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) proposed investment model integrates the fund's assets with ‘

ABSTRACT

The dissertation deals with four 1issues affecting
E&ployer Sponsored Pension Plans: a) thé rationaie\fan J
their existence and growth, b)dthe impaét of tagatioﬁ on . !
funding decisions, c) the deveiopmgnt of an investment mod;l

for such funds, and d) the evaluation of the historical

investment performance of 83 Canadian pension funds. The . af

the firm's aésets. It 1is ope;ationalized{for %our Canadian
firms; using a universe of 192 commoa st;cks and eleven bogd
porffoliés. The results iﬁd{bate ;hat the optimal pension”
fund is firm-specific, in terms of both asset mix ana
security selgctioq. The evaluation of investment performancg
gmphasizes the equity portfolio; of fhe 83 Canadian funds,
The results show non-superior performance by th;se fundsi . , .
the conclusions are’ robust across holding periods, \
benchmarks, performance measures and time peribds. The

study has major implications for the funding and investment .
policies of thé pe;sion funds and theif investment ;

K

performance. ) ’ ’ .
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Cette thése porte sur quatre aspects qui affectent les
les régimes de iaei”xsion parrainés par l'employeur: a)' 1'expli:'

cation de leur existence et de leur croissance, b) 1'impact o

. du régime fiscal sur les décisions de contribution, c¢) 1'éla-

boration d'un mo'déle‘c.i'investissﬁement pour ces fonds, et

d) 1'évaluation de 1'évolution historique de la performance Caatl
des investissements de 83 régimes de pension canadiens. Le w 3
modéle d'investissement suggéré groupe les avoirs du régim,e

d ceux de la firme. Ce.mod&le a+&té mis en application chez
quatre compagnies canadiennés, représent':ant un port’efeui'lle

composé de-192 types d'ac}:ions ordinaires et de 10 typle.s -
d'obligations. Les résultats concluent que 1l'optimisation

du régime de pension 'dépend de la firme aussi bien sur le
plan du mélange des avoirs que de la sélection des sécuri- ‘
tés. - L@:évaluatjon de la performance des investissements

porte sur 1'équité du portefeuille de 83 régimes de pension
canadiens. Les résultats démontren!: que ces régimes ne
présentent pas une performance supéfieuré et que, durant la L
période considérée, les résultats sont consistants avec les C
portefeuilles de référence, les mesures de performance et .

Q

les périodes de référence. Cette étude a un impact détermi-
nant sur la nature des investissements et des politiques
d'investissenient dans les régimes de pension, ainsi que sur.

leur performance.
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™ CHAPTER 1. TINTRODUCTION AND OVERVIEW
A. INTRODUCTION
This dissertation is &éoncerned withlEmployer Sponsored

Pension Plans (ESPPs).! gfur issuéh’surrounding these ESPPs

are of .particular interedt: a) -the retionale for thelr

- existence and continuing -growth, b) the impact of taxation

on their funding decisions, c) the degelopﬁent of an
investment policy model for these pension pldans and d) the
empirical investigation of the hi;torical performance of a
sample of Canadian ESPPs. Most of the issues dealt with
herein are applicable to ESPP's in other indusfrialized
countries. An effort is made.  to compare and contrast the
Canadian and U.S. situatibn*whefever possible., While the
empirical analysis 18 restricted to Canadian data, it can-~be

applied to the U.S, situation with few changes.

B. ESPPs AND THE ECONOMY

P

o

"B-1., Importance of ESPPs

e ESPPs have been part of the Canadian economy for over
1qo years. ﬁowevet, the Income Tax Acts of lng and 1945
provided a majo} iﬁpetus for their growth.? The totai
number of employees belonging'to-Canadian ESPPs grew from
1.6 willion in 1970 to 2.3 million in 1978.3 Trusteed
pension plans, have become theée most fav0u?ed method of fund
assethmanhgement covering 1.7 million employees in the

private sector.%

I3

The contractual provisions determining .the payment'of
pension benefits'f;Om these ESPPs have changed ov;r time.
In 1978, for example, 36 percent of the employees were |
cotered by a Flat Benefit IypE Plan, followed by the Final

Average Earnings Plan (25.2%) and Career Average Earnings

\
+ ' -

t
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. growih -in pension fund assets has made these plansg an

-102"

