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ABSTRACl 

The dissertation deals'with four issues affecting 

1 
Emp~oyer Sponsored Pension Pians: a) th~ rationale·fo~ 

their existence and growth, b) the impact of taxation on 

funding decisions, c) th"e development of an investment model 

for sucn funds t and d) the evaluation of the historiea! 

investment performance .o~ 83 Canadian pension funds. The 

pro~osed investment model integrates the fund's as sets w1th 

the ffrm's assets. It is operat1onalized for four Canad1an 

firms;,' us1ng a universe of 192 common stocks and eleven bond 

portfolios. The results ind~l:ate that the optimal pension'. 

fund i8 firm-specific, in terms of both asset mix and 

security selectio~. The evaluation of investment performanc~ . " 

emphasizes the equity portfolios of the 83 Canadian funds. 

The results show non-superior performance by thes~ funds; 

1 • 

the conclusions are robust aeross holding periode, 

bench~àrks, performance measures and t~me peribds. The 

study has major i~plications for the funding and'investment 

polleies of the pen_ion fun~s and their in~estmegt 

performance. " 
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RESUMB· 

Cette thèse porte sur quatre aspects qui affectent les 

les ~égimes de pension parrainés par l'employeur: 
, , 

a) l'expli-" 

cation de leur existence et de leur croissance, b) l'impact 

du régime fiscal sur les décisions_ de cbntribution, c) l' éla­

boration cl 'urt m~dèle- d'investissement pour ces fonds, et , . 
d) l'évaluation de l'évolution histor~que de la performance 

des investissements de 83 régimes de pension canadiens. Le 

modèle d'investissement suggéré groupe les avoirs du régim~ 

à ceux de la firme. Ce.modèle'a"été mis"en application chez , , 
quatre compagnies canadi~nnE!s, représentant un port'efeuille 

composé d.e,i92 types à 'actions ordi~aires et' de 10 type.s 

d'obligations. Les résultats concluent que l'optimisation 

du régim'e de pension 'dépend de la firme au'ssi bien sur le 

plan du ~élange des avoirs que de la sélection des sécu~i-
ro' 

tés. ' L~évaluatjon de la performance des investissements 

porte sur l'équité du portefeuille de 83 régimes d~ pension 

canadiens. Les résultats démontrent que ces régimes ne 

présentent pas une performance supétieure et que~ durant la 

période considérée, les résulrats sont consistants avec les 

portefeuilles de référence, les mesures de performance et 

les périodes de ,référence. Cette étude a un impact détermi­

nant sur la nature des investissements et des pol,itiques 

,d'investissement dans les régj,mes de pension, a~nsi que sur, 

leur performance. 
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CHAPTER 1. INTRODUCTION AND OVERVIEW 

A. INTRODUCTION 

This dissertation il 60ncerned with Employer Sponsored 

P"e"nsion Plans (ESPPs).1 Four issué's' surrounding these ESPPs 
l~ 

are of .particular intere!t: a) ·the rationale for their 
\ 

existence and continuing-growth, b) the impact of taxat~on 
" " o~ thei~ funding dec1sions, c) the development of an 

investment policy model fo~ these pension pl~nB and d) the 

empirical investigation of the historicsl performance of a 

sample of Canadian ESPPs. Most of the issues dealt with 

herein are applicable to ESPP's in other industrialized 

countries. An effort ia made. to compare and contrast the 

Canadian and U.S. situation wherever possible. While t'he 

empi"rical analysis is restricted to Canadian data, it, can',be 

applied to the V.S. situation with few changes. 

B. ESPPs AND THE ECONOMY 

Importance of ES~Ps .. 

ESPPs have been pa.rt of, t,he Canadi'an ecpnomy for o.ver 

100 yeat:s. However, the Income Tax Acts of 1919 and 1945 

provided a major i~petus for their growth.~ The total 

~umber of employees belonging·t~·Cana~ian ESPPs grew from 

1.6 million in 1970 ta 2.3 million in 1978. 3 Trusteed 

pension plans, have become thè most favoured method of fund 

asset management covering 1.7 million employee~ in the 

prlvate sector. 4 

The contractuel provis~ons determining .the pay~ent of 
,~ . 

pension benefits from these ESPPs have chenged ov~r time. 

ln 1978,"for example, 36 percent of the emplQyees were 
" . 

covered by. a Flat Benefit ~ype Plan, followed by the Ftnal 
... 

Average ~arnlngs Plan (25.2%) and Career kverage' Earnings 

., 

.~. 

" 

r, " 
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Pl~~·(~3.2%).5 Deapite growing government involvement in 

the overal1 pension enviro~.ent (through the old age 

security, ~anada and Quebec pension plans and the Cuaranteed 

·Income Supplement Programs), ESPPs ~tll1 form the Major 

source of retirement income .for the majority of- the Cana,dian 

work force.~ 

The assets of tru8tee~ ESPPs have grown accordlngly~ 

from $7.6 bUlien in 1979 t'o $21.5 billion in 1979. 7 This 

growth .in pension fund assets has made the se plans an 

important sect or of Canadian capital markets. Contributions 

ta these pension funds (public an(J private ·~eétor.comblned) 
have rlsen frQm 12 percent of gr08s savings in the early 

1 9 6 0' s t 0, al m a 8 t 2 0 p e r ce n t b Y 1 9 7 7 • Sim 11 a r 1 y, fun d a 8 8 e 't s 

have risen from the equivalent of one-fifth of'GNP_~n the 

e~rly 1960's to roughly one-third by 19Z7. A study by the 

Economie Couneil of Canada (1977) estimates' that by 2031, 

t~ese Bssets would be equal to two-thirds of Canadla~ eNP. 

~oreover, the study noted that these a8sets are highly; 

concentrated in a few large funds: a Mere 49 funds hold 

approximately two-thlrds of aIl trusteed pension plan. 

assets. lnvestlg~tion of the ~mp8ct of such h1gh growth 

rates ,nd the concentration o~ ~ension asset ho1din~8 on the 
, 

e f f 1 c 1 e n c y <> f cap ital ma r k e t s, t 'h e r e f 0 r-e , provid'es a 

- promislng area for fùture research. 

~. 
B-2. ESfP and the 'SpoQBor-Firm 

,Ès~a~.I1shm·e.nt of an ESPP esseJltially ereates a" 

'liabi1it.Y for, the firm ln the form of, 'future benefit 

pa yll'e nt. • The s po n ,s 0 r ,- f i r ni ca n e 1t he r , p a y the se b é nef i t 8 as 

they arise (p~i &s you go plan) or cQntribute to a 
. 

pre-~st~bI1shed. pension fund. The level of the pension 
, ' 

11ability, t"e level of t,he fu;nd assets and the expect.ed 

8tream of contributions 0~viou81y affect the firm'8 pr.ofits· . 

. , 

) 

. ' 
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and thus it. lIIarket value. ' A Financial 'Executive Institute 
, , 

(198B) survey of 205 large Canadlan firms showed that their 

fund Basets and unfunded liabilities repre8erlte~, on. 

average, 29 aôd 33 perc~nt of shareholders equlty! 

~eBpecti~ely. ln seventy-five percent of the respondent 

firllls~ the pr~sent value o~ the expected benefit paymen~s. 

exceeded the ~hareholders' equity.8 The, ability of the 

sponsor-firm ta pay.the pension benefits wh en due also 

concerns empI"oyees and the government ,(which prob'sbly wO'uld 

h,ve t~ ~ay for these be~~fits directly or indirectly ip ih~ 

event of failure). 

C.' OVERV IEW OF THE STUDY 

Chapter 2 of this study ~nalyzes exi~ting paradigms to 
• / \ 1) 

explain the rat!onale behind t~e est~bli6~ment'and growth of 

the ESPPs, begit;lning with 'the concepts of pensions, as 

deferr~d wages '8n4 as a tool to 'reduce turnover costs. ,The' 
. , 

impact of, t·he tax treatlllent of the pension contributions ·on 

the ESPPs ls discussed next: b~th in the absence of the 

indiv!dual Registered R~t!rement Savlngs flans (RRSPs) and 

then ln their presence. The study then addresses such 

factors ~s the lns~rance aspect of,th~ pension ~~an and the 

.effect'of 'unionism on their gro;"th. Finally, it prèsents an 
, 

analysis of the economies.of using an underfunded pension 

plan as disguis~d debt. The ehapter concludes with 

suggestions for future research. 

Chapter 3 is mainly concerned wlth the effects of taxes 

on t.hf,! funding deeisions of a pension plan. It 'beg.lns with 

a review ~f the models which view the pension plan a~ a tax 

ar,bitrage .'opportunity, for the firm's e,hareholders. These 

tax arbitrage modela a1so affect the nature of the, pension 

fund's'inve~tments and thé capital structure of the firm • 

To elarify the exact effects of taxation on the pension 

funding declsion. the ctiapter analyses the impact of the 

, , 

" 
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.dvance funding deciaion on the,value of the flrm's ssseta. 

Both th~ ·non tax-deductible and tax-deductible futl~ing 

d e c :1. 8 ion s are li n a 1 y 8 e d. . 1 n t h i 'a p 8 r t 0 f the a n al y sis the . , 

opportunity cost of advance. funding ,is a88umed to be the 

aftet-tax return on the flrm' 5 a8sets.. Ne~t, the effects ,o! 

external fi~anclng on the ben~fit8 from adv~nce funding are 

discussed. A discussion o~ tbe 11mitstiof)s' ~nd the, 

im,pllcations of the ,analysis, cbncJude the chapter., 

Chapter 4 begins wlth s revlew of the prevlo~s 
l' 1 ~ 

.investment .poli,c.y modela and 'proposes an i.nvestment polic'y 

m'od..el for the ,firm' s pension pla.n •. h The model proposed ' 

her~in .ssume~'th8i the f{rm'$ ~anagement views the pension 

f~n~ as part of'its total a8seta ànd chooses an investment 

poltey to max~mlze:8 ~r~fere~ce funct~on'C(E(~), V(~» ~ith 
3G/aE >0, an/av <0 and E and ~ referring to the expected 

value anc! the var:iance of W. "w refers to the combined, end 
, :) 

~f period cash flows arising out of the fupds' investment 

8 n d the f 1 r m' s 0 p e r ~ tin g a s set El. ,T hein 0' dei a 1 8 0 8 S au mes 

that tbe QPtlm~l f~ndlng l~vel and ,t)e ~atuie pf the 
J ". ~ , 1 -

operati,n'g ass,ets are exog~,nous .t? .the mode!. .Next,,_the 

~on-strai'nt's of the moder ~n'd-' :it~ ,fol'mula'tJon" 'slong with ~ 
discussion of its 1lmit8r~ons ~nd i~pllcations:are 

1 ( • ~ , ~ .. 

discOssed. ~he model Is thenloperàtj~na(ized, using ~ 

8amp~e of ~anadian commmon stdcks and ,bonds typica)ly. 

selected by,pen,Sion funds and 'is d~monstr~ted 'for four, 

'. Ca nad i a n f i r"1D s • Th 'e .1 m p a c t 0 f va, r; yin g the par a met e r 's i s 
rl , 

anlllyze'd through 8ensitlvi~y anal'yais. The, conclu.s~o,ns 8r;td 
( .~ f, 

implications bf ~uch a ,mode~ are discussed st the end of the 

.c~8pter • 
• i>' 

>. 

Chapter 5 ia primarily concerned with an empfiical 

.'evaluation of the historicsl performance 'of a sampJ.e of , 
~ , . 

Canadian pension funds. It emphasizes th~ equity portfolios 
• 1 

, , 

of these funds and evaluates performance on the basts of 

• ex18ting theoretical developments. The ch,~pter opens wi th a . 

, -
t ' 

-
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discus~ion of the performance measures used in the study ~nd' 

the measurement 'of the return and risk parameters employed 

therein. The data base' and the. empirlcal d~s~gn .~e 

dlscussed next. The emplrlcal results for the equlty 

portfolios and s~me preliminar~ result~ for total fund 

performance are ~resented. The ~hapter ends with the. 

conclusions., 
( 

. . \' . 
Cha pte r 6 dis cu s 8 es 0 ver a Il . con 'c 1 u 8i 0 n St' 6 t ra t.e g y 

implications,and suggestions for. future researc·h. 
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APPÛWIX A 

COMMON PENS~ON TERMIN0LOGY 

A pension plan is an arrangement to provide 
post-retirem~nt pa~ments (penstoQ bgpefits) to the 
emp oyees by the employer. In this study; the main emphasis 
i8 n pension plans sponsored by a private (i.e. 
non governmental) employer. 

ESPPs generally fall into two categories, depending 
upo the organization that manages the pension fund assets. 
~~t usteed pension plan is generally man~ged by a trustee, 
whe eas an insured plan is managed by an insurance firme , 
The' primary difference betweell the ~wo types of plans is 
that in the 1atter, pension benefits are fixed and plan 
management resembles that of a simple life insurance~annuity 
contract. I~ a trusteed plan the benefits are generally not 
known until the actual payment of the benefits, and. these 
may depend upon wage earnings and number of years of 
employment~ These plans form the majority of existing 
plans. 

f 

These trusteed p~nsion plans can be further classified 
int~ two groups according to the choice of thé benefits 
formula: 

1 

" 

Trusteed 
pe!nsion Plans --{ 

Defined Contribution Plan 

Defined Benefit Plans 

Flat B<enefit 

Career Average 
'1 

r 
Final Average 

1 
l 

Defined Contribution Plan: 

1 

( 

The firm contribute~ a fixed percent age of the 
"employee's wage each year to the pension fund. The 
actual pension benefits received by the employees 
depend upon the amount of contributions and the 
investment return during the -years ·of their 
e m plo ym e nt. Th i spI an i s sim i l art 0 an \ R R S P, wh i ch 
be established by the emRloyees on their· personal 
accou'nt. 

.., 
.! 
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Flat Benefi·t Plan: 

~he plan provides.~ fi~ed pension benefit depending. 
up~n the years of empIoyment J ~.g. an annuai pension 
,~~o~ times the number of years of ~mployment. 

of 

Career Average: 

, 
" 

Tht benefits under this plan de~end upon av.erage 
e<l,Tnings ,and years of emploY1!lent, e.g. an annual 
pension equal to 2% of earnings averaged over the 
entire employment years time~·the years of employment. 

Final Average,Plan: 

This is similar to a career average pIa~, except the 
earn~rig~ are aver~ged over only the last few,~ears of 
employment ~generally, 5 years). This plan can either 
be indexed Or nonindexed. 

Financing of a Pension Pla~: 

"The financing (funding) methods refer to.~he firm's . 
plans for the ultimate payment of the pension 
'Q e nef i t s .' A f i r m m a y d e cid e 0 n a p a y a s y 0 li go pla n 
under which it pays the ~enefit~ when due frOm that 
year's profits, or it may decide to contribute to a· 
pension fund. If it decides to contri.bute" then it 
crea tes a separate pension fund to accumulàte these 
contributions. The annual amount of contr~butions to 
the pension fund depends upon the expected investment 
return, expected salary increases,. mortality and 
terminatlon'estimates and choice of -an actuarial 'cost 
method. The actuarial cost method determines the 
[pattern of contribution, once the amount of benefits is 
estimated. The most common method used in Canada ià 
termed as Vnit Credit Funding Method in which the 
firm's contributions generally increase every year. In 
the V.S., the Entry Age Normal Cost Method is 
frequently used; this method requires'the firm to 
co~tribute an equal proportion of the e~timated 
benefits each year. There are, of course, variations 
of these methods. Basically these methods determine 
the timing and amount of future contri~utions to the 
fund by the firm based on the estimated present value 
of the future-pension liabilities. 

Unfunded L~ability of the Pension Plan: 

An unfunde4 liability occurs when the value of the~ 
pension fund and the future contributions are expected 
to fall short of ,the estimated future benefits. A 

" 

! 



.C 

/ 

. , : 

• -1.8,-·-

change irr the actua~ial ~ost mèthod (ihus changing the 
amount of fututé contributions) could 'obviously ,change 
t he le vel '0 f unfu nded li a bi fi ty qui,t e subs t antially. 
To better' understand the unfunded liabilit,Yt it ia-
generally separated into thtee,parts. ' 

An'experience deficiency is that part of the unfunded 
liability that results from the planl's actuarial 
as~umptions being violated by actual experience. Such 
a d e fic i e n c y m a y a ris e, f br e x a m p le, wh e n w'a g es ris e 
more rapidlY',than assumed or investment re,turns arE! 
less,' than originally assumed. 

, " 
A past-service deficiency results from the 'recognition 
of employee service prior to the planls ,inception or 
from improvements made to the plan after its inceptio,n. 

A current-service deficiency reflects the contribution~ 

determined by the existing actuar!al cost method. In 
Canada, pensi.on benefit legisl~ti6n sets out the 't,ime, 
period during which past service or experience 
deficiencies m~st be'funded. 

Three other 'terms are frequently referred to in the 
pension literature, namely, portability, vesting.~rid 
locking in. ~,' 

Portability enables employees to carry their promised 
pension benefits from' one firm tp another when changing 
jobs. 

Vesting generally refers' to the right o,f' employee~, 
should they change jobs. prior to retirement~ to receive 
aIl or part'of the pension benefits associated with thé 
contributions made to a pension 'plan on their behalf by 
the firm, whether those benefits are taken in cash or 
~s a deferred pension. 

l n C a'n a da, 'h 0 w ev e r, ve s tin gis no w us u a Il y as soc i a t e d 
with a mandat ory locking-in provision which preve~ts 
the employees from withdrawing either their own or 
their firmls contributions in cash. They.mu~t accept a 
deferred pension - that is, a pensiop th,at is payable 
only at ,the normal age of entitlement, usuallr 65. 

1 
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CHAPTER 1 - FOOTNOTES 
, , , 

, 
This dissertation e~phasizes private seètor pension 
plàns, without reference ,to such plans in the, public 

1 sector. 

For a detailed,h~st~ry, see Economic ~ouncil of Canada 
(1979), Task· Force Rep?rt ,0 97~). 

Mo~t of the'data in this s~c~ion comes from' Statistics 
~anada, Cat. #74-401 and #74-201 • 

. A t rus teed pe ns'i on' plan, by déf i ni t- ion, is managed by 
,'trust'ees appointed by' othe sponsor-'firm. The firm may 
~lso choose an insured plart'off~re~ ~y ~n insurance 
company. 'The emphasis here is on the former eategory 
of ESPPs. . 

Appendix A 'at the end of this chap'er' briefly' ~xp.lains a 
nu m ber 0 f .p e n s ion rel a t e d ter III s,,. 

See the .Task Force Report (1979). 

In constant 1\970 dollars (CPI a-dju,sted), the;10 year " 
annual growth rate is 3.5 percent\ 

In the U.S., Rega·n (1977) has noted that for 40 'large 
U~ S. firms,. the pension coÎÙributions in 1976 a'mounted 
to 20 percent of pre-.ta~ profits .and registered, on 
a ver age, a 1 5 P e r ce n tan nua 1 1: n cr e a sei n the 1 969 - 1 9 7 5 
periode .. 
Some of the problems'aTisin~ in this context have been 
discussed prev'iously. For example, see Dreher (1981) 
for the valuation methad of liabilities; Wilson ~1979) 
a.nd- Oldfield (1977) for the' effects of unfunded 
liabilities on the share prices of the firmsj Gerwitz 
and Phillips (1978) for the metho~ of determlnation for 
the funding ,leveI; 'Rega'n (1980) for the impact of 
futuré contributions on fir.m valuation; Baur (1974),. 
Wink).evas,s (1974) for; the impact of vesting pravi'sions; 
and Archibald (1981) for the difficuliies in interplan 
compar1sons'. 

., 
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2. RA1'IONALE ,BEHIND ~HPLOYER' SPONSORED PENSION 

PLANS 
--' 

A. 

Sponsored Pension Plans (referred to as ESPPs) 
1 

xisted for more than 100 years. The! r growth during 

pa year s haB reBulted in an explosive growth in 

the on almost of 
... li ev.ery aspect ESPPs. 

The pur po seo f th i s ch 8 pte ris t 0 a na l-y z eth e 
\ . . 

predomi~8nt parBd~gms. which seek to explain the existence 

of ESPPS\ in the ,private s.ect,?Y. Government-supp~rted 

penSiOnS!, old age suppl,ements and public sector, pensions are 

not considered. Also, s'ince there are many' paradigms, the 
1 

aoalysis conducted here~n co~centi~tes on those paradigrns 

~hich are based upon the ec6nomic (monetary) aspects of 

ESPPs. 

, , 
Two iisues ~eed to be considered in the analysis. The 

first is t9 ex~lain the introduction and growth of ESPPs on 

~he hasis of the behaviour of economic agents in society; 

the second is the provision of a' proper frarnework for ESPP 

'analysis. Béfore proceeding with such an endeavour, a word 

of caution 15 'i,n arder. This study does not claim that 
" 

'conclusions reached are entirel~ fre~ of the researcher's 
, 

biases, Dor' thst the anslysis résolves the issue in its 
\ 

entit;ety., 'the study is intended,' however, to clsrif~ sorne 
, , 

important-aspec~s of the proble~ and, in addition, ta 

provide ~ ~seful framework for future reséarch. 

B. PENSIONS 'AS DEFERRED WAGES· 

The c9ncept'of pensions a6 deferred wages 18 Bummarized 

by de Roode (1913) as follows: 



fi 
~ 

, 
~ :Theoretlcally. the simplest way of dealing with labour 

would be the payment of"a money wage, requiring the employee 
to provide for the hazarde of employment and his old age • 
••••• In 'order to get a full understanding of old-"age and 
service penÙons, they should be cOrïsideted a part of the 

-real wag-es of a wotkman •••••• A pension system_ considered 
as part -of the teal wages of an employee Is rea'l1y paid by 
the employee"not"perhaps ii money, but ln foregoing of an 
1 ne r e a sei n wa g e 8 wh i ch hem i g h t 0 b t ai n ex cep t- for t"h e 
establishment of a pension system. h 

Un~er thls paradlgm, the individual employee decides 

ln a perfect labour market, how to allocate his total wage 

between current and deferred com~onents in order to maximize 

his utility.l His current wage would reflect the terms of 

the pension agreement. By establishing an ESPP, an e~ployer 

may capture sorne economies of seale and provide pooling of 

r!sks for the ernployee group.2 - This paradigm prov~des a 

good appr9ximstion to actual contractual agreements for 

defined-contribution (money purèhase) plans with Immediate 

vesting and employee-co~trolled investment portfolios. 

Tf] (1.) , 
Unfortunately, m"oaf' real world pension contracta work 

differently, therefore, the proper valuation of 'deferred 

wages' becomes quite difficult. For example, consider a 

typ1cal fundeà pens10n agreement 1,n a simple one'-period, 

no-tax environrnent. The firm promises to pay the employee a 

deferred wage (pension bene!it) of L2 at,the beginning of 

the next period and a current wage WI at the be~in~ing of 

this' period. 3 , The firm establishes a Pension fund with 

assets, Apl' wh1ch will be used to pay for the deferr~d 

wage, L 2 • The actual value of the pe-nsion fùnd will depend 

upon the (future) uncèrtain,return on the fund's assets. If 

employee's clalm under a pension contra ct i8 limited to the 

fu~d Bssets, the value of such a contract to the employee_ 

cao be wrltten as: 

r. 
~, ~ 

Cl 
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where PVl ls the present va,.lu'e' operator for, the beginning of .. ' 

periad 1 and Rp Is the rate af retura on the pe~slon fund 

p~rtfolio and cr (.) is its standard deviation. The "Put' 

recognises the possibility that ~he pension benefits may 
'" fall short of the promised benefits. l, t cW i 11 h a v, e a z e r 0 " 

value only if the plan is fully funded, and invested. in, risk 

'free assets. Otherwise, the employee will rec~Jve L'2 ~f k p 2" 

> L2 and Apo2 if Ap 2 < L2' The value of Ap'2 wi'l1,,(fepen'd UPD!l 

leve lof Apl (a v 1 a Apl > 0) and 0 n the :. is ~ ~~ e s' ~ 0 f the'. 

return on the invested assets (d vI Cl 0 (Rp ) <'0)" •• ~l will 

be det,rmined by the riskiness of the put ,opt'ion. an4 the 

emplayee's pr,ferences. The demand for a ~ension, 
. 

theref ?re, is det e rmi ned 8,01ely by the employee; s 1 nce the 

firm 18 a passive agent. If, however, .the employee's claim 

extend bayond the fund's Bssets ta the company"s, underlyin~ 

assets, then the value of su.th a contract can be written as: 
4' 

v ,. Wl + PVl(L2) - PVl(Put (A'pl + Eal' L2',~ 

.' o( Rpa) » ••• 2 • 2 

where Eal ls the value of the fl(m's assets ~t the beg~nnlng 

of the this_period and 

tbe fU,nd's assets', a,nd 

Rpa ls the' r~turn, on' thè .firm'-s plus 

o ( R-p a ), i t s ~ tan d a 1:' d de v i ,a'~ 1 0 n , 

wbich will depend u,pon cr (Rp}) o (Ra:) a'nd COv(Rp,.Ra ). T~,e 
--valuation will, of course, be more co~plex, but the --'t, 

essential principles remal'n 'the, s~m~.4 The ~tnployee' will 

rece i:'Ve L 2 if L 2 < Ap 2+Ea2' ~ nd ~ 2+È~2 i"f L2 > Ap Z+Èa2' 

where Ea 2 "'is the value of the firm's assets--;'tÎ tbe beginning 

of next pe riod. Now the employee 'will not on1y be conce rned 

with t,he riskiness of the fund's ,assets',.but also with that 
, \ 

af tb~ firm's aasets and the covarlan~e between the two. A 

rational and fully'informed labour market ~ould properly 

value the pension contract in,determ~nlng.it8 detnand for 
~ 

ESPPs.5 

._---------;::-:---------;------~-~~------- __ .. 7 ~ ___ ~ w __ __ _ . , , 
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The valuation by an indi vidual e'lllploy'ee of a wage , 
, ' 

contract with the attached pension agreement may be very 
• difficult, since, a typical contract do~s not prov'ide 

immedia'te vesting and (in the case of~de;ined benef-it plans) 
. ' 

depends upon the wage path and working'life of the 

employee. Furthermore, these contracta'are negotiated for a 
gr 0 u p (f 0 r e x am pIe, f:!. spa r t 0 f a uni 0 n con t ra ct) rat h e r t·h an 

for each individual and are compulsory.6 These group 

negotiated contracts partition the total wage-package into a 

current and a deferred'porti9n for an entire group of 

employees. Whether individual preferences are weIl served 

by this aggregation i8 open to question. 7 
o 

The delayed veating provision of these group contraçts 

have led some to vie~ these in fa~ilial or paternalistic 

terma. 8 It Is argued that existence of the stringent 

vesting rules imply that pensions are gifts for long and 

,falthful service and al~o enable the employer to ma~ntain 

the.loyalty of' y~u.nger workers. 9 In !lddltiori, it is clear 

th~t. employees who leave their emp'loy'er before their 

be~efits are vested are ~ubsidizing those who remain because 

pensl,on benefits ar~ treated' as deferred ·wages for an entire 

(hom~genous) gr?up of emplo~ees. A necessar~ condition f~r 

dnanlmbus accep~ance of this type of'cQntract ~s elther that 

the workers face a, distribution of wage rates, imperfect 

'information and search costs for alternative jobs, or that 

the firms have a degree of monopolistlc power. 10 
, . /. 

1 Whether or not individual employees ~reat pensions' as 

deferred wages a,nd a.djust the:Lr personal ~iOS 

accordingly is an important part of this issue. If it can 

be shown that participation ln an ESPP ,serves as a 
'~ " ' . 

substitute for personal,saving, then It may be reasonable to 

conclude that individual employees treat pensions as 

defe~red wages. ll Three important pap~rs in this area are 

those by Cagan .(1965), Katona (1970) and Munnel (1976). 

.. , 
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C8g~n'8 analys18 lncludes three categories of 

employee8, . .(lamely a) those without ESPPs, b) tbose with 
o • 

unvested ESPPs and c) those with vested ESPPs. Comparing 

the firat two categories, Cagan flnds that participation ln 

an ESPP stlmulated persona1 savlngs, suggesting that 

expected pension beneflts are complements to (rather thsn 

substitutes for) personal savings. Cagan at~ributes this 

findlng to a 'recognition effect' by which participation in 

~n E~PP makes the employee aware of his future retirement 

n e-e d s • A na 1 y 8 i s 0 f the t h 1 r d c a t ego r y, ho w e ver. i n die a t e d 

that personal savlngs decline when fully vested right8 are 

" acqulred, which Cagan clairns i8 evidence of a 'belated' 

. , 

-. substitution effect. Katona, on the other h8nd~ 

concentràtes on the dlfferences between the persona1 8avings 

of the non-covered versus the covered employees. No at tempt 

i8 made to analyze vested employees separately. He also 

finds t~8t pension benefits comlement personal savinRs, and 

hypo.thesizes the existence of a 'goal gradient,', where ESPPs 

m~ke flnancial 8ecurlty an att8i~able goal and thus result 

in h'igh~r savings. 

Munnel's results contradict those of both Katona and , 

(part;.ially)· Cagan. Using a larger and better monitored 

ssmple along with slgniflcantly bett~t statistical_tools, 

she concludes that (expected) pension benefits a~t as 

substitutes (and not complements) to bt~er.forms. of 

personal savlngs. Her analysis indlcates that, ceteris 

paribus, employees with ESPPs have smaller personal s8vings-

than employees without ESPPs. Munnel also finds that the 

-substitution effect i8 muc~ more pronounced for thoB~ 

employees who have vested benefits than for those with 

unvested pensions. This agrees with Cagan's second 

f l-nd 1 ng. 12 

In 8ummary, ~t appears tbat the individual employee ..,-
conslde~8 his (expected) ~ension benef1~~ to be a part of 

1 

Il . . 

f 
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his savings p~rtfplio only when the actual receipi of those 

benefits be'co,ml!s mO,re certain '(i.e., when those benefits are 

completely or nearly vested). If this is so t then the 

deferred, wage ~heory cannot fully explain the int,roductio~ 

and historical growt-h of pensio.n 'plans with stringent 

vesting requirements. Recent moves by labour séc~or to 

re..ducè vesting requiremen"ts, how~vert may suggest that 'the 

deferred wage conc--ept plays a major role in wage 

negotiations. 

c. PENSIO~S AND TURNOVER COSTS 

Vi~wi?g.of pensibns ~wlth delayed vestLng) as a device 

for min~mlzing turnover costs can be attrlbuted to Becker 

(197?, p.34) who claims that,13: 

. fiA pensi'on plan with. incomplete vèsting privileges 
penalizes employees who quit before retirement and thus' 

. provides 'an incentive - often an extrernely powerful one· -
not to quit. At the sarne time, pension plans 'insure' firms 
against quits for they are given a lump Sum - the non-vested 
portion of payments - whenever a'worker quits." ' 

1 

In advancln~ this viewp6ini. Becker assumes that each 

firm provldes the employee w,ith firme-specifie human ca,pita! 

.(SHC) whose va'lue 1,8 defined as the difference between a) 

the d~scounted va~ue of the employee' 8 marginal product in 

hi~ present firm and b) his maximum discoun~ed marginal 

p'roduct, net of transfer costs, in alternative firms. This. 

can be expresse.d by ·the e-quation: 
.. 

' •••••••• ~ 2 • 3 

where j i8 the present fi~m, i i8 the alternativé firm, MP 

'i8 the marginal product t Ci is thé transfer cost of 
, 

transfering from fir~ j to firm i and r 18 the discount 

rate. 14 

" 

" 
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To answer the question. "Who pays for such . 
firm-specific human capita.!?", assume, for simp~ic1ty. tha~ 

aIl firm-speciflc u human capital 18 ga1ned in th~. beglnn,lng 

of p e r 1 ô dl. -1 f the fi r m p a y s for aIl the' 8 S soc i ste d 

coets,lS then it w~uld receive the returns on this . 
investmen't 1'n training ~ If the employee does not' leave 

t'he' flrm,. If the worker pays for these, costs (by acceptirtg 

a lo~er 1~ltlal wste ln the hope of obtaining 

hlgh~~-th8n~alternative wage after training). he will need a 

g ua ra n tee i h ~ t ~ 'h e fi r m w 1 Il a Il 0 w hi m toc 0 Il e c t t he. r e t u r n 

0' n h is 1 n v est men t' b y' p a y 1 n g hi man a pp r 0 p ri 8 t e wa g e in 1 a ter 

per.h>d s. rn the absence of these costs {o~ firm-specific 

human capital). the 8,tandard neoclss8.1cal analysls \0111.1 

hold. Turnover, however, will be an important consideration' 

when such cos~s.!re ~resent. It can be argue~ that, when 
, ' 

turnover is a resl concern, both the employee and ~he firm 

can share the costs of and beneflts from the investm~nt in 

flrm-~pecific human capital by effect1vely us!ng a pension 

&greel)lent wlt.h deLayed· vesting. 

}.'number of other issues st'il1 remain unanswered. For , 
.' , 

example. is the ,shat;.~ng. of investment optimal? Hoshlmoto 

. (f9S'I) argues that sharing of the investment in trainin"'g 

actu,slly "de'pends on the existence in ,the post-investment 

y.ears_.of costs of evaluating an~ agreelng on the worker's 

productivities'ln the firm and elsewhere." (p.47S).16 rhis 

implies that both parties have an incentive to decide about 

th~ optimal sh~rlng agreement before undertaking the 

l·nveatment in training costs. To reach such an optimal 

ex-ante sharing agreemen.t may in practice be diffi~lt 
b~cau8e the value of the employee's marglnal product ls not 

just uncertain but unknown. and 1a a1so likely te be valued 

differently by each party. ,In such an envlronment. lt may 

.be difficult to prespeclfy an optimal sharlng ~ontract 

without ag~eelng in advance on the use of some external , 
~ --------
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objective economic indicator JS -a pro,xy for .th~ employe.è's 

po.t~trainlng 'marginil product. 17 

Another area of concern to bath parties is the moral 
, 

hazard-adverse selectlon lssue. Moral hazard'arises wh~n, 
, .. ~ . 

ln the post-investment ·period, with only the'\employee '. 

investlng ln acquisition of the flrm-sp~ci~ic human capital, 

the firm May ref~se to share the difference between t~e ~ , 

employee's marginal pr'oduct in thls flrm a,nd his" marginal 

prodOct in another firme The employee then suffers-an 
1 

\ 
eX-l>0st 108S on his lnvestment. Traditional arguments 

8uggest that the firms will not behave in such a manner 

because, 'if labour markets are lnformatlonally efflcle.nt·, 

the firm's reputatiGln as a 'go?d' employer will be 'eroded,:' 

the~eby affectlng the future wa~es it must pay t~ att~8ct.­

new workers. These arguments, however, ignore ~ne 'important 

aspec~ of the bargainlng process, the seniorlty rule. 18 , In 

most cases. 'seniorlty prevent's the firm {rom recluclng the 
, " 

wages of (or firing) more experlenced employees, especially 

when their 'benefits (or pensions) are about to be vested. 

The adverse 8electio~ problem arises when employee~ 

quit ln the pos.t-lnvestment 'periol. after the firm has made 

the e n tir e i n v est men t 1, n t r a 1 n 1 n g • Salop and Salop (1'9 7 6 ) 

cl~lm that a delayed vesting provision essentlally works a~ 

a Two Part Wage '(TPW, canslstlng of current an.d deferred 

wages) to minimlze tur~over costs. The onalysls assumes 

that there are positive, .firm-speclfic turnover costs to', , 
firms ln a perfectly'competitive labour market. 'Individuels 

dlffer exogenously i~ tKe probabl11ty of thelr quitting. 

The problem for the firm, th~refore, 18 to identHy the slow 

quittera tram amongst its ap~lic~nts. If the fir~ tries to 
, 

attract slow quitters vith hi~h wages, every ayailabYe 

worker- will apply.19 ~lternatively'" the firm can use a TPW 

a s a ~ e 1 f - sel e c t i Q n .~ e vic e t 0 a t t r a ct s l 0 w 'q u i t ter 8, wh i 1 e 

dlscouraging fast quitters f~om appfying. With different 

, '. 

.' 

, , 

, , 

. , 

1 -
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iirm~~pecific turnover costs, dif(erent ~PV's wi~l emerge 

and each wor,lter will reèeive a-n' eq~i.1ibrium wage based. on 

his tq~itting~ potential. 20 The firm, ho~e~er, m&y prefe~ 

,to make 'such a co n t ra ct wi th an ,e'n tire homoge neous ~mploiee 

g 1: 0 u.p, . rat h e r th a n in div i d u a 1 c Q n t r a ct s 'W i the a che m plo Y e e. . 

The more ho~ogene·ou·s. the gro~p, the lower will be the cost 

of 'sûch a contract to the firme Once the firm dec1des on a 
\ 

total wJgr packAge, it is entirely pos~ible, ~owe~er~ that 
• f , 

',some cros,s subsidizati"on' may occur ,between fast and slow 

"q u 1 t' ter s ~ 2 1 . 

. , . 
,whether pensions are the pest instrument available' for 

, ' 

reducing the fiFm' s t,urnover costs is anothér 'unres'olved 
! 

and camp lex is sue. 'The ,optï~al wage ar,ra nge!Dent de pe nds, 
JI· • 

;-upo'n. employee':preferencés;, the magnitude of the required . , 

inves,tment during the trai'ni'ng period.; the alternative. w-age 

.- dÙtributi~ns avail'able to 'the ~mployee; . the type of sharing'­

arraugement during the apost-i~vestment period; and the 
,...,.-.,.., , . 

eco.nomic power'of each party'd'uring wa-ge negotiations. 22 
J . 

Cymrot (1978) argué.s that, .in -general~ the del·ayed vesting 

pension arrangement may be less costly to the firm bec-aus'e 
, , 

1) i t i sac 0 nt i n g e n c y pa ym en t 'p a y a b 1 e 0 ni y ton 0 n - qui t ter s '-
, ' 

2) it enable,s the fl'rm (ex-a'nte) t~ disting,uish between fast, . . '. 
qui,ttere, k'nd s~ow quitters, 3·) del-ayed. vesting p~ovide9. a,n 

e~tremely strong disincentive th qui~ because the value 

of the pension lncrea,ses ~lth the number .of years of 

employment and 4) it give~ t~e firm som~,flexibility.in 

financing the deferr~d wages. 

~.' PENSIONS AND TAXATION 

The special tax treatment of ESPPs has often been cited 

as a major reason f(Jr their growtb (and even 'the,ir 
... 

existenée) during the past'four deca~~s.23 In çanada, four 
, !J 

!D-ajor pieces of legislation .have affecte,d ESPPs. The in.come· 

tax a'ct of 191*9 and its sub-sequent amendme.nt in 1944 allo~ed, 
, 

d 

./ 

" 

1 

·1 
1 
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~ 

an employee to d~duct, from hi~ in~o~e, any contributions to 

a pensioll'fund. ,Thi.-s legislation also .al10wed the employer' 

toc 1 a i' m the fun d i n g 0 f pas t 1 i a b il i t i e sas a t a x - d e duc t i b 1 e 

bus i n e s s exp e n se. . The ex' ces s pro fit s t a x and the wa g e 

freeze (but wi.thout any res·triction on an increase on 

pension agreements) du ring World War II a1so enhanced t.he 

appea1 of pension plans as' an iladirect way for employers ,to' . 

raise e~ploye~s' to'tal renùmeration. / 

Prior to 1957, pen,s'ion plans 'provide'd a lower tax 

a 1 t,e r n a t ive b JI wh i che m plo Y e e'8 cou 1 d s a v e for r e tir e me il t • 

In 1957, the cre'ation of Registered. Retirement Savings Plans 

(RRSPs) allowed individual emp'lQyee's to augment their 
, 

personal pens~on savings throush tax-deductible 
. . 

contributions~RRSPs have since become an immense1y popu1ar 
. . 

a1.ternative to ESPPs·. lt will be argued, later in this 

section, that the creation of RRSPs ~rovides an incentive to 

change ESPP~ from ' defined-contribution' to· 

.'defined-.benefit' plans. 

The tax treatment of both ESPPs and RRSPs rests on 

three pdnctples: 1) The tax-deductibility of contributio'ns 
~ , 

to bot'h from that yea r~ s earnings up to a specified limit, 24. 

2) the qon-taxabili ty of earnings on both ESPP and RRSP 

• ,a s set s; a, n d 3) the t a x a b i 1 it Y 0 f the in c 0 m e wh e n r e c e ive d as 
, 1 

pension be,nefits (or withdrawn from an RRSP). The f.ol1owing . 
discussion analyzes the impact of. this çax treatment on 

ESPPs in the pre- and po~t-RRSP perio~. 

D-1. Pre-RRSP Period 25 

To' analyze the èffec't of the tax t'reatment ,on the ES'PP 

- (in the absence of an RRSP), assume the following simple 

scenario. An employee p~ans to worlt for T years and wishes 

to save $1 tod,ay fro~ his before-tax income to contribute to 

his re·tireme!Tt income'.26 His personal tax, rates du ring 
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these years are Tpata t-1 a ••••• n, an'd his, investment 

return on $1 v.il! be rt, t-I., n. He must choose between a) 

s8ving and investing $1 from his after-tai wages and b} 

asking the employer -to establish an ESPP on llis behal!. 

