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INTRODUCTION 

Most def ined benef i t  pension plans require an actuar ia l  valuation at  least  

once every  th ree  years,  so valuations are  a very common procedure.  Nonetheless ,  

many of the  cr i ter ia  of a valuation are  only vaguely defined,  much less quant i -  

The IRS, for example,  requires the ac tuar ies  of all pr ivate  plans to ce r t i fy  fled. 

tha t  

To the  bes t  of my knowledge, the informat ion supplied in the sche-  
dule and on the  accompanying statement~ if any~ is comple te  and 
accura te ,  and in my opinion the  assumptions used in the  aggrega te  
(a) are reasonably re la ted  to  the exper ience  of the plan and to  rea-  
sonable expecta t ions ,  and (b) rel~resent my best  e s t ima te  of ant ic i -  
pa ted  exper ience  under the  plan." 

No guidance is given as to how these requi rements  are  to be met  prospectively9 

al though there  are  serious potent ia l  consequences for  noncompliance in r e t r o -  

spect .  

This apparent  lack of specif ic i ty  c r ea t e s  problems.  The f i rs t  problem re la tes  

to  the t radi t ional  actuar ial  mandate  of subst i tut ing f ac t s  for  appearances .  This is 

an untenable mandate  with respec t  to cr i ter ia  which are  e i ther  vaguely def ined or 

not def ined at  all. 

The second concern re la tes  to the area of communicat ion and consensus. If 

1Form 5500, Schedule B 
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cr i ter ia  are  def ined too broadly, the danger exis ts  that  they include mutually 

exclusive subcateg0r ies  from the point of view of obtaining a consensus on the 

overall  cr i ter ia .  The te rm "best  e s t ima te , "  for example,  has been envisioned by 

some as involving the minimum absolute deviat ion while o thers  feel  that  it should 

provide for  a conservat ive  e lement .  The problem here  is that  if both of these  

c r i te r ion  are  regarded as being embodied in the notion of best  e s t imate ,  there  is 

unlikely to be a consensus. 

The final considerat ion has to do with credibil i ty.  The credibil i ty of the pen- 

sion ac tuary  is in jeopardy when the public senses that  underlying pa rame te r s  of 

t h e  valuation are  i l l-defined, ambiguous, or arbi t rary .  

The purpose of this paper is to set  the s tage  for fur ther  discussion and 

resea rch  into ac tuar ia l  assumptions in pension plan valuations by quantifying some 

of the  c r i te r ia  which underly the choice of these  assumptions.  The development  

is not def in i t ive  and represen ts  only a prel iminary s tage  of inquiry. 

THE VALUATION PROCESS 

The va luat ion process is depicted in Figure 1. In year  t - l ,  last year, the re  are  

assets, A(t-1) and a populat ion, T(t-1). Using that  in format ion,  the actuary 

decided on the contr ibut ion,  C(t-1). In the fo l lowing y e a r ,  year t ,  there are new 

assets A(t),  and populat ion, T(t). During the c o u r s e  of the year, data has been 

obtained and various regulat ions have come out. There a r e  a number of sel f - in-  

terest  groups applying pressure,  including the employer,  the employees,  the IRS, Z 

2The serv ice  has begun to formal ize  i ts  requi rement  and has "developed 
and will be implement ing  guidelines for de termining  whether  actuarial  assump- 
t ions are  reasonable  in the aggregate ."  RNA Pens ion  Reporter.  Vol. 11, No. 35 
(August Z7, 1984), p. 1110. 
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FIGURE 1 
THE VALUATION PROCESS 
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the Depar tment  of Labor, and accountants .  Additionally, there  is exogenous 

exper t  information that  has to be co-ordinated with the valuation. The purpose 

of the valuation is to find the appropria te  current  year 's  contribution,  C(t). 

ACTUARIAL GAINS AND LOSSES 

A concept  which is cr i t ica l  to a quant i f icat ion of ac tuar ia l  assumptions is 

that  of actuarial  gains and losses. 

The gain at  t ime t,  result ing from the j - th  assumption is 

G(t,j) = A'(t,j) - E{A(t,j)}, 

where A'(t,j) is the actual  asse ts  a t  t ime t~ result ing from the j - th  assumption,  

and E{A(t,j)} is the expec ted  asse t s  at  that  t ime.  If ac tual  asse t s  exceed  expec ted  

assets  there  is a gain; a loss occurs  if the converse  is true.  