PLaa'(ZB 22).° Deapite growing government involvement in
the overall pension environnent (through the old age

security, Canada and Quebec pension plans and the Guaranteed

.Income Supplement Programs), ESPPs still form the major

source of retirement income for the majority of the Canadian

work force.§

. The assets of trusteed ESPPs have grown accordingly;
éroﬁ $7:6 billien in 1970 tb $2l.5 billion in 1979.7 This
important sector of Canadian capital markets. Contributions
to these pension funds (public and private sector combined)
have risen from 12 percent of gross savings in the early ‘
1960's to. almost 20 percent by 1977, Similarly, fund assets
have risen from the equivalent of one-fifth of ~GNP."in the '
egfly l§60'8 to roughly one-third by 1977, A atud;be the
Economic Council of Canada (1977) estimates' that by 2031,
these assets would Se equal to two~thirds of Canadian CNP.
noreovér, the study noted that these assets are highly’
coﬁcent%ated in a few large funds: a mere 49 funds hold
;pproximately two-thirds of all trusteed pension plan_
assets. Investigation of the impact of such high growth

rates and the concentration of pension asset holdings on the

efffciency of capital markets, therefore, provides a

promising area fér future research.

1

B-2. ESPP and the*Spoqsor-Firm

T %stablishmhnt of an ESPP essentially creates a=~ .

liability for, the firm in the form of future benefit
paynents. The sponsor~firs can either pay these benefits as
they arise (pay a8 you go plan) or contribute to a
pre~eathblished pension fund., The level of the pension
l1iabilicy, the level of the fund assets and the expected

stream of contributions opviously affect the firm's profits:

’

Y'Y

T

-
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and thus 1its market value. - A Financial Executive Institute
(1980) survey of 205 large Canadian firms showed that their .

.fund asgets and unfunded liabilities represerited, on

average, 29 and 33 percent of shareholders equity,
respectively. 1In seventy-five percent of the reseondent
firms, the present value of the expected eenefit payﬁentq
exceeded the ehareholders"equity.8 The ability of the
sponsor~firm to pay:the pension benefits when due also
concerns employees and the government (which probubly would
have to pay for these benefits directly or indirectly ip the

event of failure).
C. OVERVIEH OF THE STUDY

Chaptet 2 of this study analyzes existing paradigms to
explain the rationale behind the establishment and growth of
the ESPPs, beginning with ‘the concepts of pensions as
deferred wages and as a tool to reduce turnover costs. The °
impact of, the tax treatment of the pension contributions “on
the ESPPs is discussed next: both in the absence of the
individual Registered Retirement Savings Plans (RRSPs) and
then in their presence, The study then addresses sguch

factors as the insurance aspect of'the pension plan and the

effect of unionism on their growth., Finally, {it presents an

analysis of the economics . of using an underfunded pension
plan as disguised debt. The chapter concludes with
suggestions for future research, N

Chapter 3 is mainly concerned with the effects of taxes

‘on the funding decisions of a pension plan, It'begins with

a review of the models which view the pension plan as a tax
arbitrage Opportunity for the firm's qhareholders. These
tax arbitrage models also affect the nature of the. pension
fund's: investments and the capital structure of the firm,
To clarify the exact effects of taxation on the pension

funding decision, the chapter analyses the iﬁpact of the

v
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advance funding decision on the value of the firm's asséets.

Both the non tax-deductible and tax-deductible funding
deciaiona are analysed, - In this part of the analysis the

opportunity cost of advance funding is assumed to be the

aftet-tax return on the firm's assets: Next, the effects of
external financing on tne‘benefits from advance funding are
discussed. A discussion of the limitations and the,

inplicationa of the analysis conclude the chapter,. .

~

Chapter 4 beging with & review of the previous,

.1nvestment -policy models and propoaes'an investment policy

model for the firm's pension plan. “The model proposed -
herein aasumes that the firm's management views the pension
fund as part of ita total assets and chooaea an investment
policy to maximize a preference function G(E(W), V(W) with
9G/JE )d, BC/BV <0 and E.and V referring to tne expected

value and the variance of W ‘W refers to the combined, end

. of period cash flows arising out of the funds' investment

and the firm's operating assets, .The model also assumes
that the optimal funding level and the nature of the
operating assets are exogenOus to the model Next, . the
tonstraints of the model and its formulation, along with a

discussion of its limitations and implications are

discussed., The model is then: operationalized, using a

" gample of Canadian commmon stocks and bonds typically. .