If the employee saves on his own behalf, he ean invest 

only (I-T p 'l) .toward 111& retirement. The value of this 

saving, at- the beginning of'his reti'rement age, year n+l, 

will equal,27 

Vs ,T+I • (1 
n 

T p 'I). JI ((1 + rt(l 
t-1 

If he saves through an ESPP, however, he can save $1 

but only pays taxes at n+l 00 the teceipt of benefits. The 

value of an ESPP, VE,n+1 can then be ,expressed as: 

n 
YE ,n+l • (l T P 'n+ 1), 1T (1 + rt) 

t""l 

.. TJ1) 
n 

• (1 1T (l + rt) 
tel 

n </ 

+ (Tpal- T p' n+ 1 ) 1T (1 + rt) 
t-l .,.2.5 

The advantage of, saving through an ESPP over persona! 

savings can, therefore, be expressed (subtract:ing 2.4 fÏ:om 

2.5) as 

n 

+ '(T p',}- ,Tp,n+l)t:l (1 + rt) 

••••• 2 .6 

In equat10n 2.6, the tlr8t term results from thé 
~, 

1l0n-t~xability of the pension" fund earnings and is 

" 

o . 
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p'ositive. The second term results' tram the d1fterence-.. 
bétween the ind1~idual's tax rates during his working and 

tetitement lite, and will generally be positive. If the 

: employee and the firm 1) work out an adequate shs.ring 
../ 

arrangement for this gain, and 2) follow an identieal 

investme,nt poliey chosen by the employee for the ',tuY;ld 

Bssets, then the employee will dellland and the firm will 

supply an ESPp.28 Therefore, a fully-portable, 

immediately-vested ESPP will bene fit both parties. 29 

" 

Of course, this simple scenario does not fully explain 

'real world arrangements wh~ch a.r~ characterized by' limi'ted 

portability and stringent vesting requirements of the ESPPs 

and also the' availabllity of other personal tax deferral 

investment opportunlties. It may not, therefore, be 

possible to view an ESPP iri terms of 'a simple neoclassical, 

utllity-maximiz1ng concept. Rather, it needs to be viewed 

as a combination of the tax effect and the employer's des ire 

to mihimize turnover costs. Even though the essence of the 

tax arbitrage'arE(ument will still hold, the nature of the 

'sharing agreement will be more complexe ln the absence of. 

turnover costs and vesting arrangements t the employee will 

pr.efer to hold in the pension fund those assets which are, 

taxed higher as part of a personal portfolio (such as bonds) 

and ho1d the lower-taxed Bssets (such as preferred shares) 

: in his personal portfolio. 30 If the ESPP forms his entire 

portfolio, then he will want to hold a diversified ESPP 

portfolio. In genersl, whenever the corporate tax rate Is 

hig~er thsn the emp10yee's personal tax rate, a mutu~~ly ~ 

beneficia~ sharing arrangement will 1ncrease the incentive ., 

for 't he est ab 1 i s hm e n t 0 f E S p,p 6 • 

D-2. Post-RRSP Period" 

The establ~8hment of an RRSP by the employee eh~nges 

the Aboye ana1Y8i8. RRSPs enjoy the same tax treatment as 

• 
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an ESPP, therefore, the ESPPs will lOBe much of their 

attractiveness as tax-preferred investment. If the 
, " 

rationale behi~d ESPPs was based entiiely upon pure tax' 

arbitrage arguments, ~hen the n~mber of ESPPs might have 

been expected to decrease. One.puzz1ing fact still remains: 

even though RRSPa appeared' on the scene some twe~ty-five 

years ago, ESPP growth has hardly been affected. 

There has, l:towever, been a graduaI, ·but not-iceable, 

, ,s h i f t f rom' de fi ne d - con tri but ion pla n 6 (w hic h R R S P s ca n 

easily dupl1cate) to deflned-benefit plans. 31 'The benefits 

_d~rive~ from the latter generally depend upon both thi wages 

earne",d immediately prior to retirement and the l-ength of 

setvice tO,th~ firm, rither t~an upon the investment returns 

on the ESPP assets. In effect;, defined-beneflt ,plan 
-

prov.1des the emp'loyee wfth à wage-indexed investment· 

opportunity not,otherwLse ava~lable. ~urthermore, if 

r'eal wages are constant, then such 'a plan prQvldes the 

employee with a partial hedge agai~st inflation. Employees 

w~ll, therefore, prefer ESPPs because they Bupply an 

otherwise unavailab1e inflation-linked opportunity. 

Moreover, as thesE! plans accrue benefit·s late in the 

employee's career, firms May find them an attractive way to 

re~uce turnover, ~ost6 (Bulov, 1979).32 

Before conclud1ng that defined-benefit plans may now 

represent optimal pension plans, two factors mus.t be taken 

Into account. First·, contrar;. to éertain belfefs (Task 

Force Report, 1979) a defined-benefit plan 1s ~ inherently 

superior ta a defined-contribution plan. In 'the former, the 

ultim.te recelpt and the level of beneflts depends upon the' 

f \1 n d 1 n g 1 e v e 1 and the fin an ci a 1 li e al th 0 f. the, f 1 r m li t ' the 

time of the-employee's retiremen~; while in the lattèr, the 

empl~yee can, at any tim,e, ea,sily calculate the present 

worth of his plan. Yurthermore~ the type of plan affects, 

the .wage-sharlng arrangement between the employee and the 

, . 
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, 
firm., Bulow (197.9) and· Pesando (1982) argue that in order 

to g~t ,uch a wage indexe~ penéion ben~fit, the employ~e 

must acc:ept a lower ,cur-rent wage; While this may be true, 

it ls not obvious how the 'employee or the firm can evaluate 

the exact am~unt ~f the 'wage reduction. For example, a~sume 
• th.at the competitive wage i5 W and the employee accépts W-C 

in exchange fQr'a defined-contribution plan and W-B for a 
, , 

defined-bènefit pla'Il'w:here B > C. He tn~y also be willing tà 
- , 

accept W-I for an indexed (dur.ing the post-retirement • 

peri 0 d ) d ,e fin e cl b e fl e f it pla n • . The pro b 1 e m . f 0 ~ -..{, a the m p 1 oy e e : 

and firm then i5 .to ~etermine 'l','B' ~nd 'C', If the value· 

of' l " 0 r ' B' C Çl'n b e a g 1" e e d' ~ p 0 n b y bot h par t i es; the n 

defined benefi~ plans will existe 

Thus', the ul,timate cholce ,of the.'type of plan i8 
, , 

. fiLln,-employee sp'eci'flc and no gelt,eral conélusions can be 

dtawn that apply to every firm in the corporate sector. lt 

will, of course, be highly' unlikely that a firm will want tO J 

index the plan,for an arready retired employee as it will be 

unable to extract any wage c~ncessions from him. 33 .The 

inabil1.ty ta reduce a retired employèe's ~age, Pesando 

(1982) ela'ims, provldes direét support for the deferred wage 

~rgument. ·It. s~ould ~e noted, however, that contrac-t 

ne go t i il t ion s b e t w e-è n 't heu ni 0 n ( 0 rem plo Y e·e gr ° u p) and the 
1> , 

firm are aimed àt maximizing the utility of the active 

employees ,ahd sh~réhQlders" poth groups will, therefor!'!, 

,plaêe a low l'dorit)': 9n .indexing the benefits of already 
,'" ~..' .. ~ 

'reti~ed employees~ 

.Iri summary, it, can be,..argued tha't ·the· tax arrangements 

.for ESPPs have nad an important effec~ on their growth. 
~ 

This, 'ia not .to Bay that the demand" and suppl.y of such plans' 

cari.be ~xplained solely through the tax arbitrag~ mechanism, 
\ .. ~ . ~ 

o,th"er viewp?ints likel:y hav:e s6me explanB;tory powe,i. 
,-' 

. " 
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.' 
E. OTHER FACTORS .' 

'-. 
There are thr.~e additional rationales for ESPPs: the 

insurance aspect of ESPPs, the growth of labour unionism and 

ESfPs as a source o~ dtsguised debt. 

E - l • Pen s i <> n san d· Ina u r a ne e 

Odle (1974) cla1ms that the underl11ng operational 

P!~nç1ple of an ESPP 1s the pooling of r1sks. In labour 

8 u r plu sec 0 n.o m 1 es, ,w h 1 cha reg en e r a Il y cha r a ete riz e d b Y 
1 l'; 

imperfect cap~tal (and Insurance) markets, the firm prov1des 

an 1nsurance .function for ,:L~ta employees st a priee that i6 
o 

1 0 loi e r t ha n t ha t . a va i1a b 1 e in the con ven t ion a lin sur an c e 

market. In addition, the firm frees the individual employee 

f-rom complex port'folio management problems .. ·, Thus, an 
, . ......-

in~iividual employee does not' have to face the unpleasant 

'task of predicting the tlme,of his death, so that he can 

draw down 'his accumulated savings at an a;propriate rate. 34 , 

Give'n the types of insurance and capital markets found in 

NO.rtn America, where individuals can buy competitively 

priced annuities, however. this rationale Is not l~kely to 

be a pri",ary reason for the existence of ESPPs. 

E-2. Pensio'na and Union! sm 

Tradit i ona11y, the Neo-Ha rxian modela of· the economy 

have had difficulty explaining the growth of pensions and 

employees' demands for pensions, sin ce pensions seem to be a 

capitallst device ta bind the employeea -ta long-term 

contracta through stringent vesting requirements. 35 The 

central theme in the more tecent neo-Marxian literature 18 

that any positive change in the vage bargain (such as the 

introduction of an ESPP) has a cqst in 'terme of reduced 

pro duc t ion. 3-6 Si nC'e labou r is alfeady get t i ng t he mini mum 

. , 

: 

.' 

" 



ft ). . 
~ ~ 

fJ 

r 
~ 

t 
1 

J 
< 

( ,l 

-2. 16-
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. .,~ 
,wage (by defihition), most" if not a11,-\ of the, costs must be 

borne by capital .. Thus, any pension plan. conces sion 

represe-nts a gain for labour in its c-onstant 'c1ass str';lggle 

with man,~gement. 

o 

<r 
\ 

In the same vein, Carter and Marshall (1967)- argue that 

non-wage benefits, suc.h as pensions, have been important 

indicators of union strength. Th e s e ben e fit s ma k e i t 

possible for unions t,o avoid wage competit,ion between films 

in an industry. This is achieved by establishing uniform 

wage rates g~ared to 'marginal firms a,nd then extracting 

additional benefits on the basis of each firm/s abilit~ to 

pay additiona1 wages disguised as non-wage benefits. 37 

t 

The essential difference between 'the neoc1assical and 

neo-Marxian concepts of ESPPs rests upon who bears the cost 

of an ESPP. In both systems, ESPPs can exist, as they 

provide benefits to either the firm (neoclassical 'turnover' 

argument) 'or 

a rgumen t j. 

the employee (ne'o-Marxian 'added concession' 

E-3. Pension Plan as Disguised Debt 
ii3 

(1 

lt is also possible toh~xplain the rapid growth o~ 
ESPPs, along with their underfunded status ,.-4ry v:Loewing the 

underfunded pension plan as a disguised form of debt. T6 

il1ustrate this argument, cpnsider the follo~ing sc.enario: 

Assume that the firm needs $X at the beginning of each 

year for the next n-1 years. The firm expects to pay the 

principal and the accumulated interest at the end of n 

years. lt is (considering two options for raising this 

amount. Option 1 is to issue pure discount bonds eacl) year. 

at interest rate ib through the capital market, and option 2 

i8 to reduce the employees ",wages each year by promising the 
o 

repayment of the 10ane1 amount in the form of pension 

" 
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benefits. Assuming a wil1ingness of the employees to lend 

-(indirectly through the wage reduction) at the ,rate ie' 

then: 

Option l~ External debt througb a series of pure discount 

bond s. 

At the end of n years, the firm's after tax payments 

are: 

• X[nib + (n-l) i b + ••••• +ib] (1-T) + nX ... , 

- Xii, [n(n+1)] Cl-T) + nX 
2 ....... 2.7 

Option\ 2: Reduce wages (borrow from employees) 

For e~ch dollar of financlng the firm must borro~ 

1/(I-T) dollars from the employees. At the end of n 

yea~s,·the after tax cost of'thè pension benefits are: 

_ [ X i~ 'n(n+l )+~] (l-T) 
(I-T 2 (l-T) 

.1, 

• Xie [n(n+l)] + nx 
. 2 

• .. • • • •• 2.8 

Option 2 is slmilar to a pay as y~u go or an 

Jnderfunded plan and- has a higher cost than option l if 

ibO-T) < le. Clearly, a firm which uses the .réduction in 

wages rather t}Jan the -issuance of 'debt ,to.lfinanc~ asset 

expansion must· conslder the tradeoff between ib( I-T) and 

le· 

lt -i's possible that, in the presence o.f capital 

rationing, fi~ms may resort to borrowlng from employees, who 

in ,turn ~ill become silent partne'rs in the funding of the 

, firme 

.1 
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The ràte at which an employ~e (or a group of employees) 

would b~ willing to lend the funds to the fi~m will depen~ 

up~n the a~ternative investme~t oppor~unities available to· 

him. In the absence of sch'emes., Quc'h as RRSPs, t'he 'employee 

would be wil1ing to hold the firm's debt .ind~rectl~ U:e. 

through the ESPP) rather than in his taxable persona! 

portfolio. A tax-arbitrage situation simil'ar to the one 

described in section D-I would then arise. 

If an RRSP is available to the employee, however, he 

~ay wish to ho~d the firm's deb( directly (in his RRSP ,. ' 

porefolio) rather than indirectly (in an ESPP). Holding the 

debt directly will provide him with essentially the seme 

riskiness-as that faced by other debt holders, whereas 

holding 'it indirecpy i~volves ,the risk of wealth tra,nsfers 

to çhe shareh91ders. The latter would arise ,due to the 

non~enforceability of the pension contract ib the case of 

(possible) firm bankruptcy. 

• If the firm promises to pay the benefit~ under a career 

average or final earnings plan, 'then an elllployee May wish ta 

lend at a rate lo.wer than ib due to the perceived 

attractiveness of such a wage~linked asset in bis 

portfolio. In such a case, the firm must compare the costs 

of borrowing from an employee to a wage-indexed bond. But 

if t~e pension benefits are non-enforceable and~ are of a 

fIat benefit type, an employee with a. RRSP will require a 

rate of return higher than ib. This will diminish the 

attracti~eness of unae~funded pension plans as a source of 

disguised debt financing. 

