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This is an account of the talk I gave at the 27th Actuarial 

conference, which was held in Iowa City (August 1992). The talk 

described part of the results of a research project sponsored by the 

Actuarial Education and Research Fund. The complete report of 

the project will appear in a subsequent issue of ARCH, under the 

title Some Aspects of Statement of Financial Accounting Standards 

No. 87. 

I n t r o d u c t i o n  

The research project dealt with pension accounting, more pre- 

cisely with Statement of Financial Accounting Standards No. 87 

(or "FAS 87"). FAS 87 has been the employers' pension account- 

ing requirement in the United States since 1986. The goal of the 

project was to study the variability of pension accounting costs 

under FAS 87. The variability of pension costs is a function of 
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m a n y  parameters, including 

- the variability of valuation interest rates, or discount rates as 

they are called in FAS 87; 

- the variability of rates of return on the fund's assets; 

- the period used to amortize gains and losses; and 

- the size of the "corridor" allowed for amortization of gains and 

lOSSes. 

This corridor will be important  in what follows, and will be de- 

scribed shortly. 

In this paper I address only one specific point ,  namely the 

behaviour of experience g ~  and losses over t ime. This is di- 

rectly related to the corridor approach to amortization of gains 

and losses. However, what will be said also applies to experience 

g ~ . q  and losses in other areas, particularly in pension funding and 

insurance. 

D e s c r i p t i o n  of cor r idor  

Let me now describe the so-called corridor and how it is used 

in the  amortization of gains and losses. FAS 87 specifies a m~-  

i m u m  amortization requirement. No amortization is required as 

long as past unrecognized gains and losses do not exceed a certain 

amount. When past unrecognized gains and losses do exceed that 

level, a ~raction of the excess has to be included in pension cost for 

that year. The level (or t/~reshold~ above which some amortization 

has to take place is an amount equal to ten percent of the greate~ 

of the value of the fund's assets, and the actuarial liability. 

Let O'RL stand for the cumulative sum of past unrecognized 
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losses (a gain is seen as a negative loss). Also, let T stand, for the 

threshold used, i.e. ten  percent  of the greater of the fund value 

and the actuarial liability, and  let P stand for the  amortization 

period (e.g. 20 years). T h e  amortization period is a function of 

the  age distribution of members ,  and is specified in FAS 87. In 

any year the minimum amort izat ion payment is the  excess of D'P~ 

over T, d~vided by P ,  i.e. 

M~nlmum f o, i f  IU.R.r.,l < r 
~mortization = r ) /P ,  l u l l  > r .  

The  sign of this amount is t h e n  adjusted, that is to say it will be an 

addi t ion to the other componen ts  of the cost, if unrecognized losses 

are positive, and a subt rac t ion  from pension cost if unrecognized 

losses are negative. Observe that  the whole exercise is done anew 

every year (i. e. no schedule of payments is set up for future years). 

Figure 1 describes the  situation. A fraction of 11n recognized  

gains or losses has to be brought  into expense only when UP, Z 

escapes f rom the corridor depicted; when the abolute value of U/U~ 

is smaller than the threshold  amount ,  the system is left to itself, 

so to speak. Those f~m;1;ar with  stochastic processes will see that  

URL has a kind of mean  reverting property, thoug~h in this case 

there is more properly a reversion towards the center  of the space, 

ra ther  t han  towards a single point.  (Figure 1 is a simplification, 

since the threshold will usual ly  change over time.) 

Rationale  of corridor 

The rationale of the  corridor appproach zo amortization of 
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gai,~ s and losses is apparently contained in paragraph 184 of State- 

merit 87: 

"The [Financial Accounting Standards] Board noted 

that ,  if assumptions prove to be accurate estimates of 

experience over a number of years, gains or losses in one 

year will be offset by losses or gains in subsequent pe- 

riods. In that situation, all gains and losses would be 

offset over time, and amortization of unrecognized guin~ 

and losses would be -~ecessary ."  

I have encountered this belief (that experience gains and losses 

shovdd "cancel out over time", at least when "actuarial assump- 

tions are accurate") on a n~rnl~er of occasions, and it has always 

made me feel a little uneasy. W'e shall come back to this question in 

a moment ,  when I try to formulate and analyse it mathematically. 

Se ns i t i v i t y  analysis  

I now present, very rapidly, some of the numerical results ob- 

tained as part  of the research project. A simulation model was 

built, incorporating random valuation rates of interest, random 

rates of re turn on assets, etc. Under the model, all actuarial as- 

sumptions are corzect in the long run, so that experience gains and 

losses are nil on average. The corridor approach is consistently ap- 

plied to the amortization of gains and losses. A sensitivity analysis 

was conducted, with respect to the  size of the corridor. A number 

of possible sizes of the corridor were chosen, ranging from 09% to 

30% of the greater of the fund's assets and the actuarial liability. 
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For each fixed percentage, the long-term variability of pension cost 

was calculated. 

The curve obtained is shown in Figure 2. The percentages 

used for the corridor are on the horizontal axis, while the stan- 

dard deviauon of pension cost is shown on the vertical axis. The 

point indicated by a star on the curve corresponds to the current 

requirement, that is to say 10% max{ fund, actuarial liability}. 

It can be seen that the corridor does not significantly decrease 

the variability of pension expense. If we were to ~llmlnate the 

allowed corridor completely, the standard deviation of long-term 

cost would increase by only about 13%, under the model. 