selected by pension funds and is demonstrated for four
-Canadian firms. The impact of varying the parameters is
analyzed through sensitivity analysis. The conclusions and
implications 6f such a -model are discussed at the end of the’
chapter. : ) " \
s ~ , -

Chapter 5 is primarily concerned with an empfrical
evaluation of the historical performance of a sample of
Canadian pension funds. It emphasizes the equity portfolios

of these funds and evaluates performance on the basis of

:existing—theoretical developments. The chapter opens with a.
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_discussion of the performance measures used'in the study and’

the measurement of the return and risk parameters €mployed .

therein, The data base and the empirical design are

diséussed next, The empirical results for the equity

portfolios and some preliminary results for total fund

performance are presented. The chapter ends with the.

conclusions,
f

‘

‘
1

Chapter 6 discusses overall'codtluéioné,:strétcgy

implications and suggestions for. future research.

S &
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APPENDIX A

COMMON PENSION TERMINOLOGY

v

A pension pldn is an arrangement to provide

-retirement payments (pension benefits) to the

post
In this study; the main emphasis

employees by the employer.
n pension plans sponsored by a private (i.e.

non-governmental) employer,

i ESPPs generally fall into twe categories, depending

the organization that manages the pension fund assets.
“K"trusteed pension plan is generally managed by a trustee,
whereas an insured plan is managed by an insurance firm.
The: primary difference between the two types of plans is
that in the latter, pension benefits are fixed and plan
management resembles that of a simple 1life insuranc%wannuity
contract, In 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.
}
These trusteed pension plans can be further classified

‘

into two groups according to the choice of thé benefits

(,} fo#mula:
\ ' . . Defined Contribution Plan

Trpsteed
Pemsion Plans —__%:
! ) Defined Benefit Plauns

— Flat Benefit

— Career Average

————

~ Final Average

)

b e

fined Contribution Plan:

The firm contributes a fixed percentage 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

|
f investment return during the years - -of their
! ‘ which can

3 T

employment., This plan is similar to an' RRSP,
be established by the employees on their.personal

account, i

=g

.
«
N -
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qut'Benefrt Plan:

{i The plan provides a fixed pension benefit depending
upon the years of employment, e.g. an annual pension of

'$300 times the number of years of 'employment. .

Career Average:

; benefits under this plan depend upon average
. " ea nings and years of employment e.g. an annual
- pension equal to 2% of earnings averaged over the
entire employment years times  "the years of employment.

v

Final Aéerage,Plan:

This is similar to a career average plan, except the
. earnlrnigs are averaged over only the last few jyears of
: employment (generally, 5 years). This plan can either
be indexed or nonindexed. ' .

Financing of a Pension Plan: “ y

‘The financing (funding) methods refer to.the firm's
plans for the ultimate payment of the pemnsion
‘henefits, A firm may decide on a pay as you go plan
under which it pays the benefits when due from that
. ) year's profits, or it may declde to contribute to a-
( [ pension fund. If it decides to contribute, then it
‘ creates a separate pension fund to accumulate these
contributions. The annual amount of contributions to
the pension fund depends upon the expected investment
return, expected salary increases, mortality and
termination’estimates and choice of -an actuarial -cost

method. The actuarial cost method determines the ;
L 'pattern of contribution, once the amount of benefits is
-~ estimated. The most common method used in Canada 1is )

termed as Unit Credit Funding Method in which the
firm's contributions generally increase every yéar. In
e the U.S., the Entry Age Normal Cost Method is
o frequently used; this method requires the firm to
. . contribute an equal proportion of the estimated
benefits each year. There are, of course, variations
of these methods. Basically these methods determine
the timing and amount of future contributions to the
fund by the firm based on the estimated present value
-0of the future-pension liabilities. o

Unfunded Liability of the Pension Plan:

An unfunded liability occurs when the value of the
pension fund and the future contributions are expected
{m to fall short of the estimated future benefits, A
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change in the actuarial tost method (thus changing the
amount of futuré contributions) could ‘obviously .change
the level ‘of unfunded liability quite substantially.
To better understand the unfunded liability, it is
generally separated into thtee parts.

An-experience deficiehcy is that part of the unfunded

liability that results from the plan's actuarial ;

" assumptions being violated by actual experience. Such

a deficiency may arise, for example, when wages rise
more rapidly than assumed or investment returns are
less- than originally assumed, -

>

-

A‘past—service &eficigncy results from the ‘recognition
of employee service prior to the plan's inception or
from Improvements made to the plan after its inception,

A current-service deficiency reflects the contributions
determined by the existing actuarial cost method. In
Canada, pension benefit legislatidon sets out the timq
period during which past service or experience '
deficiencies muwst be funded.