SUMMARY OF CRITERIA 

The actuarial  assumptions of a valuation are  e i ther  demographic or economic.  
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The demographic  assumptions are  re la ted  to the pension population and 

encompass  mortal i ty ,  terminat ion,  disability,  r e t i r emen t ,  distr ibution by sex, age,  

employment  s ta tus ,  and so on. Economic assumptions are  those which impact  

inves tment  re turns  and salary progression. 

A preliminary list of the major cr i ter ia  associa ted  with the  assumptions in a 

pension plan include conservat iveness ,  consis tency,  best  e s t ima te ,  prudence,  pre-  

cision and flexibili ty.  Each of these is discussed in deta i l  below. 

CONSERVATIVENESS 

The f i rst  considerat ion is conservativeness. This has been a long standing 

major considerat ion for actuaries. An assumption is conservat ive i f  i t  tends to 

produce actuar ia l  gains. 

Thus, on an individual basis, the j - th  assumption used at  t imes s, a(s,j)~ is 

conservat ive  if it  genera tes  a gain at  t ime t, that  is, 

a(s,j) => G(t,j) > 0, s<t. 

This is a prospect ive  consideration.  

It is impor tant  to note that  the regulat ions and the  IRS does not recognize  

the need for a cont ingency reserve ,  s tressing,  instead,  tax deductible contr ibu-  

tions. However,  contr ibut ions that  fall within deduct ibl i ty  ranges may not be 

suff ic ient  to guarantee  plan solvency. Many ac tuar ies  have c i rcumvented  this 

problem by using "conservat ive" assumptions,  where,  as o f ten  as not, the degree  

of conservat iveness  has not been quantif ied.  A direct  approach would be to 

revise the tax code 3 to allow for a cont ingency reserve.  

31RC Sections 404 and 41Z. 
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Consera t iveness  in the  A g g r e g a t e  

Conservativeness in the aggregate is simply an extension of conservativeness. 

Assumptions are conservat ive in the aggregate i f  they tend to produce actuar ia l  

gains, that is, 

(a(s,j), al l  j) => G(t )  > 0, 

where G(t) is the union of the gain from al l  sources. The distinguishing feature  is 

that  i t  is possible for some assumptions to  produce gains whi le others produce 

losses. Here, the c o n c e r n  is the net e f fect .  

The amount of gain which wi l l  result f rom assumptions which are conserva- 

t ive  ha the aggregate is qui te speculat ive. The d i rect ion is known but not the  

magnitude.  There is a need to invest igate  the ex ten t  of this conserva t iveness  and 

the credibi l i ty of any e s t ima te s  thereof .  

RETROSPECTIVE CONSISTENCY 

An assumption has r e t rospec t ive  consis tency if it  is reasonably re l a t ed  to the  

exper ience  of the plan. The concern here  is that  current  assumptions should not 

be signif icantly d i f fe rent  from past  assumptions.  Thus, if a'(t,j) r ep re sen t s  the  

plan exper ience  to date ,  with respec t  t o assumption j, an assumption has r e t r o -  

spec t ive  consis tentcy if 

I a ( t , j )  - a'(t,j) I < e(t,j), 

where  e(t,j) is an accep tab le  to lerance  level.  Here,  a'(t,j) may be some purely 

objec t ive  data  paint or t rend or a subject ive  hybrid of past exper ience  and cur-  

rent  wisdom. 

An example of a purely object ive  t rend would be an actuar ia l  value of asse t s  
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defined as as n-year moving average of the market value of plan assets. 4 A sub- 

jective hybrid approach might be used in the development of a salary scale or 

decrement rates. 

Retrospective Consistency in the Aggregate 

Assumptions have  r e t ro spec t i ve  cons is tency  in the  agg rega t e  "[if they]  are  

reasonably  r e l a t ed  to the  exper ience  of the  plan." Thus, the  assumpt ions  are  

r e t ro spec t i ve  cons is tency in the  agg rega t e  if 

(a(s, j ) ,  a l l  j )  => [G(t) l  > e( t ) ,  s<t 

then  

(a ( t , j ) , a l l  j )  ~ (a(s, j)  + ~a(s , j ) ,a l l  j )  

such t ha t  

(a( t , j ) ,  a l l  j )  => EIG(u)I ~ e(u),  s<t<u. 

That is, i f  experience indicates inordinate gains or losses, assumptions will be 

revised to reduce expected future deviations. 