F. CONCLU SION' 

.. 
This chapter analyzed the rationalè for the existenc~ 

of ESPps. ' 'The main issues examined were: a) wbo pays for . . 
the services offered by ESPPs and b) how do es the supply of 

~~~--'- ---.. ---------, ---- -~ 
, q 
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and demand for ESPPs ~ffec~ the fram~work for analy~ing the 

issue. The lack of empir~cal re&earch about the impac~ of 

ESPPs-(and the type of' benefit payment scheme) on wage 
" . 

dlfferential has hamp,red the r~8olution of these i8~ues~ 

\i 

While it is apparent that ESPPs have evolved duè to a 

c6mbination of factors, it is difficult to diminish the 
, \ 

importance of tax incentives in explaining their growth. It 

i8 hypothesized here that the existence of RRSPs will affect 

the nature of the plans being offered. Depending upon the 

expectatlons of both employees and firms about future wage 

uncertainty, th~ plans offered ~ill be either 

defined-benefit or define~-contribution. The availa~ility 

of RRSPs will, however, reduce the attractlveness of delayed 

vesting define~ contribution plans. It can a1so be , 
hypothesized that employees will demand a deflned-benefit 

plan and will be willing to paya premium (via a wa~e 

reduction) for a partlally wage-lndexed investment 

opportunity~ Whether an apprapriate premium scheme can be 

mutually agreed upon by e~ployei and emp10yee temains ta be 

determined. 

A number of issues !equlre further research. These 

include: a) have pension plans restricted laboar mobility 

and thus output?; b)_ ca'n a si-mpTe tfëaclassical., fTBm'l!Work.be, 

used to analyze ESPPs (f.ormed es-senfla'1ly-----asa--g'nrup . . . . 
cantrèct)? and c) if not, how èsn a unIon negotiate the 

trade6ff between current and deferred wages?; d) how do the 
, - . . 

investment aspects and the nan-enf~rceability·of pension 

beneflts affect the negatlat~ons? and e) ha~. do shareholders 

and employees value the flrm's pènslon plaR ~nd Its . ; 

funded nes s1 

.' 

J 

\ 

, , . 
- __ ___ Jo_~ __ "'" ....., ______ ~ __ ~~ __ 
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CHAPTER 2 - FOOTNOTES 

1 .- Th 1 S' r e fIe c t.s th e n'e <? c; las s 1 calm 0 deI in wh 1 ch the 
-atomistic individual makes utility-maximizfng dec1sion~ 
(se~ for example., Marshall et al., ,1976, pesando &' Rea, 
1 V7) .. 

, 

2'.' The: emp.loyer may operate the ESPP at cost (i,.e., the, 
deferred wage component will be an optimal prem.iuTil ror 
the payment of the promised bene'fits) and' thus' charg'e 
lower premiums than those available frbm 
profit-oriented insu rance companip.s which can also 
~rovide a similar plan. 

~. This model iS based on Sharpe (1976) •. 

4.' 

5 • 

6 • 

See Treynor et 
illustration of 
equity firm Ra, 
substituted for 

l -= 
al. (1976), pp.124-125 for an 
the valuation process~ For a pure 
return on the firm'~ assets, can ~e 
by Re' the rate of return on equity. 

By compari~g th~ present value of a strai~ht contract 
with that witb an attached pe~sion contract. 

Most union contracts fix the currént wage for each 
category of workers leaving no room for individual 
negotiation., 

7. Schiller and Weiss (l~~I) provide some evidence that, 
. ceteris parïhus, the largër the pension henefits to 
which workers~ are entitled, the lower the current wage. 

8. See Asimàkopulos an'd Weldon (1976), Ascah (1980), 
Asimakopulo8 (1981), QueeQ'~ ~t~dy (1938)~ 

9. Ascah (1980), p.82. 

10. T~ese arguments havé béen recognized'in the 
literature. See' Stigl€i"r (1972), ijolt. & David .(1976), 
Brunner and Meltzer (1970), Phelps (1970),' Asimakopulos 
and Weldon (1970). 

Il. Tne concern here is on the 'micro' issue. The efféct 
of pension pl~ns on aggregate savings i8 another, .' 
well-debated is.su-e in the li.tera'ture. ','See, for . 
examp.le, Barro (1978), Boyle & Murray' (1979); Feldstein 
(1976), 'Munnel, (1974) • 

. IZ. None of the three studies however looked st the wage 
d1fferential that may ex1st due to an _un-veste'd ,pen8io~ 
plan •. 

13 •. Qi (1962) also' expresses simil.ar thoughts. 

\. ,- ,.- ---~-- - -, ~-,.---~~ .. ---~ -
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14. It 18 not ent~rely clear· how tbiB 'r' can be 
determlned, sinee ~t may be firm and employee 
specifie. Betker states that r la the market ~is~ount 
rate, whereas Parsons (1972. p.112l) claims th8~ it i8 
the r18k-free inte~est rate. 

15. The worker still recelves a wage equal t~ his'marginal 
p~oduct in sorne other firm, but actually produces less 
in the present firm 8S a result of time lost during 
training. 

16. Donaldsop & Eaton (1976) claim that f6r the firm the 
shared lnvestment ls an optimal entrapment of its 
employees; Eastman (1977) subsequently points out tha~ 
this claim ls:a ·result of their unconvent"ional 
definition of investment. 

17. Tor example, in one of t~e United Mine Workers" 
~ontract6, the pension henefits are calcülsted on a per 
ton of cosl, prod,uced basls., In general, however, the 
errors in estimation a~d chotce of an appropriate 
indicator will crea~e problems. For furtheT 
elaboration O~ these issues and sorne of the 
alternatives, see Hoshlmoto and Yu (}980). 

lB' See Lévinson (1966) and references c1.ted .tlierein; in 
particulsr, Dunlop (1957) and Le~is (196). 

19 .• This is similar to the classic p,rohlem of 'lemons' 
mentioned by Akerlof (1970). 

20 • .If such an equlilbrium eventuelly appears, re~trlctions 
dn labout mobility will not cause any loss in 

r efficlency_p~~ se. 
~ 

21. ~t is not easy to say ~~lch group beneflts or loses 
fT 0 m a g r 0' u P con trI) ct.' AIt hou g h non qui t t e l'S m~, i o .. 
part, pay for the turnover costs of the fast quitters, 
they also 'rEceive pa'rt of the deferrec:l wages of the 
iast quit~ers. See Salop (1973). 

22 .• As cited by Cymrot (1978)', Schiller & Wise (1977) 
.provide weak evidence that pension a~~angements provide 
so~e redu~!ion in turnover costs. 

-21. See Harbrecht (1959), Holland (19~9), McGill (1979, 
pp.23-25). Cymrot (1978). 

24. As of 1982, t~~ limits for RRSP contributions are the 
lowe~ of 20 percent of earned income or $5500 for 
~fbdividu81s who do not belong to an ESPP or $3500 less 
the cO.J1trihutio.n~ to 8, pen.sion p~a.n. See Revenue 
Canada Bulletin #IT-24R4. 
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2 5 • The" P r'e - R R S Ji p e r ~ 0 d .. r e fer s t 0 the p e rio d wh en 
persona! savings for retirement were treated'11ke'other 
savings for tax purpo~es. 

26. The employee's saving deêision is·exogenous to the 
disc~ssion~ here~n. 

27. It is assum.ed that his earnings are taxed at the' end of 
each yesr. 

2. 8 .. Und ers u cha s h a r,i n g a'I" r a n g e men t the e m plo Y e e w,i Il 
accept a lowef gross wage with an ES'FP provision 'th~n 
he woulcl without an ESPP provision. ~ 
,~ . 

29. Cymrot (1980) ~nalyzes th~ benefits in an inflationary 
setting and ~laims that i~flitioh unambiguQusly . 
inereases pension demand (p.186). 

3Q. Assuming th~t the priees Qf preferred shares and bonds 
do not ~lready r~flect this tax advantage. 

31. See the Task, F6ree 'Report, Government of Canada., 1979, 
p.47. 

32. Due "to the $3500 limit on RRSPs for those belonging to 
ESPPs, tbere is still anotber tradeoff. An employer 
can limit the employee' s contribution to an ESyP while 
simultaneously increasin~ his contribution. ~n such'a 
cas~, employee ean only invest $3500 mLnus his 
contribution to ESPP in his RRSP as a tax deductible 
contribution instead of the $5500 limite This would 
increase the desirability of such a pension plan for 
,slow quitters, and would penalize fast quittera who" 1 

otherwise may have saved up to $5500 (i.e. those' whose 
gross income was ov~r $17000/year). This will increase 
the attraction of ESPPs for reducing. turnover ~osts. 

33. This, mày be .. the reason behind the private sector' s 
reluctance to adopt the government initiative of 

,~extending post-retirement indexing to ~etired 
empl~y€es. " , 

34~ See Denton et al. (19Bl)., 

35. Drai~in (1981) provides an excellent 8flalysis of the 
importa.nce. of wage bargaining in a neo-Marxian model 
of t,he economy. See "especially, pp.83-92. 

36. See Remlinger (1-971), Gough 
, references cited in Dra?n 

(1975) and the other 
(1982). 
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37 •. Frçm the firm's vi.wpoint, non-wage benefits may.be 
pre f e i a b 1 e t o· an e q'u 1 v à 1 e n t 1 ne r e as e in cu r r e nt wa g e $ , 

because;o'f the. various kin~s ,of added co,sts whi'ch 
increase with wages (such as CPP and OPP contributions) 
do not increase with non-~age b~nefits. . 

• , .' 

.JI 

-, , 



,( .1 

f) ,-

-..). J:-

CHAPTER 3. PENSION FUND& AND TAX ARBITRAGE OPPOR~UNITIES 

A. INTRODUCTION 

F u n'd sin v est e d i n E S PP s r e è e ive f a'v 0 ur a b 1 e t a x , 
treatment in two ~ays. First, a firm's contributions to 

such a fund are tax-deductible within the li~it~ impose~ by 

the g,over;nment. Secon~, the investment returns on the. 

f u nd "_s as set s are no t t a x' e d. ,T he set wo fa c t 0 r s h a ve 

important implications for thè firm's funding decision~ of 

an ESPP. If it is also recogni~ed ~hat 1) ~he interest paid 

on the firm's debt i8 tax~deductible and 2) that per~onai 
('P: 

tax rates on intere~t income may be 8ubstantially higher 

than that on equity income, then pen'sion f.undS provide 

the firm's shareh~lders' with valuable tax-ar~itrage 

opportunities under some .restricted c:Lrcumstances. These 

tax considerations have implicatjons for the funding and: 

investment decisions of an ESPP. 

This chapier starts with the argument~ of Black (1980) 

~~d T~pper (19él) which 8uggest a fully-funded,'all-de~t 
pension fund. Assuming the pension' funding' dec.ision as an 

alternative to inv~stment in the firm's opexatt~g assets, 

'bot~ non-deductible and tax-deductibIe'advance fun4ing - \ 

decis{oqs are a~aIized ~ithin a certainty framework. The 
, , ~ 

Iimitatiqns and impIica~ions of this analysis a~e th~n 

âiscussed. Next, th~ chapter deals with the issue of 
.:- , ,)."" 

external (debt) financing and\ its effect on' the 'pension 

funding decision; and conclucles w:tth a d'isc\tssion of"its 

implications; 

,.1 
1 
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B. PENSION FI~ANCE AND CORPORATE F~NANCE 

A pension fund ~stablished undei an ESPP legally 

~elo~gs to -the beneficiaries. According to fiduciary rules ~ 

i t 's ho û l d b ~. in v est e d sol e l y for the i r ben e fit. On-goi ng 

firms with,defined benefit plans must, however, pay pension 

benefits wherrever the y ar{se and must do so either from t~e 

pension fu~d assets or by increasing the firm's 

contributions. It is ~ossible, therefore! t~ ar~~e that 

under the assumptions 1) of z-er.o probabiiity of ba'nkruptcy 

a~d 2) that pension payments are ~imi~ar to debt paymenti, 

~he pension fund assets are actually the'asseçs of_th~ firm 

and ·shoùld be treated as such. The c,?Dcept of an 

'augmented' bal~nce sheet (Table 3.1), which was 

popularized by !reynpr (1980}~,accomplishes such an 

Integration. 

Table 3.1 

AUGMENTED BALANCE SHEET . 
(ALL ASSETS AT dURRENT MARKET VALUES) 

Pen'sip;n Fund 
Balance Sheet 

.. C6rporate 
Balance Sheet 

(1 - T) Pension 
Fund 
Assets 

Corporate 
Assets 

, 

-Total 
Assets 

-. 

(1 - T) Present 
Value of 
Pension 
L1abilities 

Corporate 
Liabilities 

Corporate 
Eq~ity (residual) 

Total , 
Liabilities 

. -. 

/ 

. " 
-.-.~ 
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.... ln 'Table 3.~, the pension fund aasets and l1ab1lities 

are adjusted by (l~T) 8imply because a dec~ease (or 

lncresse) of $1 ln liabllities can be offset by an ln~~ease. 

(o~ decre~se) of Sel-Tl ln the firm's contributions. 

8-t. Taxation on èor'porate Debt 

'ln the plan proposed by Black (1980), the firm sells 

stocks from the pension fund an~ buys bonds with the 

proceeds.lt simultaneously issues new debt and buys back Its 

own ehare's' with tbe proceeds. The actusl proportions of 

th~s b~y-and-sell process are adjusted to ensure that thère 
l ' 

IS,no change in the' leverage of the augmented blilance 

sheet. AlI that remains, therefore, Is the tax·effect. 2 

Black clalms that the firm would benefit by effectlng only 

the pension fund switch and that t~e cap{tal structure 

change 18 needed simply as 1) a hedge agalnst the long run 

exce,ss return of equities, over bonds and 2) to keep the . 
leNerage of t~e consolidated b~lance sheet unchanged. 

Actually,the benefits are a direct r,e~ult of earning before 

tliX interest on ~he pension fund ~nd paying after tax 

interest on the firm debt. The maj~r source of gain 18 the 

tax deductlbility of the intere~t od th~ flrm's debt.] In 

other vords, the firm 18 using the pension fund to increase 

its debt capacity while aaintllining overall leverage by 

shift~ng the fund'. aBsets into bonds. 

According to Black, this Bwltch from stocks to bonds 

would provlde additional benefits oby 1) reduc1ng the 'ô 

volatillty in the present value of the firm's contrlbutions~ 

2) increaslng the value of the flTm, 3) reducing the risk of 

the stock and 4) reducing the r!sk of default on the flrm's 

bonds. He Itates That th!. is because 'the stocks are worth 

t{' • 
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.ore when times are.good and less when times a're 1?ad.' 

(p.22). Thus stocks add to the firm's lev'erage an,d re-8ult 

in contributioDs to a pension fund being higher' just vhen 
\ . 

the flrm can least afford them. If t,hat 18 the case' then It 

18 clearly an ~mpo~t~~t aspec~ of the'pension fund' 

inv~~tmerit strategy, but does not necessarl1y Imply ~hat the' 

fund can only Invest ln bonds. Tbe firm can 81so achieve a 

de8ired'ri~k-rèturn trade off by accounting for the economic 

, relationshlp between th~ returDS on the Basets in tqe fund 

and the firm's assets. A Markowitz ty,pe.~f op,timization 

would sele'ct either 8t~cks or b'on~8' depending',upon t,he~r, 

expected returns and v,ar'i'abilit'y but it ,is dif"ficult to , , 
predeterllline the optimal portfolIo .in tne manner" suggeste<l 

by Bla'c-k. 4 

, 
F1ve 'other issues require further clà.I'lfi·cation. 5 

First, Black's plan only applies to'very he~lthy firms with 

zer6 probabi11ty of bankruptcy. N~te that even though the 

leverage ln the '.augmented' ,sense is ,unchanged, the fund 

assets cannot be used tQ sat~sfy 'the ftrm's debt holders in 

the event of bankruptcy, unless the fund is overfunded. . , 

Eve n i n the e a seo f ter Il,i n a t i à n 0 fan 0 ver fun d e dpI an. the' 
, 

i8sue of ~wnership of the.' excess' assets is n.ot entirely 

C 1 e a ras show n b y the r e ce n t A & P cas e • 6 Sec 0 n d , the 

empirical york of Arnot~ and Ger8~vitz(1980) shows t~8t 

there i8 8 positive cross-sectionsl correlation between .the' 

fir~s' debt-~quity ratios and t~e level of underfunding bf 

their pe.n8~on,plans.7 This means that Black.'s plan' would 

provide ext,ra benefit~ if, and .only ,if, the pens~on fund 
- . 

provides the sole opportunity for Increasing the f1rm's debt· 
'c 

level. Thlrd, in the U.S.,' the trustees under the Rmpl~Yllent 

Retirement In.urance Securitles Act (ERISA) are required to 

.elect -a. dl.'!tlif1ed" portfol'i() which. expert opinion , . . 

.... erts. IIlUlt éontain lIlo"re' th'.-n one. type of .e~urity 

. " 
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(Langbein and-P'osner; .197'6, .r.977'). Fou.rth, it 

{~ ~yp~t~eaized that havi~g a w~ll-funded ESPP May prompt 

th~ firm'~ employee'gro~p ta negotiate f~r th~ benefit 

rmpro~emehts oV,et and ~above those previously co'ntracted. 8 

Fifth, in the case of ban,kruptcy, the beneficiaries' claims 

extend.on,lY to the fund's' assets; full funding as suggested 

···by Bl~ck would thus crea te a wealth transfei ~rom bond 

holders"(and also the shareholders) to the beneficiaries. 

These issues not wit.hstanding, Black"s plan is essentially a 

useful extension of' the Modigliani-Miller (1958) world with 
. . ~t oMC'--'M.t.' , 
corporate taxes to include tax-exèmpt ~ension plans~ " . 

B-i.' Personal Taxation .. 

Black's proposaI ia silent on an impo'rtartt issue:, the 
, . 

personal tax code. Basid on Mi~le~'s,analysis (1977), 

'Tepper· (1981) has treated the p-ension f.und as a tax-exempt 

mutual fund for the firm's sharehoiders and concludes (as in 
"'-

the previous section) that the pension fund ahold be fully 
, c ~ 

funded and invested only ~n ~ebt securities. 9 Tepper 

.as~umes that 1) the per~6nal t~x rate on equity investment 
, 

i s 1 e fi s th a-n' .t h a ton (n-t e r est i n co me, 2) cor p 0 rat e a s set & 
." 

and pension fund assets 'can be fully in·tegrated, and 3) 

shareholde'rs can costless,lf cliange the leverage. of their 

personal portfolios.. With t-hese assump-tions, shareholders 

can'utilize the p~nsion fund to ~ransform their higher taxed 
\ 

interest incame into .a,lower taxed equity income. This is 

ach,ieved -by investing the fund's assets in de~t secu~ities 

and simultaneously redud.ng the' debt hold.ings in their 

pers~nal portfolios'.lO The crucial element in the analysis 

is the existence of differentiàl personal tax rates and the 

,ability of the firm's shareholders to reduce their personal 

taxes via the pension fund. Tepper's conclusions are 

similar. tO Ml11er's in that, the econamic gains of this . 
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. strategy are' an increasing 'fqnction of the differe,nee 

b"etw~en the personal tax rates on bonds, and equities. ll 

" 

Two implieit assumptions in Tepper's analysis de serve 

fu~ther a~tention. First~ Tepper assumes that similar tax 

red~ttion opportunLties are not available ta the 

i ndi vidu·al. This assu~p~ion directly contradicts the'Mjller 

~nd Sc~oles (1978) tax avoidance proposaIs (such as 

i n s' u r é). n cep 0 1 ici es; s e e p. 3 4 3) . One must, therefore, assume 
" " 

(albe~t arbitra{ily) that sorne investors are able to , " 

" 'launder out' personal taxes "on dividends, bùt cannat 

simoltaneously avoid taxes on interest income so that the 

'peniion fund a~ts as a vehicle for avolding thesi ~axes. 

Second, ,it must, also be assumed that the tax avoidance and 

agency costs of tax arbitrage via the pension fund are 

sma~ler than those involved in "personal arbitragé. }10 r.e 

specifically, in the terminology of Barnea et al (1981), if 

the costs involved in tax avoidance are assumed to be an 

increasing function of the amoun( of tax-sheltered income 

utilized by the investor,"then one must show that the 

pension fund pro vides a less costly ta~ shelter than that 

achieved in the personal portfolio~ According to Revenue 

Canada taxatton data, however, the vast majority of these 
\ 

inve~tors who àre the contributors to ESPPs and RRSPs do not 

put, aside the full allbwable amount. Contributions are, in 

fact, weIL below the maximum (see Daly and Wrage, 1978). 

If, i ~ ad dit ion, the sei n div i d ua 1 s al s 0 ho 1 d_ rel a t ive 1 y 

'" undiversified portfolios, then they may prefet to use the 

firm's pension fund ta provide diversification rather than 

·tax arbitrage opportunities. The applicability of Tepper's-

analisis, therefor"e, depends strongly upon nthe nature of 

individual portfolios, the d~gree of availability of tax 

shelte~~ to individuals, the tax code and the nature of the 

capital markets. 

"' 

" 

<: .... 
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C. TAXATION AND THE ADVANCE FUNDING DECISIOJ~ 

, 
A firm with an ESPP and an esiablished pension fund . 

may, under the limits ~et by the government, increase the 

fund as sets by adv~nce iunding. The analysis in tQe 
j 

'preyious sect~ dealt with the effects of external 

financing and per~~nal taxation on the ad Vance funding 

decision. In gene~aI, advance funding results in a transfer 

01 dollars from corporate as sets into the pension fund. The 

marginal cast of such a transfer clearly depends upon the 
) u 

c source of addi,tional financing and/or ,the return from the 
, ~ 

-altern~t1ve use ~t~e transferred amount. If the capital 

structure and the dividend policy of the firm i5 believed ta 

be optimal 0and thereby exogenous to the advance funding 

décision), th en the alternative return available ta the firm 

i5 the after-tax rate of return on the firm's assets.~2 The 
-' 

effects of the advance funding decision can then be analyzed 
t.~ '" 

by ~nvestigating its impact, on the total assets of the firm 

-at the end of a pre-determined horizon •. Assuming that the 

firm is an on-going concern ~nd that the advanc~ funding 

decision has no impact on its labour negotiations, the 

analysis can be conducted as follows: 1,3 
o 

Notation 

The following notation will be used throughout this 

analysis • .. 

.Ra Rate, of return on th'€ fi rm 1 s assets 

Ri Rate of return on the pension fund 1 s investments 

Rb Rate of return the firm has to pay on borrowe,d 

money 

T,K Corporate tax rate 

Ra T After tax rate on the firm l s as sets -. (I - T)Ra 

.RbT After tax cost of deb t .. - Cl T)Rb 

- _. -~ ____ . _. ____ ~ _"'~. _____ w_...,. ___ ________ ._.~._ ... 
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IbT After tax dollar Interest pald on the firm's 

borrowlngs 

Firm aS8ets at the beginning of year n 

The amount of advance funding from the fitm to the 
l, 

pe~slon fund at the beglnning of year 1 

Pension fund a88et~ at the beginnlng of year n 

Contribution by the firm to the pension fund at 

the beginning of year n 

Z Change ln assets at year n by a- dollar ,o.~ ad vance 

funding at the beginning of year 1 

. yni Sum of an annuity of one dollar for n ~ear8 at 

rate i \ ? 
At the begi~ning of year one, the firm's'and the fund's 

assets are Al and FI' respectively, and that the firm's 

contributions to the fund are expected to be Cl' C2 •••• , Cn -

in years 1,2, / .-••• n respectively:. These contributions and 

the subsequent earnings from the as sets are expected to 

result in a fund value of Fn+l at the end of year n, from' 
r 

which the pension benefits are \to be paid. (This situation' , 
ls referred to as the base case.) The flrm wishes to 

analyze the tex effects of advance funding' of the plan by an 

amount P st the beglnnlng of year 1 and adj~sting the final 
1 

CODNt ri bution, Cn+l' to guarantee the same level of fund 

assets, Fn+l • This advance funding ilia y or 118y n o.t be 

tax-deductlble. 14 If It il Dot tax deductlb1e, It 18 

assuaed that',the earnings Itl11 accumulate t8x~free while ln 

the pension fund. These two .ltu8tions' are used to 

dilti~guish between the effects of initial tax deductlbility 

from those of tax-free accumulation of earD!ngs. 

C-l. Non-Tax-Deductible Advaoce FUDding 

At the beginn!ng of year one, the firm's a •• et. ' 

dec~a8e and the fund'. aSlets Increaae by P 8uch that: 
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••••• ~ •• riI' ................ - ••••••• : •••••••• 3.1 

At the end of n yea'rs before adjusting' the final 

contribution, fir~'. and fund's assets ar~ given by: 

A*n+l'· (Al,-P~(l+RaT)~ • ,Al(l+R,,~)n Pq+RaT)n 

• 
• An+l - pel +R.T)~ ' •• · ••••••• , ........... ~~2 

" , -' 

F*n+l - (FI + P)(1 + Ri),D. F 1'+ pel + Ri);n, 33 n+ l, ••••• • 

l ' 
1 

At the end of year n, the fiie reduces its contribution by 
, 

pel + Ri)n; 80 that the fund'. aaaet. er! again equal to 

'n+lo The fir~ i~cur8 a tax 1iabi~ity on1y on th~ 

accumulated e8rniD~a whlch ia: 

..................... , ....... . 3.4 -
Adjustlng the' fitm'.s .ssets for' this tax liabiBt-y, 3 .. 2 can 

be vritten.a"s:' 

1a: 

A',n+l • An+l ,- PO ... RaT)n + P(I + ,Ri)D 

-- T p[O + R1)n - J"J' 

- A n'+ 1 + ~"(l - T)[ Cl + 1 i ) P ,..1] - P ((l + R. T ) n-l ] 

• •• 3.5 

The advaDtage oi advance funding at the end of n yeara . " 

t;~1 

Aln"'l - 'n+l • PO - 1)[(1+1i)n.- 1] - P(1+R.T)n_1] 

! ••• 3.6" 

~. r- - ~ ~---~--___ _. 

,. -
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,The firat 'term on th~ rlght hand aide repre8entl th'e 

ben~flt~ eained throu~h the accumulation of tax-free retuTna 

'~atned on the peosion fund a8sets; the ~econd term. 

re prue nt 8 th~ i n'collle ,t ha t coul·d have be en . es rned in the 

aba,ence,of advanèe funding. The benefit8.of one ClolIar o.f 

edvance fu~djng can be vr'itten'as: 

Z - (l 1 J (0 + R.T)n - IL . ~ .... 1.7 . 
,~' 

The 8he 'of Z depen'ds UPOJl varlous cOllbinations of T. 

n, Ri and Ra. PartOial differentiation of, 3·.7, '~0-W8' thàt 

~ \ f • 

- y. , 

a z • -Cl - T).n.O +'-'R a
T ) 0-1',/0 fo.~ T )0 •• ,. l.h 

aRa \ \ 

, 1> 

az • (1 - T).n.Cl + Ri) n-l > 0 for 
aRi 

az • (1 - T) (1 + Rl)n.ln (1 + Ri) , 
aii 

- O+R.T)n. ln 

a,! ., n.Ra.(l'+i.T}n-l 
aT ' 

,', . 

(1 + RaT) 

> 0 if 

{ ( 1 + Ri) D_ 1 J 

,-

T > 0 •••••• '.3 .8 b 

Ri > R T a ••• ~ .8c 

.', •• 3.8d 

Equations 3.,8a and 3.8b are lelf ext!..la_pat:oty. '~quat1on 3.8e 

Ihovlt that Z ïncreaBes vith lncr-e8ses. In the horizo!l if, RI > 
I~T and.,decreases if, lt 18, l,es a • For relatively 'short 

, , 
horizons, t-hé 'tex 00· the defert'ed é~rnlngB, TI (1 + R1)n -: 

1], 11 no,t v~ry lignlf icant compare~ to the value 0 f ,t he 
, , 

.1 • • , 

·tax lt'~e- earnlnge fro~ ~he .• ,dv!1nce 'fun'ding, (i+Ri.?n·~15 The 

benefita are ob~~lDed .a~nly through the Bubsequent 

re'dùctiOD 1~ ebDtrlbuti~D •• i6 .' .. 

-." 

, " ", - _______ ~ ____ ~ ... 1 

" , 

" 



• 1 • 

// ,c' 
"' " 
,. , 
» 

J' 
1 

t . 

, l 

( 

, 1 

.j 

" 

TKe benefits from,delayl~g the contributioq adjustaent 

,alio ~e'p~,n.' u~on the tax ra,te.!1, An inc're.se ln the tax 

• r'afe"aff-ects the'.be'nefita in two "ayso. 1t decreases. both 

the value oJ the ·tax"'fre~ r.e'turns earned on 'the pension fund' . 
a'ssets ,at the' time of the COD·trlbu'tion âdjustment st the' end 

~f year n (first term on the right hand aide of 3.7) and' 

,the after~tax returns on the firm's assets (second terro of 

~L 7). Foi r e a 1 i s tic 'v,a 1 u es 0 f Ria n d Ra, ho W ev e r , t li e 

deérease in tHe .first terro is larger' than"the, decrt!ase ln 

'the second t~rni. For exemple, when Ri - 12% and· Ra • 1,0% 
. " -

for N,· 20, ,the be'Defits d~crease (but are still positive) 
, . 

as 'T :g,oes from 30% to 50%. .The r~vérse s1tuat.1~n O'CCUf.S 

whe-n'Ri'- 12% and Ra • 14% and Il - 20; Thé benefits 

1 nc reas'e f rom' ~ 2" 92$ pe r dollar o,f advanc'e fu nd 1 ng a t T • 30 < . ' , . 
percent to -1.04'$ when T .. 50 pe,rçent. The <>,veral1 benef1;ts 

of non-tax-deductible a4vance fundlng thus dep~nd,upon the 

interaction between Ri' Ra' n ffnd T.1,8 

C-Z'. Tax .. Deductlble Adva,nc~' Funding 

ln' this case, the firm need oniy transfer (1 -, T) 

.. ',dollars in order t'b increase its cont-rlbutions by:on,e' . 

, '. " d q'l fa r. 1 9 A 11 8 U min g' t ha t t a x d e d û ct 1 b Il i t Y 1 8 'a Il (, w-e d'a t 't he 

, tlll,e 'of cont,ributioJl, the alsets of the flrm and the 'fund 

',can be expressed' a8: 

T) 

••••••••• •• ' •• ~ " ~ ••• ',' •• ; • • • • • • •• 3 • 9 

- " 
The ... ets at the e'nd of n' .ye,:~' Gbefor,e :aélju8tllen~) 

ti'e c ~.e2 O· . 
, , 

~ A * n+ 1 • ,A n+ 1 

and 

•••••••••••••• • ~.3.tO 

_____ .... ___ 3:--
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~~,~h~ end of n yeara, the fl~m decreases 1ta 

confr~butlon'b~ PCI ~ Ei)n ~hlcb ls fully taxable Ças 
l ' , 

op p 0 s~e d t 0, t h,e pre vi 0 use a se' wb e r e P ( (1 + Ri) n - 1 l w lW'3 

t'axa'blé). 'The .fitm',s assets after 'the adjustmen-t;, can ,he 

expressed 
-
as: 

••••••• ;.3~11 

1 

. Th e ,ft d va n t age 0 f 0 ne ~ 0 11 ~ r 0 .f ad van c e fun d i n g the n i, S : 
" • 1 

1 

Thè benefits -are th-e p'todu·~t'.of ~-he after-t'ax adyan.ce 
, . 

funding·amount and the diff~rence betweeA the compo~nded 

, rat es (, f r e tu rn, 'R i and Rao ver the h ç rï Z 0 n p e rio d t n. 
~.. :: 

, , 

Partial, differentlat-ion of 3.'12 'ill,ustrates .l!he eff~ct - '. .. ~ ... 

, of each of the variables on the benefite'of advance !unding: 
~ . " 

A 

--- ---~ 

.az c ~(1! T)2.n.{I+,Ra T )n-1 < 0 for T >Q and R~_> 0 
,aRa •• ·~ .. ,3.13a 

-az -
'ai'! . 
, 

az ,-
a! 

" . 

(1 - T,). n • '0 + ,R i ) n - 1 > 0 'f 0 r T > Ô ' ~ h d Ri>' o. , 
-, • ••• 3.13b 

1 ~ • ' 

(l~ - t) (I + R 8') n'. 1 n (I + R.a T), 

, ' > '0 if Ri' > &à T 
, " 

... 3 0 1,3 c, 

( (l-. T) .n. RaO+ RaT)!l-l) (0+ Ri)'-( l+RitT)n 

> 0 if Ri < Ra 
T . > '0 if-R T > 0 a 

- - 00' .3.13d -. , 
, . 

---~- - - ---~-- _ ..... 

-' 
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In gen~ral, for Ri > RaT, advance funding is' 

beneficlal. An 1ncr,eitse in the tl,X rate decl'eases both' 

ter~s ~n the right hànd aide of equatlon 3.12. For two 

ide,ntica1 firms fa,cing different tax levels, the benefits 

f~om the advance fondlng will be lover for the firm vith 

• the higHer taxes. This lB because the hlgher ta~ rat~ 

decreases the bepefits from accumul'ating more than the 

benefits from inves,tment in the fit:m's assets. Siml1ar 'to 

the last ~ase, the -be'nefits depend on t.he·levels of Ri and 

RaT, the value-of T and the length of the hori~on period, 

n. 

C-3. ~ffectB of Initial Tax Deductibility 

The benefits o~ initial tax-deductibil~ty can ea6ily 
, 

be obtained ~y Bubtracting,3.7 from 3.12 

••• 3.,15 

The ben e fit 8 d e p ~ n ~ '0 n 1 y' 0 n' Ra" Tan d n. AIt h ci ).l g h 

the ~enefits seem to Incre~se vith n, ft i8 lmportaqt ~o 

.note that the advantage w'ill be worthless if the firm never 

r'ealizes the tax credit, by adjuBting th'e final 

contribution. The benef1,ts' a180 ciep~nd critleslly upon' the 

taxrate faced 'by the firm at year n. The tax rate change 

'8ay ar18-e fram a var~et:y of sources, such as basic changes 

ln the corporate tax rat~, write-off patterns, the tax rate 

tOI' the a c cou m u 1 ~ t e Ct e li l' n i n g s,on ,t h e fun d ' s <.'8 s set s, é t c • For 

• tira faced with 8~ch'a tax change, the advanee fundlng 

decfafon can be examined, by ~88umlng a change from T to K, 
" 

.t the end of year D. . 

" 

-_.- ..J- - ----.. ~~ _____ ---..._-.L--__ 

'l\ 
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C-4. Effect's of a Change, in corpoute Tax Rate 

. 
'Wlth non-tax deducUble adv·an.~e f.unding, 3.6 can be 

rewrltten as: 

A'n+lt){- An+l + {I - K)P{(l + Ri)n_,.I] 

. _ - pl{l .+. R~T)n._ 11 ••••••••••••••• 3.16 
, , '-

If K > T, the advantage,of.advsnce 

For exalJlple,when K -, 1.2T vith T. 3'0%, 

and n • 20, the, benèfits are reduced by 

-
t~~dlnk Is reduced. 

Ra -, 10%, RI - 101 

30% (fro~ 1.1~ to 

.80). In genersl, the redu'ction in,benefits 18 hl,gher if RI 

> RaT. In certain cases, the tax rate increase may 

actually result in nega~lve benefits. 

.' 
For ta~ deductlble advance f'u,nding, 3.) 1 becom.es: 

A"n+l'K· An+l + '(1 - K)P(l + Ri)n' 

(1 .' T) 'p (1 + It a t ) n • • • • • • .... • • • • • •• 3. 1 7 

~hen K·· 1.2T vith T ·,30~, Ra • 10%, Ri - 10% and n - 20, 

the benefits are now re~uced 6y 20%' (from 2,.0 'to 1.60). 

Thl~ smaller reduction ie a direct reault of the initial tex 

deductib~lity. 

The· combined effecta of ~he tex Change and initlàl tax 

deductlb~lity for one dollar of advance fundlng can be 

expres8ed, (Iubtqlctlng 3.16 from 3.17), as: 

- --~------------

il Z • T (1 '+,J RaT) n - K ........................... ~ ... •• 3. 1 8 

This shows that a'tax rate lncre.se .ay offset the' 

advantages of th~ initial tax deductibility of advance 

funding - espécially f~r ~oderate 1eveli o~ Ra, T and R.2J' 

-.11} 

'. ,.". r-..;.... 
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. In general, the u'ncertainity io the fl,lture tax, rates 
. ....' 

must' De' co·nsidered when ma~ing' the advance funding 
\ \ L ~ 

decislon •. Mbre:~pecifically, with a tax rate change at the 
, , 

end 0 f 'm y e ars, w \:l e rem <' n, :3. l 8 cao b e ,e x pre s s e d as 

z K •• , ............. 3.19 

• 1 

A comparison of "equation '3 ~18 a.~d '·3 .19' shows that "t,he 
, 

.earlier, the tax increase o,ccurs, the:lower the ben'efits- to 

,be o'btained from the advan.ce funding- • 

. . 
C-5. pay As You Go Versus Funded 'P!a-n 

Thé analysis in section C-2 can be' -extended to a 

payas you go' plan Cessentially an unfunded plan). The' 

c ho i cet 0 und e r fun d q e p e 0 d s u p 0 n the exp e c t e.d val u e S 0 f Ri' 

Ra and the firm's eff~ctive tax rate·T,. If Ra,T < Ri' the 

firm'may choose ~ funded plan. 22 If RaT) Ri' the firm 

will wa nt, t 0 und e r fun d , . but t h.e e m plo Y e e S 0 f . the f i r m (f 0 r 

r'easons explained in the last chapter) may' d'emanp an 

lncre~se in current wages. If so, the firm, would' have t,o 

~ompare this increase with the ad~ahtages of non-fpnding. , 
\. .. ' 

C-6. Limitations of the Advance Funding Analysis , 

-
The above ~n'alys.is isolated the ben,efits ~.of the initial 

ta?C'-<1èductibility' of ,contri'butions 'and -the nl?n-taxability of 

the fund earnings. Two major -limitations of the analysis 

____ . are_i.ts, -,~ssumJ>tion of certainty and the defipition of , 
---- - 1 -_-------

the alternate opportunity to advance funding. 

In a world of certa,lntywith taxes.and perfet.t, 

coarpetit16n in produc~ 1{Iark~t, a'll the firms- wil'l hav'e 

. , 

.. 
'. 

: 
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highly levered çapital structure and Ra ~ Rb~ Rf ~ Ri' In 

such a world, the tax advantages ~f advance funding iou~d 

prompt the firmS to have a jull~ funded plan (as Ri >Ra T ) 

fin an c e d w i t h de b t • Un c e r t ai nt y ab 0 u t the fut u r'e val u e S 0 f 

Ra' 'Ri, T, n and leg.al restrictions on the contribution 

level and the fund' s investments require the firms to weigh 
• 't. 

the tax effects and the returns on tteit funds' as sets 

a gai n S t .t h e r e t ur non the i r f i r ms' as 5 e t s • The sel e c t ion 0 f 

securities in the fund portfolio will dep~nd upon the risk 

( var i à n c e 0 f r e t u r n s) 0 f the sec uri t i e 5 sel e c t e d 'a n.'d the 

correlation of their re~urn streams with the return on the 

firm's lissets. The actual choice ~f~e 'risk' level wi~l' 

affect the shareholders' ~aluation ~f ~e firm arid the 
~ 

employees t valuation of the wage' contract .23 

, 
It ,is very difficult to define the exact opportunity 

, 
cost in an advance funding decisiop •. Where advaqce fundln~ 

JS non,-tax-deductible, the firm can compare the advantages 

of other tax deferrals, such as investment in other firm l s 

e qui t Y 0 r in r e ale s t a te. 2 4 Suc han i n ve s t men t ,w 0 u 1 d r e s u lt 

in direct shareholder control over the assets,' whieh might 

be p~rticularly significant in the preseQce,pf aa agency 

sueh as the PBGe. lt ls then entirely possible that many 

'firms would consider underfundfn'g a superior 'str,at'egy,25 

'Another alternative to tax·-deducti·ble a'chance funding may be 
'. 

repurchase of the firm's own shares. This may however b~._ 

difficult because a) the firm may have to pay high prem.!-ums,: ,. , . 
b) if done regularly it may be viewed as a dividend payment 

and taxEld _accordingly and c) as the benefits must be paid st 

the end of n years, the sellers of the shares- may benefit at 

J the expense of the long-term sharih~lders.26 

This analy~is assumes that the firm has reached ,1t·s: 

optimal,capital structure and/or there Is extern~l'capital 
'Yr 

.. 
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r .• tioning. As shown in section B, the relaxation of either _. ~, 

af thes~ constrai~t8 may h.ve s lignifiesnt effect on the 

c,onc'lusions reached above. To analyze the impact of 

external financing on the advance funding dec'ision, it ls 

important to separate the benefHs derived from e,ch of the 

ttiree sources, tax-deductlbillty of initial contributions, 

tax-free earnlngs on the fund' s assets !lnd external (debt or 

equlty) finaneing. This analysis is carried out ln the nex&: 

sect 10n. 

D. DEBT FlNANCING AND ADVANCE FUNDING 

D-l. Nqn~Tax-Deductible Advaote Funding 

" 
At the beglnnlng of year on~, th'e flrm borrows P at Rb 

fO,r n years and invest'l 'in the fund 8uch that 

! 
[ 

" 
........................................ 3 .20 

/ 
At{ the end of each year, the fin paye Interest on the 

e}inctpal frQm its earnlngs. 'o,r example, at th~ end of 

ye a r 0 ne (b e gin ni n g 0 f y e art wo) : 

A2" • Al +, AIRaU - T) - '~bP(l - T) 

'. Al(l + R~T) IbT 

and F2'· F2 + P(l + Rl)' '. ô ••• '1 •••••••••••••••••••••••• 3.21 

, . 

Si.il.rl, at the end of ,ear n (before the prln~ipal paym~nt 

and any contrlbutlan adjultment): 

A*n+l - Al(l+lt T)n-1 bT[(1+R T)n-l , a a 
,+ (1 + R,~ T ) ~- 2, + ••• '..... of: 1 J 

• An+l - IbTYnR.T ••• : •••••••••••••••• 3.22. 

j' ---~._---------~-----~----.- ---

-~~ .. _---
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and F*n+'l - .. Fn+ 1 + Ptl + Rl)n •••••• r ................ 3.22~ 
" 

, T 
where , Y tla. i8 the sum of an annulty of one .4olla ! for 

n yea r.s st RaT. The first term on the', right' hand side of ... 

(3.22.'·) represents the assets ln t li,e a l?sence of debt 

flnanclng 8'nd, the second term .represents the reductlon due 

t'o ,annual 'inte'rest payment8 on the .deot. At 'the çnd of n 

years, the firm decides to reduce its cOfltrlbutions l>y. 

-p'(1 + Ri)n (so that the fu-nd 8asets équal Fn+l agdn), aocj·to 

repay the p~inclpal. Therefore,27 

A~n+l'· A~+l 
. T 

IbT YpRa - P + P{l + Ri)n 

TPI{l + Rt)P - 1) ............. '..~ •• ·.3.23. 

The benëflts of one dollar of advance fundlng' can'be 

~xpre8sed' .as: 

• ' ••••• 3 .24 

. The advaQt8g~'9f one dolla~ of de~t flhanc~ng over l~ternjl 

financing can ,be,.expre8~ed by ,~ubtract1ng C3.n from (3.24) 

,as 

IJ (1 -,Rb/R~~ ••••••••• ' •••••••• : •• 3.2'5 

Thua. external financing will be preferred to internaI 

flnàncing'lf'Rb < Ra' This preference, however. exists 
, . 

v~ether or Dot the firm ha8 a pension fund. A more detailed 

expla.na'ti"on of th18 ar..guuent 18 deferred 'to the next 

.e'~t ion. 

" 

, . 

" 
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D ... 2. Tax-Deductible' Advance Fu'ndln~ , , 

)n this ~asè, the firm can deduct the amo~nt ~f advance 
. "a ' ,; 

funding fo_r tax purposes. As'suming that -t'he fir~ can take 

, the de d_ u c t ~ 0 n a t the b e gin ni n F: 0 f ye a r 0 n e -,' 2 8 the f i r m 1 8 

ali,sets at the end, 'of year one can be expressed: as: 

A·' • .2 (Al +, TP)~l +. ~aT) - Rb P , 
T ' '. , +- RaT) Rb p.. ••• , •• ~ ••••••••• 3 • 2 6 • Aî + TP.O 

, SimUarly, ,at thJe end of year n ('before' the 

cont~ibution adjpstme~t), 

••• 3.27 

.The Becon-d term on the right ,hand side of 3.27 r'epre'sents 

t~e ieturn on t~~ tax ded~ctibl~ init~al contribution. Now, 

the firm reiuces its' contribu~ion b~ P(l + Ri)n and repays 

. the principal,' so that_, . 

A"n+l • An+l + TP(I + Ra'T)n'- Ib:r Yn~.aT 
+ (1 -'T)~(l·+.Ri)n - P ••••••••• 3.28 

• -'.1 , 

The -benefÙs from one dollar of ad vance -funding, are: 

.. 

The first term on the right band side of equaiion 3~29 

repreaents the compoundlng of' 'tbe tax subsidy of the adv~nce 

funding at a rate equal to the return on tbe fi~m's àssets. 

The aecQnd term' repreaen\B the earn!ngs on the fund' s assets 

J 

i_ 

,-' 
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oo".n after-tale basis, whlle t,he th1r{ term repreaents the 
'. 

tost .88ociat~d .with the Intereat paymen.t on the debt and 

the repaym_nt of the P!~ncipal. 

Substracting 3.29 frQ~ 3.24 yields the benef1ts of one 

dollar of tax dedu~tible Initlal contribution: 

1 ) •••••••••••••••••••••••• ·.3 • j 0 

' .... ~ 

These b~neftts are independent of either Ri or Rb and are 

the lIame' a8 those' ob,talned from internai fln'ancing (see 
t 

3.1S)., The benefits of initial tax deductlbil~ty. 

there~ore, are independent of the nature of tlnancing used. ,,,. 
; 

Comparlng 3.30 with 3.12, the benefits of external 

Ùn~~Ci~g with tax-deductible advance funding can be -

exp're,ssed as~ 

IJ[1 ~ Rb/Ra) ••••••••••••••••• 3.31 

whtch <again 18 identic~l to 3.25. This means that the 

benefits of external finanelng are identical, whetf\,er or not -

advance fundlng la tax-deductible, and would 'simply depend 

upon the difference b~tween Rb and Ra' AIso, these benefits 

exist whether thè· external flnanclng Is u8ed for pension 

'- funding or investlng in. the firm's assets. 

:) 

More specifleally, If"the firm borrows SP for n year8 

at the beginning of year one and Invests ln asaets, the 

benefits from the borrow1ng can be expre8sed as follows: 

At the end of year one, 

z -. P (1 + RaT) - RbTp •••••••••••••••••••••• ;.32 

, " 
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at th~ end oof year two, 

.. [P (1 +Ra T) -RbTp ]+Ra T [p(1 +Ra T)-Rb Tp ] -Rb Tp. 

JI: PO+RaT)2-RbTp[(1+RaT)+I] , .............. 3.33, 

at the end of year n, after the repayme.nt -of t-lfe princlpt-l, 
the benefits per dollar of debt: . , 

= (l+RaT)n-RbT[ (l+RaT)n-l+C I+RaT)n-2+ ••• +1]-1 

= Cl+R~T)n-RbTYnRaT-l 
= [( ï + RaT) .n - l J [1 - Rb / Ra] j .,34 

\ 

whlch Is identlcal to 3.31 • Thus, benefits of external 

financing are identical w,hether the borrowed amount 1s used 

for investment in assets ,or the pension fund. Thus, thè 

pension fundlng issue and the capital structure ,issue can be 

treated separately. The advanceo funding decis;1oI,l i5 

benéficlal if Ri > RaT and is Independent, of, the source of 

fin a n ci ng • 29 The---actual amount of the benefits would depe-nd . " 
upon whether the advance fundlng i6 non-tax deductible 

(equat~on 3.7) or tax deductible (equation J.12). 

E. EQUITY FINANCING AND ADVANCE FUNDING 

For expositional purposes, a~sume that the flrm issues 

equity to finance its advance funding. Also assume ..(for 

comparative purposes) that, after n years, th.e flrm buys 

back the equity. Assume that the cost' of equi ty Is Ret. The 

analysis 'is similar to that in the last section except that 

Rb T :t. s su b s t i tut e d b Y Re (s e e Ta b 1 e 3. l ). The a r g ume n 't s 

for or against the equity financing are associated with the 

capital structure decision- of the -firme 
1 

The co nci us i ons are 

similar to those in the previous section: no extra benefits 

are obtained from using equity financing for advance funding 

rather than for internaI use. 
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mvm; CP .$HP. IXIUR (F AlJlIIIE ARJOO 

Source cl. F1~ 

Tax n;mbllent: 

AcMInœ FtnHIlt • 

tbt Tax DBb:tible 

!dvanoe Fmdl~ 

Tb Deductible 

Net Effect of .the 
Initial Ta 
~lb11ity 

Tax"Ch1rtœ T -) k 

" 

1ntema.l 

'U-T) { (1~)l'\.l)-[ (1~1')l'\.1 J 

3.17 

(.l-T)( I-tRfil\..( 1-T) ( l~,?)n 

3.22 

Tl (l~l)-l J. • 
3.25 

(l-k) ( ( l+Ri) 1\..11-( (l-Ht~.r)~ 11 

Advanœ Furdl~ 3.26 
, Non Tax D.!ductible 

Tax ~ t -) k '. (l-k)(I+Rf)~l-T)(l+RaT)n 

Advanœ Fundi~ 3.27 
Tax ~t1ble 

Net Effect of Ta 
~ ad Initial 
Tax Deductlbil1ty 

, T(Hi~~l)tLk 

Iôl 

3.28 

~ 

Debt 

{( HRl)l'\.T{ (1+Rt.)1\..l J 

. - pt,TynRaT . 3.34 

(l-T)(l+Rl)tlf.T(l+R~l)n 

- (f\,TYn~r.-+=l) 3.39 

Tt (I-+Ra T)l'Ll ) 
3.40 

(l-k) ( lof4ti)l\..l J . 
- Rt,TynRs

T 

(l-k)(l+Rl)ntT( liRaT)n 

- (Rt,TYnRa-T+l) 

T( I-ffil)ILk 

\ 
. Equf.ty 

O-T)fO+Rj,)n..1 J~yn'·l 

, (l-T)( HRt)"t-T( 1+Ra T)n 

-<ReYnRaT+l) 

.11 (l-+RaT)l'L 1 ) 

(l-k)[(HM)fLt'J r 
~YnBaT 

Cl -k) 0i-Rt) Ilt-T 

-<ReYnRs T+l) 

T(HR~l)ILk 

\_--
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F. SUMMARY 

This chapter anaIyzed the impact of taxation on pension 

funding and investment decisions. It first discussecl the 

effects of externa,l financing and of personal taxa'tian on 

the fun d i ri g a n cl in v ~ s t ID e nt ,cl e c i ~ ion, i n the con tex t 0 f the 

models proposed by' Black. and Teppe'r. ln Black.' s modél, the 

benefits are a direct result of t~~~deductible interest on 

the debt issuecl by the firm. The pl-an has merit if,'and 

on 1 y if, the pen si 0 n fun d pro v:-i des the sol ~ 0 pp 0 r tu nit Y t 0. 

-
increase the firm's debt load. Teppe,r'S' analy'sis is based 

• ~ .. J' 

upon a. tax-avo.idance:'scheme;' its resu-;Lts ap~ly 'to a case in 

wh~ch individuals cannot.' launder. out' the t,ax on interest 
, 

income 111" 'their own po.rtfolios and' s'a use the pensio.n fund 

as a tax-exempt mutuai fund. 

Next •. the advance funding decis,ion was analyzed in a' 

1 certainty framework whl-ch' assumed tha-t the alternative. t? 
, . 

advance funding'is investm_ent in the firm's assets., Even 

though it preseIlted no formaI analysie of uncer~~int'Y, th~ 

chapter did dise·uàs mOBt of the relevant issll'es. It sh.owed 

i~at the advance funding decision devends cip~~ tfie expected 
, ' , 

rate of return on the fund's assets a n'd, the f~rm',s ·assets 

and the expected tax rate. 

. 
Discuss'ion ,of the issue of externat, fi.nàricing fo.~ " 

advance ,funding of the plan folio..wed •. It was shown that tlie 

financing dec1sion (eJCtèrnal, or internaI) can 'be separated 

from the fundi~g decisïon. The', b~nefits from ext,ernal ' 

finaneing are the 'same' irrespect1ve of whether these funds 

are used for advanee funding of the ,pension plan -or for. 

additiona! investment in the firm's ~ssets. Debt (or 

. equity) financing provides additional benefit~ if, and only 

if, ,such external finan~ing cannot be undertaken in the 

absence of the pens ion fu"d. • 

.. - --., .. --~-_ .. __ .. ----.,~--~ ... - 4' ---.--~,---,---_ . .:..-....... --, 
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Most of the reçent controver~y" about ESPPs has cenié~ed 

The ana-lysis ab'ove ' 
,,'>. ~. 

'~, 

.a.r'ou~_d-, their leve1 ,of "J~~d·etpe-ss'. 
's~ows that, in th~ ~ertalnty ca~~~ if the f~nd cin earn 4 

- - 1 -

.higher before""'tax- retu-rn on the fùn'd than the after'-tax' 

.return on the firm's aSS,ets;' the firm sllou1d have a fu11:9-

funde4 (o~ an.:ov~rfunded) plan~ ?he ~e'a~ons for thé 

eltistenc-e of an underfunded p1~n can, be 11) inabi1ity of fund 

investment.,S to -consisten't1y earn higher r~tu,rns (Le. Ri-> 

RaT)',_4~ capital ration:lng for. firms with ~ow'RaT, which 

does not allo~ them an opportuniii for t~x ~tbitraie~ ,) use 
• 'J 

of an unfunded pension plan as disguised debt whic~ ls free 

from the, restrictive covenants assocl~ted with traditlo~a1 " 

~debt,30 4) poss~ble insurance cpntracts (such ~~ those 

ava~lable from the Pension B~nefit Guarantee C~rporation­

P·B.GC in the U.S.) which discourage full fund~ng, and,S). 
. . 

possib1~ emp10yee deman~s for improved benefits as a result 

of full funding {or overfunding)., 
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CHAPTER 3 - FOOTNOTES 

Written under a. pseu~onym, Walter' Bagehqt. 

For e x am pIe, a f i r min a 4 8 i. . t a.x: br a c k et, wou 1 d. i s's u e 
$52 of bonds for every $100 shifted into its pension 
fund. ' 

This cart be ~asily shown by not utilizing th~ capital 
structure shift in the example illustrated by BI~ck4 
(1980, 'p.24). See Love (1980), Ehrbar (l98.Q) and 
Tep p e-r (1 9 8 1 ) • 

An investment policy model developed in the next 
chapter accounts fo! such interdependencies. 

Only major issues ar~ discussed. Other freque~tly 
mentioned reasons for firms having underfunded plans 
are: 1) advantages ?f off Balance Sheet Liabilities, 2) 
legal restrictions on funding levels, 3) the fact that 
funding reduces reported earnings in the short term and 
therefore, may have negative effec~ on market 'value, 
and 4) the existence of the PBGC wi th per employee 
insu rance premiums and limited liab'ility ne'gate the 
benefits of full funding. 

6. "In 19~1, the A & P company decided to terminate its 
pension plan which was actuarially 'overfunded'. A & P 
decided to split the excess funding with its employees, 
which resulted in 'a le gal case to detenp.ine who 'owns' 
the as sets of an 'overfunded' plan. 

7 • Ar n 0 t tan d Ger s 0 vit z fur the r su g g est,' th a t th è 
ünderfunding of the pension.plan serves as a 
risk-sharing ,agreement bètween the employer 
and employees. The pension contract will be determined 
Jointly by ihese two parties and wtli depend on their 
relative risk aversion. 

8. Such renegotiations are similar to ad-hoc increases to 
existing beneficiaries and have led -sorne (e.g. 'Pesando, 
1981) ~o argue that the workers actually have a calI 
option on the investment earnings in ~xcess of :the 

~ interest rate assumption used to value the pla'Tl. 

9. The ori-gins of thi's idea can also be found in Miller 
and Scholes (1978)., 

-v,~ 
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1 0 ;" HiS pla n à Iso in vol v e s ·i n cre a sin g the f i: r m • s . de b t . t 0 

finance the pension .fund's investment in bonds. If' 
the:1tetest rate is a~ready gto~sed up to reflect its 
tax b rden (Miller; 1977, p.267), then the.firm can 
a1so , ssue equity to' ,finance the fund's investments. 

Il. For some criticisms of' the Mill,er's analysis, see 
DeAngelo and Masulis (1980), Patterson '(1980), Taggart 
'(19~O), Barnea et al. (1981).· ' 

12. Some limitations of this assumption are discussed at 
tbe end 'of this section •. ~ote that the assumptio~ ttiat 
the' a 1 ter n a t ive rat e 0 f r e t li r n i s ' the a f ter - t a x rat e 0 f 
return onf the firm's aasets also implies capital 
rat'ioning at least :Ln ,the short terme . 

. . 
13. ;t'his p~rt of' the ana 1y s h clos ely f 0 llows Jacks on 

14. 

15. 

16 •. 

(1977). 
1 

It is also possi\ble to 'fund the plan in' advance b.y one 
contribution, with the tax deductions ~o be spread over 
say '10 years. See, Mc~all (197), pp.463-471. 

Felr example, when T='.4, n=5, Ri=12i., the tax on the 
deferred earnings lS 17% of the advance funding 
accumulation 

This means that plan termination b~fore n years will 
actually result ;1n a. 1088 to the bondholdera. and' 
shareholders. If-an agency.such as the PBGC 18 formed 
dur i n g the n ye ars, . i t ma y no t b e ben e fic i a 1 t 0 ~ h e 
firm to have fund assets substantiâlly in excess of 30 
percent of the net ,worth at plan. termi'hation time. 

17. Many Canadian fir~s ,actually fncreased'the funding 
levels of the!r pension plans to avoid the exc~s8 
profits tax i&posed during and ahortly after World War 

.11. . 

18: ~umerical analy~is can be eas~ly cond~cted to determine 
the eff~cts of various valu~s of thes~ parameters on Z. 

19. There are certainly limits to. the amount of advance 
fundlng that can bé tax-deductible. It la assumed that 
this 1imit is not exc~eded by the amount of adY~nce· 
funding considered here. 
, , 

20. Jf the tax deduction .is al10wed on1, at the end of ~he 
year, then 3.10 can be written as 
A*n+l - An+i - P(~ + RaT)~.+ TP(1 + RaT)n-l . 

. , 
. , 



J ,) 

" 

'c) 

21. 
J 

For examplê, whèb 
30% ta 50%. ,woul/d 
than & :'years. 

Ra • 10%, a ,change in tax rate from 
make the benefits negative for n, Less 

22. This is often cited in the literature ~s the main 
reason for the existence of the f~nded pians (McGill, 
1919). 

, . 
23. If it is assumed that capita~ markets are efficient and 

'24 i 

26. 

that shareholders hold fully~diversified, portfplios ~nd 
have, aIl ,the relevant information about the fi,rm and 
the pension plan, then' the' 'investm~nt. p,olicy 'of the 
