  s tocks  

equals  (Market  Value) x (po ten t i a l  m a r k e t  va lue  d e c r e a s e  %) + (Reduc t ion  in 

dividends,  a f t e r  FIT); t o l e r ab l e  c red i t s  d e c r e a s e  th is  in a g g r e g a t e .  S tock m a r k e t  

r e c o v e r y  l a t e  in the  episode probab ly  should not  be c r e d i t e d  s ince i t  is too 

p r o b l e m a t i c a l .  

Surplus n e e d e d  would be expres sed  as a p e r c e n t  of  book value  by type  and 

qua l i ty  of  i n v e s t m e n t .  F o r  examp le ,  t he  p e r c e n t  fo r  bonds would va ry  f rom 0% 

for  U.S. bonds to a t  l e a s t  15% for  bonds wi th  qua l i ty  well  below BAA. 

C o m m e r c i a l  m o r t g a g e s  and  rea l  e s t a t e  might  have  p e r c e n t s  of  3% or so. 

C o m m o n  s tocks  a t  the  end of  a bull  m a r k e t  migh t  have  a p e r c e n t  of 50% or so, 

and well  in to  a bea r  m a r k e t  a p e r c e n t  o f  Z0% or so. 

For  Rese rve  Tes t ing  

As a g e n e r a l i t y ,  i t  is p robab ly  s u f f i c i e n t  in r e s e r v e  t e s t i ng  to  handle  C-1 

risk by r educ ing  i n t e r e s t  e a rned  by a cha rge  for  C-1 risk (based on the  type  and 

qua l i t y  of i n v e s t m e n t s  under ly ing  the  p roduc t  class) in the C-3 r isk  mode l  

desc r ibed  ea r l i e r  in this  s ec t ion .  The cha rge  should be based  on a scena r io  of 
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r easonab le  deviat ions  with ruin probabi l i ty  Pl" A simplif ied approach would also 

be  used in rese rve  tes t ing on con t r ac t s  wi thout  s izable  C-3 risk discussed in this 

sec t ion .  

However ,  on in t e re s t - sens i t ive  products  where the inves tment  pol icy 

s e l e c t e d  involves s izable mismatch  of  asse t  and l iabil i ty cash flows and 

especia l ly  if  the  i nves tmen t s  are  of low qual i ty ,  even  the scenarios  of reasonable  

deviat ions at  ruin probabi l i ty  P l  can involve large C-3 risk losses and large C-1 

risk losses. Here  p rocedures  similar to those used in the mater ia l  discussed in 

"For Surplus Needed" should be  used because  average  charges do not develop 

surplus needed at point of maximum need. 

5.4 C-Z Risk 

The following t r e a t m e n t  of this large,  var ied  and complex class is qui te  

superf ic ia l  and is in tended as only a guide to the  many procedures  which are 

e i the r  avai lable  in ac tuar ia l  l i t e r a tu r e  or are obvious once the ac tua ry  decides  to 

under take  the challenge.  

S tochas t ic  Devia t ions  in the Sum of Dea th  Claim Amounts  

Extens ive  l i t e r a t u r e  is avai lable  on expl ic i t  probabi l i ty  distr ibutions of  the  

sum of dea th  claim amounts  and thei r  appl icat ion to ca lcu la te  ruin probabi l i ty  

for  a given surplus level  and premium margin level.  There is no need to resor t  to 

de te rmin i s t i c  scenarios.  The most  widely used probabi l i ty  dis tr ibut ion funct ion 

is the  Compound Poisson Dis t r ibut ion  involving convolutions of the amounts  

dis t r ibut ion of individual c la ims and explici t  recogni t ion of r e t en t ion  l imits.  

Modern solutions no longer  involve the tedious classic Esscher formulas.  As 
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descr ibed in the sect ion ~entitled, "For Surplus Needed," the premium margins 

available can be approximated  as to lerable  reduct ions  in policyholder dividends 

and credits ,  s tockholder  dividends or r e t a ined  earnings on the con t rac t  class. 

For rese rve  test ing,  it is probably always sa t i s f ac to ry  mere ly  to load the  

expec t ed  mor ta l i ty  charges for this devia t ion at  ruin probabili ty level Pl" 

The similar risk of deviations from e x p e c t e d  reserve  re leases  on life 

annuit ies can be handled using the normal  dis t r ibut ion with an enhanced s tandard  

deviat ion to r e f l e c t  the  skewness in r e se rve  re leased  amount  distributions, which 

t 

are  di f f icul t  to de te rmine  from exper ience  records .  