It should be noted that the retrospective consistency criterion takes a diffe- 

rent form in the aggregate than it did on the individual basis. In the latter, each 

current assumed value of a parameter is compared with the past experience of 

that parameter. The former, on the other hand, concerns itself not with the 

relative value of the assumptions but, rather, with the overall impact of assump- 

tions on gain~ or losses. 

PROSPECTIVE CONSISTENCY 

An assumpt ion  has p r o s p e c t i v e  cons is tency  i f  i t  is " r e a s o n a b l y  r e l a t e d  ... t o  

4~n p rac t i ce ,  this  would be subjec t  to the  regu la tory  r equ i r emen t  t ha t  the  
ac tua r i a l  value resides  within a ZO percen t  corr idor  of cur ren t  marke t  value. 
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reasonable expecta t ions ."  This cri terion embodies considerat ion of both the 

shor t - te rm e lement s  and long-run e lements  of pension plans, and ac tuar ies  have 

traditionally struggled to explain the implications of the la t te r .  

The te rm ~reasonable expecta t ion,"  of course,  could mean various things. 

However, if it is taken to mean current  wisdom with respec t  to expecta t ions ,  in 
. 

the sense that  it is based on author i ta t ive  information,  then an assumption has 

prospect ive consis tency if i ts  assumed value at  some future t ime t is 

I_~a(t,j)] < a(t,j) < U[a(t,j)], 

where [L,U] is the prospect ive range of expec ta t ions  for this assumption.  The 

bounds may or may not be symmetr ic .  

Prospect ive  consis tency can be an ex t remely  dynamic consideration.  This is 

part icularly t rue  for assumptions that  have an inflatinn component ,  like in te res t  

ra tes  and salary rates ,  or assumptions that  r eac t  to the economy or changing leg- 

islation, like te rminat ion  and r e t i r emen t  ra tes .  Yet,  even e s t ima te s  of a new or 

changing environment  are  expec ted  to be prospect ively  consis tent  in some senses.  

This, of course,  p resen ts  a di lemma, since the value of a pa rame te r  may not con- 

verge over  t ime.  

Prospective Consistency in the Aggregate 

Assumptions have prospect ive  consis tency in the aggregate  at  t ime s~ if the 

gains they produce at  t ime t, s<t, are  bounded by a to lerance  level based on both 

the  most pessimist ic  se t  of reasonable expec ta t ions  and the  most opt imis t ic  set .  

Thus, prospect ive  consis tency is obtained in the aggregate  if 

(a(s,j),all j) => I_~G(t)] ~ G(t) < U[G(t)]. 

where [L,U] is the  prospect ive  range of reasonable expecta t ions  for gains. 

The prede te rmina t ion  of future  gains and losses is a problem, of c o u r s e .  

Because of this, de te rminis t ic  scenarios are  of ten  used, generally based on 
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opt imist ic ,  pessimist ic ,  and Some ordinary projections.  

BEST ESTIMATE 

An assumption is a best  e s t ima te  if it r epresen ts  the "best e s t ima te  of ant i -  

c ipa ted  exper ience ."  Here, the te rm "best" r e fe r s  to the actuary 's  best  e s t ima te ,  

as opposed to "the" best  e s t imate ,  in Some co l lec t ive  wisdom sense.  5 Thus, the 

cr i ter ion is sa t is f ied  at  t ime s, if, for some assumption at  t ime t, s<t, 

I a ( t , j )  - m[a(t , j ) ]  [ < e(t, j ) ,  

where m[a(%j)] is the actuaz~'s measure of best wi th respect to assumption j, at  

t ime  t. Possible measures of best, depending on the d is t r ibut ion involved, might 

be the mean, mode t and so on. 

B e s t  E s t i m a t e  in  t h e  A g g r e g a t e  

Assumptions in the aggregate  resul t  in a bes t  e s t ima te  if they are  based on 

the best  e s t ima t e  of ant ic ipated exper ience .  Thus, this cr i ter ion is sat isf ied a t  

t ime t,  if 

(a(t,j), all j) => C'(t) = E[C(t)], 

where C'(t) is the actual  contribution and E[C(t)] is based on m[a(t,j)]. Here,  the 

contr ibut ion is based on the best  e s t ima te  if it  is equivalent to the  contr ibution 

derr ived using the best  es t imate .  

Some have suggested 6 that  the foregoing could be a working definit ion and 

provides a vehicle for implementing best  e s t ima te  notions. The approach sug- 

ges ted is to f i rs t  do an explicit  calculat ion to e s t ima te  the cos% and then to do 

5It is not clear  in what sense an actuary 's  best  e s t imate  can be wrong if 
the yardst ick  is the actuary 's  best  es t imate .  