Three other terms are frequently referred to in the
pension literature, namely, portability, vesting and
locking in. : v

Portability enables employees to carry their promised

pension benefits from one firm to another when changing

jobs. .

Vesting generally refers to the right of employees,
should they change jobs. prior to retirement, to receive
all 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
as a deferred pension. , \

In Canada, -however, vesting is now usually associated .
with a mandatory locking-in provision which prevents
the employees from withdrawing either their own or
their firm's contributions in cash. Theypmuét accept a
deferred pension - that is, a pensiop that is payable
only at the normal age of entitlement, usually 65.
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. CHAPTER | - FOOTNOTES

Thfs dissertation emphasizes private sector penéion
plhns, without reference -to such plans in the public
sector.

N

For a detailed history, see Economic Council of Canada
(1979), Task- Force Report (1979).

Most of the- data in this section comes from Statistics
Canada, Cat. #74-401 and #74-201.

-A trusteed éenéion'plan, by définition, is managed by
trustees appointed by .the sgonsqufirm.. The firm may
also choose an insured plan offered by an insurance

company. 'The emphasis here is on the former category

’Of ESPPs.

Appendix A ‘at the end of this chaper briefly explains a
number of pension related terms. .

See the_Task Force Report (1979).

In constant 1970 dollars (CPI adjusted), the’10 year -,
annual growth rate is 3.5 percent. . ;

e

lIﬁ the U.S., Regan (1977) has noted that for 40 ‘large

U.S. firms, the pension contributions in 1976 amounted
to 20 percent of pre-tax profits and registered, on
average, a 15 percent annual inorease in the 1969-1975
period. -

Some of the problemS‘arisinB~in this context have been
discussed previously. For example, see Dreher (1981)
for the valuation method of liabilities; Wilson (1979)
and 0ldfield (1977) for the effects of unfunded
liabilities on the share prices of the firms; Gerwitz
and Phillips (1978) for the method of determination for
the funding level; Reganm (1980) for the impact of
future contributions on firm valuation; Baur (1974),.
Winklevoss (1974) for the impact of vesting provisions;
and Archibald (1981) for the difficulties in interplan
comparisonss - .
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"the past forty years has resulted in an explosive growth in

the 11 eretnre on almost every aspect of ESPPs.

The purpose of this chapter is to anaLyze the
predominant paradigms, which seek to explain the existence
of ESPPslin the private sector. Government-supported
pensionsr old age supplements and public sector, oensions are
not considered. Also, since there are many paradigms, the
analysis conducted herein concentrates on those paradigms
which are based upon the economic (monetary) aspects of

ESPPs,

Two issues need to be considered in the analysis., The
first 1is tl explain the introduction and growth of ESPPs on
the basis of the behaviour of economic agents in society;

the.second is the provision of a proper framework for ESPP

analysis. Béfore proceeding with such an endeavour, a word

of caution is in order, This study does not claim that
conclusions reached are entirely free of the researcher 5
biases, nor that the analysis resolves the issue in its
entirety{ The study 1is intended,‘however, to clarify some
1mp0rtant-espects of'the problen and, in addition, to

provide 'a useful framework for future research,
B. PENSIONS AS DEFERRED WAGES P

The concept 'of pensions as deferred wages is summarized

hy de Roode (1913) as follows:




JTheoretically, the simplest way of dealing with labour
would be the payment of a money wage, requiring the employee
to provide for the hazards of employment and his old age.
cecss In order to get a full understanding of old-age and
service pensions, they should be cornsidered a part of the

" ‘real vages of a workman, ..... A pension system considered

as part of the real wages of an employee is really paid by
the employee, not perhaps in money, but in foregoing of an
increase in wages which he might obtain except for the
establishment of a pension system.”