Other  Deviat ions in Dea th  Claims and Heal th  Claims 

Epidemics (e.g., inf luenza,  AIDS), ear thquakes ,  and quantum changes in l ife 

e x p e c t a n c y  a f fec t ing  l ife annui ty  losses are  m a t t e r s  solely for surplus provision 

and not for reserve  provision. They should be handled by appropriate  scenarios 

of plausible deviations corresponding to ruin probabil i ty PZ' with of fse t s  for 

to lerable  reduct ions  in pol icyholder  dividends and credits ,  s tockholder  dividends, 

and r e t a ined  earnings. The process is similar  to tha t  in the sect ion "For Surplus 

Needed" for C-1 risk. 

On such con t rac t s  as ART, where  progressive an t i - se lec t ion  assures fu ture  

mor t a l i t y  losses, the p resen t  value of these  losses a t  ruin probabil i ty level  Pl  

should be covered  by reserves  and at ruin probabi l i ty  level PZ by reserves  plus 

needed  surplus. 
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Surplus needed  on non-can disabil i ty income, guaran teed  renewable  

disabil i ty income,  group long te rm disabil i ty income,  and waiver  of premium 

con t rac t s  should be based on  the same economic  scenario of serious, long 

depression or recession as for  C-1 risk, because  the  large unemployment  levels in 

such episodes are  the  major causes of ca tas t roph ic  losses on these contracts .  

Surplus needed  should provide for the  following losses: 

Increase  in open and unrepor ted  claims f rom lower r ecovery  ra tes .  

Increase  in number  and pe r s i s t ency  of new claims. 

Increase  in policy te rmina t ions  on hea l thy  lives. 

On con t rac t s  with r e r a t eab l e  premiums,  t he re  is a credit :  

Increase  in premium ra tes ,  subject  to delay and te rminat ions  of 

hea l thy  lives. 

There  would also be a credi t  against  surplus needed from tolerable  

reduct ions  in policyholder dividends, s tockholder  dividends and re ta ined  earnings. 

On coverages  with short  claim periods and r e ra t eab le  premiums like group 

and individual medica l  insurance,  s tochas t i c  deviations are overwhelmed by 

deviat ions caused by inf lat ing costs,  poor underwri t ing,  concen t ra t ion  of risk, 

delays in rera t ing ,  cost shif t ing and o ther  wild cards. Aggregate  claims 

deviat ions tend to be cycl ica l  as p remiums vary from insuff ic iency to surf/-  

c iency.  Surplus needed  becomes  a scenar io  process  a imed at  levels of surplus 

needed  to cover peak losses at  ruin probabil i ty  level  PZ" Determinat ions  of 

ac t ive  life reserves  and claim reserves  on individual cont rac t s  axe cu r ren t ly  

under  debate  in the  SOA; once the basic procedures  axe agreed upon, it  will be 

desirable to re f ine  the  defini t ions so tha t  reserves  will mee t  the Pl ruin 

probabi l i ty  cr i ter ion with worst scenarios  of reasonable  deviations. 
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5.5 Furthe~ C o m m e n t s  on P roduc t s  with Large C-3 Risks 

"Good and Suff ic ient  Reserves"  

This is a te rm being given to rese rves  de te rmined  by a method current ly  

being r e sea rched ,  which may be  sugges ted  to enhance the 1980 SVL to make 

s t a t u t o r y  r e se rves  on in te res t - sens i t ive  p roduc t s  more responsive to coordination 

of  asse t / l i ab i l i ty  cash flows. 

The formulas  imbedded  in the 1980 SVL for determining minimum rese rves  

on in t e re s t - sens i t ive  annuit ies and GIC's have shor tcomings  and the law does not  

t 

recognize  the ex ten t  of matching asse t / l i ab i l i ty  cash flows. The resul t  is that  

the  minimum SVL rese rves  are s o m e t i m e s  too  high and somet imes  too low 

re la t ive  to rese rves  de te rmined  by the full C-3 Risk procedures  for reasonable  

deviat ions  from expec t ed  as se t  fo r th  previous ly  in this sect ion.  The approach to 

the  "good and suf f ic ien t  reserves"  u t i l izes  the procedures  of this sec t ion  and 

could have cha rac te r i s t i c s  like the  following: They would be  the highest ones 

emerging by durat ion for scenar ios  bounded by wors t  reasonable  upside and 

downside C - 3  Risk in te res t  r a t e  scenarios .  They would r e f l e c t  product  design, 

ex t en t  of matching of a s se t / l i ab i l i ty  cash f lows and plans for coordinating 

inves tmen t  and produc t  policies.  They might r e f l e c t  qual i ty  of  asse ts  and thus 

include provision for C-1 Risk. 