Discussion 

The reason why the corridor does not e~ciently reduce the 

volatility of pension cost is that its rationale is incorrect: gains 

and losses do not offset over time. Vg-hat actually happens is that, 

given enough time, c~,mulative gains and losses become arbitrarily 

large. Thus, unrecognized losses or gains will, with probability 

one, escape from any preset corridor. 

Let me give a simple example to illustrate what was just said. 

Suppose a coin is tossed repeatedly, and that you win $1 if head 

occurs, and lose $I otherwise. Let 

Gk = +I if kth result is head 

= --I if kth result is tail 

and 

5. = G~ + . . . + G.. 
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Gk is a gain or loss, depending on its sign, and S. is the cumula- 

tive sum of the gains up to time n, a loss being seen as a negative 

gain. The average gain is zero, and all g_~i~s are independent. Do 

you expect that gains and losses will "of~seC in such a way that 

that S. will, with a hi&h probability, remain in the corridor (say) 

[-10:+10]? (Please think about this a little before reading on.) 

Here are some known facts concerning the random walk {S,}: 

1. The Law of Large Numbers says that 

1 S. --~ 0 
r t  

as n -=-~ OC. 

2. With certainty S .  will eventually return to 0, but this may 

take "'a very long time". (The average time needed for the 

first return to the origin is ~n~te.) 

3. Va tS .  = n Vat G1; the variance of S .  increases without 

bounds, which me~n~ that its distribution becomes more and 

more "spread out" as the nl,mher of tosses increases. 

4. With certainty Sn becomes azbitrarily lazge~ i.e. for any 

M > O. however how large, there is always an n such that 

S, > M. (By symmetry there will also be an n' such that 

S., < -M. It is sometimes said that "in the 1~mlt S. oscil- 

lates between plus and m~-us ~ty'.) 

The first two facts show precisely to what extent gains and 

losses really do offset over time. The ~rerage gain ~S .  converges 

to zero, but not the sum of the gains 5 . .  Furthermore, there will 

be a time when S .  returns to zero; but this time is very uncertain 

and, moreover, nothing says that .9. will r _~,.rn~ in the vicinity of 
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zero a.~erwatds. The last two facts say that no matter how wide 

the corridor, S~ will eventually escape from k. 

Let us see what the corridor approach could mean in the con- 

text of this simple example. Suppose that it is agreed that an 

"adjustment ~ (A13J) will be made to your wealth after each toss. 

The adjustment will be nil as long your wealth (S , )  is withln (say) 

the corridor [-I0, +I0]. If S. is outside that corridor, then either 

( i)  iz is decreased by (say) 25% of its excess over +10, if S ,  > 10, 

or (2) it is increased by 25T0 of the m o u n t  by which k falls short 

of -i0, if S, < -i0. 

]~ecrAark. The adjustment acts as a tax on wealth (as opposed 

to income), with a tax retired made to those "in the red". Its 

overall effect is to decrease the chance of accumulating large sums, 

as well as the chance of being deeply in debt. The adjustment is a 

negative feedback control applied to the process { S ,  }, and it can 

be shown that the controlled process has a much more "stable" 

behav io~  than the uncontrolled one (its variance is bounded over 

time, etc.). So much for the virtues of taxes. [] 

ADJ will be nil as long as IS.[ < i0. But S, will sooner 

or later escape from the corridor, causing fluctuations in ADJ. 

There is a built-in tendency for S ,  to return towards the region 

[-10,+10]. However, when S,  reenters that interval the adjust- 

ment wni~hes, and S, once again tends to escape from it. Thus, 

the variability of the adjustment will be low in the begdnnlng, when 

it is ,,n111cdy that S ,  will have left the corridor; over a longer pe- 

riod the variability of A D J  will be comparable to what it would 

have been without the corridor. It will be slightly smaller, because 
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a fraction of the time A D J  = 0, when S ,  is within the corridor. 

Now let us return to pension accounting. Let 

U. = unfunded liability at time n 

I. = information known at time n. 

Then the  experience loss is the "unexpected increase of the un- 

funded liability during the year": 

L,~ = experience loss during nth period 

= U .  - W . I A - 1 ) .  

Let 

5. = cumulative sum of experience losses up to time n. 

Of course g~ins and losses are not independent, as they were in 

the preceding example, but it can be verified that 

(i) The {L . }  are uncorrelated ). 

Vaz $ ,  = Vat L1 + ' - -  + Vat L , .  

(2) {L~} is a martingale. 

The  behaviour of S~ is ~mil.,- here to what we have seen 

in the s{mple coin-tossing example, that is to say ~he sum of ex- 

perience g~ns and losses does not approach 0 as time passes. It 

stands to  reason that ,  other +.hings rem~nlng equal, allowing a 

corridor for the amortization of gai=~ and losses will decrease the 
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vaciability of pension costs. But the fact that S.  always tend to 

escape from the corridor implies that the reduction in variability 

may not be very large. It is not possible to give a general formula 

for the variance of pension costs; all we can do is rely on computer 

simulations. The results obtained so far show that FASB's corri- 

dor brings oniy a small reduction in the volatility of pension costs. 

The reduction is the same as if the amortization period had been 

slightly increased. 

Remark. Observe that, more generally, the above analysis ap- 

plies nearly word for word to experience gains/losses in insurance 

and pension funding. 
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