fund may have on1y a minimal éffect on t~e firm's 
valuation. . 

'1-.", 

The first alternative is"quite &ttractive foi,U)s. 
f"irms, where ort1)' 15-~/pèrc.ent of the divldends"'.-r'ece1ved 
by the firm f·rom its ,e<lui_ty investments are taxab+e, 
resulting in about a 7 percent tax on the divldend 
i ncome. 

See D~ Motta (1979) and Bulow (1979) for ~n elaboratlon 
~ f t 1\ i seo' ne e pt. l" , 

This will be t~e' 'case where the firm will have to pay ~ 
the beneflts wh en due. Tnls payment will reduce the 

. ,amount available to the shareholders 'at that time. Of 
co~rse in perfe~t maik~~s with complete informat~on 
·ab~ut the futur~ benefl~ piyouts, Such conflict will 
not arise .. , . 

,27. The tax effects are same as for 3.5. , 

28. If the tax d~ductlon is al10wed only ~t th~ end of 
the year 3.28 can be expressed as: 
A"n+l • An+l + TP(l + RaT)n-l - IbTYnRaT 
Also,'see footnote 20. 

,29. 

30. 

, '" 

The effect of a ta~ change in 3.15 and the combin~d 
effect~ o~ a tax change and the ~nitiai tax 
dedu"ctibi:lity,i~ 3.1~ ar.e identical whe:ther ~he fundlng 
'is i~tern~l or external, and, the~efo~e, need not be ' 
discusse'd again. ' -

,The beneflc·faries cannot· initiate bankruptcy 
proceed;l bgs f or unde~r fund {ng. Mo reover, they have a 
~ésted int~r~st in t e contirtuation of th~ ~irm's 
operations: 

" 

~ ._ ....... ~.-.- ...... -<"i"~----"-- - - .. - -..... 
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1 r --./) CHAPTER 4: A MODEL FOR PENSIDN FpND INVESTMENT 

A. 1 NTRODUCTION 

A firm' s' pension fund inmt-me=n-t pol1çy affects its-' ~ 

lihareholders, employees (as benefic,iari~), management and, 

to 8 certain extent, the ~overnment. Bec8use of su ch a , , 

diverse ~lieritele, recommended pollci~s have ranged from 8 

~igh-risk p~nsi~n f~nd portfol~o to one which ls èll d~bt 

(and presu1T1ably law-tisk). Simul~aneous .changes ln the 

fir~'s ~apital structure 8n~ its p~nsio~ fund portfolio ha~e 

a1so beel1 advocated to take ad.vantagf;! of' the tax .code. , , 

The model ,ropased in this cha~ter maximlzes a 

mean-varian"ce préferenee f,unction hase-d on the comblned 

end of period value of the fund's and the firm's Bssets 

subject to a rlek cons~raint. It integrates tne pension 

fund portfolio and the f~rm'8 dperatinR.88sets, based on the 

.~ theoretlcal developme~ts in the are. 6f financial 

lntermediation 1 and the pO,rtfollo ~mpl1catio.ns of 

non-marketable human wea1th. 2 . The pension fund'fi invEistm~nt 

polley in this Model depends upon the na~ure of the return~ 

'on the flrm'6 operating assets. The model assu~~s a glven" 

level of 'fund' sand firm"s asseta and then invest'lgates 'the 

imp~lcations ~6r the portfolio compositton of the fund's 

assets. Once the model is' operatlonallzed for a ,sample. of 

representative Canadian firms, the study analyzes the 

imp'l1cst!on's of the mode1's> solutions • .. 

The chapter ls org~nized in fa~r·8ect~o~s. beginning 

with a brief review 'bf the, ,exi6tin~ models on investment 

po1i~y. Next, the rat,ionaie a.nd the form':ll~-tion of- th~ 

proposed model and its limitations are descrlbed. The ~odel 

is then operationalized for four representative Canadian 
, " 

firme. Fln~llY,-the results ar'"e analyze'd in terms nf -their 

strategie lmpl~eat.ions. 

~ • l , 
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B. REV l EW OF ,EX tSTl NG I-NVES:T~blT POLl.CY HOD'ELS 
., .. ~ . 

" , 

B-l.- Co naumpt ioo"'lnv e'sturent Approac h 3 

1 

This ~pproach treat~ pinsiob co~trihuti~ns a~d fund 

investments as the counterpérts of persona! cons~mp~ion and 

investmehts respectively.4 The optimization criterion ls ,. , , 

,the ~1nimt'zation of t}IJe multiperiod 'exp,eqed opport,unity 

'cost of 'th'~ firme s pension t,und con~r~,butio'('is-. Once the 

mult1period cos-t function has been spectfied, the 'optimum 

multiperiod contributions are determined by equsting the 

exp-ected .marginal cost of coritributi~ns ~a.dJ~sted for th'e 

expected return on the pension f~nd portfQlio) to the firmes 

1 n ter t e m p 0 raI 0 P.P 0 r t û nit Y cos t ' 0 t con tri but 10 n s. 'P,r 0 p 0 n e nt s 

of th~s pDsition cl~im that thls ippr04~h inte*rat~i the 

investment and tontributlon decis'ion for the, firm's pens..lon 

fund. 

, 
Two major efforts in this: area' are by, Tepper (19-72) and 

Hill (I9J8) and are dlscussed below: 

, , 

:8-1';'1. Tepper's fo'ode1 5 

ABsumin'g 8 convex ad.t;~ve·'~ultiPeriod cost function, 
. , / ' , 

tepper's tw~..;~.~r!Od :model'~ expresse,d as:. 

, \ . ' 
min ~. V(Cl)'+ '[[v(e2)} ~ ......... · .......... ~ ..... ~ ••• :4.1 

.' 

s ubj'ect t 0 

Cl > max (0, Al min + BI Ml) 

C2 > max (0" A2 mi n + ~2 M2) -
" 

,wherè ~ • the objective functiOt:\ 

Ct • level of cant r 1. bù ti on st the begil'lning of 
" . -

per iod t 
, l ' 

\ ' 
• .. 
\ . 

.,. 
- ----_._-~ ..... ~-~~~~- ---~ .... , 
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V(C r ),· a monotonically increasing (V'(C t ) > 0) and 

c-o n v e x <, V " ( Ct) > 0)' cos t f u'n c t ion 

Bt· benefits paid in pe~iod t 

Mt • . market value of the pension'portfolio at the 

beginniny, of period t l 
• d~sc~unt factor reflecting the f~rm's 

r 

intertemporal opportunity cost of contribution 

O/l+r type) 

Pkt • gross return (l+r type) on pension portfolio k -during period t 

lIIinlmum 'reQuired lev-e--l--o--f--pensio,n. a.ssets in 
, . 

)erl~d t determined b~ the actuarial 

assumptions 
1 , 1 

The opXl~al coitribution stream can be determined by~ 

V 1 ( C l. *) • ~ • E (V 1 ( C 2 * ) , Pk 1 ) •• ' •••••••••••• 4 .,2 

* * Where'Çl .and C2 are the optimal contributions 

whieh depend UPQn the flrm's d~scount factor for the'next 

.!'erlodl~ contribuçions, ,p , and the rate of return on the 

fund's portfolio. Operationally, this requires solvin~ 4.2 

for ail pos~ible portfolio returns and simultapeousl~ 

* ~ -choosing Cl • c2 and the,portfolio S() s.s to.'mln~mise 

~ • ' In a 'multiperiod context, it requlre-s recursive 

dynamie pro~ramming and knowledge ~f the p~rtfQlio returns 
, .' 

and expecte~ costs for aIl future periods. 
\, 

The inclusion of uncertainty and ~he nature and 

determin~ti~n'of the cost func~ion require further , , . 
diScussion. Since Tepper' assumes that' V. ' ('Ct> and' Pkt qre 

, , 
independent, he gives no explicit consideration to the 

" , 

impact on Pkt of the effect of' the, uncertainty in the , . , 

.' tapital market return, and of the firm's cost of 

contributions on' the contribution s'tream. The'" mode'! first 

requires ,t;hat one chooso4! a ,pensi~n fund portfolio and then 

\ 
\ 

" , 

, . 

.. 

, , 
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'/ 
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determine the contribution level by d~8countln~ the expected 

return on this portfolio by the appropriate rate. 

Uneertainty in the portfolio return enters the solution only 

as: 

"A positive chanp.e in the mean will decrease, and a 
positive change in the standa~d deviation will 
increa~e, the expected costs of providing pension 
benefits." (Tepper 1972, p.132) 

Although Tepper's model recQgnizes the interaction 
, 

between pension contributions-aQd pension fund investments,-

i t has l,im! ted practical valuè. 

B-l~2. Aitl's Model 

. Fill (1978) and Frankfurter and Hill (1980) have tried 

~~' extend iepper's m6del by assuming a 11near cost function 

and mini~lz1ng the present value of th~ flrm's contributions 

. toi t s pen s ion fun d 0 v.e r a pre - s p e c i f ~ e d ho riz 0 n • T lJ el r 

ohj~etlye funetion 1~ expre~sed as: 

Mi n' - ••••••••••••••• • 1,,' II' •• • ~" •••••• 'J' .4-') 

w~e~e.C~ - level of 'contributions in beglnnlng of perlod ~ 

rot - the firm's discount rate ot opportunity cost of 

contribution in period t 
n 

dt' - t~2 O~rot)-1 for t t 1 

.• 1 for t • 1 

• l, 2. . ...... . n where Jt pré-speclfied '. ' ~ 

hor'izon date 

( , 

.The actual minimization pro~ess is ried out in (ive. 

8teps. first, the firm 8elects th' . 'securlties ~oJ he 

included in the pension fund port 0110. Second,·it 
1 

.calcul.tes the mean-variance ef icient frontier for each 

pe~iod.6 Third. it 8elect~ an appropriate risk level for 

the pension'fund portfolio and t~en calculates the expected 

" 

.' 
1 

.-

-" 

, .' . 



\ . 
r 

-1 
1 

r 

1 ' , 

1 

( ) 

return and the composition of the. portfolio for each per.lod 

in the plannin~ horizon • F'ourth, it estimates the 

. opporfunity costs of contributi~ns for each periode Flfth~ 
, , 

using the knowled~e of expe~~ed returns on'th~ pension fund 

'rtfoll0 and the éost of ~ontrlbutions, the cont~ibutlons 

are 0 imiied ~o minimize their present v~lue. The 

minimlzat n 16 only carriëd out after setting the 

constraints re esentl~$ mini~u~ funding levels, cash ~low, 

risk level and uppe limit ·on investment on each security: 

O~e of the major problems ~ith tepper's m6del ~ai the 

spe'ciflcation of a convex cost fun·ct.io~" wh1.ch led either to 

very complex intermediat~ 80lutions or ,~o ',V el" y simple 

extrem~cases. Hill argued based on dev~lopments, in the 

c'ost of capit'al area 7 • that' firms are expected to face 

linear cost functions (çonstant. margin.al costs) for capitàl 

and thus ~he o~jectiv~ function ca~ be made linear. With a 

linear objective funetion. howeyer. nothin~ di~tinguishes 

the pe~sion contributions from any oth~r c~sh outflows~ The 

problem thus becomes similar to a wOTking capital management 

'!ss'ue .and must -he solved;. on' a firm-wide basis rather than' in 
-

i s 0-1 a t ion li sHi 11 c ho se'· t 0 • do. 

An 0 the r . s'e r i 6 usd e fic i e n c y 'W i th bot h Hill" san d 

Te p'pe'r , s c~ost functions, is that 'they both ignore the 

non-taxability of returns éarned on Ithe pension' fund. . ' . Their . 
" 

comparisons of the cost of contributions and t~e pension 

fund r~turns a~e, therefore, n~t ~alid. Althou~h they both 
, , 

recognize t'he tax deductibility of contributions, 'their 

empirical work'does not adequately investigate 1ts ~mpact.8 

If the after-ta~ cost of contributions i8 used as the 

~pporturtity cost in Hi~l'~ five ~od~ls (1978,p.144), the 

~ptimal solutions would,most proba~ly be corner s~lptions9;, 

i.e., aIl contributions wou1d'be added ~o ~he pensi~n fund 

~t the beginning of the p1anning
f

horizon and no optimizatfon 

would be necessary. 

." 

'. 
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-c Hl1l's tre'atment of the changing nature of the firm's 

op p 0 r t uni t Y cos t (d i s C'O u n t rat è) and un c e r t a i ft t yin t li e 

invest~ent returns on the pension fund portfollo assets must 

also be considered. Hill a~oids exploring the 

in't'errelationship between the- discount rate and the expected 

r e tu r non i n ve s t men t, b/y S P e c i f yin g the m a r bit r ~' r i l Y • 

! ~ s tt a d 0 fin t e g rat in g -the ch 0 i ce 0 f a dis cou n t rat e in t 0 .. 

the 'ensi'on fund portfolio selection process, the model 

'treats the discount rate as exogenous. In addition, the 

'. pension fund portfoLio selection d,ecision i"s cotnpletely 

independen~. of the contribution decision. More 

specifically, in her model, two fiims with the same risk 

constraint but vfftry different multi-.period discount rate' 

strea~s 'will èhoose, id~ntical portfolios: only the timing 

and the amount of tbe'contributions will differ. 10 Thus, 

t -

the inclusion of uncertainty in Hill's m~del is identical to 

~ h a tin T,e p p e r ' s m 0 der. In bo-th models, 'the 'effic'ient' 

f~6ntier is determined independent of the nature of thè 

return on th-e firm's assets •. Neither of the models 

addresses the issue of penSion fund portfolio selection. No 

efforts are made to include the int~~action between the 

discount rate (rot), and t,he' pension' ~ortfoliO retu,rn in 
, \ 

the porr~olio selection proce~s. 

In summary, Hill's extension of Tepper's model has 
• 

provided some useful guidelines for pension pla~ning by 

identifying the cdnstralnts and the ~~stttutional setting. \ 

lt does not provide adequate guldellnes for the pension fund \ 
" 

portf~lio selection problem. 

B,..'2. Option Theory Application 

This approach ,(Sharpe, 1976; 'Treynor et aL, 1976) 

v1ews the establishment of xhe penslon funding and 

._-_ ....... .......- . -- .. - .. ------------,~~_. 
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investment poliey 8S agame between shareholders and 

empIoyees (as beneflciaries).ll Consider the impact of this 

approach on both uninsured and insured funds • 
.;. 

B-2,-1. Uninsured Fund 

, 1 Assume that at the beginnin~ of the next period, 

e'm plo Y e e s ho Ida con t r a c t t 0 r e c e ive are tir e men t ben e f 1t 0 f 

L2' Let the value of pension fund assets st the be~innin~ 

of each peri,od he Al' and A2" respectively, 8uch that A2 • Al 

(1 + r), where r Is 'the uncertain one-period return on the 

fund. The actual amount the empIoyees will receive can then 

be given by'L2: 

\ 
L2' - L2 if A2 ).0 L2 

- A2 1 f A2 < t l 
, \ 

............................. 4 .4 

In effect~ the employees have lold a put o,iion on the 

fundis assees with an exercise priee of L2- The uncertainty 
, " 

of r will be reflected in the value'of the put and will be a 

funct10n of Al' L2. variance of r and the remaininr life of 

the option (ln this case one period), If the beneficiaties' 

claims extend only to the pension fund assets (such as 18 
1 

the case ln Canada). then the firm can increase the value of 

the put by investlng in thqse secutities whlch have a lar~e 

expected variance,I2 

If the employees can increa8e the value of thelr claims 

by extending them to the firm Bssets. the option framework 

can still be uséd to ~valuate these claims. The variance in 

this case can be expressed as a corob1nation of the risk 

8aaociated with the pension fund assets and with the asse~B 

of the firm and the correlation between the two. 13 If the 

employees cannat adjust their curr:ent wagés t'o account for 
1 

rlsk, then the firm w~ll want to underfund and/or increase 

the riskiness of the fund's assets~ 

o " 

.. ------- ,~,---
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B-2-2. 'lnsured Fund 

This case assumes that the pension benefits are insured 

by an external insurance agency. The Insurance Îpremiums 

~111 offset any change in the fundln~ or investment polley 

of the fund, and th~re will be no single optimal funding 

policy.14 In the absence of a competitively determined 

l~surance premium, the firm will have âp incentive to 

underfund and/or invest in riskler assets. 

B-2-3. Summary 

The main positive implication of this approach lies in 

the recognition thâ't pension benef1ts c'an be analyzed "ln' the 

framework of option theory. In the ahsence of an insurance 

contract, a firm which expects no adjustment in the wa~e 

contracts w.ith its employees will invest< in risky assets or 

underfund the pension plan. Alte~natively B firm whieh 

,trests ~ensicib ~enefits as fi«ed liabilities (or whose 

employees can renegotiate the w~'ge package) 1 the, option 

the~ry approach gives no guidance ~or inves~ment poliey. 

Sa long 8S ~he wsges and the contrib~tion ra~eB and 

insuranc~ premiums can be negotiated, the poliey 

implications of the options framewoyk (oarnely, underfund 

and/or increase the riskiness of the pension fund) have 

limited relevaoce to the trusteed pension plans. 

B-3. S'1mulat1on Approach15 

This heuristic approach tri~s to 8~lect a proper 
,- , 

'. equity-bond mix for the pension fund portfolio by 

integrating four elements: 1) the unique liability and 

benefit provisions of the plan; 2) the requirements of theV 

plan sponsor regarding "risk~\and return; 3) the legsl and 

internaI constraints on'the level of funding and 

contributlons~ and 4) current and future capital market 
(1 
J 

,-
" --..- ~ .. -~~-~ . - --
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~ 0 n dit 10 n 8 • Sen sl t 1 v 1 t yan al y s 1 s 1& use d t,o e val u a t eth e 

impact of each of the four elements on the flrm's current 
~ t 

and future flnancial health. 16 

The most sign1f1cant~contr1bution of the simqlat10n 

approach has been the expllclt recognition of the 

relation8hip between alternative asset mixes and pension 

contributions. There are, however, four maj~r 

de-ficlencies. Flrst, these models depend on forecasts of 

'expected long term investment returns and pay Inadequate 

attention to the pension fund's liabilities. The models 

have ~yggested very similar equity bond mixes (ty~C~llY 

60/40) for. plans with widely dlfferent liabllity' 

characteristics. 17 Moreover, the Indlcated equity bond 

mix,s d~pend criticslly upon the quality of the forecasts 

used. 18 

Secondly, these mod~ls ~gnore the eérnlng 

characteristics of the pension'spo~'or. It is quite 

copcelvable that, ~y choostng appropriate securitles for the 
Q 

pension portfolio. the firm may be able to 8chieve an 

ad..e qu â te" ri S"k-r e tu r n t"rad e-of f wh il e 8i mU,1 ta ne.ous 1 y 

achieving a satisfactory stream of future pension 

c,o n tri but ion s • 

g ThirdlY. these modela rely exclusively on the total 

variance of the fund portfolio as the risk measure, theteby , , 

ignoring the relatlonshlp betveen the returns earned on th~ 

pension fund assets and those e~rned on the firmls operating 

assets. More specifica~ly, implicit ln these models Is the " 
'r 

assumption that tohe cost of contributions for the firm 

relJ!.ains constant, :regardl~8s o'f th-elr magnitude and timing 
\ 

and tha~ the management ~f the fund'$ assete and the firm's 
<-

operating assets is completely separable. Finally. no 
'\ 

gûldellnes are pfovi~ed for asset selection vithin each 

category;' ihus no provision 18 mad~ for evaluating the 
1 

---~----
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impact of changes that could be made ~ithln es ch àsset 

category. 

B-4. Tax Arbitrage Approach 

As d18cussed in detail ln the last chapter,' Black 

(1980) and Tepper (1981) have concëntrated exclusively on 

the taxation aspects of pension plans and have advocated a 

fully-funded, all-debt pension fund. 19 In their argument, 

the pension fund as sets are treated as pa~t of the firm's 

as sets and the all-debt pen410n fund investment Is flnanced! 

by firrn-issued debt. • 
It 'ls Interestlng tOM note. the diff:erence between the 

conclusions derived from the clax arbitrage approach ~nd 

from the option the ory approach. In the tax arbitrage 

approach, the pension fund Is invested only in bonds 

(trad1tionally considered to be risk-free). - The flrm 

derlves its benefits from the reduction in its taxes. In 

contrast, the option theory approich suggests that the 

pension fund ahould be invested in risky assets only, and 

the firm beneflts at the ~xpense of the beneficiaries. 

These contr~,st-f-ng conclusions are not surprisin~. The tax . 

arbitrage approach assumes t~at the benefits are to he paid 

with certalnty, theiefore, ~its objective Is to take maximum 

advantage. of the tax treatment assoclat~d wlth the pension 

fund and the firm debt. On the other hand, since the option 

approach treats the pension benefits âs being risky, Its 

o~jectlve Is to transfer as much risk as possible to the 

beneficiaries for the benefit of the shareholders.. '., 

B- 5.' Sum~a ry 

The four approaches d18cussed above clearly-indicate 

the dlversity of vie~s regardlng a pension fund's investment 

policy. The consumption-inveBtment approach claims to 

l' 
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Inte~rate the contribution and inv~stment decisions, but 

fails to 8ccount for the relationshi~'between capital market 
- . ' 

rates Qf return and opportunity costs. The option f-ramework 

concentrates on the ability of the firm to. benefit st the' 

expense of Its employees or an insurance agency. The 

sinulation approach depends critically on, forecasts and may 

l~ad to very sirnllar aaset mixes for flrms wlth strlk1ngly 

different types of ea~nings and pension l~abilities. It 

al S 0 pro v l' d e a n 0 ~ u i dan c e for the, 0 pt i m al, co m p 0 ait ion 0 f' the 

pension fund port.f?lio. The tex arbitrap:e approach 1s t-oa'sed 

entirely on the tax minimizat10n principle. It assumes that 

the pension fund and. firm can he I=omplete'ry integrated ,and 

that ~ther. Iess costly, ways of tex arbitrage are 

~navai1able ta (ot exhausted by) the firm and in 

shareholders. 

C. ~IODFL FOR PFNSION FUND INVEST"'ENT. 
.. 

C-l. 1 Introduction 

It ls weIl known that, in a world of ho~ogeneous 

expectations, investors will hold identicel (market) 

portf~lios of rlsky Bssets and a particular firm's choice of 

its portfolio of assets will involve market value 

maxlm1zation. If 'home-made', diversification is assumed to 
\ 

be costless, then'investoTfo' attitudes towards Jisk wi~l 

have no direct influence on an individual firm's investment 
• • ~ f 

portfol~o decisions. If,however, there are market 
-

imperfections and investors have heterogeneous expectations 

(with obvlbusly heterogerieous portfolios), then under 

uncertainty,~rre conditions required for shareholder 

unanimlty will not b~ 6atisfied. 20 

.-

T rad i t 1 a na 1 a t te m p t 8 tom 0 deI a f i r m J s b e h a'y i 0 u r und e r 

uncertainty. and lmperfect markets have been based either on 

c. 

-, 

\ 
. \ 

'. 
; 

"~--,.-"~. -_ .... 



" . 

if 
( 

" 

the fi~m's production function or on maximization of an 

institutl~nal utility function. 21 The latter is 

particularly,popular in the area of financial intermediation 

and ls us~d in the model proposed below. These models 
. , 

typically use' mean·variance type utility functions. The 

lim1 tati o'ns of such models have been dis cuss ed in the 

literature;2~ The limitations specifie to the model 
~ . 

proposed -here are discus~ed in section C-4. 

, 
This model assumes that the firm's management views the 

. . 
pension fun4 as part of its total asset mix and chooses an 

investment policy that maximizes the following preference 
, ' 

functïon: G(E(W),., V(W» with aG/aE > 0 and aG/aV < 0 wnere 

'. E(W), V(W) are the expected value and the variance ot W. In 

this functton, W refers to the combined end of period value 
, 

of the fund's' assets (minus the benefit payments) and the 

firm' s ope.rating assets. It is further assumed that bot'h. 

the funding level and" the nature of the firm's operating' 

assets are fixed during the period under cQnsideration. 23 

Some of the issues confronted in determining ari optimal 

fund~ng level are discus~ed in the last chapter. Thu~, the 

use of the preference function requires the maximization of 

t~e returns Qn the fund's assets subject to a 'consolidated' 

risk constraint. This 'consolidated' risk ia a combinatlon 

of the risk of the securities in the fund portfolio (thelr 

v'ariance) and the covariance of their returns with ,the 

returns on the firm's operating assets (see section D). , , 

·C-2. Assumptions and'Constraints 
t 

. " In order to\de»elop the basic model in the next 

8e~tion, the following additional constraints and 

assu~ptions are made. Virst, i~ is assumed that the pension 

benefits are riskless and thus are treated as a fixed 

liabil1ty for the firm. 24 This means that the film c'annot 

'~ransfe~ ri~k from its stockholders and bondholders to the 

1" 

1 

'. 
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beneficia~~es, therefore, no 

between thes~ two·parties.25 

cQ'nflfct of interest .exists 
~f • 

" /. 
t~e pension fundls investment 

Secondly, it is assumed that 

pol~cy i~ the only decision to 

be considered. The nature and amount o.f i-nvestm~nt in the 
~ 

firmls operating assets are exogenously given. The combined 

effect of these two assump~ions is such that the preference 

~unction tan be ~pecifie~ as ~aximizing the end-of-pe~iod 

cash fl-ows from thè fundls assets subject ta a risk 

constraint. 

\hirdly, a-Ithough pension'plan liabilities àre 

generally long term in naîture, the analysis of the portfolio . 
selection problem i8 conducted in a single-period. 

fr@mework. The impliçatio~s of such simplification have 
" alteady been weIl ddc~mented in ~he literature. 26 Previo~s" 

attèmpts ta develop .operational, multi-period optimizations 

using dynamic programming (Bogue and Roll, 1975) have 

required the determination of intertemporal discount rates 

(Robicheck And Myers, 1966) which has severely lim1tedOtheir 

use. Rubinstein 0/'76) and Bhattacharya (1981) ,have shown 

the stationarity conditions {for ibe rtsk free rate, market 
, 

priee" of risk and aggrègate utll'ity'functions) required to 
~ 

extend a single period valuatio~ formula to a multi-period 

sett~hg. Though t~~ model developed here optimizes over a 

singie perlod horizon, ext~nslons to a multi-period ho~l~on 
'are fessible (but difficult) p~ovided that estimates of 

probabil1ty distributions of rlsk ànd return parameters for 
1 

011 fut,~iOd. are availoble. 27 , 

FO~~~hIY, lt 1s assumed that the legal and trusteeship 

arrangements restrict investment by a pension fund to 's 

limited set of marketable assets 2B and .adheience to the , 
1 prudent man l, r ule. 29, Al though t'he imp li ca tions of these 

restrlctH~-ns'-'f'or 'proper invest:~ent policy' are not clear, 

it ls hypothesized that, the y require the fund to have some 
~ minimum degree of diversification in its portfolio. 

T"", 
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,Fi.n.allY" as is ,custom~ry i'n studies of this klnd~ t-t"- i8 

'assum~d that each pension fund acts as a price-taker 'in the 

, sec uri t i es' ma r k ~ t _ and th a tI the p r i ces 0 f 'tb es e sec ur f t'il e s 
, / 

are ~etermined exogenousli. 30 
~ 1 

/ 
1 

C-3. Model Formulation 

1 
1 

The'objective 'of the proposed pensio~ tund invest~ent - -model i8 to maximize a preference f~nct10n G(E(W), V(W», ... 
where E is the,expected valu~, V is the variance and W ls 

1 

the a g g r',e g a t e' end - 0 f - p e rio ij val u e 0 f the fun d ' sas set san d -

the firm's operating assets' Bubject to the fund's budget 

constralnt. 31 As n,oted ear11er, bath' the levei and " 
\, ,- " 

compos i do-n of t,he f 1 rm' s ope\fa t1ng asse ts ~n~ thè level of 

fund's assets is-'flx~d' durln~ the t1me period under 

"\ 1. 
consideratlon. 

Let-

.. 

.... , , 

.. 

\ : 
\ 

be the- val\1e of the fl\m's 'operating assets: 

be the value of thé p~n~on -ful':.1d4 assets, at 

the beginnlng of the per(od 

denote, the 'consolidated"' assets of 

the firm ! 
Y(n x 1) ls a vectot wh1ch descri~es the fund'~ 

~ 

inve1Jtments in each of n r'iàlty assets 

> 0 for al1 i 1-1, .••• n 
" l' 

1s the fund's investment ln r1sk free assets, 

n 
B > 0 32, that ls, E Yi + B • Yp 

1=1 

U(n x 1) ls the vector of expected returns (l+r type) 

on these'i n ri,sky asse,ts, where 

-----.\U • [E(RI),,' E(R2)', •••••••• E(Rn)]' 

ls the expected return on the firm's ope~atlng 
. . ... 

aSBets" E{Ra >" 
• • ...J\ 

1· 

J 

( 
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,18 the rlsk-free rate {l+r type) 

1s the (n x .) covari~nce matrlx of the rates 

()rf r et u r non the : i e k y a 8 set s, Co v ( R!v R j ) , 

for·i, j • l, •••• n 

18 the (n x 1) covariance vector of. the rates 

of return on the n risky as sets with 'the rat~ 

of return on the firm assets, Cov(Ri' Ra}' 1 • 

l , .' •••• n -18 the v'ariance of the d l, s t r 1 h u t'i 0 n of Ra 

ls n x 1 vector of o"es , 

The stocha.stic value' at the end of the perlod of the 

COb~~lidaF~d as~et6 can be expressed 8S: 

n 
W - I: y k R k +. BR f + Y a R a ~ •• ,. ••••••••••••• ' ••••••••• 4 • 5- • 

k-! .-, 

The ex p,e c t e d val U e and i t s' V 8 roi a n ce ca n b e exp r e 8 S e d as: " 
, 
Ir 

E(W) • y" il + BRf_ + Ya Z 

V ( W ) • y' ~Y + y a 2 V ( Ra) + 2 Y a Y' ~'( Ra) 

...... ~ . . 4.6 

.~ ...... 4.1 

,ThUSt the pe~sl?n fund'~ portfolio selection prohle~ ~an he 

expressed 8S: 

Maxlmlze G(E(W), V(,W») ............................ 4.8 

Subject to Yp - Y'!- B - 0 
i 
~\ 

The 'Lagr~nglan form of the model 18 ~ivén by 

L· .G(E(W), V(W)] + M[Y p - Y'l BI •••••••••••• 4.9 

where H ls the lagrangian multiplier. 

Dlfferentiatlng with respect to Y and R yields the 

following set of Blmultaneous equatlone: \ 

,~ 
~ ----------"-,--
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ai,' '. ae tl + 2 'dG l ty-+ Ya~ (R -)]- ti 1 '" 0 •• 4' .. -1 () B 

·aM aF. av a, 

and ar. • dG :Rf - Hl li: 'f) 4 ; (: •••••••••••••• ~ ••••••••• 4 • 1 0 h .... 
aB TI -

Elirnin~ti0!1 of 1-1 yields thè fund's dema nd for tisky- assets. 

a5: 33 

i - 1, l'k t ~' 

y = l' av [ u - Rf 2Ya aF. ( Ra) ) 
.0..-

2 ar: av 
t -1 r-1i . 

or Y 1: 1 aV ( U - Rf 1.) - Ya ( ~a) .~ •• ~ ••• 4.11 
2 aE 

Equation 4.11 shôws the inpact of the ~tochastic nature of 

the r~turri on the fir~ assets on the co~position ~f the 

-fun.d's portfolio. The riskiness of the pensio,n ·assets is 

evaluated in terms of their own variance and· their 

. covariance with the rèturn on the finTl' s assets. An assèt k 

can he te.,;med as 'dive'rsificJtion preferred' if Cpv(R.~, R'a) 
~ , 

< 0, sin ce" a nef! a t i v.e val u e i n d i~ s t h a t the ,. a s set k i s 

likely to have a highe~ return when th~ return on th~ firm's . . 
asse.t is low. Similarly, if Cov(Rk, Ra) .. 0, the asset will 

be 'diversification-neutral' and' with Cov(Rk' Ra~ > 0, Othe 

ass~t w,ill be termed 'diversification-averse.' 

/ 
The demand for the k t.h risky asset ca'n be expressed aS: 

". 

"J ~ 

'~here ~h i.8 the kh th element of the matrix ~-1. 

Sorne interesting propertles of the demand for risky 

~sse~ can he derived from equation 4.12: expressinM cov(i h , 

Ra> • Pha ah 0a where ~a is the correlation coefficient and 

'ah. \Oa' are the respective standard deviations, 

~--_ .. _---- - -------------:-----
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av k • - S k k • V a o. k 0 a < o. - •••••••• : ••••• 4.13 

Th,us, if aIl else is held constant, 'then ~he -larr;er the 

correlation coefficient hetween'the return on the risky 

asset and the re.turn on-the firm's 8ssets-, the 'smaller tht' 

fund's demand for: ~hat asset. Similarty, 

!k. • - Skk .Ya pka ok > 0 if pka < 0 .. ' •••• 4.-14 
aOa 

That 18, the fûnd's dem.and for a'~diversif1cation-preferrfi!d" 
" 

asset inc'reaSes as the variahility of the retùrn on the '. 
'irm's Bssets Increases. 

The proportion of investmt:!nt in the k th asset, XkJ can: 
n i 

'be ~aslty calculated by d!vidlng Yk by the k~l Yk' lt is 

obvlous that the optimal demand fQr the k th asset 1s a 

f u,n c t la n 0 f V ( R k ), Co v ( R k, Ra) and Y p , i m ply 1 n ~ th a t' the 

~9Ptimal composition of the fund's portfoli~ will be firm 

specifie. The sel-t>ction of a risky asset k, for the (und 

portfolio depends upon ~(Rk)' V(Rk), Cov(Rk, Ra>' Ya (or Yp 

since Ya+Yp·Yr> and its covariance with th~ existinr, 

pension fund portfolio. Thus, the Bane asset will' face 

differetltiat demand by different firMS. 

C-4. Limitations of the Model 

The model determines the optimal fund portfolio subject. 

ta a 'conso'lidated' ris"k constra!nt, which is the-

combinatioo of .the fund portfolio's variance, the variance 

on the, retu.rn of the firm's assets and the covariance 

between the two. The particular choice of this 

'consolida ted ' rlsk level determines the actual return on 

the fund' s portfolio and, ~herefore, the firm' 6 contribut,ion 

f 
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. 
to the pension fund. If a firm wants to maint~in a tar~et 

'fund!ng level, the choice of the 'consolidated' risk level .. 
will then aff~ct both thé contribution stream to the pension 

fund and the cash flows available to the firm' s 

shareholders. ) 

The exact effects of the parti"cular choice of the 

'consolidated' rlsk level and the resuitant cash flow will 

depend upon the shareholders' preferences and their 

portfolios. If the firm's shareholders hold 

well-diversif1ed portfolios, the effect of a change ln the 

It may, risk level ll'ay be only of secondary importance. 

however, involve 1) knowledE!'e oot th'e new rlsk 

characteristics Bnd 2) transaction costs to regain ~he 

.desired risk characteristies. For in\Testors who hold 

\Q n dive r si fie d po r t fol i 0 s, 8 su b s tan t 1 ale han gel n the ris k ,.. 

level of the fund's portfolio may involve costly offsetting 

transae~ions to achieve home-made diversifi~atlon. Vnless 
. . 

sorne specifie ·sssul'lptions are made about the shareholders of 

the firm and the!r por,tfolios, il i6 not possihle to spec1fy 

a .unaniJTIou61y approved rlsk' level. 

If it 15 assul'led that shareholders do not or eannot 

diversify on thelr own (~ue.to Informatio6 eosts, 

tr8ns8~t~on costs, etc.~ then the proposed l'lodel c,n he 

thought of as a vehicle to aehieve dl~erslficatlon benefits 

which May be less costly than the home-made varlet y for the 

firm's shareholders. 34 This also appltes to the case where 

the flrm's shares Bre held by a shareho1der, (or a ['roup of 

homogeneous shareholders), who has put aIl his wealth in the 
~ 

firm's shares and is unable to aiversify his o\A1 portfolio. 
, , 

In the case of widely held public firms, the choiee of the 

'conso1idated' risk level and .thus the ultimate choice of 

the p~nsion fund portfolio will have to be determined by the' 

firm's 'management. 
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1 

Even ihough the' ideal un~nimously ~referred 
\ . 

'co'rlsolidated' risk level cannot be p,re-speclfied, some 

" observations can be made about thè maximum and minimum risk 

strategie8. If the assu~ption of rlskle~s ~eneflts Is 

relaxed, then (similar to the option theory approach) the 
.., , 

firm should choose the maximum rlsk srategy to benefit the 

shareholders by the transfer of rtsk to the employees. The 

e~ployees on the other hand would prefe~ the mini~um rlsk 

strateF:y.35 

/ 

To analyze the set of conditions which resul~ ln both 

the employees and shareholders agreeing on the cholce of a 

particulaf risk level may be determlned as follows: Assu~e 

that a) the expected pensi'on benefits form a 'substantial 

.portion of the employees' wealth, b) e~ployees have an 

'lmpl~cit claim on both the fund's and the flrm's assets 

(that 16 when the fund's aasets are not sufflcient to pay 

the promised benefits~ the firm will increase lts 
, . 

cbntribut~ons), c) ,the employees can negotiate their current 

wage and d) the shareholders hold diversified portfolios. 
:f' 

In such a situation, a shift from the minimum risk level 

would prompt the employees to adjust their c~rrent wap,e so 
'" as to réflect their higher risk a~justed discount rate' 

(compared to that of the shareholders). If t~ey do this, 

then shareholders may unanimou~ly agree that a minimUM risk 

policy for selecting the risky Bssets in the portfolio is 

optimal. Such 8 policy will decrease total current wap.es 

thereby benefitting the shareholders, who ln turn wtll 
, 

adjust the risk level of their individual portfolios to suit 

their preferences. 

..... 

\ 

,1> 
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D. OPERATIONALIZATION OF THE MODEL 

Operationally, equ8tion 4.9 can be expr'essed ,8S: 

m m 
M1.nimize r , E ~iYj Cov(Ri.Rj) + Ya 2 V(IRa} 

1=1 j=1 
Yi m , 

+ 2 r YiYa COv(Ri,'Ra ) 
i-1 --..---------

m . - M( r Yi E (Ri) + Ya E (Ra>.> ••• 4. 15 
1=1 

Suhject to Yi ) 0 i ·-1 .' •••• m 

m 

" 
r Yi + Ya • YT 

i=1 ." 

Dividiny, equation 4.15 by Yt 2 and the constraints . 
by YT' the model ca n' be expressed in pe rce nt age fo,rm as: 

m m 

M1n1mize 1: E XiXj ~Cov(Ri.Rj) 
1=1 j =1 

Xi m 

+ 2 r XiXa Cov(Fi,R a } 
1-1 

m 
- M( r 

, 
E(Ri) E(,fa» Xi + Xa 

1=1 
" ••• 4 .1 6 

\ 
iJ, Subject to Xi - ) 0 1 • • ••• n 

m 
. r Xi + Xa • 1 
1=1 

where 'X' s 
, 

f'ractif>n deno t e the values expressed as a of 

total assete ,_ that 1-5 Xi' • Yi/YT for aU i' s and 1 , 

" Xa • Ya/YT 

C ive n th a t the na tu r e 0 fan d i n v est m-e n tin the f i r m's 

operating assets is exogenous to the investment model, the 
• 

terms Xa 2 VeRa} and Xa E(R a ) can he discarded from equatlon 

4~16. ~ow the model can he expressed as: 

...... ~"1 , 

r 

.. 
.: .. 
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m, m 

Minimize L -.1: I:'XiXj COV(Ri,Rj) 
i:1 j=l 

m 

+ 2 L XiXa Cov(Ri ,Ra> 
i-l 

Subject tel Xi > ,Q 

where Xp 

the p,ensi"on 

m 
I: Xi - Xp 

i-1 

is the fracti;~~~ 
fund. 

i -i, 

the total: 

-, 

••• 4 .1 

•••• m 

-----

" 0' 

assets invested 

Note 

cash 

that 

flows 

this specificati~n is identical to maximizing ) 

(or returns) fro~Zthe fund portfolio ~ubject 
m m _ _ ml 

to a 'consolidated' risk constraintt~lj'~liXj COv(Ri'~j) +2 i~1 

XiXa Cov(Ri,R a ). The second term in this risk constraint 

makes the~omposition of the optimal fund portfolio a 

functi~n of th~ funding level (through Xa > and the nature of 

the firm's operating assets (through Cov(Ri,Ra ». 
\ 

The objective function in'~quation 4.17 is quadratic in 

the Xi's and thus requires inversion of an nxn covariance 

matrix, which would make ft difficult to implement for large 

n. The nature of the problem is similar to l'farkowitz' s 

(1952) formulation of an individual's portfolio select~on 

problem, except for an additional linear covariance terme 

the presence of this term prevent8 the objective function 

trom being linearized along the lines described by Stone 

(1973) • Efficient quadratic programming algorithms, 

however, now exist to solve this problem for moderate1y 

large n. 36 

0> 

Operationalization of the model requires 1) the 

estimates of expected risk ~nd return parameters for aIl the 

securities, 2) control of the number of securities, n, for 

computational feasibility and economy, and 3) knowledge of 

~ 
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the desired degree'of diversification due to ~rustee8bip 

and/or l'egal con~traints. 
'-"-

D-l. Estimation of the Parameters 

-
1 d e a Il y, t,~ ~. _ est i ma tes 0 f t he ris kan d r e t u r n 

parameters s~ould be" their ,expected, vaîues, based upon the 

. decision maker's current expectations. In al! published 

empirical studies of this type, the returns and variances 

are assumed to be intertemporally stationary so that the 

estimates obfained from bistoricsl value.s are used as 

.. 

, 
unbiased estimates of expected future values., The same 

procedure is followed here. In practice, the model user who 
-

thinks he has better estimates can easily use them i~6te&d 

of 'these historically-derived figures •. 

1 

D-2. Computational Feasibility by Grouping of Securities 

A ,typical pension fund manar,er may a"nalyze a 'large 

numbèr of securities for possible inclusion in the 

portfolio. To include such a large numoer of securit,ies in 

a quadratic programmlrig alg~rithrn i6, however, not 

computatlonally feaslble. In thls study, therefore, t,he 

number of securlties Is reduced ,by forming homogeneous 

groups- of securities. 37 These h9mogeneous groups âre then 

used as quasi-securiti.es in the po:tfoli;.o selection stage to' 

reduce the computational requirements. Previous approaches 

to grouping have been based on accounting-typ& variables, 

industry classification and/or the stochastic return on the 

securities. R~cent advances in elustering algorithms make 4f 

it possihle to group the sel~urities in an n-dimensional 

space, without resor~ing to either the multi factor bas'ed or 

the tradi~ional market mod~l based grouping procedures. 38 

The details of the traditional grouping procedures and those 
~, -

Co 

of the Howard-Harris clustering algorithm used in this study 

are describ.~d in Appendix B at the end of this chapter. 

, p 

, 
) 
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D-3. Degree of Diversification 
, ,'\ . ."" 

"l 

The degree of diyersification s{lected will determine 

thè minimum rtumber of securlties (groups) that must b~ 
1 

itlcluded in, the i'ortfolio and lt depends upon the ·legal 

trusteeship'requirements and preferences of the fund . 
management. This study assumes that a portfolio of at least 

, 
f-5 groupsi (quasi-securities) will provide adequate 

diversifi\ation. This simply adds additional constraints to • the optimi~ation problem by imposing upper limits on the 

"individual Xk's. To assess the effects of this constraint; 
• J , 

an ~nconstraine, opt\mlz~tion la also cond~cted. 

E. 'THE DATA BASE 

Pension funds ~n Canada invest'in a variety of assets • 
sùch as co~on stocks, gO;'e-rnment and, corporate çonds, 

mortgages: T-bills, etc. They are restiicted by'law to 

investment only in 'oellgible' securites. The securities' 

~mployed in this study attempt to represent the securities 

that co~ld~e held, by a typica1 Canadian pension fund. 39 

The optimizatlon process will be based on the quarterly 

returns on 192 common stocks and Il bond indices. Only the 

common stocks will be~groûped, sinee the bond indices 

already !~present homogeneous groupings. The process for 

selecting the clusters of common stocks is described next. 

E-l. Common Stock Sample~ 

# 
Trusteed Canadian pension funds ca~,.according to the , 

Pension's Act, invest in commo~ shares of only those fIrms 

which a) .h,ave paid dividends or b)' earned at' least, four 
" " 

'percent of the book value of these shares for at leagt four 

out of the last five years. lt is, therefore, possible to 

ident1fy thos~' sècurities ,which have met these criteria 

during each year in the sa~p~e periode Another clause in 
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o • 

the Pensio~'s Act, gen~rally referred to as the 'basket' . ~, 

claus è t allow8 t he ~un'd ·to i nveSt ,up to. seven 'pe rcent of i t s ' 
- . ' 

book value in ~ne~igible securities. A typical, 

well-diverslfied pension fun~, therefore, is not severely - , 

constrained by the el~gibility clause. To reduce the . 
.. ' • ~ .-r 

1 t J 
selection' di.fficulties, it will be assumed ~.h8t the securit,y 

universe for a typical pens'ion fund can be ""adequately 
t' 

des~rib~d by the securitie~ which aie r~pre6e~ted in t~e ' 

.Toronto Stoc~ Exchange's index of three hundred securities 
-< 

"( T S E 3 Q 0) • 4 0 

The 1 i q u 1 dit Y 0 f a par t 1 cul ars ecu rit Y is 0 f con c e r n. t 0 
, . 

pension fund managers, a fact borne out by d1sc~sslons witfi 

pension fund managers. To account for these l1quldlty 

conslderaiions, the TSE 300 sto~ks were further segregated . 
, based on the.ir histo.rica~ ~rading. fr~quency •. lt was 'assumed 

~that for inclusion in the samp~e, a stock must be traded 

e i the r e ver y d a y 0 f' the mon t h 0 rat l e a s t 2 5 d a y s 'd uri ,n g 

each moilfh' from .} 970-1979. Tr(ls cri teria reduced the number 

of stocks in the study sample to 192. 41 These 192 

securities thus c~osen are assumed tQ represent an adequate 

selection for B typical pension fund. 42 . The quaJ:terly 

r e t u r n s a t t 1 met for e a ch 0 f the s e Sf 0 c k S ,a r e cal cul a te cl b Y 

using the following formula: ') 

rit • Pjt - P1t-J + Dit, 
Pi t-l ••••••••••••••••••• ,1It ••• 4.'H 

fi' ~ , .... ~I-

where Pi is the priee of the security and Pi is the per 

share divid~nd both measured at t~me t. The data for priee 

. and di vid end were - 0 btai ned f rom ~e Laval tape for the time 

period 1969-1979. 43 

E-2. B"ond Sample 

T~aditionBlli. peRS ion funds hold part of their assets . 
in flxed terro secu-r'ities (eee' FEI surveys 1978, 1980). To 
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incorporate these securities ln the pension fund portfolio~ 

eleven bond indices were included in the ssmple (see Table 

• 4-1). For the five corpo-rate- bond indlcei, holding period 

returns were svailable from the ~ese~rch report published by 

.Mc~eod, Ypung and Weir (1981). To calculste the returns o~ 

the remaining bond portfolios, it was sSBumed in this study 

thaJ a bond 'in 'eacll .cstegory 18 purchased at the beginning 
'" of each ,period, and that it- 'h.ad a coupon rate c:;orresponding 

to the prevalling yle~d. The bond was then aSBumed to. have 

b e e n s ~ ~ d a t the e il d 0tf the p e rio d a t a p rie e (1 e s s • 0 5 ' 

p~rcent for tran8action.cos~s) corresponding to the yields 

pre~ail!ng at that point in time: The interest incarne 
1 • 

calculations were based on the yield at the beginning _of the 

p e rio d • Th e h b 1 di n g p e rio d, r e t u'r n wa s cal cul a t e d b Y 

sub~tituting interest Infome for dividends into A.2I. 

'. 

\ 

....... _ L_~ ____ _ 

\ 
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Table 4-1 .-y 
• 'i, .. 

DESâUPrI~ œ ''DiE HW &'lfl:E 

~rter1y 
AsslIœd • Average Stan:lBrd 

ltiturity Sourœ ~faturity Return Oeviation 
, (%) (Ïo) 

1) Provincial r-rtW* 1.78 1.ID ' .. 
2) JbUcipals f1I:W'l .... 1-.94 1.97 

3) Utili ties lf1'WIr 1.90 1.92 

4) lmustrlal ~ 1.88 1.90 

5) Chrporate 
, 

M'iW* 1.89 1;91 

6) Govemœnt B8rk of CanOOa 
of Canada 1-3 yrs. Series ·.llB14009 2 ~. 1.53 1.55 

. 
7) 3-5 yrs. Series #B14010 4 yrs. ' 1.51 1.53 . 

8) ". .5-10 yrs • Series #B14011 8 yrs. 1.46 1.48 
. ' " , 

9) .. 
1~ yrs. Series IBI4013 15 yrs. 1.37, 1.39 ,.' 

'10) QJaranteed 
. Invest:nent .' 5 'yrs. "Series 8814023 5 yrs. ' 1.95 , 1.97 
Certificat'e . - ,. 

Il) Conventional 
lt>rt~ 5 yrs. Series #14024 5 yrs. 2.33 2.36 

lbte: Ir McLeod YCUlg IÈir 1Jmited, "~ative Investment Rèturns," 

1980 Update, Mlrch 10, 1981. 
/--

~ / 

------'---------- , ' 
. - _._~ ...... -- - -. ~--- - --_. ~ -'. 

-' , . 
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f 
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, ' 

E-3. Group,ing of the Securities 

The 192 stocks we're gtouped into 37 duste,rs using' the 
"-

How8-rd-~~ rr i B ClUB te ri ng algor i t hm., The cri terion used to 

determ~ne the exact number was tbe heuristic tradeoff 

between the percen~age decr~is~ in within'group va~iance Vw, 
, (:j \, 

and the ~'ncrease ,in the number of groups B). T'he decr'ea,se .), 

in Vw' however, was' found to be' discontin~ous as the numper 

of cluste~s increased. Kee~~ng the limitations of the size 
L 

of t~è quadratic programme in mind, 37 groups solution wa~ 

assu~ed as "optimil." Tables 4-2 shows the decrease in the 

va~iance as the number of clusters increase from 31 to 40 

cluSters. The number and the names of se~urities in each C·~ 

group.of the final cluster solution is 'reported i,n the 

,appendices C and D, r~spec'tively. The 37 groups of common 

stocks and the Il bond indices, are t~en used as 

quasi-securities in the quadratic 

1 

Tabie 4-2 

algorithm.­

~ 

# OF G~OUPS AND % DECREÂSE IN Vw 
/ 

Ma rginal Cumulative 
# of % De crease 'Remaining 

Gro ups in V~ VJIl. % 

31 .800 45'.918 
32 1.064 44.854 
33 .425 44.429 
34 , .743/ 43.686., 
35 1 .198 42.488 
36 .388 4'2.100 

'37 .594 4y 506 
38· •. 514 40.9-72 
39 ,410 40.562 
40 '. .379 -40.183 

, 'b, -. 
"" 

" 

.' 

" ' 

--- ----._-.-. ---_._--- -----------
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E-4. Determination'of the CovariaRce Terms 

The determinat:l,.on of' the cova'riance between the grouped 

seeurities and the firm's operating assêts requ!res data on 

the stochast!c quarterly cash flows from the firm's 

op~~g assets~ sinee the model has a one quarter 

horizon.~,)deally, the firm's management willClknow the 

exact, nature of these ,cash flows in the past, as weIl as the 

estimate for the next period. 44 To determine the qua,rterly 

covariance, the estima tes of their standard deviations and 

the correlation coefficîent between the returns 'are needed. 
4 

" _/ If audited quarterly data of the returns ,Dn the operating 
.r:J t, 

assets of t,he sample firms was available; the covariance 

t~rm can be directly 'estimated. But since such audited data 

were not-availabIe, ~he following procedure was used Zo 

estimate the covariance terms. Firstly, a proxy for the 

annual returns on the ~irm's assets was obtained by divtding 

the net incarne report~d in the annual reports, adjusted for 

pension contributions, by total assets at the end of the 

previous year. 4S Secondly, the correlation coefficients 
" 

on each of the 48 groups anq on the sample firms' assets 

were calculated based on ten years annual '(1970 -1979) 

returns • Thirdly, it was assl\med tha,t the vari-ance of the 

. q~arterly returns on the firm's assets ls .25 times the 

variance of the annual ~eturns.46 Finally, the quarterly 

covariance was calculated as a product of the correlation 

coefficient, the quarterly standard devlation of the group 

return and the quarterly return on firm ' s assets. t' 

E- 5. Selection of Sample Firms 

Four representative firms w~re chosenin order to !ftudy 
1 

the impact of the proposed inveBtment model on the / 

composition of the pension fund portfolio. The firms/were 

se!ected on the basts of: 1) a .. ilablli? of data/out 
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:their pension fund market' values and snnus! ,cont,ributions; 

2') 'availshility of published annusl dats; 3) a wide range of 

ratios of pension fUl)d aesets to. total as sets; 4)' widely 

different return characteristic8 for the firm's operating 

assets; and 5) differe"nt average covariances between firm 

returns and group returns. The basic data ior the selected 

firms are shown 1n T.,ble 4-3. 

" " 

. , 
, . 

4 • 
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Industry 

1979, 

Total Assets, ,YT 
( Mi. 111ons) 

Xa-= Ya/YT Ct) 0 

Xp• Ya/YT '(%) 
Contribution as 
% After Tax Earnlngs 
% Dividends Paid 

1970-1979 

Average Annual , 
After Tax Earnlngs 

(Million' $) 
Averà"'p:e Net, 

Contributions 
(Million $) 

()uarterl~ 

E(Ra ) %. 
V(R~) %. 

t. 

/ 
~ 

" 
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Table 4-3 ~ 

• 
BAS~ DATA ON SEtECTED FIRMS \ 

,. 
L 

Mininp; 

'Gt.th'in 1000 

" . 

90.9 
9.1 

7.4 
23.3 

163~7' 

6 .. 6.5 " , . ' 

2.89 
13.17'. 

,-
. " 

~ 

" ' 

F1rrn If 
2 

Agriculture 
(. Food 

products 

100 < ~T < 300 

•• 

. \ 
o \, , 

R-9.7 
10:3 

R .5, 
16.6, 

10.5 

. 1 ~25 

2.46 
4.28 

(, 

3 
Paper 

(. 

Pulp 

50 < YT < 100 

86.6 
13 .4 

7.S 
31,).'0 

4 
, packaging 

'& 
" .Stat1onanr' 0 

~ 

50 < Yi < 100 

74.9 

·25.1 

32.6 
53.8 , 

--_,--.ç~s 

~-o--_~_ 

1.6 .~- ---~ 
~--

2.6 

.3t" 

2.00 
18.05 

, --

, ..... 

- .73 

3.59 
13.03 

'~ 

, . 

" 

:'t ':: 
.~, 

". 

"'--.-

.. ~ 
~ .' 

~~:~~~ 
~ 

"'" 

• 6· 

.' 

-~ 

1 
~ 

!",J. 
o 
1 hO ' 
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bEHONSTRAT ION AND EHP'IR ICAL RESULTS 

, -1 

f-l. Model 

j, 

1"1 1 
, , ' 

, '.:r>/ 'i 
",II ", 
,i '/} 
.JII 1 

t ), l ' 
l ' 1 
'J, " . 
li" ' 
JI,I , Il 

~ ,.-;:-' ' ..... 

Th e . pO' r't,.' p li 0 sel e c ti 0 n 1? rob 1 e m a s' sol v ~,d ca n b e .. 
ex,pressed as: 

l, 

" 

Nin 

'. 

5\1bjêct to. 

Xl >,. 0 

48 
E Xi - Xp 

1-1,: 
o • 

'. 

48 ,48 
+ L - E ,XiX.j Cov(R i , 'Rj) 

i=1 j=l 

• ••• " ••••• Il •••••• 4 ~ 22 

i a:, i, •••.••• 48 
l ' 

Xi' < FL.J'lhere F,i' ... Xp/15 for i,j~ ... 1, •• ' ••• 48' 