How such a concep t  would be adap ted  in an amended SVL is open. Perhaps  

t h e  r e se rves  could be p laced  within upper  and lower  l imits like those current ly  in 

the  New York SVL. FIT is na tura l ly  a cons idera t ion  in the design. 
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Sec t ion  6: C o o ~ n ~ t i o n  o f  Inves tmen t  ? o l i c  7 and Produc t  9o l i cy  

For  control  of C-3 risk,, especia l ly  on in te res t - sens i t ive  products ,  the  

por t fo l io  of inves tments  must  be  dynamical ly  managed as to type  and duration of 

inves tmen t s  to a c c o m m o d a t e  to changes in the  level and shape of the yield 

curve.  The ob jec t ive  is to control  the ne t  durat ion of asse ts / l iabi l i t ies  with 

minimal  e f f e c t  on s t a t u t o r y  surplus. Many new inves tmen t  vehicles,  like futures ,  

options,  zero coupon bonds, e tc . ,  have  b e c o m e  available.  New theories  

paradigms and models  p ro l i f e ra t e  in the  l i t e r a tu re  and in prac t ice .  Intention to 

use these  new vehicles  and techniques  should be a f ea tu re  of the expec t ed  

inves tmen t  pol icy  in the C-3 risk scenarios.  

It would be nice if these  new theor ies  could produce a more d i rec t  

p r ac t i c a l  approach to de te rmina t ion  of  surplus needed,  but  so far no such 

approach has appeared  in the l i t e ra tu re .  

Section 7: Aggregate  Reserves  and Surplus Needed 

Solvency and solidi ty are  concep t s  which are meaningful only for the 

company  as a whole. Subject  to the r egu la to ry  requ i rement  tha t  aggrega te  

r e se rves  may  not be  less than aggrega te  minimum SVL reserves ,  aggrega te  

r e se rves  ideal ly should sa t i s fy  the cr i te r ion  of probabi l i ty  of ruin equal to Pl" In 

order  to equal ize  risk across  all p roduc t s  and lines, it is desirable tha t  the  

c r i t e r ion  be  applied uniformly to  each product  and line separa te ly ,  i . e ,  tha t  

r e se rves  on each produc t  and line be adequa te  along worst  scenarios  of 

r easonab le  devia t ions  f rom expec t ed  cons is ten t  with ruin probabi l i ty  Pl" It is 

t h e r e f o r e  implici t  tha t  r e se rves  held on some products  and lines on the basis of 
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the reasonable  deviations tes t  may be less than t h e  minimum SVL reserves ,  

provided tha t  the def ic iency  is o f f se t  by margins over minimum SVL reserves  

e lsewhere .  

Reserves  plus surplus needed  on each  line and in to ta l  should be adequate  

on the  cr i ter ion of ruin probabil i ty PZ' i .e. ,  on the basis of worst  scenarios of 

plausible deviations f rom expected .  

Because of the diversi ty of type and ex ten t  of risks on d i f f e ren t  products  

and lines, the first  s tep is always to de t e rmine  appropriate  reserves  and surplus 

needed  by product  and line and then put the resul ts  toge ther  for ~he whole 

company,  recognizing offsets ;  e.g.,  lower surplus needed  for overal l  dea th  claims 

is usually less than the sum of surpluses needed  for individual and group 

separa te ly .  Moreover,  reserves  and surplus needed  for each product  and line are  

cen t ra l  to planning so as to opt imize use of surplus in order  to enhance  company 

vi ta l i ty .  

Sect ion 8: Simplification 

This chapter  surveys a complex process  calling for a high level  of 

professional  c ompe t e nc e  and judgment .  Individual ac tuar ies  can choose 

p rac t i ces  which are d e e m e d  appropr ia te  to them even though less detai led,  as 

long as the p rac t i ces  are not  incompat ible  with the principles and provide resul ts  

allowing accep tab le  professional  judgments  without  mater ia l  e r ror  as to magni-  

tudes.  
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Absent impor tan t  changes in operations,  the full job does not have to be 

done annually - and indeed cannot  be done annually because  of its complexity.  

No doubt, the surplus needed  can be expressed by a l inear compound of 

(coeff icients)  x (parameters)  for each product  and line, with the coef f ic ien ts  

ver i f ied  at  intervals .  

Sec t ion  9: Financial  p]ann;ng for  Growth  and Ch~moe -- Corpora te  Vi ta l i ty  

4.1 Prici~ 

Initial and renewal  pricing on inforce  business is a given input i~to liability 

cash flow used in de t e rmina t ion  of assets  needed  equal to the sum of reserves  

and surplus needed.  Pricing for products  to be issued in the fu ture  should include 

charges  to r epay  advances  of surplus for acquisition expenses, charges  for 

u t i l iza t ion of surplus advanced to provide for surplus needed,  and prof i t  charges.  

Surplus needed  in pricing and in m a n a g e m e n t  basis f inancial  s t a t e m e n t s  is called 

t a rge t  or benchmark  surplus, and ideal ly it should be equivalent  to the surplus 

needed  to be de t e rmined  l a t e r  by the  valuation ac tuary .  