6See, for  example,  Winklevoss ([7], p. Z67). 
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an impl ic i t  c a l c u l a t i o n .  The  f i r s t  would en t a i l  an  a r r a y  o f  a s s u m p t i o n s  whi le  t h e  

l a t e r  would invo lve  only s e l e c t e d  a s s u m p t i o n s .  

An impl ic i t  no t ion  in t h e  f o r e g o i n g  d i s c u s s i o n  is  t h a t  t h e  b e s t - e s t i m a t e  c o n -  

c e p t  does  not  e m b o d y  t h e  c o n c e p t  of  c o n s e r v a t i v e n e s s ,  t h a t  is,  t h e r e  is no c o n -  

t i n g e n c y  c h a r g e  bui l t  in to  t h e  be s t  e s t i m a t e .  T h i s  i s  c o n s i s t e n t  wi th  t h e  n o t i o n s  

of  Winklevoss  7 and  Ande r son .  8 It  is i n c o n s i s t e n t  w i t h  Ber in  ([7], p. 2"70) h o w e v e r ,  

when  he  a s s e r t s  t h a t  be s t  e s t i m a t e  does  no t  m e a n  a b o v e  or  be low e a c h  a s s u m p -  

t ion  ha l f  t he  t i m e .  

PRUDENT 

An a s s u m p t i o n  is  p r u d e n t  if  i t  i s  a p p r o p r i a t e ,  in t h e  s e n s e  t h a t  it  would  be  

used  by a p r u d e n t  a c t u a r y  in s i m i l a r  c i r c u m s t a n c e s .  T h i s  is  t h e  e s s e n c e  o f  t h e  

h e r d  i n s t i n c t ,  wh i ch  f ind  s e c u r i t y  in u n i f o r m i t y ,  and  f e e l s  u n c o m f o r t a b l e  w i t h  t h e  

p r o s p e c t  of  be ing  an  ou t l i e r .  T hus ,  t h i s  c r i t e r i o n  is  s a t i s f i e d  a t  t i m e  t i f  

L[a(t , j )]  < a(t , j )  < U~a(t,j)], 

w h e r e  [L,U] is t h e  r a n g e  o f  v a l u e s  c u r r e n t l y  u sed  for  t h i s  a s s u m p t i o n .  

P r u d e n c e  is  d i f f e r e n t i a t e d  f r o m  p r o s p e c t i v e  c o n s i s t e n c y  in t h a t  a p r u d e n t  

a s s u m p t i o n  is ba sed  on wha t  peop le  a r e  a c t u a l l y  us ing ,  a s  opposed  to  w h a t  p e o p l e  

p u r p o r t  to use .  

T h e  q u e s t i o n  o f  p r u d e n c e  only  a r i s e s  w h e n  a p r o b l e m  o c c u r s ,  and  t h e n  t h e  

7Ibid., p. Z65, suggests that "...a str ict  in terpre ta t ion  of  the best-est imate 
requirement under ERISA calls for a given actuary,  deal ing wi th  a given plan, to  
ar r ive at a cost or l i ab i l i t y  which he believes has an equal change of being over  
or under the true cost or l iab i l i t y . "  

8Andersen (~3], p. 6.Z-10) remarked, "I f  we in terpre t  'best est imate'  to 
mean that the expected value of  the absolute deviat ion of the result  f rom the 
est imate is to be minimized (and what other  in terpre ta t ion  could there be?)..." 
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cr i te r ion  is applied re t rospec t ive ly .  Examples a re  s i tua t ions  where  funding 

problems occur  and IRS audits .  

Prudent in the Aggregate 

Assumptions a re  prudent  in the  aggrega te  if the  con t r ibu t ion  they g e n e r a t e  is 

appropr ia te ,  in the  sense tha t  i t  would be developed by a prudent  ac tua ry  in s imi-  

lar  c i rcumstances .  Thus, th is  c r i te r ion  is sa t i s f ied  a t  t ime  t, if 

L~C(t)] < C(t) < U[C(t)], 

where  [L,U] is the  range  of  prudent  contr ibut ions .  It should be no ted  t ha t  the 

[L,U] range  genera l ly  would not  be known be fo re  the  fac t .  

I t  is wor th  ment ion ing  t ha t  the  IRS is co l lec t ing  da ta  on assumpt ions  used on 

the  Form 5500, Schedule B, the  federa l  r epor t ing  form for a c tua r i a l  valuat ions .  