Under this paradiém, the 1nd1vidu51 employee decides
in a perfect labour market, how to allocate his total wage
between current and deferred comvoneﬁts in order to maximize
his utility.1 His current wage would reflect the terms of’
the pension agreement. By establishing an ESPP, an enmployer
may capture ?ome econonies of scale and provide pooling of
risks for the employee group.z’ This paradigm provides a
good approximacion to actual contractual agreements for
defined-contribution (mdney purchase) plans with immediate

vesting and employee—controlled investment portfolios.

gur

Unfortunately, mbs%?real‘world pension contracts work
differently, therefore, the proper valuation of 'deferred
wages' becomes quite difficult. For example, consider a
typical funded pension agreement in a simple oné-peiiod,
no-tax enviroﬁment.. The firm promises to pay the employee a
deferred wage (pension benefit) of L, at-the beginning of
the next period and a current wage W) at the beginning of
this‘period.3‘ The firm establishes a pension fﬁnd with
assets, App, which will be used to pay for the deferred
wage, Lp. The actual value of the pension fund will depend
upon the (future) uncértain return on the fund's assets. If
enployee's claim under a pension'contract 1s limited to the

fund assets, the value of such a contract to the employee.

~can be written as:

L4

i




"free assets. Otherwise, the employee will recelve Lz if Apz’

L

V=Wp + PV3(Lp) - PV1('

¥
poty

Lo, 0 €8p)))  L.a2.1
where PV] is the present value operator for. the beginning of
period 1 and Rp 18 the rate of return on the pension fund
pertfolio and 6 ( * ) is its standard deviation. The “Put’
recognises the possibility that the pension benefits may
fall short of the promised benefits. It will mave a zero.

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

> Ly and Apz if Ap2 < Lp. The value of Ap2 will depend upon j

level of Apl (9 v/ 3 A > 0) and on the rlskipess of the’

return on the invested assets (9 V/ 30 (R ) P 0)% Wy owill 3

4be detgrmined by the riskiness of the put option and the

employee’s preferences. The demand for a pension,

therefyre, is determined splely by the employee, since the

firm is a passive agent. If, howevet, . the employee’s claim

extend beyond the fund’s assets to the company’s underlyinge

assets, then the value of su¢h a contract can be written as:
-

* 'y = Wy + PVj(Ly) - PV)(Put (Apl + Eql, 'Ly,
O(Rpa))) R , 00.2.2

a

where E,] is the value of the firm’s assets at the beginning'

of the this. period and Rpa is the return on' the firm’s plus
the fund’s assets, and of pa), its standatd deviation,
which will depend upon o (ip),(j(Ra) and cov(Rp, a). The

-

.valuation will, of course, be more complex, but the 3

essential principles remain the- same.4 The employee will

"recetve Ly if Ly < Ap2+Eaz and Ap2+Ea2 if Lz > Ap2+Ea2:

where Eaz'ﬁs the value of the firm’s assets “atl the beginning

of next period. Now the employee 'will not only be concerned -

with the riskiness of the fund’s .assets, _but also with that
of the firm’s assets and the covariance between the two. A
rational and fully informed labour market would properly
value the pens%on contract in.determiningvite denand ior

ESPPs.)




The valuation by an individual employee of a wage
contract with the attached pension agreément‘may be very
difficult, since, a %ypical contract dogs not provide
immediate vesting and‘(in the case of.defined benefit plans)
depends upon the wage path and erking‘life of the

- employee, Furthermore, these contracts are ﬁegotiated for a

group (for example, as part of a union contract) rather than
for each individual and are compulsory.6 These group ‘
negotiated contracts partition the total wage-package into a

current and a deferred portign for an entire group of

: émployees. Whether individual preferences are well served

by this aggregation is open to question.’

o

The delayed vesting provision of these group contracts

‘have led some to view these in familial or paternalistic

terms.8 It is argued that existence of the stringent

vesting rules imply that pensions are gifts for long and

.faithful service and also enable the employer to ma;ﬁtain

the loyalty of younger workers.? In addition, it 1s clear
that.employees who leave their employér before their
benefits are vegted are subsidizing those who remain because
pension benefits are treated as deferred wages for an entire
(homogenous) group of employees. A necessary condition for

unanimous acceptance of this type of contract is either that

" the workers face a . distribution of wage rates, imperfect
"information and search costs for alternative jobs, or that

- the firmg have a degree of monopolistic power,10

1

‘Whether or not individual employees freat pensioﬁS'as

deferred wages and adjust their personalmiﬁ??ﬁh%ios
accbrdingly is an important part of this issue. If 1t can

be shown that participation in an ESPP .serves as a b
substitute for bersonal\saving, then 1t may be réasonable to
conclude that individual employees treat pensioné‘as
deferred wages.11 Three important papers in this areé are

those by Cagan ,(1965), Katona (1970) and Munnel (1976).
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(,a Cagan's analysis includes three categories of

employees, .namely a) those without ESPPs, b) those with

unvested fSPPs and c¢) those with vested ESPPs. Comparing

i the first two categories, Cagan finds that participation in

§ a ; an ESPP stimulated personal savings, suggesting that '