~~~i~~f~~~del r-enèrates an efficient fr'o,ntier by varying 

b ," 

~r.47 Once the composition of the portfolios are known from 

the quadratic _pr:ogramm~ng solution, the 'c~nso1ida'ted' 

retl1rn and risk can then be calculatecl by adding the return 

and variance of the [irm's Bssets respect~vely. 

F-2. Basic Set of Results 

The m ode 1 des c ~ i he d 'b Y e qua t ion 4. 2 2 . J Jl.S tes t e cl for the 
~ . 

four ~é'l.mple firJ11s 'described in T-able 4-3. For each of the 
, , 

- 'fout firms an efficient frontier of 'consol1dated t return 

versus 'consolidated' 
(, 

risk was. develo,ped-. l n 0 f'd e r tom e et' 
1 

the dive r s 1 fic a t ion r e Qui rem e n ,~ s , the.f und p 6 r t f 0 ! i a in u s t 

cont'ain at'least 15 groups (t~ Is, no more ,than 6.67~ of 

the portfolio, can be inv~_8~ in" an~ One ,group). Jo., 

additiona! constraints arel.placed on the r:linirnurn proportion 

of debt'in the fund p~ri:folio:4R For'each firm, seyen to 

~ / 

\ 

. ' 

, ' 

-" 

J' 
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ten p~rtfolios on the efficient front~er wete generat~d.49 

The expected-~eturn and the viriance of return on the firmes 

assets and the levels of~fund's and firm's assets are 

ireatea as given. Tables 4-4 t6 4~7 show the results for 

each of the four firms. 

In each table, the consolidated return is given .bY - -XaECRa) + XpE(Rp ), 'Whe:e _XaECRa) den-otes the' return fr9m the 

firm's assets an~ XpE(Rp'~ de'n\tes tha-t from the -fund's 

portfolio. Thus, Row 1 ~Row 2 + Row 3. The values of 

Xa,Xp,ECRa ) and VeRa) are reported at the to~ ,?f each 

table. The consolidated variance is X' t X + Xa2VCRa) + 
°2Xax'teRa) of equation 4.7, sa that Row 4= Row 5 + Row 6 + 
Row 7_. Each of these three components are reparted 

separately as the varillnce 0t the pension fund (X' * X), 

th~ covariance ~XaX' t (Ra)': and the 'varian'ce of the firm's 
", 

assets,- Xa 2V{Ra). The total number Qf groups in .each of the 

portfolios and the number of the individual groups is 

reported next. 49 The following are also reported for eacq 

of the portfolios: a) the' actual number of common stocks 

and bonds in th-e portfolios, and- b) the- bonds 'as a' fraction 

of the total fund portfolio. These selected efficient 

-portfelios are reported in increasing order of 
• , consolidated' v:ari~nce. It is important to .no~e· that 

. because of the covari~nce term no direct comparisons can pe 
" 

made across firms on the basis of the 'consolidated' risk - , 
and return figures. 

r'\ 
1 \ 

r Ta b les 4 - 4' t 0 4 ..; 7 s ho w the co m p 0 s it ion 0 f f i r m s p è ~ i fic 

optimum. portfolios. for example, for firm 111 (Table 4-4), 

none of the portfolios contains' any bonds and the average 
" 

'pension portfoJ,.io contain,s 60 s'tQcks. This firm has a 

relativ.ely f;t-àt efficient frontier with 'c.onsolidated' 
• "'-=.... 

returns rangi~g f1;jom 2.849% ta 3.077% :and 'c-ansolidated' 

variance ranging fro~ 4.954 ta 6;863. The returns on the 

fund portfolio, however, vary from 2.48% to 5% (see note' Z, 

,id 

.. 

." 
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T,àble 4-4). At."least 15 groups are included in eac,h of the' 

portfolios, and eight of the groups are present in both the 

min 1 m u man d the m a x i mu rn var 1 B n cep 0 r t fol i 0 s • 50 Th e pen s ion 

fun d po r t fol i 0 ha s al s 0 e na b 1 e d the fi r m t 0 ,d e cre a set he 

'c'onsolidated' variance below the variance of the re,turn on 

the flrrn's Bssets, while simultaneously allowing for a 
\ 

larger e~pected return • 

. In comparison ta fi,rm Ill, f'1rm 112 (Table 4-5) has 

approximately the same proportion of fund assets to total 

assets, Xp ' and expected returns ~n firm's assets, E(R a ), 
1 

but a smaller variance of assf"ts. returns, V(R a ). The 

portfolio composition for Fhls firm, however, is quite 

different. In Most cases, the firm has bonds in its 

portfol;io. Ooly foûr groups are common to the minimum and 

maximu~ variance portfolios of firms #1 and #2. This 

suggests that" the choice of a particular risk level 

substantially affects the portfolio composition, Even though 

firm lit' s V(R a ) ls smaller than that of firm Ill, its 

po r ~f 0 1 i 0 s con t a 1 n a sig nif 1 c a n t pro p 0 r t ion 0 f b 0 'n d s , 

i nd i ca t i ng the Imp ortance of the covar 1 ance terrn for·t hi s 

firme Portfolio compbs~tions for the two firms are'al~o 

qui te different. For example, the overall return on the 

fund portfolip is similar for po~tfolio #2 ~or fiims Hl 

(2.86%) and (12 (2.737), but the two portfolios have only 

five common g;roups. Moreover, in the case of firIJ'l 112, the­

fund has 44% debt in its portfolio. 

Firm 113 (Table 4-6) has a lower expected return on the 

ftrm's assets, E(R a ) but ,comparable variance of asset', 

returDS, V(R a ) to'"firin,tll. For.firm 113, however, each 
1 

portf~till contai,ns bonds and again only 4 groups are 

common between the ~inimum and ma~imun variance portfolios • 

.q. 
Firm 114 (Table 4-7) .is characterized by a relatlvély 

"l~~g~, pe'nslon fund portfolio (X'p - .251) and a higner E(R a ) 
i>' " 

-. c 
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and VeRa) as compared to the other firm·s. Firm 114's 

portfolios consist mainly of cornmon stoc:)l.s and on average' 
.' 

the a e po r t fol i 0 s h a ve 79 sec uri t:i es. 5.1 T,h e r e are e i g h t 
\ 

common groups between the extreme portfolios (Ill and (/8) and 

the r E\ t u r non the fun d po r t Îo l i 0 var i e s f rom 2.82 % t 0 5 % • 

It ls interesting to compare the minimum and maximum 

variance P?rtfolios aeross the sample, firIlls. 'In the minimum 
, ~ 

variance portfolios, the only group common to aIl the four 
i ' 

firms was 1125 (thfs group consists of \the common stocks of 

Cadillac Fairview" Canadi'an Occidental and Ivaco 

Industries). Cornparing the firms pairwise, the maxiMum 

number of groups common to two firms (firm (Il and 114) were 

12 and the minimum number of groups comrnon to two firMs w,ere 

4 (fl'rms IfI ànd (12, and ftrms 112 and 114). The individual 

proportion of each of the groups in these portfolios 'was, 

however, quite different. 52 For intermediate risk levels, 

the corn p 0 s i t i o.n 0 f the po r t fol i 0 s a r ë aIs 0 q u l te d -i f fer e nt. 

JThe eomparisons clearly show the impact of th~ covariance 

term (equation 4.13) on the fund's demand' for particular 

types of aasets. 

In summary, these sets of results show the optimal 

portfolio composition_ of the pensio'rK funds is significant)y 

affected by the nature of the firm assets, the, proportio.n of 

the fund assets, Xp and the choice of' tèonJolidated' risk 

level. Sensitivity analysis is now condu{ted to study the 

impact of change in sorne of the parameters on the portfolio 

composition. 

J 
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OPTIW\L IUmnLII) {I}1PŒ;ITION: FIRM (11 Xa :: .909 E(Ra):: 2.~5 V~Ra) -:: 13.170 

Pension Furd 
Portfolio 1/ 

Consolidated ' 
Return (%) 

~ Weighted Return 00 

, " the Pension Fun:'! en 
Weighted Retum on 

the Finn's Assets (%) 
Consolidated 
Variance (%) 

Wei~ted Variance of 
the Peœion Fun:! (%) 

Covariance (%) 
We1f!hted Variance of 

tœ Firm' s Assets (io) 
Total JI Groups in 

, 0 the Pens:!.on -
, Portfoliô 

Portfolio 
Canposi tion* 

n Co:m-oo~Stocks: 
If Porit Irrlices 

7. Debt in Peœion 
Portfolio 

1 2 
~ 

2.M!} 2.M3 

.226 .2fiO 
1 

2.622 2.622 
-

4.954 5.103 

1.74R - 1.822 
-7.676 -7.601 

? 

1O.M2 10.M2 

17 . 17 

3,4,0,9, 3.4,0,9, 
,ll,B,lS, Il ,13,15, 

16,18,21, 16,18,21, 
23,25,26 23,25,26, 
27-,31,32, 27,31,32, 
34 ,34 

57:0 57:0 

0.0 0.0 

~:: .091 

? 

3. 4 5 6' 7 

2.891 2.!}19 2.!}71 2.994 3.007 

.269 -.2% .349 .372 .455 
" 

~ 
1----- - , 

2 .()22 LI 2 .n22 2.622 - 2.622 2.022 
-' 

5.146 5.1.75 5.1R3 5.592 6.8113 
1 

-

1.AAR 1.R38 1.~1 1.678 1.563 
-7.624 -7.545 -7. Xl -6.9hR -5.582 

1 

IO.M2 IO.M2 10,.R82 IO.M2 10.M2 

'\..JI) 16 17 17' 15 1 

3,4,6,9, 3,4,6,9, 3,4,6,9, 3,4,6,9, 3,4,5~6. -
11 ,13,15, 11,13,15, 11 ,13,15, 11,13,15, 9,10,12, 
Hi ,21 ,23, 111,21,23, 111,17,21, 16,17,21, 13,15,17, 1 

25 ,2n ,27, 25,26,27, 22,23,24, 22,23,24, 22,24,25, 
31,32,34 31,32,14 25,26,27, '25,26,27, ,26,37 

32 32~ 

53:0 53:0 63:0 - 63:0 58:0 

0.0 ,1 0.0 0.0 0.0 0.0 

Note: 1) Group nunbers 1 throllfh 37 are equitygrOl.iÇ$ am 3R to 48 are. bon:l p::>rtfolios. 

2) n-e actual retum on tl--e pers10n fum assets i~ g1ven by tl-e .\o.eighted 
return dividerl hy Xp , e.g. for {Xlrtfolio fil, Rp:: .226/ .091 = 2.4R% 
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, Pension Furd 
Portfolio' 

Consolidated 
Retum (%) 

We4dtted Retum al 

the Pension Fun:I (%) 
We1ghted Retum on 

the Finn' s Assets (%) 
.,.. Consolidated 

Variance (%) 
~ted Variance ct 

the Persion Puni (%) 
Covariance (%) 
WefRhted Variance of 

the Finn' s Assets Ct) 
Total # Groups in 
, the Pension 

~- Portfolio 
Portfolio 
~ition* 

fi Qrrtron Stocks: 
/1 Borrl Imices 

:r. Deht in Pension 
Portfolio 

~ 

" TahJe 4-~ 

0P'l'IM\L f(J(I'FOC!O <IM'œlTIOO: FIRM #2 

1 . 2 ' 3 o 4 

c " 
2.442 2.433 2.504 2.529 . 

.27J .281 .353 .377 
0 

2.152 2.152 . 2.152 2.152 

2.936 2.970 - 3.293 3.432 
l-

.S3R .586 .777 .R58 
-1.042 -1.055 -0.924 -0.866 

3.440 3.4~ 3.440 3.440 

IR 20 16 16 
, 

6,8,9,16, 6,8,9,13 , 6,R,9 ,13 't 1,6,8,9, 
22,24,25, 16,22,23, 22,23,24, 13,22,23, 
29,37,38, 24,25,29, 25,29,37, 24,25,26, 
39,40,41, 37,38,39, 38,39,44 , 37,38,39, 
42,43,44 , 40,41,42, 45,46,~ 45,46,4R 
45,46 43,44,45~ 

46 

50:9 54:9 47:6 86:5 

45.5 43.R 34.6 2R.7 

Ski A JI t5 g.~ a cp'. ru .4 Fé &s i S JP;nSïA",.QjA Q2§44 :rcSA~ 

--- '" ~ 

<;l 

e 

Xe - .R97 E(Ra) ~ 2. m V(Ra)"";' 4.275 S> 

~ •• 103 '. i 

.5 6 7 , .8 9 
, 

2.573 2.rŒ 2.636' 2.fJ60 2.667 

.422 .456 .484 , .. ~ .515 

2.152 2.152 2.152 i.152 2.152 

3.798 o 4.115 4.448 4'.857 5.280 
I 

1.127 1.254 1.345· 1.675 2.002 
-0.769 -0.578 -o~337 -0.259 -0.162 

3.440 3.440 3.440 3.440 3.440 

17 17 16 16 15 

1,3,5,6, 3,5,6,8, 3,5,6,R, 3,5,6,9, 3,4,S,6, 
R,9,10, 9,10,12, 9 ,10,12, 10,12,13, 9,10,12, 
13 ,22,23, 13,17,22, 13,17,22, 15,17,22 , 13,15,17 , 
24,25,26, 23,24,25, 23,24,25, 23,24,25, 22,24,25, 
37,38,39, 26 ,37 ,34, 26,37 ~38 26,37,4~ 26,31 
4R 4B 

r .. 
105:3 65:2 6511 SR:1 58:0 

Hi.O 12.2 fI.t '2.1 . b.o 

'" 
" 

-, 
il 

~ 
~ 

t 
li:-

W 
0\ 
~ 

Note: * ~ runbers 1 t~ 37 are equ1ty~groups am 3fI ta 4R are barrl JX>rtfoliœ~. J-

'>, , ' 
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Tahle lr-6 

OM'IW\L PŒ'I'FOLIO ŒH'OOlTIrn~ FIRM 113 

pênsion Furd 
Portfolio # 

i' 
Consolidated 
Retum 00.:) 

Wefp.hted Ret~ m 
tl-e Peœion Furd (%) 

weighted Return on 
the Fi.rm' s A$sets (1.) 

~lidated 
Vkianœ (%) 

weighterl Variance of 
the Peœion Funj (1.) 

Covariance (%) 
weightecl Variance of 

the Firm' s Assets on 
, Total # Groups in 

j ,) tl-e Pension 
Portfolio 

1 Portfolio 
Canpositiorf'r 

~ ('..artIa1. Stocks: 
# P<mf JoUees 

• % neht in Pension 
Portfolio 

1 2 3 

2.031 2.054 2.078 

.2Q7 .320 . .343 

1.735 1.735 1.735 

9.242 9.414 9.644 

f.RIO •• RBI 1.045 
-6.105 -6.003 -S.Q38 

1'3.537 ~3.537 '13.537 

. 
17 P 16 

1,1,8,9, 1,.3,8,9, 1,3,8.9, 
12,13,16, 12,13,Hi, 12,13 ,16, 
21,25,2R, 21,25 ,-2R, 21 ,25,2~, 
31,33,36, 31,33,36 , 31,33,3R, 
38,39,40, 38,39,40, 39,40,46 
46 - 46 

93:4 ?3:4 90:4 

2(".7 25.5 . 22.9 

Xa ... 866 E(Ra) = 2.003 V(Ra) = 18.05 
'), - '.134 

4 5 fi 7 8 

2.110 2.142' " 2.185 2.330 2.404 

.376 .400 .451 .596 .670 . 
1.735 1.735 1.735 1.735 1.735 

, 

9.859 10.272 10.565. 12.603 15.:m' 

2.231 2.782 2.RŒ 3.2~ 3.300 
-S.9œ -6.046 . -5.7ro -4.165 -1.1i17 

13.537 13.537 13.537 13.537 13.537 
" 

16 16 16 17 IS 

1,3,8,9, 1,3,4,8, 1,?,4,8, 3,4,6,,9, j,4,5,~, 
12,13,16, 9,12,13 , 9,12,13, 10,12,13, 9,,10,12, 
21,-25;2~, 16,21,24, 16,11,24, 15,16,17, 13,15,17 
31,33,37, 25,28,31, 25,2R,31, 21,22,24, 22,24,25, 
38,39,40 33,37,39 33,37,39 25,2R-,33, 26,37 

. 37 
"-, . 

0-

95:3 H~:l 106:1 6R:O 5R:O 

15.1) 6.7. 5.3 0.0 O.f) -_ 

Note: * ~ nun1:-ers 1 t~ 37 af'e equity group:; and 3R to~48 are bord rnrtfolios. 
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OPTIm roRTFtUO awœ.mnt1: FI~1!4 

Pension ~Furd 
Portfolio If 

Consolidated 
Return (%) 
Wei~ted Retum on 

the Peœion Fum (%) 

'Wei~hted Retum 00 

t~ Firm' s Assets (%) 
Consolidated 

~ 

Variance (r.) 
Weiy,hted Variance of 

the Pension Furrl (%) 
Covariance (%) 

Weir,hted Variance of 
the Firm' s Assets (%) 

Total If Groups in 
the Pension 

, Portfolio 
Portfolio 
C'.anJnsi tion*, 

Il Ccmron Stocks: 
1; Born Indices . 

% Debt in Pension 
Portfolio 

1 

~.3Q3 

.700 

2.6R5 

4.378 

10.042' . 
-12.974 . 

7 .310 

20 

1,2,3,4, 
6,10,11. 
15,17 , H3', 
21,25,27, 
28,31,32, 
33,34,37., 
41 

109:1 

0.4 

2 \ 3 

3.400 3.613 

.715 .92A 

2.6f\5 2.fiA5 

4.396 4.887 

10.061 1O.3œ 
-12.976 -12.730 

7.310 7.310 

20· 19 

1,2,') ,4, 2,3,4,6, 
6,là,l1, I~ .. ll ,13, 
15,17,18, 15,17,lR, 
21,25,27, 21,24,25, 
28,31,12, 2f),27,28, 
33,34,37, 32,13,37 
41 

lm:] 82:0 

0.1 0.0 

Xa = .749 E(Ra)'" 3.SR5 V(Ra)'" 13.03 
)l'll = .. 251 

4 5 ft 7 8 

~ 1\~940 ' 3.6tX) 3.765 3.801 3.856 
, 

1.005 1.0f',() 1.116 1.171 1.254 

'2.fiA5 2.685 2.fiA5 2.6R5 2.685 

5.141 5.544- 5.819> ,6.666 9.432. 

10.325 10.364 10.405 IO.4SR 11.R90 
-12.494 -12.129 -1I.')02 -1l.102 -9.76? 

7.310 7.310 7.31f 7.310 7.310 

1~ 17 17 16 15 . 
3,4,5,6, 3,4,5,6, 3,4,5,6, 3,4,5,6, 3,4,5,6, 
10,13,15, 10,13,15, 10,13,15, 10,12,13, 9,10,12, 
17,18,21, 17,18,24, 17,23,24, 15,17,22, 13,15,17, 
24,25,26, 25,26,27, 25,26,27, 23,24,25, 22,24,25, 
27,28,32, 28,32,33, .28,33P 26,27,28, 26,37 
33-,37 37 37 " . 

75:0 72:0 68:0 66:0 .58:0 

. 0.0 . 0.0 0.0 0.0 0.0 

Note: *-JmlUP nunrer~.1 t~h 37 are equity ~ and ~ to 48 are bom portfolios. 
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F-3. Sensitivity ~na~ysis 

1 

F~3-1. The effeçt of a Change in the Firm's Operating 

l '. . . 

" 

,Assets: 

To study the imp~~t of the nature of the firm's 

" ,., 
r' , 

operating assets on its pension fund, two artifieia! firms 

are created from the fo~r firms dEscribed in the last 

sectiori. 53 Because of the simi!ar~ty in thefr as~et sizes 

and the nature of their businesses, 'the assets and the 

earnings of firms #3 and #4 are aggregated to create firm ,., 
,liS.. The relev'ant "values of the key variables for this f:l,rm 

are Xa - .844, Xp ,- .156, E(Ra ) - 2.666%, and VeRa) ~ . . 
10.775. The ciovariance of the firm's assets with each o~ 

th~ securiiy groups 1s recalculated using the procedure 

de8crib~d in section E-4. 

Sfmilarly, fiim I~ is created by,merging firms #2 and 

114. ,These two. firms are selected because of the!r widely, 

different return characteristics. The problem, however, is 

that firm #2 is 10 times larger th an firm #4 and, if merged 

directly, dominates the ret,rn characteristics of the merged 

~irm. ~o overcome this problem, the assets of fir~ 112 over 
j 

the period, 1969-1979 (inclusive) are deflated so as 'to make 

i t,s 1 9 7 9 as s e' t s e qua l t 0 th 0 seo f f i r m (/4. 5 4 Th i s r e sul t s 

in Ka - 0.816) Xp - O.18~, E(R a ) • 2.71% and VeRa) - 3.975 

fot firm #6. Tabres 4-8 and 4-9 show the pens~on fund 
, 

portfoli~s for firms #5 and 16, respe~tively. The portf~lio 

compositions of the pens~on portfolio of firm #5 ca~ now be 

compared to those for firms #3 and ~4. The effect of the 

change in the nature of the firmls operating assets on the 

portfolio composi~ion is quite obvious. Concentrating on 

the minimum variance portfolios, it can be se en that there 

are Il common groups between firms #3 an~ #5, and 9 between 

flr~s 114 and ,115. 55 The proportion of "debt in the.pension 

fund i~ now only 7%. Similar trends are observed when'table 
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,cases~ 

ctmpared 

changing 

with'Tables 4-5 and 4-7. ,In mo,s t, of the 

the nature of the fir'm's operatipg as sets 
ç 

has hsd a slgnlflcan~ impact on the portfol19 compositton 

tbe pension fund~. This sugge~ts Ehat sny chAnge ln the , , 
, , 

-firm's operating'sssets will, under the sssumption of thls 

m 0 de l, r e qui r e a ne win v est men t s t r s t_ e g y .f 0 rit El pen s 1 0 n , 

fund. 
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, Peœion FuOO 
Portfolio Il 

Consolidated 
Re~ (~) 

Weighted Return on 
the PensiŒl_F'urYI (%) 
~ Return <Xl 

. the Finn' 8 Assets (i.) 
Consolidated 
Yariance (7.:)~ 

Weighted Variaoce of 
the Pemion Fund (%) 

- Covariance (%) 
We1ghted Var1anœ of 
the Firm' 8 ABsets Ct) 

Total Il Groups in ' 
. the Pension 
Portfolio 

Portfolio 
êœposit1~ 

n ec.mron StocKS: 
# Bond Indices 

i. nebt in Pension 
Portfolio 

-~~-----. --_ ...... -- --- ..... - ~,-.....,.;;! 1 • .,. 4Ç:j i ,,~..-..--..' _ 

. . 1 

2.593 

.343 

2.250 

4.130 

3.337 
-6.P;R3 

7.675 

17 

1,1,4,R, 
lI,12,I5, 
16,21,25, 
28,31,33, 
3R,39,40, 
41 

94:4 
, , 

16.5 

-

Table fr.8 

OP'I'JMo\t RJRIIU .. TO (IMlffiITrOO: Fm-l 115 Xa =0.844 F:(Ra) = 2.6(:6 V(Ra) = 10.775 

"" - .156 

-2 3 4 5 6 7 8 9 10 
. 

2.615 2.651 2.7'n. 2.759 2.M) 2.H95 '2.9% 3.004 3.0:n 
0 

.365 .401 .472 .5('8 .63) • 645 .• 746 . .• 154 .7.fi:) 
. 

2.250 2.250 2.250 . 2.250 2.250 2.250 2.250 2.250 2.250 ---- , 
4.2fi6 4.53R 5.1ql 5.~16 S.'})1 6.103 '7.462 7.727 8.617 

3.426 3.598 4.091 4.~ 4.029 4.03) 4.51R . 4.516 4.593 
-6.835 -6.735 -6.575 . -6.4œ -5.773 -5.m3 -4.732 -4.464 -3.651 

-
7.675 7.675 7.675 7.675' 7.675 7.675 7.675 7.675 7.675 

17 17 17 17 16 17 15 , r 16 15 

.1,3,4,8, 1,3,4,R" 1 ,3,4,R, 1,3,4,f) , l,3,4,6,. l,3 ,4',6, 3,4,6,9, 3,4, r;,6, 3,4.5,6, 
11 ,12,q, 11 ,12,13, 11,12,13, 8,12,13, 8,12,13, 9,10,12, 10,12,13. 9,lO,12. 9,10,12, 
15 ,Hi ,21, 15,16,21, 15,16,21, 15,16,17, 15,16,17, '13,15,16, 15,17,22, 13,15,17, 13,15,17, 
25,28,31, 25,28,31, 24,25,28, 21,24,25, 21,24,25, 17,21,24, 24,25,26, 22,24,25, 22!24,25, 
33,37,3P., 33,37,38; 31,33,37, 2~,3l,33, 2R,33,37 25,2R,33, 2R,37 26,2R,37 '2fl ,37 ' 
39 39 39 37 37 

100:2 100:2 H~:1 109:0 lœ:o 10fi:0 -60:0 62:0 '\0 -

13.3 8.6 0.9 0.0 0.0 . 0.0 0.0 . 0.0 0.0 
" 

fbte: * gI'Ol.l) runbers 1 t~ 37 are equ1ty ~ am 38 to 48 are boni JX)rtfol1os. 
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, Pension Furd 
Portfolio n 
Consolidated 
Return Cio) 

Welghted Return m 
tre Pension Fun:! (h) 

Weighted Retum on 
tre Finn's Assets (1.) 

Consolidatect 
Variarce cn 

Weighted Vartaœe of 
tre Pension Fun:! (%) 

Covariarce (%) 
Weighted Variaœe of 
tre Finn's Assets en 

Toêu. Il Grrups in 
the PenslO1'1 
Portfolio 

Portfolio 
Conposition* 

.' 

fi Camon, Stocks=­
n Borrl Indices 

% Debt in PensiOn 
Portfolio 

Tahle '4-9 

OPl'IMAL KR1FULIO CIM'OSITIœ: FIRM Hf; 
C"~ 

1 2 3 4 

2.753 2.757 2.767 2.q34 . 
.• 547 .551 

. 
• 561 .72A . 

2.206 2.2('6 
'. 
2.2(16 2.206 

1.34R 1.350 . 1'.360 1.767 

4.155 4.144 4.123 4.109 . 
-5:454 -5.440 -5.410 -4.9R9 

2.647 2.647 2.647 2.647' . 
21 22 22 l Q 

1,2,3,4, 1 ,2,1,4, 1 ,2,,3,4, 1,1,4,6, 
6 ,R,ll, 6,R,11 , 6 ,R,ll, 8,llt13, 
15,17,lP, 11.15,17. 13,15,17, 15,F .23, 
2~,25,2~, 18,24,25, IR ,24 ,25, 24,2'),26, 
2R,31,12, 27,2R,31, 27 ,2R ,11, 2R,33,37, 

'33,37,40, 32,33,37, 32,33,37, 39,41,42 
41,42 _ 40,41,42 40,41,42 

115:3 116:3 116:3 110:3 . '---
14.6 14.6 14.6 12.1 

, 

.X3 = .~lfi F.(R~) = 2.710 veRa) - 3.Q7S 
Xp = .184 

-
5 6 7 8 9 

--
2.949 3.022 3.047 3.101 3.126 

.743 .R16 .MI .895 .920 

2.2Œ>' 2.2(16 2.206 2.206 2.2Œ, 

1.R99 2.4n 2.897 3.675 4.341 ' 

4.252 4.575 5.(179 5.778 6.390, 
-5.ŒX> -4.745 -4.R29 -4.750 -4.695 , 

, 2.ft47 2.047 ' 2.647 2.647 .2.647 

16 18 17 16 15' 
o ,1 

1 ,3,4 ,Il, 1,3,4,5, 1,3,4,5, 3 ~4,5,f), 3.,4,5,6-, : 
13,15,17, 6,9,10, 6,9,10, 9,10,12, 9,10,12, 1 

23,24,2';. 12.13,15, 12,13,15, n,15,17, 13,15,17, 
26,2R;3~, 17,23,24, 17 ,23,24, 22,24,25, 2~,24,25, 
37,39,41 25,26,2~, 25,26,2R, 26,2R,37 26,37 

37,4R 37 

-
, 

58:0 100:2 103:1 103:0 62~0 

1 
10.6 4.1 0.0 0.0 0.0 1 

1 

~té: * group nun!Jers 1 through.37 are ~t?-ty ~ am 3R ta 4R are ,rom JX>rtfolios. 
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F-'3-2. Tqe Effect of Relàxing t'he Diversification 
\~ , 

Constraint: 
/ 

;' , 

,'The resu.1 ts in the previous 

limit of 6.67% for investment ~n 

se,ct~. sume!: a 

indi~idual gfoups. 

m'aximum 

To' 

study the impact of this limit dn the' solutions, 

unconstrain,ed optimization was cond'ucted for firma 112,(Table 

4-10)'and 1/4 (Table 4-11). The results show that the 

relaxation of thi~ limit allows the firms more flexibility 

with regard to their 'consolidated' risk. The maximum· 

v B: ria n cep 0 r t f 0 li 0 for bot h the f i r m,s i s for m e d b yin ve s tin g 

in only group 1113 (Harlequin Ltd.). For ,f1;-m 1f2, the 

minimum variance unconstrained portfolio now contains no 

bonds at aIl, clearly indicating that the high proportion of 

bon d s 0 b se r ve.d in Ta b 1 e 4 - 5 i s are sul t 0 f the 

diversification constraint and not due to the preferentlal 

variance-covariance characterlstics of bonds. The 

relaxation of the diversification constraint also affects 

the risk-retu~n trade-off and the optimal 'number of 

seeurities in each portfolio. For example, for comparable 

'eonsolidated' variance (such as portfolio #5 ln Table 4-5 

and #4 in table 4-10), the 'eonsolidated' return and the 

return on the unconstrained portfolio is higher than that 

under the cons t rai ned case by 0.15 % an"d 0.90%, 
. 

respectively. portfolio 115 in Table 4-5 consists of 23 

common stocks compared to 105 ,stocks and 3 bond portfolios 

in portfolio ,~ in Table 4-10. Similar conclusion can be 

drawn by comparing Tables 4-11 and 4-.6 for firm 114. Du'e to 

a large proportion of f~nd'e assets to consolidated a~sets; , . ' 

Xp , firm #4 can significantly_alter,its 'consolidated' 

risk-return characteristics by ipvesting in a reduced number 

of eecurities. The,removal of the diversification 

constraint results, lI] an increase of 0.2% in the 

'~onsolldated return and '0.8% i~ the pension fund return 

( cO m p a r~ # 4 . i n T,a b 1 e 4 -\ 11 w i th U 7 1 n T a b 1 e 4 - 6 ) • For bot h 

firme, the removal of the diversifies"tion constraint results 

'. 

/ 

1 
'.~-
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in a s1g~1ficant increase in the expected return for 

equivalent risk leve~B. Moreover, they become equity 

portf61i~s q~ite t~ contrast to the ty~ical asset mixes of 

Canadlan pension funds (see -FEI Surveys 1978, 1980)." 
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Pension F\n:l 
Portfolio -# . - . 

CoMolidated 
Return (%) 

Weight:ed Retum Œ1 

the Peœion Furr:I (%) 
Weisffited Return on 

the Firm' s Asgets (%) 
Consolldated 
Variance (7.) 

Weighted Variance of 
the Pension Furr:I Ct) 

Covarlance (%) 
Weighted Variance of 

the Finn' s Assets (7.) 
Total fI Groups in 

the Pension 
Portfolio 

Portfolio 
o Ccmposition* 

11 Ccmron Stocks: 
H BonI Indices 

% Debt in Pension 
Port&>lio 

.' 
.' 

1 

-
2.411 
. 
.• 259 

2.152 

2.:nJ· 

Ï.284 
-2.424 

3.440 

5 

8;9,22 , 
\4,25 

25:0 

0.0 

OPFIMM.. KP)fOU0 <Jl1:lC6lTION: 
- ~Nfl): , F'm1 112 

~ 

. 
2 3 4 

. 
2.41R 2.508 2.667 -

.266- .• 356 .515 

2.152 2.152 2.152 

2.319 2-.715. 3.795 

1.293 0.482 h62R 
-2.413 -1.207 -1.273 

3.440 . 3.440 3.440 

5 5 7 

8,9,22, 8~9,22, (,,9,13, 
24,25 24,25 22,24,25, 

37 

25:0 25:0 23:0 
. 

. O~O . 0.0 0.0 

Table 4-10,. \ 

5 

2.725 

.573 

2.152 
. 

4.297 

1.772 
-<l.915 

3.440 

7 

6,9,13, 
22,24,25, 
37 

23:0 

0.0 

Xa - .897 E(Ra) - 2.3Q9 V(Ra) - 4.27~· 
'Xp'" .103 

v 
6 ' 7 8 - 9 10 

. 
2.H2O ' 2.891 2.942 3.024 3.058 

.668 .739 .7ClJ .872 .90; 

2.152 2.152 2.152 ~.152 2.152 

5.197 6.033 6.751 8.115 8.926 

2.329 3.073 3.fOJ 5.195 6.041 
-<l.572 -<l.4ff) -<l.489 -<l.519 -<l.554 

3.440 3.440 3.440 3~44O 3.440 

5 5 4- 2 , 1 

6,13 7 24 s 6,13;24, 6,13,25, 6,13 13 
25,37 25,37 37 , 

. 

lR:O lR:O 10:0 2:0 1:0 

0.0 0.0 0.0 0.0 0.0 

N:>te: ." p,roup runbers 1 t~ 3i are .equity p;r6uJ:B am 38 to 48 are bord portfolios. 
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Table 4-11 

0P'I1MAL R~IFtt.lO .<lH'c6rnrn 
- Ut-o:mrnAlNFJ): FIRM /14 

peœion Funi 
. :portfolio I! 

_ ('.()œol1dated 
Rètum (i,) 

Wèighterl Return on 
lœ Peœion Funi (%) 

Weighted Retum on ' 
tlÈ Finn' s ~sets (%) 

Consolidated 
Variaœ.e (%) 

. ~hteQ Variance" of 
tœ Peœion Fui'rl (%) 

, Covariance (i,) 
Weighterl Varlaœ.e of 

the Firm's Assets (%) 
Total Il Groups in 
tœ PeŒioo 
Portfolio 

Portfolio _ 
~itiorPr 

Il' Camnn Stocks: 
" n BoOO lroices' 

i. Deht in PenSion 
Portfolio 

1 • 

3.322 . 

0.637 

2.685 

4.iS7 

JI.390 
-;-14.5f2 '. 

7.310 , 

12 

2,3,4,6, 
11,15,17', 
IR,27,2R, 
3?_,33 

'47:0 

0.0 

-2 -

-
3.372 

0.687 

2.685 

4.429 

.11.712 
-14.,592 

7.31.0 

12 

2,3,4,6, 
11.15",17, 
lR,27,28, 
32,33 

47-:0 

0.0 

3 

3.813 

1.12R 

2.685 

5.372, 

11.638 
L..13.576 

·7.310' 

13 

3,4,5,6, 
10,13,15, 
Ü~IR,27, 
2R,33,37 

49:0 

0.0 

~ 

Xa = .749 E(Ra) = 3 .. SRS _ veRa) = 13.0~ 
Xp." .251' 

"-
4 5 6 7 

4.059 4.255 4.623 9.893 

1.373 1.570 1.937 2.208 

2.1)85 2.685 2.685 2.n8.5 

.6.500 9.065 19.7œ 36.003 

Il.522 13.704 21.812 35.873 
-12.:p2 -11.949' -9.416 -7.HU 

7.310 7.310 7.310 7.310 

10 8 5 1, 

3,4 ,5,E), 3,5,6,10, 3,,5;6,13, 13-
10,13,15,- 13,15,17., 17 
17,2R,37 37 

31):0 ' 29 :0 16:0 1:0 
"-

0.0 0.0 0.0 0.0' 
. . 

l'bte: * group Il\.Il'Œrs 1 t~ ~ are equity gI'OtIJ:lR àm 38 to 48 a:œ ~rrl p:>rtfolios. 
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'-3-3. The_Effe~t ol Changes i~ X~: 

i ' 
To st~dT the impact of a change ln the funding level on 

thé portfolio compo5ition, the proportion of the pension 

fun d t 0 . con S 011 da t e d as 8 et a for fi r m' # 4 w a s 8 r bit ra r il Y 

"increased from ,25% to 33%, aIl else rema1nin~ constant. S6 

The diversificatiow constraint Is again assumed ta be 

hlnding. The re,suIts ,~ré shawn ln Table 4-'12., WIth this" 

Increase in rela"tive f'Und, size, th~ firm obviou~ly h'as' more 

flex,ibili'ty ~ith regard to t,hOe 'consolidated' ri-sk-return 

~ 'trade-off. It is interesting to'note that ~hls has ~18o 

,resulted. In an increased 'proportion of bonds ln the pension, 

portfolio but reiativ~ly littl~ change in the equlty 

Oups. The results indicate tha.t ~for this particûl-ar firm, 

increase in'X p results ln a chan'ge in .a8set. mix fr-o~ an 

aIl equity ~ortfolio ta ~ mixed d;bt-equity portfolio. 
-' ~ 

An in:crease in the 'fun~ing le~el of its pension fund will, 

th~refo_re, result in fundamental changes in the 'portfolio 

c,?mposition of 

s pe c i f 1 c. 

r 
the optimum p_ortfolios and loIili be 'fi,rm 
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Pension Ft.trYI 
Portfolio # 

C0ns0l1dated 
Return (r.) 

Weighted Retum on 
the ~lon Furrl (i.) 

Weighted' Retum œ 
the Firm' s Assets (%) 

Consolidatecl 
Variance (i.) 

Weighted Variance of 
the l'eœion Furrl Cio) 

Covariance (%) 

We4futed Var1aoce of 
the Finn's ~ts (%} 

Total n Groups in. 
tre l'eœlon 
Portfolio 

Portfolio 
~iti<Jl1fr 

Il Catm:xl Stocks: 
If Bond Irrllœs 

% Debt in Pension 
PortfoÙo 

J. 

0P'1'1l1t\L ~IO a:wœmoo 
- EFFF.cI' OF~: F1JM /f4 -

1 2 3 .. l 

3.234 3.2~ 3.521 

.850 .Ra) 1.137 

2.J84 2.384 2.384-

3.700 ' 3.831 4.996 

10.0)6 10.123 11.888 
-12.048 -12.054 - -12.655 . 

5.762 5.762 5.762 
-- -

23- Z2 21 

1,2,3,4, 1,2,3,4, 1,2,3,4, 
6,10,11, 6,10,11, 6,10,11, 
15,17,18, 15,17,18, 11,15,17, 
21,27,28, 21,27 ,2R, lR,24,25, 
3Vp32,33, 32,33,34-, 27,2R,32, 
34~37 ,40, 'P ,40,41, 33,37,41, 
41,42,47, 42,47,48, 47,48 
4R 

1Œi:5 ,( 105:5 112:3 " 

25.3 24.3 14.4 
( 

Table 4-12 

4- -

. , 

3.685 4 

1.301 

2.384 

6.091 -

13.211 
-12.f!82 
( 

5.7-62 

20_ 

1,3,4,5, 
6,10,13, 
15,17,18, 
24,25,20" 
27,2R,32, 
33,37,47, 
48 ' 

114.:2 

10.2 

," 

-Xa ". .665 È(~a)'" 3.5R5 V(Ra)" 13.03 
~ .... 335 

5 6 7 8 . 9 
-, 

. 
'3.815 3.848 3.940 4.015 4.058 

1.~ 
, 

1.431 " 1.464 1.631 1.674' 

2.384 2.384 2.3M 2.384 2.384 ,. 
, 

7.SlO 8.016 9.977 12.484 15.354 < 

14.492 14.84Q, 16.348 18.674 21.162 
-12.744 -12.595 -12.333 -1l.952 - -11.570 .. 