Undoubtedly  this  da t a  will be used to develop not ions  on reasonable  assumptions .  

So, the  Service  is not  concerned  with an ac tua ry ' s  knowledge but ,  r a t he r ,  how 

well  the  ac tua ry ' s  assumpt ions  fit .  

PRECISION 

An assumpt ion has  precis ion if the  d i f f e r ence  be tween  ac tua l  exper i ence  and 

the  assumpt ion is minimized.  Thus, if a '(t , j)  r ep resen t s  the  plan's exper i ence  to 

da te ,  with respec t  to assumpt ion  j, this  assumpt ion  had precis ion a t  t ime  s, s<t, if 

la(s,j) - a'(t,j)l < e(t,j).  

where  e(t,j) is the  a c c e p t a b l e  to l e rance  level  a t  t ime  t .  

ha e f f ec t ,  the  assumpt ion  made  a t  t ime  s is judged a t  some l a t t e r  t ime  t ,  so 

t h a t  precis ion is a r e t r o s p e c t i v e  cr i te r ion .  The quest ions  to  be resolved a re  how 

and  when m e a s u r e m e n t s  should take  place and the  size of an accep tab l e  to l e rance  

level .  
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P r e c i s i o n  in t h e  A g g r e g a t e  

Assumptions have precision in the  aggrega te  if the  d i f f e rence  be tween  ac tua l  

exper ience  and the  an t i c ipa t ed  exper ience  is minimal.  Thus, if A'(t) r ep resen t s  

the  plan exper ience  to da te  and T[A(t)] r ep resen t s  the  t a rge t ed  exper ience ,  the  

plan had precision in the  aggrega te  at  t ime  s, s<t, if 

(a(s,j), a l l  j )  => J A ' ( t )  - T [A { t ) ]  [ < e(t), 

where  e(t)  is the acceptable t o l e rance  leve l  a t  t i m e  t .  Aga in j  the  assumpt ion  

made at  t i m e  s a re  j udged  a t  some l a t e r  t ime  t ,  so tha t  p rec is ion  is a r e t r ospec -  

t i ve  cr i ter ion.  

FLEXIBILITY 

An assumption has  f lexibi l i ty  if the  ac tuary  will c e r t i fy  a plan where the  

assumption has  been  a rb i t ra r i ly  drawn from any value within a range  for tha t  

assumption.  Flexibi l i ty  is commonly assoc ia ted  with an unders tanding  of and 

to le rance  for the  "real  world." The concern  here  is how f lexible  the  assumpt ions  

of an ac tuary  should be. 

It is within the  c r i t e r ion  of f lexibi l i ty  t ha t  accommoda t ions  for the  funding 

ob jec t ives  of the  sponsor is resolved.  In the  smal l  plan area ,  for  example ,  where  

tax shel ter ing is a pr imary  ob jec t ive  and lump-sum dis t r ibu t ions  a t  the  normal  

r e t i r e m e n t  age a re  common~ it  is not unusual to see re la t ive ly  high annui ty  pur-  

chase  r a t e s  being used. On the  o ther  hand,  in large  plan s i tua t ions ,  where  pay-  

men t s  to  annu i t an t s  come d i rec t ly  f rom the  t rus t  fund, annui ty  purchase  r a t e s  

genera l ly  are  based on considerably lower values.  

Flexibility in the Aggregate 

Assumptions are  f lexible in the  aggrega te  when the re  is a r ange  of accep tab l e  

cont r ibut ion  based on po ten t i a l  ranges  for assumptions.  
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COMMENTS 

The two basic cons idera t ions  in a pension plan va lua t ion  are  the  choice of 

a c tua r i a l  cost  methods  and ac tua r i a l  assumptions .  This paper  has deal t  with the  

l a t t e r .  9 The concern  in this  regard  was what ac tua r i e s  a re  doing and why. 

There  are  expl ic i t  c r i t e r i a  why par t i cu la r  assumpt ions  are  choosen,  and these  

have  o f t en  been discussed in the  pension l i t e ra tu re .  The bibl iography ind ica tes  a 

number  of such a r t ic les .  However,  t he re  also a re  impl ic i t  c r i t e r i a ,  which, while 

seldom discussed in the  l i t e ra tu re ,  can domina te  the  valuat ion.  The goal of this  

paper  has  been to quant i fy  some of these  c r i t e r i a ,  and therby  provide a basis for 

f u r t he r  discussion and research .  
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