I : expected pension benefits are complements to (rather than

E - _‘” substitutes for) personal savings. Cagaﬁ attributes this

' _ finding to a 'recognition effect' by which participation in

. 8n ESPP makes the employee aware of his future retirement"

needs. Analysis of the third category, however, indic;ted
that personal savings decline'when fully vested rights are
acquired, which Cagan claimg is evidence of & 'belated'
substitution effect, Katona, on the other hand,
concentrates on the differences between the personal savings

" of the non-covered versus the covered employees, No attempt

is made to analyze vested employees separately, He also

" finds that pension benefits comlement personal savings, and

{ 'hypoxhesizes the existence of a 'goal gradient', where ESPPs
make financial security an attainable goal and thus result

in higher savings.

Munnel's results contradict those of both Katéna ana
(paruiallyf Cag;n. Using a larger and better monitored
sahple along with significantly better statistical_ tools,
she concludes that (expected) pension benefits act as
substitutes (and not complements) to other.forms, of
personal savings, Her analysis indicates that, ceteris
paribus, employees with ESPPs have smaller personal savings-
than employees without ESPPs, Munnel also finds that the
-substitution effect 1s much more pronounced for those .
employees who have vested benefite than for those with
unvested pensions, This agrees with Cagan's second
finding,!2
( ) In summary, it appears that the individual employee
considers his (expected) pension benefits to be a part of

-

i
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his savings pbrtfplio only when the actual receipt of thosé .
benefits becomes more certain (i.e., when those benefits are
completely or nearly vested). If this 1is so, then the
deferreq vage theory cannot fully explain the introduction ) . I
and historical growth of pension plans with stringent .
vesting requirements. Recent moves by labour sécpéf to
reduce vesting requiéemenfs, however, may suggest that the
deferred wage concept plays a major role in wage

negotiations.

C. PENSIONS AND TURNOVER COSTS
@

.

Viewing of pensions (with delayed vesting) as a device
for minimizing turnover costs can be attributed to Becker

(1975, p.34) who claims that,l3:

. "A pension plah with incomplete vesting privileges
penalizes employees who quit before retirement and thus’
provides an incentive - often an extremely powerful one- -
not to quit., At the same time, pension plans ‘insure’ firms
against quits for they are given a lump sum - the non-vested
portion of payments - whenever a worker quits."

In advanciné th;B viewpdint, Becker assumes that each
firm provides the employee with firm-specific human capital
(éHC) whose value 1s defined as the difference between a)
the discounted value of the employee’s marginal product in -
his present firm and b) his maximum discount'ed marginal
product, net of transfer costs, in alternative firms. Thi&
can be expressed by the equatiaon: )

-
v

SHC; = I. mejt'fu(ﬁit - Cy)l(1 + 1)t L......02.3
‘ t=1 : :

*

~ where j is the present firm, i is the alternative firm, MP

'1s the marginal product, Cqy is theé transfer cost of
transfering from firm J to firm i and r is the discount

rate.l4 . _ :

- b e e @ rm——— oot et e o ot
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To ansver the questign, "Who pays for such
firm-specific human capital’”, assume, for simplicity, thau
all firm-specificuhuman capital is gained in the beginning
of period 1, -If the firm pays for all the associated
coats,ls then 1t wéuld receive the returns on this
investment In trainiﬂg éﬂll if the employee does not: leave
the.firm. If the worker pays for these costs (by accepting

"a lower initial wage in the hope of obtaining.
higher-than-alternative wage after training), he will need a

guarantee that the firm will allow him to collect the.return
on his investment by paying him an appropriate wage in later
periods. In the absence of these costs {or firm- specific

human capital), the standard neoclassical analysis will

when such costs.are present. It can be argued that, when
turnover is a real concern, both the employee and the firm
can share the costs of and benefits from the investment in

firm-gbecific humén capital by effectively using a pension

< v

agreement with delayed vesting.