5.762 5.762 5.762 5.762 5.762 

IR 17 IR 16 15 

1,3,4,5, 1,3,4,5" 3,4,5,6, 3,4,5,6, 3,4,5,6., 
6,10,13, 6,10,13, 10,12,13, 9,10,12, 9,10,12, 
15,17 ,24, 15,17,24, 15,17,22, 13,15,17, 13,15,17, 
25,26,27, 25,26,27, 23,24,25, 22,24,25, 22,24,25, 
28,33,37 , 28,33,37 26,27 ;28, ?6,28,37 26,37 
4},48 , - 48 37,48 

. 
107:2 107:1 66:1 62:0 58:0 

7.0 6.7 5.9 0.0 
, 

0.0 1 

lbte: .. * group runbers 1 t~ 37 9I'e equlty gr~ ani 38 to ~ are born JX>rtfoliœ. 
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CONCLUSIONS AND IMPLICATIONS 

" In this chapter, a pension fund investment po:j..icy model 

was developed. Operationally, the model maximizes the 

returns on ~he fund portfoli~bject to a 'consolidated' 
- , 

risk constraint. The model is similar in spirit to those 

in the finan~ial intermediation 1iterature and the'portfollo 

implica~ions of non-~arketable human wealth. The model ia 

tested with a universe of 192 COmmon stocks a~d 11 bond 

indices for 4 sample Canadian.firms for which data 
• 1 

was 

readily available. After presenting the basic results, 

sensitivity analysis was conducted to test .the impact of 

varying some important pararneter~ on ,the model solution. 

T·he overall ·results indicate thaL the, 9ptlmal .fund 

portfolios should he tirm specifie an~ will differ widely . . 
for different firms. "Any change in the risk level, the 

nature of the fir~'s operati~g assets and/or t~é funding 
L"'J .~'. 

l'evel mus t 'be ae compa'i(i ed by a change in the portf 0 1 10 

c.omposition of the pension fund. Moreover, it is ,not 
1 

necessary for aIl the firms to hold bonds in their fund' 

portfolio .(even 1'n the minimum variance case) because an aIl 

equity portfolio i5 more efficient. This has some importan~ 

implieatiQns for the fund'5 aS$et mix decisions. 

The portfolio composition of the fund will differ for 

different firms even for the same 'fund' risk. Thus, a firm 
Ir~, 

following the investment policy suggested by this model will 

-hav~ te interpret the stàndard portfolio performance 

measures for 'the evaluation of its fund performance more 

carefully. Speeifically, since the optimal fund portfolios 
~ . 

are flrm specifie, the use of the usual portfolio measures 

based on a market index as"a henchmark portfolio is open ta 

qùestion. 
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, 
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The role of a fund manage~, a,ccording to this model, 

involves supplyingoestimates of expected return, variance 
1 

and cov~riance for individual securities and then the model 

solution will determine the preferred proportion of stocks 

and bonds for the fund. Unless these estimates are 

frequently revised, the fund will follaw a"passive' 

inve~tment strategy. 

The investment policy for a~pension fij~d under this 

model, therefore, Integrales the fund with the firm and 

c?risiders fund'management as an Integral part of firm 

::- ~-nagemen t • 
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A P l' Ft J) 1 X B 

GROUPING PROCEDURES AND HOWARD - HARRIS ALGORITHM 

A. GROUPING PPOCEDURES 

Groupin~ procedures based on the stochastic return on 
the seeurit:f::e-s have heen most popular, due to t-he 
availa~i1ity and parsinony of the required data. Aetual. 
groupings have been hased on either the ~eneral~zed factor 
nodel {as in the arbitrapB pricing theory framework) ot on 
the traditional sinrle factor market model. 

A-l. l'lulti-F.act'Or Grouping 

It is theoretically possible (along the 1ines suggested 
by ,Roll and Ross, 1981 and Reinganurn, 1981) to resort tD one 
of the many factor analysis techniques to identify the basic 
underlying factots ~n security returns and then to partition 
the pecurities into homogeneous groups based on their factor 
.loadin~s. The el'lpirical results using this technique 
(thoup:W still in their 'infaney) ShO'" that the factors 
critically depénd upon the sa~rle size and the nature of the 
seeurities in the sa~ple and that they are not peneralized 
to aIl subsanples (GIbbon, l~Rl; Kryzanowski and To, 19R3, 
forthcoming). Therefore, the use of factor analytical 
techniques will have to wait until more comprehensive ànd 
extensive testing of factor congr~ence is conducted. 

A-Z: ,Market Model Based Grouping 

~wo ~rocedures based on the market model h~ve been 
e:ployed to ~fficiently group seéurities. 

A-2-1. Parameter Type Grou~ing 
1 

, The paramete,r type group1ng technique involves i) using 
a"nié}rket m.odel to get four descriptive statistics, 0:, O'Cl, ~ 
and &11 for each security ~where a and' r are the int'ercept 
and s!. 0 p e .. 0 f the ma r k et ma deI, and O'o,t> ()' 11 a r ~ , 
respectiv~ siandard etrars), 2) using thehe f~ur d~~iptors 
in a factor analysis to-derive ~ignificant factors and 3) 
using these significant factors in the cluster analysis ta 
farm groups.I The use of the four desctiptors, instead of 
just a ~ value, allegedly avaids the problems of estim~ti~n 
errors mefttioned by Frankfurter et a1.(1971,1976). The 
approach, however, has two major drawbacks. First, it 
assumes that the residual variance of every security 18 
Inslgniflcant, and secondly, that the covarianc~ between the 
r e s 1 d u aIs 0 fan y' t w 0 sec url t i e sis z e r 0 • Bot h a s s u m p t t'o n s 
have little empirical suPPo.!t especially 1n the Canadj.'an' ' 

-----.----_. 
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context. 2 Co"oariance ty~t'ouPing procedures have bee"n 
proposed in order to overcome Su ch exclusive reliance on the 
ma rke t mo'de 1 • 

A-2-2. "'- Covariance Type Grouping 

'Based on the work of King (1966), Cohen and Pogue 
(1967) and Elton and Gruber 0970, 1971), Farrel (1974) has 
suggested a procedure which groups securities on the basis 
of their collinearity statistics. Th~ procedure involves~ 
1~ using the market model to derive the residuals, 2) 
obtaining a correlation matrix of residuals for aIl 
securities in thé sample; and 3) forming groups, using a 
stepwise clusterin~ procedure on this residual correlation 
matrix lthough this procedure explicitly accounts for 
~ sid al ovariance, it still depends upon the market model 
an mensional clustering. To avoid such dependence 
this study therefore uses the Howard-Harris hierarchical 
clustering aleorithrn to achleve the grouping of securlties 
in an n-dimensional space. 

B. HOWARD - HARRIS CLUSTERING ALGORITHM 

This algori~hm achieves the clustering of securities by 
using an objects-by-variables matrix as data and the 
crl~erion of minimum within-group variance st each levei of 
clustering. 3 The input data for this study consists of the 
~uarterly securities returns, whlch are treated by the 
algorithm as variables. The algor1thm can be briefly 
described a~ follows: 4 

Let the number of abjects (securities) heing clustered 
equal n, each object being measured by N variables 
(quarterly returns). Let the objects be denoted by Ri' R2 , 
...... Rn' each'Ri being/a vector (RU, ••••• RiN) in an 
N-dimensional space. Let P(S, p) represent a p-fold 
partitioning of the set S into disjoint subsets, L, Mt and 
so on. The problem of hierarchical clustering may then be 
stated as follows: ,given a set of objects Ri's, partition S 
into subsets that are simultaneously as internally 

" homogeneous and as mutually dissimilar as possible, where 
disslmilarity between Ri and Rj is defined as (euclidian 
distance): 

m 
I(R i - Rj)12 - E KRik - Rjk) 1 2 •••••••••• 4 • 1 A 

k-l 
"The total variance, VT' of aIl n memhers in S' can he 
written as: 

m m 
- 1 L r (Ri - Rj) 1 2 •••••••• 4.19 

2"Nk=l j-l 

....!: ......... ------- - .. 

., 
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" which can be divided into a within-group variance, Vw' and a 

between-gfoup variance, VB where Vw can be obtained by 

Vw • E VL •••••••••• 4.20 
"Le: p(S.p) 

The criterion for optimally partitioning S into P 
p:roups Is: find P(S, p) so that Vw d.s a minimum. The 
optimal number of clusters will he determined heuristically 
cl e pen cl i; n r. u p 0 n the t r a cl e off b e t we e n par s i 1TI 0 n y (i. e. f fi w e r 
clustertt) and the decrease ln within-group variance, Vw• ' 

APPEKDIX B - FOOT NOTES 

1. Frankfurter and Phillips (19AO) use .-this .technique to 
form 40 groups of 522 securities in a two rlirnensional 
cluster analysis. An identical procedure ls followed 
by Hill (1978). 

2. 

3. 

4 • 

S e e Lev y (1 9 7 8), J e n sen (1 9 7 2). FT i end e t al. ( 1 9 7 8 ) • 
Kryzanowski and To (1982), Morin (1980) deal with the 
Canadian situation. ~: 

Many techniques are available for çlusterinJ!; 
longitudinal da'ta. For a review,' see Cormack (1971). 

The niscussion which follows ls entirely based on Green­
and Rao (1972), pp.207-208. 

( 

, .t 

-------~------------~-------,--------, 
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APPENDIX C , , 

i 

n OF ~ECURITI~S IN EACH GROUP 
FOR 37 CLQ TER SOLUTION 

/ 
1 

J # of r 
Croup If / Securi ties 

1 42 .,. 
2 8 
3 1 1 
4 3 
5 2 
6" 1 ,~ 

7 1 . 
,8. 9 

/" 9 1 
10 6 
Il 1 

l ).2 1 
13 1 
14 1 

( ) 
15 2 
16 7 
17 1 ~ ~ 0-

18 4 . . 19 3 

2.0 7 
21 3 .. f" 

<l 22 4 
23 3 
24 8 

25 3 
26 9 
27 2 

, . 28 4 
29 12 
30 10 
31 1 

\ " 32 3 
" 334} 7 

34 2 
35 1 
36 3 

.' 

37 5 

( 

" 
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1 
7 
e 

1 1 
16 
17 

1 
lB 
19 
21 
2Ç 

f 31 

\1 
35 

() 40 
42 
44 
46 
49 
5Ç 
65 
6Ç 
76 
76 
81 
84 
92 
Ç7 

101 
102 
10.3 
114 
125 
127 
130 
147 
153 
154 
161 
163 
164 
16Cjj 
1 77 
182 
183 

-

( ) 

Il 
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CO~MON STOCK SAMPLE AND CLUSTER n 

o 

T lCKER "AME 

ALe ALGO",A CENTRAL 
ALG ALGO"'A STEEL 
B BELL CANADA 
I:3CS.A 8.C. SUGAR ' A' 
BCT B.C. TELEPI-;G~E 
BL.A SRASCAN 'A' 
BMO 8ANK OF MONT J;EAL 
8NS 8ANK CF NOVA SCOTIA 
CCT.A CDA ceME"T 
CDL.A CORBY 1 S DIS T IL l ER 1 ES 'A' 
CGT CüNSI.MERS GAS 
C1<.C CDA PACKERS INC. 

{~ CANkON 1 r-.C • A' 
CON IMP 8Af\K CF CC,.,MERCE 

CMG .A CANADA MALT l "G 
CPW.A CALGARY POlrtER 'A • 
CU CANAOIAN UTILITIES 
DFS.A DOFASCO • A' 
D,,",S C;OMINION STOfOES 
FGC .A FEDERAL 1 NDL.STJU ES LIMITED ' A' 
FMC FORD OF CANADA 
GHL GREY HDUND LI "ES CA"ADA 
GST GENSIAR 
HOL.A HOLL INGER-ARéU S 
lAC I.A.C. 
IMS .A IMASCC 
INL INLAI\O NATUR PL GAS 
IPL.A INTERPROV PIFElll\E 
LBT.A LASA TT. JCHN 'A' 
MTT MARI T HŒ T & T 
NBT THE "Er. BRUNS"'lCI< lELEFHCI\E COMPANY 
I\FL.A "EWF CU f\CLA ND LI GH & PC~ ER COMPANY L 
RIN.A Rt:DPATH INlJl.STHIES 
RY ROYAL BAf\K 
SBG.A STEII\8ERGS ' Il' 
STE .A STELCC • At 
STR STANDAI=<D BROADCA SÙ f\G 
TO T CR 0 t\ T (j - DO,.. l " 1 ( " EAf..K 
TMP.A TI<ANStiCUNT PIPELl"E 
UNG.A UN 1 0 t\ GAS 1 A • 
\rOS.A ilûOD"ARD STORES • A 1 

.Gw.A "'ALKER-GOODER~AM 

r 

. 
r ~ï 

" , 

, 
• 

)' 
-, 

.. 
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K CLUSTE~ , CO /1 

2 
51 
15 
77 
79 

124 
143 
1~5 
165" 

.3 
9 

22 
25 
68 
91 
96 
1~2 
137 
170 
181 
lElS 

4 

( 36 
38 

129 
5 

67 
176 

6 
146 

l' 
60 

a 
.32 
56 
57 
58 
8b 

134 
158 
Ib6 
192 

9 
47 

10 
52 

.64 
t:6 

144 
148 
150 

TICKER 

CRI 
FCL 
FL.A 
GBM 
MP 
PPL_ 
SE. A 
TEK .A 

ACiT 
SVI 
CAS 
DMP 
HBU 
HYQ 
!Ii MC 
PCP 
TPN 
rlSI 
WPL 0 

CHO 
CID 
NCU 

DML 
UKH 

RGO 

eUE 

CDP 
CT. A 
eT.R 
eTR.A 
GY 
NT 
SRC .A 
TG.A 
ZEL 

CNiN 

CRK 
DEN 
DM 
PTM 
RMN 
Rel~ 
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CRAIGMONT II.I"ES 
FALCCNBRID~E CCPFEH LI~ITEC 
FALCO~8RIDCE NICKEL 
GIBRALTAR /ofl"ES 
MCINTYRE MINES 
PI"E peINT MINES 
SHERRITT GORCGt. 
TECK CORPUHATICN 'A-

AOUITAINE CA"ACA 
EO~ VALLEY l''DUSTRIES 
CANACIAN SUPERIC~ (IL 
DOME PETROlEt..M 
HUDSCN BAY aIL & GAS 
HUSKY OIL 
NUMAC C,IL & GAS 
PAN CANAOIAN PET~ClEUM 
TOTAL PE TRCLEU~ 
.ESTEURNE INTE~NATleNAl l''DUSTRIES L 
.ESTCDAST PETRCLéU'" LI"'I"TEC ' 

CANACIAN HCM~~AD CILS LI"'ITEO 
CH1EFTAIN OE~~~"'E"T 0 

NORTH CANAOIAN DILS LI,..ITED 

OICKE~SO" ~I"ES LI~ITEC 
UNITED KENC HILL ,..INES LIMITED 

RANGER OIL CA"ADA 

CANACIAN CELLULCSE CCMPA"Y LIMITfD 

CANADA PERtlA"Et-.T 
CANADA TRUST CO ~ 
CANACIAN TIRE CCHP(RATle~ LINITED 
CANAOIAN TiRE 'A' 
GUARAI\TY TRl:.ST 
"ATIC"AL TRL!:T 
SCOTT RESTAUkA~T 
TRADE~S GROUP 'A' 
ZELLER'S 'A' 

CANA CA NCRTH _EST LAND 

CAMPeELL REU LAKE 
DENlSO'I\ foI.INES 
DO ME tli NES 
PRESTO" ~INES LJ,..ITED 
~LMAI\ COkPüRATl(~ LItlITEC 
RIO ALGUM 
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t CLUSTEk Il CO ft TICKER I\Ato'E 

Î 
l 11 

30 CDG CuNSUMER~ DISTf'lEUTING 
12 " 

179 VIP VULCAN 1 ND U S T ~ 1 A1. PACKAGlt\G dMI TEU 
13 !>? 

93 HQE.A HARLEOUI fi,: • A • 14 
f:'IMITE 34 CFY CONSOLIDATED CANADIAN ~ARACAY 

15 
55 CSW CDA SOUThERN PETROl,.EUM 

178 Ul'C UNITED CANSD OIL f, GAS LIMITED '" 
16 

5 AGR.A AGRA INDUSTR lE S 
• A • 73 ELF E-L FINANCIAl 

8B HAY.A HAYES-DA"A 
94 HRD.A t-iARDING CARPETS • A ' 

.115 LOM.A LAIOLAw TRAN~PCRTATICN LI M HEO · '" 120 MHP.A MAC,L EAt'/ HUNT ER . )( , 
151 ~SS .A REEO STENHOUSE . ~ , 

17 
186 WMl wESTERN MINES Ll"'lTE~, 

18 
109 KER .A KERR-AOD 1 seN 
131 NGX NOR1J-1GATE EXPLORAT leN 
13b aSH .A CJSH~.A GROUP • A' 
157 SR STE P ROCK lRO" IIIt-ES LIIiITED . 

. 19 
112 L.A L08LA* cc. 
113 L.8 L08LAII/ C.O,",PA"I ES • 8' 
187 WN IrI'ESTCt\.GEORGE 

~o 
1 A ABITIBI-PRIeE 

15 BCF 8.C. FORES T FRC Duel S 
26 CI:i. A CCN-BATHURST 

• A • 70 OTe DUM1 AR 1 Ne. 
82 GL GREAT LAKES fOf'EST PHOC. 

117 CI MB MAC~ 1 LLA" BLCECEL .. ' 185 IVLW II. EL C 11.000 
21 

14 Beo ~RAMALEA LIMIT~D 
89 HBC t-iUDSON BAY CCM A"Y 

116 tfAs s. B. "'CLAU GHLI" ASSOC 1 ATE S LIM ITEO 
:,22 

3 ACK ACKLANOS 
152 RU.A RUSSEL, t-UGH 

• A • 
, 

168 TlH TOROft'CNT 1 NOL~THIE~ 
189 WRL lttESTEEL-ROSCC 

~J 
99 lCL INDAL 

110 KPT.B KEEPRITE 1 I\C. 
'145 RCL RE lCI-IHCLC CA"ACA 

24 
63 GOC GULF CANAiJ A 
~e lCG INTE.R-CITV GAS 

100 IMO.A H1PEJ:; lAL o IL 
• A • 106 lU 1. u. lM ER ~AT 1 CNAL 

( ) , 

/ 
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'L~STER N CO, T1CKER 

25 

26 

-.;; 

121 
1"39 
156 
172 

33 
61 

107 

23 
24 
37 
45 
62 
71 
95 

175 
184 

10 
191 

87 
1Z8 
142 
190 

5:: 
72 
BO 
85 

118 
122 
123 
159 
160 
162 
167 
180 

6 
20 
28 
39 
4,3 
<JO 

120 
1..33 

MO 
PFC 
SHC 
lXC 

CFV. 
CXV 
1 VA.A 

CAB.A 
C AE.A 
CHY 
CMC 
CYV 
DTX.A 
HSC 
UCC 
WJX.A 

ASM 
YB 

GZM 
NCN 
PPL 
IflTC 

CRL 
OUP 
GDS.A 
GWL 
MCL 
MOl.A 
MOl.B 
55! 
SSR 
STM.A 
THM.A 
va 

AL 
BMS 
CCL 
CIL 
CL"t 
HBr".A 
N.A 
N".H~.A 

o 
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"A~E 

MURPrV CIL CCMFA~Y LIMITEO 
PETRCFINA 
SHELL CA NA DA 
TEX Ace CANAC A 

CADI~LAC FAl~VIEw 
CANADIAN OCCIDENTAL PETR(LËU~ LIMITE 
IVAC( INOUSTFclES 

CDN.CABlESYS1EtiS ·A· 
CAE INDUSTRIES LlfoiITEO 
COMMCNIrJEAlTH HCLIOAY l''~S OF CANADA 
CANACIAN ~ARCOI' CCMPAI\Y 
CYPR I.JS ANVIL MIN 1l'llG CO~P(RAT ION 
DOMI~ICN TEXTILE 
HAI,t,K ER SI DDE Ln 
UNIO~ CARBIOE CA~ACA 
IIIrAJAX 'A' 

ASAM ERA INC. C_ 
YELlC.KNIFE f:EAR Jl7jl\ES LIMlTED 

GAZ "'ETROPOLHAI" 
NORCE" ENERGY IŒSCI.JRCES 
PEMS1NA PIPELI~ES 
WESTCOAST--TR AN~M 1 S SION 

CRAI"'. ROlL. 
DUPO~T OF CA~ADA 'A~ 
GENERAL DI ST FiJEUTCRS • A' 
GREA l ~EST L IFE 
MOORE CORPORAllO" 
~OlS(N COMPA"lES 'fA' 
THE ,.,OLSCN CCMFA"IES LIMITED 'S' 
SLATER STEEL 
51MPSON-~EAR!: A 
SUUTrAM INC 
THOM!:CN NE~SFAPEFiS 'A' 
SEAGf:<AM 

AlCA" ALUM 1 ~ 1 Utw 
BRUNS~ICK ~I"I~G & SMELTl"G CORP.LTO 
CELA.f\ ESE CANADA 
CANACIAN l''DLSHdES INC. 
COMI~CO 
HUDSC" BAY /II, & S 
INCO 
NORA" DA \"'1 NE 5 

1 
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• 

CLUSTER Il CO fi i TI CKEf< NAME 

138, POL PLACER DEVELCPt.'EfIIT 
173 TXG TEXASGliLF 

~l 
lOB KAP 

~2 
KAPS T~A"SPO"T 

~12 SBO eOMBARDIER ll\CCfiFOJŒ 
27 CCH.A CAMPBEUL CHleOUGA~AU MINES LI MITED • 174 TZC TRIZEC CCRPO~Al1C~ 

':3 
2 AB ASBESTes CCRPC~All ct-. 

41 CKB CARLING O' KEEFE 
50 CRH CRUS~ INTER"AT IONAL 
54 CSR CASSIAR RESGURCES 
74 EML EMCO 

104 IS. A INVESTORS GRGUP 'A' 
149 ROC ROTH,..ANS C~N~D" 

~4 
140 PNV PATI"e N.V. 
141 Pu"" .A PO ~E f; CORP. 

~5 

( 111 KSR KAISER RESOU~CES 
~6 

4 ACO.A ATea " l' 
13 BCC.A BETHLEHEM COPPER 

11'; MF MA SSEY FER GL SCtI 
:n 

46 CP CANACIAN PACIFl~ 
6:3 OBR DOMII\ICN BRICGE 

0 105 ISP INTEf\PROV1NCIAl,STEEL t FIPE COf:iP. L 
135 hVA .A NOVA AN ALeE~TA CO~P lA' 
171 ,TRP TRA~SCANADA FIFfll"E 

,'. 

. ' 



( 

( ') 

1 • 

2. 

3 • 

4 • 

- ... flV-

CHAPTER -4 .. FOOTNOTES 

See, for example, Sea1y (1980) and references éited 
therein. 

See Mayers (1972), Rorke (1979). 

See Tepper (1972, 1974), H111'(1978), Frankfurter aod 
Hill (1981). 

For developments in the personal consumption-investrnent 
area, see ~10ssin (1968), Fama (1970), Hakansson (1970), 
and Lon~ (1974). 

" Tepper's study (1972) can be divlded into two parts. 
The first part formulates the liability structure, 
based on the plan desl~n and a~tuarial assumptions 
about- employment level and wage rates. The second part 
ana1yzes the optimal funding and investment decision. 
On1y the second part is reviewed here as Oit is the only 
part which 18 directly relevant to thi~ dissertation. 

Hill uses a two-step approach to ~reate the efficient 
frontier. She first. groups the individual securities 
by cluster analysis (see Frankfurter & Phillips, 1980 
for details) and then linearizes the individual group 
variances by using the market model. She wrongly 
claims that the validity of her linearization approach 
i5 shown by Stone (1973). \, 

l-fodig1iani and Miller (958), Hirshleifer (1965), 
Farrar and Selwyn (1967) et. al. 

Only Hill has at~empted the required empirical 
analys1s. \ 

Hill uses a before-tax cost of contributions ranging 
from 10 to 12 percent wherèas the expected return on 

"'tlle portfolio ls 10.357% (p.168). If,.B tax rate of 40% 
Is assumed, it ls obvious that ~ll contributions will 
be added in period one. 

10. Keenan (19~1) has similar thoughts on Hill's appro8ch. 
He states "(the main assumption behind .Hill's objectiveo 
function i8 that) timing pays because of expected 
differences in risk-adjusted returns available to the 
firm and its pension fund, but in such a market 'one 
must more strongly justify the utility of a present 
value cost contribution minimization objective. It may 
be; for exemple, that in such markets observed 
smoothness of profit growth is important for 
shareholder valuation - irriplying a different· sort" of 
pension fundlng polier." . 
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Il. The main objective of this approach was to investigate 
the implications of the insurance scheme proposed under 
ERISA in the U.S. For further .details see, Da Motta 
( 1'980) • 

12. It can also be increased by decreasing Al' 

13. See Treynor et. al. 1976, pp.124-l25 for a simple 
example illustrating this situation. 

14. L2* and Al can he known at the beginning of the 
insurance contract whereas A2 can be known only at 
the end of the period as it i8 a function o.J r. 

15. For more details, see Schwimmer and Malca (1976), 
Tep p e r (1 9 7 7), FI erg s t 0 r man d Fra s h ure (l 9 7.7 ), E z r a' 
(1979), Tierney (1980). 

16. For a description of sorne of the competifig 
sophisticated models, see Kingsland (1982) or 
Winklevoss (1982). 

17. See Rohrer (1978). 

18. In the U. S., Most of these models use the l bbotson and 
Sinquefield study (1976). 

19. Actually, Morgan Stanley, the U.S. investment-banking 
firm recom~ended a similar program to its client firms 
several years ago. "The program was a greai: resound1If.g 

/' 

flop" according to one of its directors (Ehrbar, ~ --....... 1981, p.124)._ 

20. 

- 2-1 • 

This problem ls dealt with in the shareholder unanlmity 
literature. ,liaron (1979) and Nielsen (1976) have shown 
the strict and extremely limlting assumptions that must 
be made to arriving at unanimous decisions, 
particularly in imperfect markets. 

This rules out a number of behavioural mana~erial 
o r g--i ni z a t ion go aIs (S i m 0 ~, 1 95 c9 ), as we U a s 
management-shareholder conflicts (Jen8e~ and Meckling, 
1976) an'd the social welfare aspects of firm' s 
decisions (Jensen and Long, 1972; Stiglitz, 1972; 
Me,rton and Subrahmanyam, 1974; StlgUl'll, 1976). 

22 • Se e J( a ne and Ma + kift 1 (1 965), Hl cha el son 8: n d Go s h a y 
(1967), Parlan (1970), Pyle (1971,1972), Cannon 
(1977), 'Sea1y (1980), Wart and Jaffe (1974) and Kane 
a-n,d Bu s e r (1979). 

•• 

"'--~--.----_ ..... _-- ~~~---,....... 
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1 

23~ One may view the funding level as a choice variable. 

24. 

25. 

26. 

27. 

In practice, however, the ratio of fund to firm assets 
varies within a very narrow range from period to 
period,. • 

Thi s is in direct cont rast to t'he option approach, 
which was discu8sed in the last sectiQn. 

Sorne effects of relaxing this assumption are dj!veloped', 
later in the discussion on the choice of an appropriate 
risk level for the pension fun~. 

See Tobin (1958), Mossin (1968), Pogue (,1970), Crane 
(1971), Hakansson (1971), 

Banz and Miller (198-0-) provide a technique through 
which state-contingent claims specify the value of a 
~ulti-period stream as weighted sums aeross both time 
and s t a tes. The y su g g est the use 0 f the In a c k - S c'h ole s 
option pricing formula to arrive at the appropriate 
state priees. The task is quite formidable if market 
iom p e r f e c t f 0 n san d var yin g t a x s t r u c tu r e s are a Il 0 w e d 
for. 

28. Criteria for including securities are weIl defined by 
var::ious provincial governments and are very similar in 
na t ure b e t we e n pro vin ces. , For a 'b rie f des cri p t ion, s e e 
Ezra (1980), pp.23-25. 

29. The prudent man rule stipulates that fiduciaries must 
Bct 'with the care, skl11, prudence and diligence under 
the circumstances then prevailing that a prudent man 
acting in a like eapacity and familiar with such 
matters would use in conducting an enterp-rise of like 
ch a_r a ete r and w i t h l i k e a i ms. 1 

30. While it i5 possible that a change in the portfolio 
composition for a particularly large Canadian p~nsion 
fund may have sorne priee effect, such exceptions are 
ruled out. 

,31. The assumption of a mean-variance preference function 
is restrictive in that it ignores higher moments of the 
distribution, Merton (1971) and Samuelson (1970). 
however, have indicated the fairly general conditions 
under which 8uch an assumption is valide 

32. Restriction~)on short selling and margin imply positive 
Xi's and B. 

33. Equation 4.11 i8 similar to the portfolio implications 
of non-marketable human wealth (Mayers, 1972; Rorke, 
1979) and of stochastic cash "tlemand (Chen, 1977). 

".~~ _________ .... _ ... ___ w._._~ ........ __________ , -"--- J--- -"--'--
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34. 

35. 

36 .. 

37. 

., 38. 

3.9. ' 

40. 

41. 

• 

Se e Kan e and Bus e r", (1 9 7 6) for an el a b,Q rat ion, 0 f th i s 
concept. 

This will also be pref-&?rred by. the insurance companies, 
such as the Penvsion Benefit Guarantee Corporation 1 

(PBGC) in the U.S. and the Ontario Government's . 
\ ~ 

Guarantee Fund prop'osed under Bill 241, passed in 
December 1980. 

This study utilizes the 'Ptoduct Form Ouaâratic 
Programmirig Code CRS - QPF 4) developed by Rand 

"1 
Cor p br a ti 0, n • 

, \ 

The main lfmitations are the memory size and ,the 
avai1abi1ity of computer time, both of which are scarce 
resourèes • . ' '~, 

• 
Many techni:ques are available for clustering 
longitudina'\l 9ata. For a review, 'see Cormàck (197'1). , 
Obvious~"y, it is nol:o possibl.e tq ,r'epr6isent a '~ypical 
p~nsion fund p~rtfolio. In practice, a fund can easily 
designate the securities it J-ntends to include in 1ts 
portfolio wlthout affecting ,the basic pr~cedure. 

Informa! discussions with p~ople in the pension fund 
investment community and the Department of Insurance 
sùggest that this assumption 18 'valid for a1most aIl 
funds. A typical pension fund has abo,ut 30 ta 50 
co mm 0 n s toc ksi n 1 t S po r t fol i 0 • 

These 192 stocks are either Fat or moderately traded 
stocks, see, Fowler et. al. (1980) for further 
details. 

Il 

42.'; In practic.e, a pens.ion fun~ manager can always specify 
the universe of stocks ta be included il! the fund 

43. 

portfolio,. " 

Laval Tape i8 a popular.name for a data file containing 
the stock market returns on approximat~ly 900 Canadian 
securities from 1963-1979. F'Or d.etails, see Morgan ànd 
Turgeon (1978). 

44. To calcu1ate these cash f'Iows, the eX{lct dat'a on 
working capital, depreciation, o~her non-cash' expenses 
(such as investment tax credi.i) etc. are required. 
Although these are readily,availab1e to the firm's " 
managemeI,lt and thus could be easily substi tuted' into 
the process_ for determ1n1ng the covarfances, they are 
impossi~le for an outsider_ to obt~in. 

.' . • , 

._------- -- --- ---
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-46. , 

47. 

48. 

5-0 •. 

\ 
Total auets are exptessed in book value terms a'nd 
inclùde both the current and fixed âssets. Returns 
based on only the fiked aasets showed almost identical 
results. 

This assumes that a) the quarterly covariances are 
stable--, b) the cross-quarter covariance terms (between 
group return and firm return) are zero~ and c) the 

" ~ ua J;,-t e 1'1 y pair s 0 f r e t u r n 6 are in d e pen den t • W i th 0 u t 
fh"é actual quarterly data, the bias introduced by such 
a n a pp r 0 xi mat ion 1 s' 1 m p 0 S s 1 b let 0 est i mat e • 

~he ~bjective of the Ouadratic algorithm used here 15 
Minimize - MPX.+ . X'OX 

where M i8 B scalar, P and X are vecto;s and () 15 a 
s ym met r i c mat ri x • Due t ° the pre sen ce 0 f the 
c d'var 1 an ce, ter 111 , t hi s w 8 S t r ans for m e d t 0 

oM 1 n.~~m i z e - M [p - 2 X B Co V ( Ri' Ra) / M ] X + X' 0 X 
The '0 p t 1 m i z a t ion pro ces s wa seo n duc t e d b Y var yin r ~I 

from 0.05 to 400.00. 

If nèeded, this additiona! restrict:ction can he easily 
incorporated by sdding a con5traint such as minimum 

48 
'debt proportion < L. Xi < maximuM debt proportion. 

1=38 

Note that because of the diversification constraint the 
minimuM nUT1lber of groups must be 15. 

H is important to note that these portfolios will not 
be monotonically related to variance ooly. The 
frontier is efficient in terms of the variance + 
covariance terMS • 

., 51. The large nurnber of corneon stocks in portfolios fil and 
112. is due to the inclusion of ~roup l, which contains 
42 stocks. 

52. The 12 common groups for firm 111 and 114 conatitute 
approximately 57% of the total portfolio. 

~ 

53. The mode! can best be tested for firms wh1ch actually 
merged. The model 1s, however, tested here by creating 

54. 

artificial!y merged firms due to the' lack of such 
dat a. 

This procedure allows for divergent growth rates in the 
a8sets of each firm during that period. 

, , 
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55. Seven groups are common for firm #3 and firm 114 in the 
minimum variance portfolios and five out of the se seven 
g r 0 u p s are pre sen t 1 n t'h e cas e 0 f fi rm IfS. 

56. No assumptions are made about the source of th,is 
increase in the funding level. In Most cases, such an 
increase would result in either a change in the firm's 
operating assets and/or the capital structure and thus 
would probably change E(R s ) ann V(R a ' and COV(Ri}_Ra ). \, . 
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CHAPTER 5.' AN EMPIRICAL ~EST OF CANADIAN PENSION FUND 

PERFORMANCE 

A. INTRODUCTION 

ln recent ~ears, the private pension plan system and 

its management have come undeF increasing scrutiny from the 

Canadian government, labour unions, and the genera~ public. 

Many factors have contributed to this scrutiny, including a 

steady in~rease in the average age of the Canadian 

population, combined with prolonged periods of high 
1 
inflation, hlgh ~nterest rates and stagnant business 

conditions. The rapid growth in the aggregate asset sdze of 

these- funds, and thus the rapid growth of th~ir alleged 

influence dn the Canadian capital markets, has a1so 

attracted outside atte~tlon. 

Sponsor firms of these plans have placed increased 

emphasis on the skilled management of the pension fund 

assets, bec'ause the failure of these assets to generate the 

returns anticipated by eorporate treasurers and outside 

actuaries reaults in inereas~ in firm/s contributions to the 

plan. Competition for m~naging these assets has a1so 1ed to 

increasing scrutiny of the bistoriea1 perSürmance of the 

, investment managers. 
~------~_._--------------

, fund assets provides consistent superior performance than a 

passive investment in a widely diversified portfolio (such 

as an index por~folio), it has implications for the 

effictency of the Canadian capital markets. Performance 

,e,valua"tion of these investmen,t managers, therefore, will 

pr9vide answers to these important issues. 

For this purpose, a number of 'performance' measurement 

a~rvlces have been established to eva1uate the returns 

earned by various assets classes (e.g. equities) of each 

pension fund~ Their pe,riodic (general1y quarté'~ly) 

\ 
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évaluations are based solely on the returns earned by the 

assets. With this evaluation scheme, a pension fund whose 

ex-post returns are in the upper half of the sample 

evaluated is considered a 'good' performer; one .whose 

'ex':post returns are in the lower half is considered a 'poor'} 

performer. 

Surprisingly little research has .been published abou't 

the risk-adjusted performance of this important sector of 

the capital markets. Th i s lac k 0 f r e se arc h p ers i s t s , ~ 

despite the development of risk-adjusted performance 

measures l and their application ta the portfolio. performance 

evaluation of mutual funds. 2 This chap~er provides the 

empirical analysis of performance of a sample of Canadian 

private pension funds. Since equities form a significant 

~roportlon of the assets ln these portfolios, the chapter 

mainly d~als with the equity portion of the sample 

portfolios. Preliminary tests are conducted for evaluating 

the performance of these funds on a total fund r,turn 

basis. The impact of the recent controversy3 about the 

Inherent ambiguity and biases of CAPM-based performance 

measures ~s evaluated by using several different and 
( 

realistic benchmark portfolios and alternate ris~-adjuBted 

measures of portfolio performance. 

The empirical analysis is conducied by treating the 

pen s ion fun d po r t fol i 0 li k e a "m u tua 1- fun d • 4 P e r for man c e i's 

evaluated using concepts drawn from traditiqnal capital 

markét theory. Although it would be interesting to analyze 

the fund's performance after accounting for the nature of 

the earnings of the fund sponsor, the data for su ch an 

analysis were not available. The evaluation of the bond 

portfolios was also beyond the scope of this study, 

primarily because of the nature of the existing data and 

wel1-known methodolog1cal problems. (See, Percival, 1974 

and Reilly & Joehnk, 1976). 

- ... 
" 
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The chapter begins with ~ brief summary of the 

d~velopment of the traditionsl' mean-variapce based 

performance measures. Various single period performance 

measures based on asymmetrical return distributions are then 

discussed. The attention ls then focused on the methodology 

of,measuring the returns and the selection of~the 
\ , -

appropriate time horizon and the benchmark portf~lQs. The 
;t.I .... ; '" 

chapter concludes 'with a description of,.the dartâ-base, 
\,-, '1 

empirlcal deslgn .and results. 

,. SYMMETRIC DISTRIBUTIONS . " '" ~. 
B-1. Security Selection -, 

Th~ mean-variance framework, developed in 

works of Markowitz (1952) and Tobin (1958) has 

the semi na 1 

had a maj or 

influence on the investment performance measurement. Sharpe 
1 

(1964), Lintner (1965), Mossin (1966) popularized a 

reward-to-variabilit~ measure to analyze Investment 

performance. The measure assumed th~t the best-managed 

portfolio in a universe of well-diversified portfolios is 

the one which has the highest (E(R p) -- Rf)! OR ratio (where 
, p 

E ( 'Rp ) and 0Rp are the exp e c t e d r e tu r n and s tan d a r d 

deviatlon of the returns on the portfolio, and Rf Is the 
"'~ risk free rate). If there is no systematic deviation 

between ex-ante expectatlons and ex-post realiz~tions, 

ex-post reallzations can be used instead of ex-ante values 

to evaluate portfolio performance. 

Two additional performance measures have been proposed: --, . ," -- .'. 

the reward-to-volat111t;y measure (Tr,:!ynor J '1965) and t·he 

ptedictability measure{pr Alpha (Jensen, 1~69,1972). 
~ , 

The rewa'rd-to-vola t 11i t j:-.. measu re uses the ratio of (E( Rp-Rf) 

r 
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to pp,"~~wher'e p:p if the systeOistic risk of' the por.t~olio. 
The predict~bility measure, ap is given by: 

where Rmt i5 the return on the market portfolio in period t, 

and aIl the other terms are as previously defined. 

Using these three measures, numerous studies have 
-'"' 

evaluated the 'performance of mutual funds. The ove'rwhehning 

conclusion of these stu~ies i5 th~t mutuaI funds have not 

been able to 'outperfarm' the market after adjustment for 

risk. 5 However~ as discussed more fully below, many issues 

have been raised regarding the va11dity of these findi,ngs. 

~ 

B-2. Market Timing 

Several authors (e.g. Treynor & Mazuy, 1966) ~ave 

argued that both the reward-to-volatility and the 

predictability measures assume that the fund manager engages 

anly in security selection and does not engage in market 

timing. If this is not the case, then pp rn 5.1 must have a 

random coefficient specification. In an attempt to evaluate 1 

~ 
market timing abilities, Treynor and Mazuy tested the 

following specification: 

They hypothesized that a statistically significant ~nd .. ' 

positive Cp would suggest a desirabl~ chjnge in the 

systematic risk. Only one' of the 57 funds i; their study 
1 

showed a significant~y positive value for Cp' Two 

subsequent studies by Pohlman et al. (1978) and Fabozzi and 

Francis (1979) investigated the market timing abilities of 

fund managers before advancing (bull) or declining (bear) 

markets. Ne!ther found evidence of supe~or market timing 
"'-, 

---------'-,--~._. -~------------qlM .... f"~_'11t-... -. _h_ ~ .......................... ~ ........... _----. ______ ~~~~~ 
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Kon and Jen (1978,1979) argued that the changes in 
~ 

1Pt in equation 5.1 should be investigated using a switching 

regression technique. Using such a technique, they found 

that, o~ average mutual fund managers selected superior 

portfolios but that no individual manager did so 

consistently. 

Recently, Mertan (1981), Henriksson and Mertan (1981) 

have proposed both non-parametric and parametric tests to 

measure the market ~ing ability of fund;mana g ers. 6 In the 

parametric test, "rket timing ability istevaluated using: 
". 

Rpt - Rft • CL p + PP1 (Rmt - Rft) + ~p2 [Max (0, Rmt -

Rft)] + èpt ••••••••••••••••••••• " •••• 5.3 

wWere. ~p2 is a measure of a manager's market timing 

ability. Whi!e their specification is much simpler than 

that of Kon and Jen, it still captures the effects of market 

timing on overall performance. This specification will be 

used herein to detect the market timing abilities of a 

sample of Canadian pension fund managers • . ' 

C. ASYMMETRIC RETURN DISTRIBUTIONS 

The performance measures reviewed above were based on 

the underlying assumption of a mean-variance world with 

sy'mmetric return distributions (or quadratic preference 

functions). According to some authors, therefore, this 

assumption i8 not valid in practice, performance measures 

must account for asymmetrical return distributions~7 

C-l. Semi-Variance and Half-Variànce 

Markowitz (1959), Quirk and Sap80nik (196~), Mao 

(1970), ,Swalm (1966) have aIl sugge s ted that semi-variance 

ia a proper measure of risk. This measure supposedly 

"'-

: 
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captures the financial manager's intuitive notion of risk as 

a probability of failing t~ meet' some minimum target. The 

semi-variance of the returns of portfolio p, below some 

exogenously-sp-ecifie~ target return Rmiht is defin~d as: 

R min _ 
- 2 -SVRp.f (R p -.Rmin) fp (Rp)'.dR p ••• ,~ ........... 5.4 

-00 
, 

where fp(Rp) represents the probability density function of 

Rp.8 Traditional development has assumed that the targ~t 
~ate Rmin is equaJ to the risk free rate so that the 

corresponding performance measure i8 the ratio of excess 

return to semi-variance. 