?.Z Managemen t  Basis F;n;,ncial p]ann~rno and Account ing System 

In this chap te r ,  the  focus has been  en t i re ly  on s t a tu to ry  f inancial  s t a t e -  

ments ,  which are  basic  to solvency and solidity and which apply to inforce  

business. General  purpose s tock company GAAP financials are  manda ted  for 

ex te rna l  repor t ing by s tock  companies.  However,  ne i ther  s t a tu to ry  nor GAAP 

financial  s t a t e m e n t s  are  s a t i s f ac to ry  without  modif icat ion for such object ives 

and goals as the following, for which managemen t  basis f inancial  s t a t e m e n t s  are  
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designed: management information in needed form and detail; operational and 

strategic planning; direction of available surplus to products, lines and markets 

to optimize earnings; monitoring of emergence of profit by products~ lines, and 

markets relative to planning; evaluation and control of efficiency, productivity 

and profitability; accountability of product and line managers to realize plans; 

compensation programs based on profitability; and all the other plans and 

measures conducive to company vitality. 

There  is no in tent ion  in this short  chap te r  to t ry  to present  the many 

designs and operat ional  procedures  of managemen t  basis financial s t a t e m e n t s  

and systems.  But, regardless  of the designs of such financial  stater~ents~ there  

are  severa l  details  of the  designs which should be consis tent  with the basic 

procedures  of this chapter .  

Invested assets equal to  the sum of reserves  and surplus needed  on 

s t a tu to ry  f inancial  s t a t e m e n t s  should be ident ical  with the inves ted  

assets in ma na gemen t  basis f inancial  s t a t emen t s  by product  and line. 

Presumably  to ta l  assets  in managemen t  basis f inancial  s t a t e m e n t s  

will equal such inves ted  assets  plus going concern  adjus tments  like 

unamor t i zed  acquisi t ion costs~ d e f e r r e d  expenses for new sys tems and 

projects ,  and o ther  GAAP-type  adjus tments .  This implies tha t  

adjusted surplus needed  on the managemen t  basis should be equal to 

surplus needed  on the  s t a t u t o r y  basis plus such adjustments~ since 

vi ta l i ty  surplus should be ident ica l  on both bases. This assures tha t  

vi ta l i ty  surplus on both  bases involves only fu ture  plans for growth 

and change and tha t  s t a t u t o r y  reserves  and surplus needed  are  the 
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sole reposi tor ies  of inforce  dynamics.  This d ichotomy is basic for 

such measures  as ROL 

0 Also, both bases are  then consis tent  with pricing factors ,  as discussed 

previously. 

In both s t a tu to ry  and m a n a g e m e n t  basis f inancial  s t a t ements ,  the increase  

in v i ta l i ty  surplus for the yea r  is r e t a ined  earnings plus other  surplus account  

increases  minus increase  in surplus needed.  The financial  analysis of plans for 

g rowth  and change under m a n a g e m e n t  basis f inancial  s t a t emen t s  is equivalent  to 

examining the changes in v i ta l i ty  surplus over fu ture  years .  As to t~e size of 

v i ta l i ty  surplus, the larger  it is 9 the  more  solvent the company is current ly ;  

however~ to the ex ten t  tha t  v i ta l i ty  surplus is reduced  by its application to prof i t  

producing products ,  lines, sys tems and ventures~ the company has more inherent  

v i ta l i ty  because  the profi ts  ea rned  f rom such applications of surplus over t ime 

should be larger  than those f rom just  invest ing the  vi ta l i ty  surplus. Thus~ the 

dynamics  of v i ta l i ty  surplus are  more  impor tan t  than its size. 

In f inancial  planning, the  m a n a g e m e n t  of to ta l  surplus, whether  on a 

s t a t u t o r y  basis or on an adjus ted in terna l  managemen t  basis, is central .  As tota l  

surplus varies from yea r  to yea r ,  it is desirable for the company to make 

sensi t iv i ty  tes t s  for options available, not  only as to planning for growth and 

change,  but also as to control l ing the  level  of  surplus needed  for inforce~ e.g., 

opera t ing expenses, coordinat ion of inves tmen t  and product policy to minimize 

the  C-3 risk. If to ta l  surplus decreases  toward  or below the level of surplus 

needed  for inforce,  changes and new direct ions  are  s trongly indicated.  
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Section 10: Reinsurance 

It is assumed tha t  the ac tua ry  is famil iar  with the te rms of re insurance  

ag reemen t s  be fo re  making ad jus tment  in reserves  or surplus needed.  It is 

impor tan t  tha t  the a c t ua ry  be concerned  with the solidity of the reinsuring 

company.  If the re  are serious questions as to the  solidity of the reinsuring 

company~ the ac tua ry  should consider making appropriate  adjus tments  to the 

surplus needed.  
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