A number of other issues still remain unanswered. For

example, 1is the phan{ng,of investme;t optiéél? goshimoto

"(1981) argues that sharing of the investment in training

abtuﬁlly “dépends on the existence in the post~investment
years. of costs of evaluating and agreeing on the worker's

productivities ‘in the firm and elsevhere,” (p.1075).16 This

implies that both parties have an incentive to decide about

the optimal sharing agreement before undertaking the
investment in t}aining costs, To reach such an optimal
ex-ante sharing agreement may in practice be diffiéylt
because the value of the employee'} marginal product is not
juit uncertain but unknown, and is8 also likely to be valued

differently by each party. In such an environment, it may

.be difficult to prespecify an optimal sharing contract

without agreeing in advance on the use of some external

‘hold. Turnover; however, will be an important consideration ’

b

e
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objective economic 1ndicator'as a proxy for the employee's
post;training'margindl product.17 ‘
Another area of concern to both parties is the moralv
hazard-adverge selection issue. Moral hazard arises when,
in the pbst-investment'peribd, with only the\employee .
investing in scquisition of the firm-spécific hﬁﬁan capital,
the firm may refuse to share the difference between the
employee's marginal product in this firm and hig marginal
proddct in another firm. The employee then suffers - an
ex~post loss on h;s investment, Traditional arguments
suggest that the firms will not behave in such a manner .
because,'if labour markets are informationally efficiept3
the firm's feputation as a 'good' employer will be eroded,”
thegeby affecting the future wages it'must pay tp attract.-
new workers. These arguments, however, ignore bhe‘important
aspect of the bargaining process, the seniority rule,!8  1In
mast cases,'seniority preventb the jirﬁ fr?m reducing the
wages of (or firing) more experienced employees, especially

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

The adverse selection problem arises when employees
quit in the post~investment ‘period, after the firm has made
the entire investment in training, " Salop and Salop (1976)
claim that a delayed vesting provision essentially works as
a Two Part Wage ‘(TPW, cansisting of current and deferred
wages) to minimize turnover costs, The analysis assumes
that there are positive, .firm-specific turnover costs to
firms in a perfectly'cémpetitive labour market. ;Individuals
differ exogenously in the probability of their quitting,

The problem for the firm, therefore, is to identify the slow
quitters from amongst its applicants., If tﬁe firm tries to
attract slow quittere with high wages, evéry ayaflabre
worker - will apply.19 Alternatively; the firm can use a TPW
as a gself-selection device to attract slow quitters, while

discouraging fast quitters ftom applying. With different
§
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firmﬁspecific turnover costs, different TPW's will emerge

snd each worKer will receive an equilibrium wage based on

his 'quittingf potential.20 The firm, however, mdy prefef

to make such a contract with an entire homogeneous employee

gron@,'rather than individual contracts with each employee. _

. The more)homogenebus the group, the lower will be the cost

of ’ such a contract to the firm. Once the firm decfdes on a
1

total wage package, it is entirely possible, however that

* some cross subsidization may occur between fast and slow

»
L

:distributions available to the employee, "the type of sharing:

quitters.21 oo - i

s

v -

¢ Whethet pensions are the best instrument available for

reducing the firm's turnover costs is another ‘unresolved

and complex issue. The optimal wage arrangement depends. ©+ .

ubdn. employee"preferences, the magnitude.of the required

investment during the training period the alternative. wage

arrangement during the ‘post- investment period; and the
economic power of each party during wage negotiations.22
Cymrot (1978) argues that, “in general, the delayed vesting
pension arrangement may be less costly to the firm ‘because

1) it 1s a contingency payment -payable only to non-quitters,

o 2) it enables the firm (ex-ante) to distinguish between fast.

quitters and slow quitters, 3) delayed. vesting provides an

‘D.- PENSIONS AND TAXATION -

extremely strong disincentive to quit because the value
of the pension increases with the number .of years of
employment and 4) it gives the firm some.flexibility . in

financing the deferred wages.

The special tax treatment of ESPPs has often been cited

as a major reason for their growth (and even ‘'thedir

L 8

existence) during the past four decadgs.23 In Canada, four
14

major pieces of legislation have affected ESPPs. The income:
. tax act of 191? and 1ts subsequent amendment in 1944 sllowed.

i

’

t‘,j
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an émployee to deduét, from hig income, any contributions to

_a pension ‘fund. This 1egislation also allowed the employer

to claim the funding of past liabilities as a tax-deductible
bnsiness expense., -The excess profits tax and the wage
freeze (but without any restriction on an increase on
pension agreements) during World War II also enhanced the
appeal of pension plans as” an indirect way for employers to’

raise employees’ total rendmeration. - /

Prior to.1957, pension plans provided a lower tax
albétnative by which employees could save for retirement.
In 1957, the creation of Reglstered. Retirement Savings Plans
(RRSPs) allowed individual employees to augment their
personal pension savings through tax—deductible
contributionsﬂﬁhRRSPs have since become an immensely popular
alternative to ESPPs. It will be afgued, later in this

section, that the creation of RRSPs provides an incentive to

<

. change ESPPs from “defined-contribution’ to -

‘defined-benefit’ plans. . b

The tax treatment of both ESPPs and RRSPs rests on

three principles 1) The tax- deductibility of contributions
" to both from that year’s earnings up to a specified limit,24.