The measure reward to half-variance has also been 

proposed (Klemkosky, 1973). In this case, Rmin i8 replaced 

by the mean 

appropriate 

form of the 

equilibrium 

essentially 

, ' 

return.of the distribution in 5.4. The 

choice of 

aggregate 

priees of 

a particular measure depends upon the 

u'tility function dete~mining 

assets in the capital \ arket, which ia 

an empirical issue. 

C-2. Mean-Variance-Skewnes's 

f \: 
to account for the 

-
Some attempts have also been made 

measurement. For example, if investors 

in pe::f!o\mance 

have -;~u'bic utility 

·1 

third moment of the return distribution 

,-
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function, portfolio p is at least as attractive as the .. 
benchmark portfolio, m, if 

......................... 5 .5 a 

.................... : ••••••••.••• 5.5b 

where M3'R and M3'R. are the' cube roots of the thh:-d pm· 
moment of the return distributions of Rp and Rm' 

respectively.9 Since 8 portfolio manager may prefer 8 

sma11er reward-to-variability ~atio in order to have a 

higher skewness, comp~risons based only o? equation 5.5a 

will give biaied results. Empirical studies by Arditti 

(1971) and Ang and Chua (1979) have found Some evide-nce of 

such a preference by mutual fund managers. 

C-3. Systematic Skewness 

Assuming that decreasing marginal utility of wealyh and 

non-increasing absolu te risk aversion are obs~rved in~estor 

characteristics,-Kraus and Litzenberger (1976) argued that 

aversion to standard deviation and preference for skewness 

are general attributes of ail investors having such 

'prefe~ènce functions. 10 Using the aimilarity between the 

Kraus and Litzenberger valuation model and the CAPM for ihe 

development of a portfolio performance measure, Ang and Chua 

(1979) formulated the following ex-post version of the 

Kraus-Litzenberger model: 

/ 
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1 
where ERlp 18 the exce8S ret~rn measure for a managed 

portfolio. ll . 

In a recent paper, Friend and Westerfield (1~80, p.898) 

claim that there is s~me (albeit inconclusive) evidence that 

investors may pay a ~temium foP positive skewness. Although 
1 

~ore empirical verification is needed to confirm such an 

assumption,l2 ER}p will be used as one measure of portfolio 

performance. 

C-4. Mean Absolute Deviation 

... N 
The use of mean absolute deviation (MAD), defined as 

l. L 1 Rp t - Rmi ni (wher~ N 18 the number of-period8 under 
:{ t-l 
consideration and Rmin is the risk free, mean or other 

exogenously-specified r~turq), was proposed by the Bank 

Administration Institut~ Study (1968) as a risk surrogate 

for the performance measurement of pension funds. It was 

argued that because of the Pareto-Levy distribution 

exhibited by the returns on capital-assets, MAD may be more 

stable than the standard deviation. 13 

C-5. Stochastic Dominance 

J Stochastic dominance rules examine the entire 
~ 1 

distribution of returns in comparing portfolios. Thus, 

they c1aim to improve on other measures which use on1y the 

first two or three moments of the distribution in testing 

relative performance. 14 The stochastic dominance criterion 

requlres no assumptions about the mathematical form of the 
, , 

distributions nor about the investors' preference 

functions. Despite this e1egance, empirlcal studies. have 

'. 
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found_~hat measures based on stochastic dominance criteria 

offer relatively little improveaent over the traditional 

mean-variance or mean-semi-variance approach, especially, 

for approximately normal return distributions (such as thos~ 

of well-diversified portfolios) .15 Further, -the use of such 

a criterion requires significantly more information and 

computation, A stochastic dominance criterion will, 

therefore, not be used herein. 

D. MEASUREME~T OF RETURN AND RISK 

D-1. Bias in Perf ormance Measures' 

The usefulness of each performance m~asure depends upon 
t 

the assumptions underlying its development. Some empirical 

studies (Friend and- Biume, 1970; Ang and Chua, 1979) ha~e 

shown that performance measures, especially those based on 

the mean-variance framework, have exhibited a systematically 

biased relationship with the cor~esponding risk measures. 

Various causes for this bias have been proposed, including 

the existence of unequal lending and borrowing rates, 

assumptions about the holding period and assymetrical 

distributions. The slgnificance of these empirical results 

has varied considerabIy, depending upon the meth~dology, the 

data base and the time period used. This study investigates 

the nature of the bisa exhibited by the data base employed 

herein and its impact, if any, on the performance evaluation 

results. 

D-2. The Investment Horizon 

One 'problem in uslng performance measures lies in the 

difference between the actual portfolio inve8tm~nt horizon 

and the holding period (or differencing interval) used to 

,calculate the risk measure .16. Some (Jensen, 1972; Cheng 
1 

and Deets, 1973; Lee, 1976) have argued that if continuously 
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compounded returns (log returns) are used then the risk 
1 

measures may be independent of the actuaI Investment 

horizon. In this study, therefore, both arithmetic and log 

returns are ~sed to investlgate the extent of this problem. 

T~ analyze the s~nsitivity of ~he performance measures to 
\ 

the -investment horizon, three short term horizons (one, two 

and four quarters) are investigated in this study. As the 
l , 

available data covers only 40 quarters, effects of using 

~onger t~an fçur quarter horizons can not be investigated. 
, 

In practice, fund ma~agers ~re often periodically evaluated 

on their short-te,rm pe--rformanc"e, as highlighted by the 

attention gl~en to quarterly reports by pension sponsors. 

. In_this study, the adequacy of such short-term horizons is 

accepted. 

D-3. Choice of the Benchmark Portfolio 

\' 

AlI of ~he performance measures discussed abeve are 

based upon the evâluation of performance relative to an 

exogenously specified benchmark (or ~omparison) portfolio. 

The use of such specification h~s come under some crlticis~, 

especlally for the CAPM based measures. 17 

First, it has been argued that CAPM ls an untestable 

theery (Roll, 1977) and therefore performance measures based 

on such a theory may not be valide It is pr~posed (Ross, 

1978a, 1978b; Roll 1980) that a more general framework of 

the Arbitrage Pricing Theory (APT) should be used •. 

Unfo~tunately, the APT cannot easlly be made op~rational. 

First, 1t does not, a prlôri, deflne the meaning of each 
1 

factor. lB Second, th~re Is no knowledge of the equilibrium 
-~--. 

rewarda associated wit~ e,ch factor. Third, t~e factors 

depend criti~ally on the_ sample size and the time period 

under consideration. l9 Unless these problems are resolved 

APT cannot be used for performance measurement. 

---------------- - ---
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The second issue relates to the determination of the 

siope and the intercept of equation 5.1. Roll argues t;.na t 

as these estimates depend upon the benchmark, the ranking( 

of the portfolios based on these measures (the Treynor and \\ , , ~ 

Jensen measures, respectiveIy) may be compietely reversed bY~' '0 

seemingly innocuous changes in the composition of the 

benchmark portf.olio. These arguments imply that the 

robustness of the benchmark portfolios and the portfolio 

rankings must be empirically investigated. 

Some empirical work has tried to answet these issues. 

Rudd alld Rosenberg (1980, p.605) have shown that the four 
Q " 

most commonly used equity indices in the U.'S. are 

correlated at more than the .981 leve1. 20 The four 

benchmarks used in this study are correla't~d at more tqan 

the 0.9656 levei (see, section E-2 and table 5-2a). 

Peterson and Rice (1980) have also shown .that the rankings 

of fifteen randomly selected portfolios (in their study)_ 

W' e r e no t sig n if i c an t 1 Y d i ff e r e nt a t the • 0,0 l lev e lof 

significance when based on fo'ur different benchmark 

indices. They c.laim that, contra~y to Roll's critic,is'!1s, 

"little serious injustice 'ls commltted in the process 'fot~_ 

using different indices for portfolio evaluation)." Similar 

tests are conducted in this s tudy to analyze the robustness 

of, the rankings of the sample .portfoltos. 

Q 

The resultant rankings of the managed portfolios must 

be,viewed with two caveats in mind. First, 'it cannot be 
, 

claj.med t~at(! eithe.r the benchmarks or the fund portfolios 

are ef~icient.21 Second, it should be possible to invest in 
t 

su1ch a benchmark portfolio without any spec~al knowledge of 

\ 
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n-4. Exogenous Constraints 

Measurement of the Rate of Return (TWR) , 
J 

~ 
Returns will be measured usittg the Time Weight~d~Rate 

of Return(TWR), which is !independent of the ti~ing of the 

firm's contribution to the pension fund. 

" 
Ideally, the exact dat~s of al~ contributions and the 

exact market value of the fun~ ass~~s prior to the 
..... ~ '.0::: " 

contribution date shoUld be kO'5)wn',i-in order to exactly-

calculate this retur(l prec!s"e.i:y, .\l,~:.r~g the followi~g 
ex p,r e s s Ion: 23 

m 

i - [l n( CMV) + t 
OMV j-l ............. 5 • 7 

,1 

where Cj,is the jth cash contribution, 
• 1 

o 

-j-l, •••••• m" 

- OMV and CM.V are the beginnlng and eno o~ the period 

market values of the fund, respectively 

- i is the continuously compounded TWR for the period 

Vj ls the mark~t.value o~ the fund a~ instant before 

the cash contribution. The portfolio i8 conceived as 

being liquidated at its market valueolprior to each 

contribution and a new portfolio purchased with the 

proceeds plus the additional contribution. 

If the actual date of the jth conhibution 18 unknown, 

then the marke~ value, Vjl must be estimated. The impact of 

() tl!e use of 8uch e8tlma~es on the calJlulation of i can be 

analyzed by using the discrete ~orm equation '(see footnote 

23) t and expressing the change in the rate of return, R~ for 

,1 

.. 
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an estimate Vi as: 

d R - 'CMV • 
aVi Wv 

dR 
---:-R 

- CMV 
OMV 

... CMV 
~0Mv 

= 

m 
TI 

j-l 
j+i 
m, 

• TIl 
]-

J+i 

. ~ 
, V' 

I~ i . .c. . . . • . . . . . . . ........... ~. . . 5 • 8 

In other w'ords, the percentage error of the TWR; i.~. 

( dR/R), is equal to the product of,the percent cash flow 

and the percent error in the valuation. If eaéh term 18 

small, the the product will be even smaller: for examp1e, 

if Ci is lOi. of (Vi + Ci), then a 5 perlent error in 

/r val u a t ion will g ive ris e t 0 a .5 p e r ce n, e f r 0 r '1 n the 

estimation of the TWR. ) 

'". 
In practice, the exact amount of each contribution i8 . " 

known, but ,neither its exact date nor the market v,alue of 

the fund on that date is generally known. In the absence of 

this irrformation, these values have to be estimated. The 

qua1ity of the estimates depends upon four basic factors: 

the l~ngth of the interval between precise market 

'~aluations, the precision with which the dates of relevant 

cash flows are reported, the volatility of the value of th~ 

fund's~assets and the relatiye magnitudes of the 
'0 

c Cfn tri but ion and the fun d 's ma r k e t, val u e. -r.' " 

To overcome these' problems, a Linked I~ternal Rate of 

Return method (Dietz 1966) i's' éommonly 'used' to calculate the 
, ~ 

TWR. In th1s method, the TWR 18 calculated by averag1ng the 

InternaI Rates of Retu~n ov~r the smallest subperiods for 

wh! ch the data i s ava11~ble. Each subpe riod· ra t e has a 
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welght proportional to the length of time which it 

represents in the ove raIl measurement periode Either the 

.arithmetic or the geometric mean of these InternaI Rates of 

Return can then be used to represent the TWR.24 

In this study, the calculation of TWR is based upon the 

data reported by the funds (generally monthly) to the 

measurement service. If only quarterly reports are 

submitted, then the TWR is ca~culated b9 assuming a 

mid-quarter contribution. The exact nature of the bias 

cannot be determined but will be quite small due to t~e 

relatively smalt ratio of contributi~ns to the ~arket values 

of the fun \8 for the sam pIe use d he r e (s e e , t ab l e 5 - l ) • 

l 

E. DATA BASE AND EMPIRICAL DESIGN 

E-'l. The, Data Base 

The data base for this study cons'isted of the market 

values and the returns lof 83 private Canadian pension funds 

for the period 1970-1979. 77 of these funds h&d portion of 

their funds inveated in,Canadian stocks during this periode 

Data for these funds were provided on a confidential and 

proprietary basis by one of Canada's prominent performance 

measurement firms. The two criteri~ used to select the 

specifie funds we~e a) that continuous quarterly data be 

available for the period 1970-1979, and b) that the fund 

chosen be the only pension fund associated with the 

sponSrOring firm. 25 \ 
• 

For eaçh fund, the data base consisted of two files: 

(1) The Market Valu. File, 

This file contained the quatterly market ~alues of' each 

pension fund's individua! asset classes (Le., cash, bonds, 

i---......,..------r----______ . ___ ......-_..-.-.r-. _______ . _ 
! .. 1 .. ~ 
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Canadian equities, non-Canadian equit1es, and mortgages). 

For each asset class, the purchases, sales and investment 

1ncome for each quarter was ident1fled. At the end of 1979, 

the total asset value of -the 83 funds was $3.2 billion, or 

approx1m8~ely fifteen percent of the 'total asset value of 

aIl pr1vate, Canadian, trusteed pension plans. Table 5-1 
J 

shows the yearly,aggregate values for aIl as set classes.' 

(2) The Return File 

The return file ~onsisted of bath the time weighted 

rate of return and the internaI rate of return, achieve&. by 

each asset class for each fund, on a quarterly basts from 

the fourth quarter, 1969, to tbe fourth quarter, 1979, 

i nclusi ve. 

J 
" \S 

J 
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Table 5-1 

AGGREGATE MARKET VALUE~ OF'83 FUNDS IN MILLION $ : 

~ 

... 
Cash&S.T. Bonds CDN.Equ1. NC.Equi. BV.Mtg. Mkt.Mtg. Net.Cont. Total Mkt. 

41.63 

34.05 

34.7~ 

43.22 
79.73 

114.93 

96.37 

102.69 

177.45 

331.27 

471.57 

340.05 

387.9() 

445.56 

454.02 
439.12 

452.37 ' 

562.76 

693 .. 05 

833.05 
906.82 

1045.52 

288.66 

313.73 

402.15 

584.75 
581.80 

455.01 , 
557.06 . 

655.84 , 
701~12 

849.49 

1022.79 

77.99 

71.15 

79.29 

90.89 
72.84 

48.73 

85 .• 77 
126.87 

120.05 

145.03 

224.19 

34.18 

44.42 

41.20 

45.68 

43.73 

53.01 

68.35 

99.39 

102.14 

75;23 

80.39 

35.72 

44.33 

58.73 

71.32 
85.97 

98.11 

122.26 

202.80 

269.70 
357.26 

'362.22 

10.91* 

38.01 

42.60 

51.37 

45.00 

74.02 

102.10 

179.86 

135.82 

. 142.07 

128.60 

818.23 

895'.~7 

1061.65 

1.289.89 
1303.19 

1222.16 

1492.57 
. 

1880.65 

2203.51 

2665.10 

3206.69 

'" 

• 
~ 

C 
1 

Note: * Ava11able only for the 4th quarter, 
.., 

'---
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E-2. 'The -Benchmark Portfolios U·sed 
• 

" 
Four benchmark portfolios (indices) were constructed. 

They were designed to: (1) enable analysis of the 

'iobustness' of the 'performance messures,' and (2) 

incorporate the thinly' traded nature of the Canadian stqSk 

market (Fowler' et al., 1979, 1980). The benchmarks are: 

1) TSE300: This i8 constructed hy adjusting the official 

TSE300 index for the expected 'dividend yields •. It is a 

"floating trading supply" weigh~ed index, which 
, 

approxima tes market value weights • 
• 

2) Global index: This is a value weighted arithmetic 

average index comprising aIl the securities on The 

Laval file (see Morgan & Turgeon, 1978). This~ex 
contains up to 984 securities. Dividends are included 

in the computation of the index. 

3) 

4) 

FM index: This is a value weighted (corresponding to 

the TSE300 weights) index consisting of 192 securities 

that are either Fat or, moderate in terms of their 

frequency of trading. Only those securities with a 

thin trading number higher than 0.9 are selected (see 

Fowfer et al., 1980). 

FAT index: This value weighted index consists of the 

50 securities which trade~ every day on the Toronto 

- Stock Exchange during the per10d 1970-1977. 

Any of these benchmark portfolios may represent the 

universe of securlties which would 'he considered for 

Investment by a typical pension fund. Discussions with the 

performance measurement service firm (which supplied the 

) 
(<-! 

data , 8S weIl 8S with s&me of the pension fund investmen~ 

managers, suggest that the TSE 300 securities would 

,-

.. 
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" 
g~nerally include aIl t~ecurities considered by a pension 

tfund. For those funds ttlhffe 1iquidity is a primary concern, 

" the FM index or the FAT index can be cons ide red ~ more 

appropriate benchmark portfolio. Table 5.2a shows the mean, 
, r 

standard deviation and the correlation matrix' for each of 
, 1 

these benchmark portfolios. Table 5-2b shows the histograms 

of the quarterly mean returns and standard deviations of the 

sample funds. The histogram for mean returns show that the 

majori~ of 7he funds are clustered between 2.14% and 

2. 88%. 

-., 
,.:;.. ; . 
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() 
Table 5-2a 

MEANS. STANDARD DEVIATIONS AND CORRELATION MATRIX OF j' 

BENCHMARK PORTFOL~OS 

.. 
Correlation Matrix Mean' S.D. 

Glo bal FM FAT ---r ,-
A) Mont~ly Returns 

TSE300 0.9739 0.9797 0.9656 .93 4.84 
Global 0.9889 0.9701 1.00 4.88 
FM b.9890 0.84 4.72 ~ 

FAT /"\... 0.93 4.58 
-"'» 

B) Quar,t-erly Returns 

TSE300 0.9,931 0.9914 0.9918 2.77 8.11 
Global 0.9887 0.9742 3.04 8.56 
FM 0.9884 2.50 7.88 
FAT"- 2.78 7.29 

C) Semi-Annual Returns 

TSE300 0.9952 0.9963 0.9840 5.77 13.27 
( ) Global 0.9913 0.9703 6.33,-14.15 

FM 0.9868 5.17 12.61 
FAT 5.70 11. 50 

D) Annual ReturDS 

TS1;:300 0.9939 0.9984 0.9842 11 :85 - 19.83 
Global., , 

.~. 9929 0.9682 13.16 21.97 
FM 0.9830 10 .. 45 17.75 
FAT 11.53 15.89 

/ 

.--~------, ,.. .... '- .. ~ 
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Table 5-2b 

BISTOGRAM OF MEANS AND STANDARD DEVIATIONS OF THE 

SAMPLE FUNDS - QUARTERLY RETURNS 

Mean Standard Deviation 

Range % # Range % Il 

1.97 - 2.13 0 ,5 5.17 - ~ .63 1 

2.14 - 2.28 10 5.64 - 6.08 1 
'~ . 

2.29 '- 2.43 15' 5.64 - 6.54 2 

2.44 -- 2.58 16 6.55 - 7.00 3 

2.5'9 - 2.73 17 7 .01 - 7 .46 14 

2.74 - 2.88 10 7.47 - 7.91 27 

2.89 - 3.03 1 7 .92 - 8.37 . 18 

3.04 - 3.18 .1 8.38 - 8.83 .. 8 

3.19 - 3.33 1 8.84 - 9.29 1 

3.33 - 3.48 1 9.30 - 9.7.4 2 

Average 2.52 77 7.75 77 

" 

" ~ 

, , 4 

'! 

~ 

c 

" 

o 
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E-3. The Return Calculations 

The performance evaluatio~ procedure considers the 

equity portfolios of the 77 pension funds in the return file 

for which the Time Weighted Returns (geometric and 

logarithmic) were aval1able for aIl fort y quartera between' 

'~ January 1970 and December 1979. Three holding periods (one, 

\ two and four quarters) are iâvestigated. The yield on 

\3-month T-bills (series B14000-7, CANSIM, Statistics Canada) , , 
wà.s used as a proxy for the risk free rate. The t'ests were 

alfo conducted on real returns by deflating the nominal 

t re*urns by the Consumet; Priee Index (series D484000, CANSIM, 

J \ ' ",y/atis tics Ca nada) • 

. ~ E-4. Performance Measures Used 

1 

1 
l' 

1 
) 

1 ) 

The performance measures reported are: 

Rewa~d to Variability Measure- Sha~pe 

where a RP is the standard deviation of portfolio p's 

return. 

2) Reward to Volatility Measure - Treynor 

where ~p is the systematic risk of portfolio p. 

3) Predictability Measure - Jensen 

) 

............. 5 • Il 

where (Xp and f pare gi ven by 5.1 

a..-_____ -..::::::;=;;;;.: _________ . _______ --___ _ 

"r 

ri' 
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" 
; 
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. 
Market Timing Performance - Cp 

., 

Cp 18 e8timated by using the characte~istic equation 

5.2 

R- • ~ + pt P ••••• 5 .12 

Statistlcally significant ~ositive values of Cp would 

denote positive market timing ability of the portfolio 

manag-e r. 

5) Marke t Timing Measur e - , p2 

"1 ' , ' 

The characteristic equation used (from equation 5.3' 

i 8: 

Rpt - Rft - Cl p + "PI (R~t - Rft) + 'p2. [Max(O, Rmt 
1; 

- Rft)] + ept ••••••••••••• 5.13 

, p~2' 0 8 i g n 1 fic a nt l Y gr e a ter th a n 0 ~ 0 u 1 d sig nif Y a 

p~~ltlve forecasting abllity"on the part of,the 

portfolio manager. 26 

6) Reward to Semi-Variance Measure (RSV) 

7) 

where ~VRp ls the semi-variance of the returns of 
\ . 

portfolio p defined in 5.4, wit~ Rmin selected to be 

Rf t· 

Reward to Half-Variance Measure (RHV) 

RHV - Average (Rpt - Rft)/ {HvRp •• _ ••• ~.5.15 

where the mèan value of the portfolio return8 Rpt i8 

substituted for Rmin in 5.4. 

_..----_____ -.ti.----. __ ~_._.._,,~~ ...... - .. _. ___ ..._ ... _.....- ~_ .... _~ 

" . 
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1 8) Reward to Me an Ab sol u te De viation Meas ure' (RMA) 

RMA • Average (R pt ift)/MAD •••••••••• 5.16 

where MAD 1s the mean absolute dev1atlon. 

9) Excess Return Measure 

10) 

-ERlp = Average (Rpt - Rft! - Cpl Average (Rmt 

Rm) 2 ••• 5. l7 

where ~~l and Cp 2 are the coefficients from (5.6) 

Mean-Varlanca-Skewness Measure (MVS) 

Using (5.5a) and (5.5b), portfolios wh1ch did not 

satisfy (5.5a), but which satisfied (S.5b) can be 

identified. A large number of funds satisfying such a 

rule would indicate ~hat some portfolios had a 

preference for skewness over the reward-to-var~ability 

ratio. 

F.; EMPIRICAL RESULTS 

The re,sults tire presented in three sections. The first 

section presents the performance evaluation-, the second and 

third investigate the degree of ambiguity in the se measures . , 

and the robustness of the Treynor and Jensen measures with 
~ 

respect to the choice of the bench~ark portfolio. 

, ' 

" 

". - I~, 
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F-l. Performance Evaluation Tests .' .' 

F-!-l. Test Period January 1970 - December 1979 

T,.bles 5-3a, 5-3b, 5-3c summarize the results· of the 

performance evaluation 'tests for each of the three holding , . 
periods (one, two and four quarters, respecti.vely) and 

indicate the number of portfolios which outperformed the 

benchmark (the indices). The latter are noted under each 

risk measure. 

, . 
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Table 5-3b 

G 
.. 

, 
THE NUMBER DF PENSION FUNDS, THAT OUTPERFORMED 197( , . 

'TfiE BENCHMARK PORTFOLIO (JANUARY 1970 TO .DECEMBER 1 

" 

FOR A 2 QUARTER HOLDING PERIOD 

. 
Performance Measure 

• Sharpe 'Freynor Jensert ~ !p.2 RSV RHV RMA ERr MVS Av.Ret. -----
Real Geometrie 
Re tu rn 
Index Used: , . 

14 "17, 
, 

TS E300 '17 ' 0 0 l' 3 d2 12 30 32 12 
Global 4 8 7 0 0 5 4 5 23 38 3 
FM 40 45 45 0 0 41 41 38 54 19 42 

" FAT ' 7 14 14 0 0 7 7 7 37 "19 15 , 

Nominal Geometrie 
Return 
Index Used: ..------::' 

... 

TSE300 13 18 17 0 0 13 13 12 34 24 12 ,1 

Global 5 8 7 0 ~O 5 5 4 29 27 3 
FM 4Q 45 46 0 0 41 41 3~ 50 15, 42 t 

( J 
:;; 

FAT 7 14 14 0 0 7 7 7 27 27 15 

Real L08 Return 
lnd ex Used: 

TSE300 14 17 17 ,O. 0 15 14 14 26 35 12 
Global 6 11 10 0 0 6 6 8 21 39 3 
FM 41 43 42 ,0 0 40 40 38 46 19 41 i , 
FAT 6 10 10 . 0 0 6 6 7 29 13 9 • 

l Nominal L08 
l \ Return 

/ . 
Index Used:_ 

TS E300 14 ' 17 17 0 0 IS 15 12 30 21 12 
Global 6 ld 10 0 0 6 7 8 25 24 3 
FM :- 42 43 42 0 0 40 40 38 44 15 41 
FAT 6 

> • 
9 10 0 0 6 6 6 27 19 9 

, Number of the l funds in the sample - 77 
L 

0 
• '-

r-} 
'l t t!.' _ 
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Tab1e 5-3c 

TIIE NUMBER OF PENSION FÛNDS THAT OUTPERFORMED 1 

THE BENCHMARK PORTFOLIO (aJANUARY 1970 TO DECEMBER 1979) 
FOR A 4 QUARTER HOLDING PERIOD 

o 

Performance Measure 
.... 

Sharpe Treynor Jensen ~ ~ RSV RHV RMA ERI MVS Av. Ret. 

'Real 'tJeometr'ic, ' 
Return 

,. 

J 

l, , 

- , 

• Index Used: 

j 

! 

TSE300 
ÇGlobal 

FM 
FAT 

12 
6 

38 
5 

Nominal Geometrie ~ 
Return • 
Index Used: 

" TSE300 
Global 

o FM 
FAT 

13 
6 

, 38 
5 

Real Log Return 
Index Used: 

TSE300 
Global 
FM 
FAT 

! 

Nominal-. Log 
Return ' 
Index Used: 

TSE300 
Global 
FX 

~ 

FAT '; 

.. 
: 

12 
8. 

36 
4 

12 
9 

3$ 
-4 

16 
7 

42 
8 

16 
tl 
~3 
'7 

1 

;i3 
9~ 

37 
5 

13 
10 
36 

5 

16 
7 

\ 40 
6 

16 
7 

41 
7 

13 
lU 
36 

5 

, 13 
10 
36 

5 

2 2 Il Il 11 
1 0 ,4 4 4 
6 6 45 45 30 
4 5' 6 6 4 

2 2 
1 0 
4 6 
2 S 

12 Il 11 
4 4 4 

45 45 29 
6 5 4 

24 45 
2,8 25 
24 32 

7 65 

.Il 
3 

45 
18 

27 36 13 
28 24 3 
79 30 44 
11 S3 ,17 

11 19 50 12 
5 19 38 3 

0, 

.; , 

1 

2 3 
o .0 
6 7 
o 5 

12 
9 

39 
5 

Il 
'9 
40 

5 
30 22 36 \' 41, ~ 
:4 5 '65 9t-~: 

2 3 
o 0 
5 7 
2 S 

1 
_----r ~ 

~--' 
l' .. --' ", \) 

---~----~ , 

~:; 11 L 21 ~'8 
9 9 :7 21 38 

39 39 ~() 23 32 
5 43 5 59 

\ 
\ 

1 

4 

Number of the funds in tl).e sample - \ 
\ 
\ 

\ 
, 

~_---»,.- "' .. ",-~---""'---r-------------~~ ~\ 
1 
~l 
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The f1rst three eaQ-varlance based mea~res 
that the ension funds eiamined have not shown 

to outper orm the market as measured by any of, 

th /' ~ndice s. In add i J 10n, on1y a C few fun,ds show marke t 

~ ming abillty (as melsured by Cp and 'P2). The next two 

easures (RSV and RHV) conslder the l'!ffect of skew'p.ess on 
, 

erformance evaluatidn. A comparison of the RSV and RHV 

~i th the mean-varian~e measures shows no significant 
1 

l ifference between the number of portfoli~s outperfO'rmiong 

he benchmarks. The RMA measure produces results ve'ry 

similar to these for the mean-variance measures. 

Using the 'ERI measure, there is an apparent increase 1n 

the numb~r of funds ~tperforming the benchmark, as compar~d 

to the ot\her measures. his was also found by Ang ~np Chua 
1 

(1979). tny conc'lusions based on the ERI measure are 
" suspect f~r two reasons. 'F;rst, it must be s,hown that the 

\ 
under1yin~ valuation Dl9d -1 (footnote 10) is applicable to 

the canad~an s~~urlt1es arket. Se~ond, unlike the results 

of ot -r----t't:U:d;es, the ER meaBure exhibits sign1ficantly 

igher sy tematic bias ('ee the next section of this 

chapter) • 1 

i 

The next 

of Ardi t t i 

tr1es to address the criticisms 

The nu bers in tha t .column deno te those 

portfol.ios wh1ch were judge inferior on the basiB of the 

Sha rpe m~asur but which had h1gher p-o s 1 t1 ve skewness than 
\ 

the berich~ark portfolios. 
1 

.. ma~agers may be will1 ng to 

to accept mo 

column shows 

Tes e r e sul t s ~ u g g est t -h a1: fun d 

up some ~xpe c ted re turns, or 

a higher P~sit1ve sktwness. 

umber of P~\.tf0110S jh1Ch 
1 

. The las 

ou t performed 

for risk. T 

he benchmark 0110 wi thout' any adjtslstment 

\~S. r.sult. are similor to tho,s. dedvt using 

\ 

... 

, . 
• . 3. 
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1 
the Shafpe measure, suggesting that, even without risk 

adjustment, the pension funds in this sample have been 

unable to outperform the market. 

In aIl cases, it matters litrle whether or not tpe real 

qr nominaV returns are used or whether the geometric or its 

logarithmic transformation a'fe··used. Comparing aC,ross the 
Il· . 

holding periods, no signifleant changes in the measured 

performance ean be çletected. There is a slight decrease in 

)
j,\l~ correspondlng numbers .for the four-quarter 'holding 

~ à'~~ 0 d ( Ta b 1 e 5 - 3 c) co m par e' d w 1t h th a t for the 0 n e - qua rte r 
X~'-

... 

)iîblding period (Table 5-3a). One can hypothesize that the 
'il' 
lfund mana~ers may overemphasize short term t:.esults, sinee 

theyJar~~u~ject to a regular quarterly assessment of their 

perfo:rmance. This overemphas is may then account fot" the 

marginal difference between one-quarter and four-quarter 

results. 

In summary, it ean be said that these pension fund 

,managers have ~ot exhibited superior performance. A 

buy-a nd-hold port f 01 io of" 50 well t raded secu ri t ies w01,1ld 

have outperformed more than 80 percent of. the fund 

managers. Both the TSE300 and the value weighted portfolio 

of'all seeurities outperformed se~enty five percent of the 

fund managers in the sample. On the othe r hand, almo s t 

sixt Y pereent of the managers did better than a widely 

.diversified pdrtfolio of fat and moderately traded 

securi ties. The results did ~ot differ significantly 

/ 

) 

. , , , 

( 
~ 
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mean-variance measures or those accounting for the asymmetry 

o f the, r e tu r n 'd i s tri but ion we r eUS e d (s e e l f 0 0 t no tel 5) • 

F- 1- 2 • Sen S 1 t i vit Y Tes t s 

1) Impact of Thin Trading on the Ësti'\nlltes: 
7 

To test whether the performance results based on the 

mean-vélriance measures may be biased due to the presence of 

thin trading, correction techniques suggested ~y Scholes and 

Williams (1977) are applied ta the mean-variance measures. 

Th~ tests are only conducted for the nominal"geometric 

returns and for the TSE300 and Glo~al indices. The adjusted 

risk ~ea8ures can be expressed as: 

o 

, ••••••• 5.18a 

1 ••••••• S.ISc 

where oP p'l and P m'l are the first order seriaI correlation 

coefficients for the returns on the portfolio p, and the 

benchmark portfolio m, respectively. The Sharpe; Treynor 

and Jensen measures were calc~lated for aIl the funds ~nd 

for TSE300 anq Global benchmark' portfoli()s. These results 1/' 
and their co'unterparts from table 5-3a are shown in table ri 

1\ ~" 
5-4. lt is eV'dent that any bias in the performance 

measures i8 minïmal, and, that it does not change the 

previous conclu~ions in any significant manner. 

/ 

... 

;. 
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1 
1 

1 

1" Ta b 1 e 5 - 4 , , 

~ 
THIN TRADING ADJUSTMENT 

1 THE N MBER OF FUNDS THAT OUTPERFORMED THE 
BENCHMARK PORTFOLIO (JANUARY 1970 - DECEMBER 1979) 

IFOR A 1 QUARTER HOLDING PERlOn 
1 NOMINAL GEOME'TRIC RETURN 
1 

Index Used TSE300 Global 

Sharpe Treynor Jensen Sharpe Treynor Jensen 

From table 
5-3a 

15 

,12 

15 14 

19 19 

6 6 6 . 

5 10 

" 

2) Continuous Adjustment for the Risk-Return Estimates: 

, 
The results report~d in table 5-3a, band c are based 

on the estimates of risk and return ~easures calculated for 

the entire period. To test whether the performance results 

are significantly affected by this particular estimation' 

procedure, a two-step estimation procedure was conducted as 

follows: 

, 
1) Es.tj~ate the risk-measure ~ased on the first 20 ... .,J~ . 

quarters. ~i) Estimate E(R) using a) the average return over 

the previous 20 qua~ters and b) the actual return in the 

next quarter. 3) Using both these return estimates, 

calculate the performance measur~8 4) repeat steps 2 and 3 

by advancing the measure'ment period by 1 quarter. 5) 

Continue the process untill the end i9~eached at quarter 40 

(for 2a) 4nd quarter 39 (for 2b). ... 

- . 

>.' 

. ,- .,.p-........ -.... ---.------------------------------:--........ -:---::---..:--- ~ ..... ~,.....---~- ........ -c;-~ .... _O:", ... ~ .. - -,"",,-I~ 
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Table 5-5 shows the number of funds outp;rforming the 

benchmark portfolio for a particular number of quarters. 

'l'he results are repo·rted for nominal geometric return with 

the TSE300 as the benchmark p'!rtfolio. (Similar results 

were observed for the other 3 benchmark portfo~ios and are, 

therefore, not reported here.) 

interpreted as follows: 

The" results can b\ 

/The value of la in the second col~mn and fist row (for 

\.. step 2.a and the Sharpe performance measure) indicates that 

10 funds dld not outperform the benchmark portfolio based on 

Sharpe measure for even a single quarter. A value of ~3 in 

the next row indicates that 33 funds outperformed the 
c 

benchmark portfolios for 1 to 5 quarters, and so on • 
... 

Overall, the average return as the proxy for E(R), (step .. 2a), 

almost 66 percent of the funds did not exhib!t superior 

performance for more than la of the il quarters. 

Performance measurés based on using the actual return as the 

proxy for EER) (step 2b) showed that 55 percent of the funds 

dld not exhibit sup~rior performance for~more than 10 of the 

20 quarters. These results again support the conclusion 

th~t on average the pension fund~ in thi, sam~le have not 

been able to outperform the maTket consistentll.27 

j 

.. 
l 

\ 

/' 
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Table ~ 

CONTINUOUS ADJUSTMENT ESTIMATES .' 
NUMBER OF FUNDS TH AT 

OUTPERFORMED THE T~E300 BENCHMARK PORTFOLIO 

Method of E(R) Estimation 

E(R)-Average Return 
(Step 2a) 

E(R)-Actual Return 
(Step 2b) 

Performance Measure 
,/1 Quarters Sharpe Treynor Av.Ret. 

Performance Measure 
Sharpe Tretnor Av.Ret. 

o 
, 1-5 

6-10 
11-15 
15-x* 

.y** 

10 
33 
19 

7 
8 
0 

9 
31 
19 
Il 

5 
2 

19 17 
27 ,14 

~. 9 10 
7 22 
8 8 
0 6 

(' 

Note: * x-20 for step 2a, x-19 for ste]? 2b. 
** y-21" y-20" ~ .. 

F-I-3. Split period Resulta >. 

, 

18 17 
13 13 
10 1'2 
21 21 
"9 9 
6 6 

To. ana lyze the dif fe rences in perf ormance over time, 

the sample was split into two time periods. In the first 

half (Jan. 70 - Dec. 74)" the ex-post return on the 

benchmark portfolios was less than the risk free rate of 
J 

return; in the second half (Jan. ,75 - De c. 79) , however, it 

was significantly higher. Table 5-6a shows the means and, 
> 

standard deviati ons of the benchmark portfolios and the 

sample funds for both split periods. Tables 5-6b and 5-6c 

aummarize the results of the performance evaluB;tion tests •. 

It is apparent from these tables that, on average, pension 

funds fared much better during the 'down-market' perlod than 
.-

the 'up-market" periode The fat index outperformed almost 
it 

-------------~----_._--_._--- ---~--.~ .. -. --
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.... 
aIl the pension funds in the 'd'own-marke t," per i0ft, whereas 

the pension funds did much better in the /up-:market ' 
periode None the less, over the whole périod, the fat index 

J 
outperformed most of the pension funds in the sample. rable 

~ 5-6d shows th~number of funds which outperformeà the 

benchmar~ portfolios in both periods. The results show tha~ 

less than 10% of the funds were consiste~tly _superior 

performers. On average, there was less than a 20% chance 

tQat a fund which outperformfd the ben(hmark portfolio in 

the first ha If wo~ld 8lso outperform the benchm8rk in the 

second half. For example, out of the 35 funds which 

outperfe>rmed the TSE300 based on the ·Sharpe measure (Table 

5-6b) in the first half, only 7 outperformed it in the 

second half. Kend8ll~s correlation coefficients for 

rankings across the two halves are of the order of -0.20 

(Table 5-6e) further suggesting the inconsistency of 

.p'erform~ 

1 

/' 
1 

-
• 0 

• • 1 

.-
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Table ';-6a 

SPLIT PERIOD SUHMARY STATISTICS 
QUARTERLY RETURNS 

Jan., 1970 - Dec. 1974- Jan. 1975 - Dec. 1979 

Mean % S.D.% r Mean % S.D. 

T SE3 00 0.22 8.53 5.32 6.50 
GLOBAL " 0_15 9.02 5.92 6.71 
FM ' 0.18 8.4' 4.82 6.20 
FAT 0.92 ,7.93 4.6.3 5.81 
ALL FUNDS 0.22 '8.49 4.82 6.05 

-------- - -,---- -- ~--- --- - --

HISTOGRAM FOR TH~ MEA~ RETURN OF T~E SAMPLE FUNDS 
QUARTERLY R~TURNS 

Jan. 1970 - Dec. 1974 Jan. 1975 - Dec. 1979 

Range ,% ~ Il Range % fi 

-0.45 - -0.29 4 3.76 4.09 5 
-0.2B - -0.13 8 4.10 - 4.42 13 
-0.1 ~ - 0.03 10 4.43 - 4.75 17 . 

0.-04 0.20 18 4.76 5.07 22 
0.21 - 0.36 16 5.08 - 5.40 9 
0.37 - 0.52 5 5.41 - 5.73 9 
0.53 0.68 8 1 5.74 - 6.06 1 
0.69 - 0.84 4 6.07 - 6.38 j 0 
0.85 - l.00 1 6.39 - 6.71 0 
1.01 - 1 .16 3 6.72 - 7.04 1 

Average 0.22 4.82 

" 
, 

% 

1 

~ 

\ 

./ 

" 
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(~ Tatble 5-6b 
, 

THE NUMBER OF PENSION FUNDS THAT OUTPERFORMED 

\ THE BENCHMARK PORTFOLIO (JANUARY 1970 TO DECEMBER,1974) 
FOR A 1 QUARTER HOLDING PERIOD 

t 
j 
1 

1 Performance Measure 

r' . Sharpe Treynor Jensen .f.p. ~ RSV !!!.Y. !!!! .MI MVS Av. Ret. 

1 

,. 

Real Geometrie 
Retur,n ~ 

Index Used: 
~ , 
1· .. TSE300 34 26 28 2 1 35 34 37~ 46 23 33 :. 
! Global 35 1 30 30 7 5 ' 35 .34 37 38 32 40 

FM 37 32 32 2 3 38 38 42 50 18 39 
FAT 4 3 3 0 0 4 4 4 18 18 3 

Nomin!l Geometrie 
Return 
Inëlex Used: 

·TSE300 35 29 29 3 1 34 35 38 46~ 21 33 

( 
Global 35 30 30 8 5 35 34 38 35 30 40 

'. 
.' ) FM 40 32 32 2 3 39 39, 39 49 18 39 

FAT 4 3 3 0 ·0 4 4 4 16 - 20 3 - .-, .. 
1 

Real Log Return i ~ 

1 
Index Used: 

~ . 

l' " . ' TSE300 33 26 26 4 2 33 34 37 34 25 37 
Global 35 29 29 8 :6 34 34 38 32 31 47 
FM> 36 30 30 2 4 36 36 40 41 21 40<;0 
FAT 3 3 3 0 0 3 3 3 11 20 2 

N01Di nal L08 
Return 
Index Used: 

TSE300 33 26 16 3 2 33 33 38 34 24 37 
Global 35 29 29 8 6 34 34 38 31 29 43 
FM 36 29 -'JO 2 4 36 37 ' 38 39 20 40 
FAT 3 3 3 0 0 3 3 3 11 23 2 

( 
'. t , 
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Table 5-6d 

, . ... 

THE NUMBER OF PENSION FUNDS THAT OUTPERFORMED 
THE B~HMARK PORTFOLIO IN BOTH PERlOnS 

FOR A 1 QUARTER HOLDING PER,Io,D - NOMINAL RETURNS 

Performance Measure 

Sharpe Treynor Jensen RSV RHV RMA ERI Av.Ret. ---
Index Used: 

TSE300 
Global 
FM 
FAT 

, . 

7 9 9 8 8 
1 1 1 2 1 

15 13 17 16 16 
2 2 2 2 ,2 

Table 5-6e 

KENDALL'S CORRE~A~ION COEFFICIENT 
FOR RANKINGS ACROSS PERIODS 

12 Il 
3 3 

19 16 
2 5 

FOR A 1 QUARTER HOLDING PERlOD - NOMINAL RETURNS 

Performance Measure 

Sharpe Treynor Jensen Av.Ret. 

-0.17 -0.19 -0.20 -0.18 

(aIl significant at 5% level) 

1 
0 

14 
1 

.' . .. ~ ~. 
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F-2. Bias in the Performance Measures 

To analyze the bias in the performance measures, each 

performance measure was cross sectionally regressed agfinst 

the corresponding risk measure for aIl three holding "'. d-

~ ~ -
periods. On1y the results using nominal returns and ~be 

TSE300 benchmark are presented since no-~I!taterial diffe:tences 
• were found using real returns and other benchmarks. Table 

5-7 summarizes the results of these cross sectional 

regressions. \ 

The first four sets' of, results correspond to the cross 

sectional regressions for the performanc~ measures which are 

independent of the benchmark portfolio. Except for the RHV 

measure, the relationships are not very important (as 

demonstrated by low R2 s). The "bias 1s more important in 

10garithœic returns, but decreas~s with increasing holding 
, 

periods. The RHV measure ~xhibits a strong negative bias., 

This '~bservation is simlla.r to th~ flndings of Ang and Chua 

09,79)'\but contradicts the findings of KlemkOsky (1973). 

The neJt two sets of results correspo,nd to the CAPM based 

measures. The regressions show low explanatory powers 

decreaSi~g wlth increasing holding periods. 29 

/. 

.' '. 

" 
" 

.i~ 
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Table 5-7 / 

Bt~S IN COMPOSITE MEASURES 
REGRESSION RESULTS FOR PERFORMANCE MEASURES WITH RISK MEASURES-

, 

Sharpe with 
Std. Dev. 

Intercept 
Slope 
R2 

RHV with 
Half Variance 

Intercept 
Slope 
R2 

RSV with 
Semi Vari ance 

Intercept 
Slope 
R2 

RAM with M.A.D. 

Intercept 
Slope 

'R2 

Treynor with 
Systematic Risk 

Index: TS,E300 

Intercept 
Slope 
R2 

Jensen with 
Syitematic Risk 

Index: TSE300 

In~ercept 

Slope 
R2 

\ 

JANUARY 1970 TQ DECEMBER 1979 

Holding Period (Quartera) .. 
(1) (2) 

Geom. Log Geom. "Log Geom. 
(4) 
~ 

.099* 

.038 
, .001 

.123* 
-.786 

.030 

• 3 2 1 *, • 270* 
-3.180* -3.200* 

.121 .200 

.199* 
-1.110 

.019 

~ 185* 
-.870 

.010 

.014* 
-.006 

.048 

.003 
-.005* 

.041 

.200* 
-1.970* 

.080 

.208* 
-2.1~0 

.060 

.014* 
-.009* 

.120 

, \ 

.005* 
-.008* ·r 

.082 

.47'3 . 

.013_ 

.• 1 35* 
-.460 

.012 

.467* .367* 
-3.080* -2.910* 

-.112 .189 

.175* 

.188 

.001 

.131 * 
'.429--
~004 

.023* 
-.005 

.005 

.002 
-.006 

.0 Il 

.202* 
-1.060 

.028 

.162* 
-.650 

.010 

.023* 
-.014* 

.057 

.009* 
-.014 

.068 

.075 

.679 

.035 

.119 
- .• 052 

.000 

\ .597* .417* 
-2.410* -2.096* 

.059 .115 

.057 .134 
1.590* , .057' 

.064 .000 

.123 

.845 

.026 

.023* 

.017 

.015 

-.016 
, .009 

.004 

.144 
-.034 

.000 

.026* 
- .006 

.002 ' 

.003 
-.013 ., 

.013 

/ 

, j. 
1 
~ 
< 
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Table 5-7 (Cont'd) 

BIAS IN COMPOSITE MEASURES 

• 

, RE~RESSION RESULTS FOR PERFORMANCE MEASURES WITH RISK M~ASURES 
JANUARY 1970 fOTG DECEMBER 1979 

Holding Period (Quarters) 
(1) (2) (4 ) 

Geom. Lbg PGeom • . .!!.2! Ge D'm. Log 

ERI ;with '-
Systematic Rïsk 1 1 , ,<' / 
I>ndex: TSE30~ 0 ./ 

I n,t-erce pt .002 .002 -.001 ' .001 .086* .075* 
(1 Slope . '.' - .002 -.OO~ - .000 .L.003 - .'û98* .- .089* 

_R2 ':' .00,4 .0 Il .000 .001 .'334 .371 

ERI w!th SlsteJllatic .. 
Risk(I ) & Skewnes.s~ 2) 

Index: TSE300 

Intercept o .O'Oo-'\J .001 -,.002* !003 -.023 .007 
Slope( 1) .000 .458 .000 -.005 .026 .010 
Slope(2) .001* - .00 1* - .001 * -.003* -.011* -.025'* 

, R2 , Q .458 .509 .590 .649 .722 .666 

.. 
Note: * denot;~s significant at 5% lêveL 

.. 
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Te.t. on the E~ mea.ure. for one and two quarter 
\ 

holding periods show \that they exhib:lt no systemat1c bias 
, \ , 

when regressed agains,ù!t~e measure of systemati~ risk. The 

same tests show aignif cant negative bias for four-quarter 

holding peri~ds, but t e regressions have low R2s. When ERr 
\ 

18 regressed against both the cor~esponding risk ~easures 

simultaneously, h~~hly significarit biases and high R2s are 

found. This set of results directl}' eontradicts that found 

in Ang and Chua (1979). One must, thet'efore, conclude that, 

~ithout more research into the nature of the risk-return 

trade-off in ,the Canadian equities market, the use of ERI in! 

performance measurement may be inappropriate • 

• .. 
Overall results indlcate that except for the RHV and 

ERI measure, the performance measures in this study do not 

exhiblt signifi~ant .:;;. .... lAo-'~) rela tionships wi th the 

c;orresponding 

finqings, the 
\ 

of asymmetric 

when - compa red 

risk measures. Also, contrary to previous 

perfor~ance meas~es based on the assumption 
1 • 

returns do not sh w a smaller degree of bias 

ta the mean-variance based measures. This 

suggests that the bi~sedness of performance ,easures may be 

data specifie. To analyze whether similar results are 

obtained for s~1k period results, similar tests are 

conducted for each period separately. Table 5-8 summarizes 

these results for nominal returns and using the TSE300 as 

the b'enchmark por'tiolio (sinee no mate rial differenees were 

found using real returns and other benchmarks). 
~l 

~8 wi th the resul ts ,,in table 5-7, the_ RHV, RSV and ERr 

measures show a higher degree of bias than mean-variance * 

based measures. In general, the ~egree of bias in the first 
-

half is higher than that in the second half. This may 

support the argument of Friend and Blume (1970), that such a 

bias is the reault of a significant difference between the 

ex-post distribution of return and risk~ and their ex-ante 

magnitudes. 

.' 

------------ --- ----~ -----~--- ________ ~f,~ 





"-

( ,) 

( 

) 
1 

-J • .,..,.-

.' Table 5-8 (Cont'd) 

, BIAS IN COMPOSITE ME!SURES 
REGRESSION RESULTS FOR plRFORMANCE MEASURES WITH RISK MEASURES 

SPLIT PERlon RESULTS 

Holding Period 1 Quarter 
Jan. 70 nee •. 74 Jan. 75 - nee. 79 

• Geometrie Log Geometrie Log 
ERI wit,h ; 
Systematic Riek .~ 

1) Index: TSE300 

Interèept .003 .002 .-003 
,. 

.006 , 
Slope -.004 -.003 -.005 -.009 
R2 .011 " .007 .011 .036 

.. ..... 
'ER! with Systematic ~ 
Ri sk( 1 ~ and Skewness(2 ) 

1) ~ndex: TSE300 

Intercept -.011* - .010* .00'4 .007 
Slope( 1) .015* - .014* -.006* -.010* 
Slope(2) -. - .004* -.005* .001* .001* 
R2 .644 .643 .208 .004 

Note: '* denotes signifieance at 5% level. / 
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. Fin81iy, the results fbr the entire period, presented 

in table'S-7, s~w an absence of any significant biases in 

performaQce messures ot~e! than RHV and ER! (in contrast ~o 

Klemkosky, 1971; Friend and Blume, 1970; Gaumitz, 1910,-Ang 
" and Chua, 1919). No significant chan~es in the results 

occur for different horizons and different benchmarks. Some 

degree of bias is introduced during a period when ex-post 

returns on the benchmark portfolio are Iess than the 

lisk-free rate;t>f return. Aiso in contrast to ear11er 

st~dies, the JelationsWips are less important than 

~~usly reforted. These resul'ts, therefore, 'suggest that 

no s ig~c a n,t bias.)l1 exhf,>bi ted by the pe r f OrQ}anc.e measure s 

tested in th1s study. 

<. 

~ ~ 

- -~ ... F-3. A~l>'igUity Due hi:o the Cholce Df the Benchmark 

Empirlcal results in this section try to answer two 

questions: 1) Do the rankings of' various portfolios differ 

significantly with,the choice of performance meaauie? and 2) 

Do the ran~ings determined by the CAPM-based performance 

measures differ sign1f1cantly with the ch01ce of benchmark? 

To answer these two questions, Kendall's coefficient of 

~.Concordance, W, 18 used for each set of rankings. 30 This 

coefficient is used primarily as a measura of 'agreement in 

rankings.' A value of 1.0 indicates perfect agreement in 

ranklngs, while a value of 0.0 indicates perfect 

disagreemjt'ît. This coef f icie nt 1s defined as follows: 

w -
k 

. t ( R j - b (k+ 1) ) 2 

b is the number of blacks, k 
\ 

treatments, and ~j denotes the sum 

treatment for j~1,2, •••• k. In th1s 

2 ••••••••. • 5.19 

Is the number of 

of ranks ln the jth 

study, k equals the 
\ 

number of funds and b equals elther the number of 

, 

• 

" 

'. , 
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performance measures (for question 1) or the number of 

benchmark portf~lios (for question 2). 

... ' 
T~bles 5-9a and 5-9b summarize the results' ci? -t'fie 

/ 

tests designed to ,answer the first question. ~able 5-9a 

shows the results for three holding periods,ànd four 

benchmark portfolios. Three sets of perfo~mance measures 

are tested and the results show a high degree of agreement~ 

~he numbers change only slightly for alternative benchmarks, 

different holding periods or type of returns (geometric or 

logarithmic). The test also shows 'that ranking portfolios 

by mean ret~rn may not differ greatly from ranking them by 

risk-adjusted measures. To test whether similar reBults 

apply te/each of th' split periods, a separate analysis was 

condu~or a one quarter holding period in the first and 
/ 

/second five-year periods. Table 5-9b (column 3) shows an , . 
improvement, in the correlation when the risk adjusted 

measu5es alone are used in aIl cases. This suggests that, 

forrihe funds in this sample, the risk adjustment would~have 

improved the agreement. lt further suggests that any of the 
~ , 

three mean-tariance bas~d ~easure8 (Sharp~, _Treynor or 

Jensen) could have been used to rank these portfolios 

without aoy serious injustice. 
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Table 5-98 
...... -

KENDALL'S COEFFICIENT OF CONCORDANCE 
TEST PERIOD: JANUARY 1970 - DECEMBER 1979 

NOMINAL RETURNS 

(1) 
Holding Period 

(2 ) 
Holding period 

(3) 1 

Holding Pe~.iod 

Benchmark -1-·~TR 2 OTR 4 QTR 1 OTR 2 QTR 4 QTR 
~ 

1 QTR 2 QTR 4 QTR 

, T,SE300 

Geom. 
Log 

Geom. 
Log 

FM 

Geom. 
Lo~ 

" FAT 

Geom. 
Log 

Note: 

1 
.9734 .9768 .9746 .9612 .9674 .9759 .9869 .9898 .9950 
.9865 .9886 .9876 .9809 .9835 .9860 .9916 .. 9935 .9954 

.9705 .9735 .9710 .9562 .9615 .,96-97 .9828 .• 9854 .9905 
• 9 8 5 2 • 9 8 5 8 • 9 8 5 8 • 9 7 8 4 • 9 7 8 5 • 9 82 1 • 9' 8 9 7 • 9 8 8 9 • 9 9 2 2 

.9764 .9801 .9775 

.9891 .9931 .9894 

.9688 .9706 .9718 

.9838 .9832 .9822' 
- ---

.9660 .9733 .9807 

.9849 .9884 .9902 

.9541 .9582 .9705 

.9766 .9751 .9767 

~9891 .9933 .9970 
.9936 .9973 .9981 

.9823 .9821 .9893 

.9883 .9862 '.9865 
l' 

~l) includes Av. ret; Sharpe, Treynor ,. Jensen, RSV, R~tf ' BAI. 
2) i nclude s Av. ret, Sharpe, Treynor, Jensen. 

(3» includes Shax:pe, Treynor, Jensen. 
1 

~ 

IJ' 

, \ 

... " 

11 

, 
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Table 5-9b 

(j KENDALL 1 S COEFFICIENT OF "CONCORDANCE 
(SPLIT-PERIOD REsutrS) 

FOR A 1 QUARTER HOLDING PERlOn 
NOMINAL RETURNS t 

Benchmar~ Jan. 70 - Dec. 74 Jan. 75 - Dec. 79 
" #~ .. (1) (2) (3) (1) ( 2) (3) 

\ 

TSE300 
""'-

Geometrie .9613 .9485 .9792 .9252 .9122 .9838 
Log .9302 .9078 .9662 .9404 o .9306 .9869 

Global 

GeometJ;i c .9626 .9497 '.9804 .9236 .• 9057 .9786 
Log. .9311 .9082 .9677 .9389 .9243 .9832 

FM 
\ 

Geometrie .9620 .9484 .9810 .9271 . • 9187 .9835 
Log ,9292 ~9048 .9661 .9420 .9362, .9,,870 

FAT r ...... 
Geometrie .9608 • 9483 .9631 .9255 '.9152 .9822 
Log .9327 .9130 .9546 .9398 .9331 '19848 

Note: (1) includes Av. ret, Sharpe'. Treynor, Jensen, RSV, 
RHV, BAI. . 

(2) includes Av. ret, Sharpe, Treyno~, Jensen. 
.. (3) includes Sharpe, ,Treynor, Jensen. 

1 , 
" r 
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Table 5-10 summari~es the results'of tests designed to 

answer Roll's criticism that performance measures based on 

the security market line are ambiguous. To address this ~ 
Is sue empi ricslly, the agreement 1 n the ranki ngs by Treynor 

and Jensen messures based on each of the four indices was 

examined for the entire period and the split~ periode The 

results show almost perfect agree~ent in rankings and are 

robust to thé holding period assumption and tfté 'type of 

return used. Contrary to Roll's criticism, cthe rankings of 

portfolios based on substantlally dlfferent but widely 

diverslfled, portfolios seem qulte robust to the part'lcular 

choice of index. 
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Table 5-10 

KENDALt'S COEFFICIENT OF CONCORDANCE 
UNDER 4 BENCHMARK PORTFOLIOS 

NOMINAL RETURNS 

Type of 
Re turn 

Jan. 1970 - Dec. 1979 

Treynor ' Jensen 
/ - ~ . 

Geometrie .9977 .9986 .9988 .9939 .9924 .9911 

o Log .9986 .9989 .9994 .9947 .9926 .9921 

~ 

1 • Holding period 1 Quarter 
2 • Holding Period 2 Quartera 
3 • Holding period 4 Quartera 

Jan. 70-Dec. 74 

Holding period 

Treynor Jensen 

TlI~e of 
lteturn 

Geometrie .9984 .9983 

Log .'9984 .9855 

'. 

\ 

, , 

! "-
" 

Jan. 7 5-Dec. 79 

- 1 Quarter 

Treynor Jensen 

.9952 .9907 
.ft' 

.9962 .9919 

l ' 
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G. PRELIMINÀRY RESULTS FOR TOTAL FUND PERFORMANCE 

Previou~ections analyzed the performance of the 

equity- po~tfolios of the sample pension 'funda. This section 

presents the analysis for the total fund portfolio based on 

the total fund returns. These returns represent the 

wei g h t e d a ver age 0 f the r e t u r n sin ea cha s s è t cl a s S 0 f the '\ 

fund (see table 5-1). As noted earlier-- in this chapter, 

these results are preliminary, because of the problems of 

designing an appropriate unambiguous benchma~k portfolio 

wfth which to compare total fund performance. '\ The change in 

the asset mixes of the fund and the changes wit1),i.n each or 

the asset groups further complicate the design. Attempts 

are made ta design some 'naive' benchmark portfolios which 

could easily be replicated by the actual funAs. The results 

are based on a11 83 funds in the data base uSing 1 quarter 

holding period for the period 1970-1979. 

. ( 

The following are the three 'naive ' benchmarks~ 
, 

constructed to test the total fund perf~rmance. The first 

Is the FM index used in the last section. This is chosen 

primarily because the equlty portfolios of the penslon funds 

outperformed this benchmar.k by the greatest margine If 

similar results are obtained for the total fund returns, it 

would indicate that the addition of asset groups other than 

equities has enhance.,d~'ior at least equalled) equity 

performance. The second 18 created by equally weighting the 

FM index, the average of aIl bond indices (Ill through #10 

of t~le 4-2) and. the conventional mortgage index (ifl1 of 

table 4-2). This benchmark i8 similar ta the average 

we1ghting of a typ1cal Canadian pension fund as reported in 

the FEI survey (1978). The third is found by weighting the 

returns of the three indices by the actual market values of 

tbeir asset classes. This benchmark represents a we1ghted 

:rverage return where market weights change each quarter. 

----"_._ ... , , 
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T$ble 5-11 lepo rts, the resulté us Ing nominal geotne tric 

returns. The results demonstrate that th, managers of the 

pe~sion junds studied here~n have not shawn any ability to 
( ~\, ,,," 

outperf6.rm the proxy for the market portfolio. Compar1son 
,; / 

~f thè results for the FM index in tables 5-3a and 5-11 

" 

indicate~ tha~ the inclusion ot asset groups other than 

equitie~ has actually reduced the number of ~ension funds 

outperforming the FM index on a risk-a_<!i~t_~.9._.~~sis. The 

re~ults for ~enchmaik portfo~io #2 indicate that a 'naive' 

strategy of investing in an ~~ually weighted equity, bond 

and mortgage portfolio has outperformed most of the actively 

managed funds. The results using benchmark fJ3 are similar 

to those obtained uslng benchmark #1. 
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Table 5-11 

THE NUMBER OF PENSION FUNDS THAT OUTPERYORMED THE 
BENCHMARK PORTFOLIO (JANUARY 1970 TO DECEMBER 1979) 
FOR A 1 QUARTER HOLDING PERIOD - TOTAL FUND RETURN .. 

Benchmark 
portfolio· 

1 

•• 

1 
2 
3 

Il • FM 

Performance Measure 
Sharpe Treyno r 

2'5 31 
6 11 

32 37 

#2 • Equally Weighted FM+Bonds+Mortgage Index 
#3 • Value Weighted FM+bonds+Mortgage' index 

., 

! 

. 
• 

" 
...... ~t 

Av.Ret. 

1 
14 
35 

~ 

1 • 

-- - -- .-----~--------------
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H. CONCLUS ION 

This chapter evaluated in detail the pe'rformance of the 

equity portfolios of Canadian pension funds. Some 

preliminary results based on the total fund- returns were 
'1 

also reported. The performance evaluation was based on ten 

risk-adjusted measu'res suggested in the literature. (The 

results were presented "for tl;tree holding periods"four 

benchmark p.ortfolios and two types of returns. Separa te 

anlyses were cond~cted for the entire period's \data and· 

subsequently for tw~ sub-periods. Sepsitivity' te'sts for the 

thin trading
9 

effect and the estimation pro,cedurk were 
, 

carried out in order to evaluate the robustness of the 

results. Tests for investigating the bias !lnd ambiguity I-n--

these measures were àlso conducted. 

1 

ln the case· of the equity portfolios it was found that 

over the entire period from January 1970 ta December 1979, 

pen s ion fun d ma na g e r 8 h a ven 0 t r 0 w n a pys i g nif i c â. nt a b il i t Y 

to achieve superior performan'ce relative to any of the four 

benchmark portfolios. 'The RHV, RSV and RMA measute8 showed 

results similar to the' onestbased on the Sharpe measure. 
o , 

'l'here was also no indication of superior ma'rket timing 
, 

ability of the pension fund managers. The MVS mea8ure 

provided ~..ome indication that fund managers may be concerned 

with skewness. Overal1, the Sharpe, Treynor and Jensen 
i \ 

measures provided the results without any 1085 in 

generality. The results were found to be quite robust 

acros&- the assumed holding periods, although some 

deterioration in peorformance was' found when the" holding 

period was increased from one to four quarters. 

The split period analysis showed that the fund 
" 

managers' per,formanc'e wac' slightly better in the 

'down-market' per10d 'than in: t'h,e 'up,-market' periode On 

'~verage,'however, 
f) 

less than 10% of the fund managers were 
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consistent superior per~rmers~ Without additidnal\data on 
o. 

«l. 

the compesi~ion of the portfolios, it ls nO,t possiple ta 
, 

~nal'yze. which funds exhibited consistently superior' 

performance if this sample. Overall, however, Çhere was no 

evidence of consistent superior performance by the fund 

managers. 

"The results of the cross sectional regressi()ns show no 
1;' -. 

significant bias associa_tp~d with the traditional 

mean~variance based mea~ures. Contrary ,to previously 

repbrted results, the"measures based on the· as.ymmetric. 

return distr1bùtion displayed s1gnificant blase~. The 
, 

biases were 81ight1y higher during the first half of the 
..:> 

t1me period under consideration. These results 1nd1cate 
\ 

that the bisa ln the performancw.measures i8 data specifie. 

The empirical analysis of the ambtguity of the 

performance measures showed that the rankings were quite 

robust to the choice of both particular risk measure and the 

benchmark portfolio. Analysis over the entire period 

sugges ts tha t the r,anking of port folios based s i!Bl.( on 

average returns would have been siml1ar to those based on 
~ 

risk-adjusted measures for this particular time period., . 
Split-period analyses, however, suggest that risk adjusted . " 

measures' would prov1de a better set of rankings~~ periods 

of positive risk-return relationships. thusi contrary to 

recent criticlsms, the CAPM based performance measures are 

'robust' and, provide 'a consistent s'et of rankings when 

comp~ted with wi~e1y diversified benchmark portfolios. 

~- The preliminary results based on the total fund returns 

a1so suggest tha~ the pension Junds ln this sample have,not 

been able to outperform the three na1vely selected 

portfolios. More'testing ls, however, necessary before 

any deflnitive statements cancbe made. 

'\ 

- ' ----
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CRAPTER 5 - FOOTNOTES 
, ' 

See, for example, Friend and Blume(1970), Jensen(l969), 
Llntner(196S), Malns(1977) and Sharpe(1966). 

See, for examp!e, Ang an,.p Chua(l979), Grant(1976), 
Jensen(1968), Kon a4td Jen(l9,79) and Treynor and 
Mazuy(1966). 

See Mayers & Rice(1979), Peterson & Rice(1980), 
Roll(1978,1980), Rosenberg(1980), Rudd ~nd 
Rosenberg(1980). Section D-2 cf this chapter provides 
the essence of this controversy. 

There is strong evidence to suggest that this is indeed 
the norme ResRonses to a confidential survey _ 

'questionnaire ~ent to the Canadian pension-sponsoring' 
flrms by a ~r~minent performance measurement service, 
showed th.t none of the firms explicitly considered the , 
nature of ,th.e--firm earnings in devising pension fund Oc 

inves tment .:8' t ra1:~gy. A s imi 1 a robs erva t i on 18 gi ven in 
Rudd & Rosenberg ~~~O, p.598) in the case of U.S. 
firms. 1 
Se e for e x am pl e 1 T-r e y n 0 ~ (1 9 6 5 ), S h a r p e (1 9 66), Je n sen 
(1968, 1969), Smith and Tito (1969), Grant (1976), 
Peasnell etc. (1980). Also see Murphy (1977), Mains 
(1977), McDonald (1974) for evidence on superio~ 
performance. 

6. The non-parametrie-/t test requires information about the 
manaier's forecast of the rètut:n on the mark~,t 

'portfolio. Since no such information is ·availab!e, 
only the parametric test ,wU! be 'conducted in this 
study. 

7. See, for example, Arditti (1967, 1971, 1975), Hanoch 
and Levy (1969, 1972), Gaumitz (1970)" Ingersoll 

0(1975), Jean (1971, 1973), Lee-(l976). 

8. Portè~ (1974), Rogan and Warren (1974), Klemkosky 
~ 0 (1973), Nantell and Priee (1979) ,have tried to justify 

the semi-variance framework by assuming that ·investors 
are risk-a~erse (i.e. ,have a, decreasing marginal 
utll1ty) for aIl returns below Rmin and risk neutral 
(JAe. have a constant marginal utillty) for returns 
€D~ve Rmin. . 

9. Levy (1969) has criticlzed cubic utillty as an argument 
for skewn'ess preference, Binee cubi-c utili.ty does not 
exh1bit decreaslng marginal utility for all vealth 
levels 4 

l ' 
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10. Thei"r framew-ork baB led ta the f ollowi ng valuation 
model: 

11. Ang and Chua (1979) have given a ratlonale for using 
the.benchmark in the form of ex-post market premiums 
for risk and skewness. Citlng Evans and Archer (1968), 
they argue that if an investor always has an 

'alternative of getting the market return, then the 
market return must be the minimum return that should be 
earned. ' : 

12. Note that 411 these studies bave been carried out 
for the U.S. market, no such studies are available for 
the Canadian market. It is, therefore, aSBumed that '" 
the Canadian markets are similar ta the U-.S. markets. 
The actual verification of such an assumption is beyond 
the scope of this study. 

13. 

14. 

15. 

16. 

The study referred to the empi~ical research"of 
Mand(~ibrot (1963) and Fama).(I965). 

Qp 

For theoretir~al de,velopments, see Whitmore(1970), 
Jean(I971), Hanoch & Levy(1969), Hadar and Russel 
(1969) and for empirical studies see, Levy and 
Sarn.at(l970), Porte'r and Joy(i974), Porter(I973,1974), 
Tehran;la n(1980) • 

The Kolmogrov-Smirnov gaOdnesB of fit test canducted 
here tor the sample of the 77 portfolios showed only 
one fund differing from the normal distribution. 

See Jensen(l969), Cheng and Deets(l973), Jacob(I973), , 
Lee(1976) for a discussion on the effects of investment 
hori zan on CAPM based risk measures •. 

17. See, for example, Roll(l978, 1980, 1981), Rass(l978a, 
1978b), Fergusson(1980). 

-18. This is the basis for Mayers and Rice (1979) argu~ent. 

19. See Gibbo,ns (1980), Kryzanowski and Ta (1.983, 
forl:hcoming) and Roll '(1981). 

20. This may suggest that the ranking of portfolios will' be 
insensitive ta thè particular choice of, the benchmark 
portfolio. 

J 

21. The" ,efficiency concept is qui te often m1sunderstood. 
For example, the growth of index funds i8 sametimes 
attributed ta their mean-".ariance efficiency.- 'This 18 

.t~). .. j 
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23. 

fals~. Index funds exist to provide a portfolio which 
~orresponds to a b~oadly.based index at a low 
IIlanagement fee • 

Cornell (1980) argues that( the CAPM framework, can only 
be used to'differentiate betwen superior and inferior 
performers relative to the market index used, but no; 
further gradations in: the ranking are possible. . ,-.. 

Note that the discret time comp'ounded rate of return R, 
can be calculated from i '"' ln (1 + R). ;. 

) 

1 n (1 + R) .. 1 n (CMV) + 

m 
or R ... CMV. TI 

OMV j=l 

OMV 

24. Use of the arithmetic mean was suggested in the BAt 
study (1968). The use of the geometric mean is more 
prevalent. sinee it 1) overcomes the inherent problem 
with the ~rlthmetic mean and 2) is easier to relate to 
chan'ges in uni t value.,' 

2 5 • Th i s w a s don e i ri . 0 r der t 0 a v 0 id the pro b lem sas soc :i: a te d 
with multi-manager funds. 

26. 
\ 

The significance test for Ppt requires tnat 'the 
residuals be normal. Vsing the Lilliefors test for 
no r mal i t Y (P'f a f f en ber g e r - Pat ter son 1 1 9 77 , p • 6 8 7 ), the 
residuals were found to be normally distributed. 

27. An additional estimation procedure fo;J' risk-return' 
• estimates was also performed. In this procedure, the 

estimates for expected return and risk parameters (such 
as the standard deviation) were calculated using 
alternate obs'ervations, that is , even (odd). 
observations were used to estimate risk and odd (even) 
observations were used to estimate risk. The details 
of this procedure are described in Roll and Ross 

"" (1981). This estimation procedure tries to e1iminate 
the bias, if any. introdùced by using the same 
observations in estimation of return and risk. The q 

, !" r e sul t s . u sin g th i s pro c e dur e , ho w e ver 1 w e r e qui. t e 
ambiguous, depending upon which pair of even-odd 
ob8ervation~ was used for estimation ~urposes. Any 
conclusions based on such a procedure "therefore must 
await additional testing wlth longer time i~ties data. 

28. In this test, the rankings under each measure are 
compated based on each periode A coefficient of 1.0 
indlcates perfect conslstency and -1.0 indicates 
pe rf ec t inc'ons is tency. ' 
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29. As 8ho~n 'by Johns't~n (197i, p.2!) the covariance 
'between a and p will be negative. The degree of bi~8 
'in this study, bovever, 1s much smaller than that found 

~ by'Friend and Blume (1970). 

30. 'St:l;1ctly speaking, 'W' vas probably intended pr1marily 
as a measure of 'agreement in ranking' in the b blocks, 

-rather, than as a- test statisttcs. See Conover(l971) 
.pp.Z70-271. 
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M~JOR FINDi~ IMPLICATIONS AND ,DIRECTIONS ;FOR 

FUTURE RESEARCH 

This dissertation has dealt with four issues af.fe~ti,ng 

'ESP'Ps: a) the r~tionale behind their exist~nce and gr'o~th, 
. b) the impact of taxlltion on 'their" funding, cJaan invest,ment 

policy model for such plans and d) an empiric;! 

inv~stigati'on of historiea,l performance of a sample of 

Canadian pension funds. 

Three main paradigms .for the existence of ESPPs were 

exami ne~. No s lng le pa radigm alone expIa i ns the ESPP 

phenomenon. howeve r, one can cons ide r a combina tion of 

empfôyee turnover costs and tax advantages às the main, 
\ ~ 

• force s beh ind thei r growth. The es ta blis hment of ind i vidua).. 

RRSPs ha.s important implications for the growth and the, 

nature of ESPPa. In the presence of uncertain inflation' a'nd 

investment re~urns , employe~s will be ~illing to negotiate, 

for the ,defin'ed-benefit ESPPs in which the retirement inco1Jle .. 
i8 D~sed' on the final average wage,' as these plans pr,ov'~de ,'" 

them with wage-lndexed income not otherwise availa~le. 

The e,mployers ~ willingnesB to provide BucIl '8, contract_ will 

depend upon the negotiated premiuin (via _current wage 

reduction), thelavailability of indexed irivestmeni vehlcles. 
, . 

t, -

(such as the indexed (bon.d~ ava:J.lable recently in U.K.-) and 

the possibility, of government legislation retroactive-Iy 

chang'ing the terms of negotiated contracts. lt, ia possible 
r ' . 

that a combination of:these factors may result in the. . ~ 

e~ployer preferring a defined contr~bution plan~ thereby 

shifting the implicit inflation rtsk on ta the employees. 

, TheJack of emp1rical data/'er'iOUS1Y hampers. detaUed' 

analys~ of thes,e issues. 'Thu a num'Oe,l; of issues, 

requi te fu r ther ref ea~ch:' a) 0101 de? the employe es and 

shareholders value ESPPà, b) how do they affect lab,our 
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nego~iations and firm valuat,ion? c) How\ do vesting, 

req-uirem~t\.t'8, and la,bour turnover; affect ',emPl:oyee . ~ .. '( 

participatiQn,.fn ES'PP ? 'd) What effect, if, any·, does ,the 

personal portfolio have on th~ funde-dness and 

poliey of an ESPP? e) how homogeneous ls labour 
\ 

valùin'g the ,tradeoff' between c.urrent and deferred wages? 

and, 'f) how wo~ld ~he gove rnmen ~ 's i\nvol vement (v ia an 
. '" , 

introduction of a c'a'mpul~sQry !ns~ra'nce agen.cy, or' :l:m~ed!ate 
... ", ~ 1 ", u 

vesting and post-retirement indexing reg.u1ation) affect the 
" ,J 

fut,ure',growth 'of the ES'PPs? ... 

rJ 
The tax t reatme'nt of ESPPs aU ec ts not only the! r 

, 1 

introduction, but aiso the!r fundi'ng and in,vestment~ 
q • • ' 

deèisions.' The issues èe~ome even mO,re 'complex' l!Q.en 

~rsonal and corpo~ate ta~es are considered. 'The analysJ.8 
, 1 • 

in Cltapter 3 !nd!'cates th4t, from t'he f'irm's' viewpoint, tne 

ad vance fundi.ng deci~:I:~n .~a-y rest pr!mar~ly upon tbe 

exp"ected rate of ret .... urn on the pension fund'5 assets' and, on 

the fi'r,m',s operati,nç e~sets., On1'y if the pension f'und , j 

I?tovid~s th~ sole opportunity for 'increasing the firlll's ~debt > 

iO"~d, will the finand.ng .'of the 'pens ion fund and thle 
. ' 

'sub!equen,t inves~ment decisions -be ,:i.nterlinked.,. 
, , 

'The determt"nation of fhe opt:Lmai. funding' 'lev el is' 

f,u'rt1her cpmplicate~ by ot~~r pa'rameters 'such ,as uncertalnty 

in' capital'and pr"oduct marke·t's, the firm's existing capital 
• '" ,~ l 1 ~ 

"structure, the, portfolios and tax posipons -of its ..' , . . \, . 
shareholde,rs t'the effect of the" fu'nding pçl~cy on wa'ge 

negotiations and gO,ver,nment, regulations. The analysis 
, 

indicates that. ,with the è,x~sti'ng ta:x treatment t the. pension 

funds should be fully' fundéd or ~ven: ,overfund'ed. The 

reasons for the reported underfundednes8 of some' of the 

exi~,ting plans include a)' use ,of an' ~nd~rfunded "pension plan 

as 8 risk' sharing ~e,ch8ni!!m between employee an4 the firm, 

b) the inability of the 'firm to negotiate lts wage contract 

, , 
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'when cha ngi ng
u
, th~ fun~ ing level, c) the ina bili ty, of the 

fllnd's invest;'ments to earn higher, rates of returO" than 

available q.,n the firm!s operating a,Bsets, d) ,the inab.11ity 
-.~\ . 

of firms to r4ise enough capital to fund the pension plan 
i\ l ~ 

and benefit from possible tax arbitrage, ànd e) possible 

, . 

juture government involvement which would effectively reduce .. 
the benefits ort full funding • 

. ' '\~,' \ 
.. The model ~lfor pensi'on ,fund ',s investm.en~ polic: 

integràted the ~e~.iqn fund ,assets with the flrm's operating 

·'asse,ts. Treatlng 't~e funding decision and the nature of the 
J. ~"t.ll /' l ' 

f i ' \ '),f.. ' .' rm s operating assets as exogeI,lous to the p~t1,sion fund 

.. lnves tme n t dec ls ion, the model concent ra ted on, maximiz lng, a­

mean-variance preference functlon based o~ the combine~ 

end of period value of the fund's as~ets and the firm's 

ope ra ti n g as set s' s u b j e c t t 0 a 1 con sol i da te d 1 ris k 

constraint. Operationally, this is.,e-,f;luiv~lent to 
l , ;,;,,~,1f • 

maximizing, the return on' the fund s p.~rtf.olio subject to a 
l ' 

'ris'k constraint.' Th~ optimal composition of' the fund/s 

po rt f61io unde ~ this model ia f 1 rm-s pecific and th'e 

lÎl.c"lus:l:o~ of a risky as set in th~ fund's portfolio depends 

upon the variance of lts return, the covariance 'of lts 
, C1 _ ~ ." ~ ~., 

.' return with. the' return on the,~fi,rm/s operating asset;s. and 

., 'with the f'exlsting'portfoli~, the' ~roportion of the' fund/s 
,l' • 

1 v 1 1 1 

as sets to total aSSe t 8, and the' choice' of the 1 cons olida t.ed' 

,risk level. 
,'i' 
1 

The actual ehoice of risk level depends .. upon the firm's 
'...; \ 

management. Several factors must be considered in sele.cti'ng 

an appropriate r1.sk le'lel; these Include: a) the n~ture of, 
III J ~ " 

thè po,rtf~1108 of the firm's shareholders, b) the nature of 

employees' portfoHo8 and their impact o'~uture wage ' 

negotlations, and c) the nature of the flrm's operating 

asse.te. 
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The model wasooperationalized by selecting a universe 
, . 

of 192 Canadian common stocks and 11 bond portfolios. the 

computational requirements of the quadratic programming are 

so great that hierarchical clustering was used to g'~oup the 

common stocks into 37 homogenéous groups. The return-risk 
l ' • 

parameters were estimated from historical data and the 

impact of the proposed investment model on the pensio; fund 

portfolios for four Canadian firms was investigated. Thê 
, 0 ' 

results indieated that the optimal f\!.ud portfolios -were bo'th 

firm specifie and widely different,for diffe~ent firms wtth 

respect t,o both asaet _ mix and ,the composition of each ,asset 
;' l , 

'group,. The minimum v'arlan,ce portfolios indicated tbat it 1s 
! 

~ot neeessary for al1 firms to hold bonds in the1r pension 

fund pot:tfo1ios. ~ 

, ; . 
Sensitivity analysis'was' ~onduete-cl to study the effect 

- . 
of a) the nature of the' firm's operating assets, b) the 

- Q ~ 

di'versification constraint apd c) théproportion of pension 
, . 

fund aasets to total assets, on the,compostion of their 
"-

funds' portfolios~ The results again-sbowed the 'importance . . 
of firm-specific p~rametèrs in portfolio composition. In 

the' absence of any 'di~ersif!cation constrain-t, the 
b ~ , 

.proportion of bonds in the fund portfolios decre'ased. 

eonsiderably. An'increase in the funding leve.l for the 
; ,. , 

fourth firm r~sulted in an increase in bond investment with 

only mitt9r changes in the 'compositon of the asset groups. 

f' 
S'everal avenues for further research are o?en., On the 

.theoretical front, the choice of an appropriate objective 

for the firm facing imperfect capital marke'ts ,and 

heterogenous lnve'stors (ob'viously Vith~' heterogenousC\ 

P:~tfollo8) and tpe issue of 8~areholder un~ni~ity about 

~""",fJnding and inve8tm'e~t policy are obvious fhoices. Many 

empi rieal problems need further examlnation. Efficiency 

è rit e r i ~\:.t n e ~ d~ '4 de v e 1 0 P E! d f 0 ~ the var i 0 u s gr 0 u p 1 n g 

" l', 
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procedures &~ more work (in the areas of cluster stability . 
and predictive abili~) must be is.ne 'with ,t'he hierarchical 

clus tering technique us ed :tn this study •. Sep a rable 

pr ~ ramming techniques need ~e inves t iga ted f or li nea riz i ng 

e' Q:bjeetive funetion of thè model to' reduce the 

requiremeflts. Refinements of the proiess fot ' 
1 

the d ~ ter min a 't ion 0 f the rel a t ion shi P b e t w e e n the r ë t ur n son 

the firm's assets and the secu~ities' returns will also 

improve the optimality ,of the Jund's portfolio. Further 

exte~sio~s are also possible by analyzing ~ multi-period 

model to determine th'e impact 'of chang~s in the firm's 

assets on'the long term investment policy for' the fund's 

portfolio~ Obviously, the most useful exereise would 'pe the 

applidatiob of this model to the p'ension fund of a: specifie 

firme 

. <.. 

If a firm adopts an investment poliey based'ort the 
( , 

ptoposed model~ it will affect its performance measurement 
, 

,process. First, it will have to evaluate the foree8sts of 
, ' 

the expected returns and ~isks of the securities included in 

the universe in conjunction with the return and risk of the~ 
o 

firm's'as.Sets. Secondly; as the fund's portfolio is firm' . ", 
spec~fie. a simple compa'rison-'of its performance with other , , 

fun?s or market proxy Iwill be inadequate and, therefore, it 

will have 'to construct 'a- firm specific'benchm-ark portfolio 
. ~ 

to e~aluate the fund/s 4nvestment p~rformance. 
l ' 

,. '';' 

tin~llY, the empirical testlng of pension fund 
, " 

performance ,lndicates that, durlng the period 1'970-1979, the 

~quit, portf611o~ of the pension funds in the sample ~ave 

not shown any sign~ficant ability tO,achieve consi~tently, 

superior performance rela~ive to a 'na~ve' buy-and-hold 

portfolio strategy. The conclusions are robust across 

Çolding periods, choice of benchma,rks, cholce ,of performan-~e 
measu'res. time "periods,' and estimation procedures for the-

.P 
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parameter.,s.;o Prelimlnary results on the evaluation of total' . , 

fund 'returns also Indicate non-super19J per,formanèe by the 

Further rerinements of the study are possible. 

Additional work is required to Improve the rlsk and return 
') 

estimation procedure. Total fund performance mea8ures 

sho~ld include the effects of asset mix changes and 
If 

. portfoli;> turnover. The- study can also be extended by 

investigating the actual composition of the porttolios ln 

easl ass.et group. With better information about the fund 

rc:~mposit1on and inyestment ph11osophy, it i8 P~s8ible toO 

create fund-specific benchmarks to improve the eval~ation of 

the total fund p-etrornîance. This would - alsooe nec,essary if 

the funds were to fQllow the investmeht model proposed in 

this s tudy': -
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