2) the non-taxability of earnings on both ESPP and RRSP

assets; and 3) the taxabillity of the income when received as

pension benefits (or withdrawn from an RRSP). The following
discussion analyzes the impact*of‘this tax treatment on

ESPPs in the pre- and post-RRSP period.

-

D-1. Pre-RRSP Period?23

* To'analyze the effect of the tax-treatmeut.on the ESPP
(in the absence of an RRSP), assume the following simple
scenario. An employee ﬁians to work for T years and wishes
to save §$1 today from his before-tax ‘income to contribute to

his retiremenmt 1ncome.26 His personal tax rates during
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g \ - these years are Tp.t. t=]l, sese0 N, ana!hi& investment
2 return on §1 will be ry, t=1, n. He must choose between a)
%‘ saving and investing S$1 from his after-tax wages and b)
F :

!

asking the employer -to establish an ESPP on his behalf,

If the employee saves on his own behalf, he can invest
only (1-Tp,)) toward his retirement, The value of this
saving, at- the beginn@ng of 'his retirement age, year n+1,
will equal,27 ' ‘

»

4

. n . : o
Vs,t+1 = (1= Tpap) o [(L + xe(1 = Tpup)] Whn24d
t=1

If he saves through an ESPP, however, he can save'SI
value of an ESPP, Vg pn4] can then be .expressed as:

B n
VE,n41 = (1 = Tpupe). m (1 + 1g)
t=1
' . n
= (1= Tdy) 7 (1 + 1y)
’ t=1

n ¢
+ (Tps1= Tpon+t) nm (1 + 1)
) t.l opoZnS N

]

The advéntage of saving through an ESPP over personal

. savinge can, therefore, be expressed (subtracting 2.4 fiém‘
" 2.5) as "

. ‘ - ' i n
VE, n+] ~ Vs,n+1 " (1 - Tp’l) ( 7 (1 + 1)
- t=1

= +rg() = TpeN))

- ' . ) ' n
+ .(Tp1,l-~'rp.n+l)t:1 (1 + rt) )
000.02.6
} 7 In equation 2.6, the first term results f&om the

non-taxability of the pension fund earnings and is

)

but only pays taxes at n+l on the receipt of benefits., The
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positive. The second term results from the difference- .
bétween the 1ndividual's tax rates during his working and
fetirement life, and will generally be positive, If the
:employee and the firm 1) work out an adequate sharing
arrangement for this gain, and 2) follow an ideﬁtical
investment policy chosen by the employee for the fund
assets, then the employee will demand and the firm will
supply an fSPP.28 Therefore, a fully-portable,
immediately-vested ESPP will benefit both parties.29

®
0f course, this simple scen;rio does noé fully explain
‘real world arrangements which are characterized by limited
portability and stringent vesting requirements of thé ESPPs
and also the availability of other personal tax deferral
iﬁvestment opportunities. It may not, therefore, be
possible to view an ESPP in terms of 'a simple neoclassicél,
utility-maximizing concept. Rather, it needs to be viewed

"as a combination of the tax effect and the émployer's desire

to minimize turnover costs. Even though the essence of the

tax arbitrage - argument will still hold, the nature of the

a

sharing agreement will be more complex. In the absence of,

. turnover costs and vesting arrangements, the employee will

prefer to hold in the pension fund those assets which are . ‘ -
taxed higher as part of a personal portfolio (such as bonds)

and hold the lower-taxed assets (such as preferred shares)
;in his personal portfolio.30 If tﬁe ESPP forms his entire

portfolio, tﬁen he will want to hold a diversified ESPP

" portfolio. In general, whenever the corporate tax rate 1is

higher than the employee's personal tax rate, a nutually
beneficial sharing arrangement will increase the incentive

for the establishment of ESPPs,

D-2. Post-RRSP Period- . , '

The establishment of an RRSP by the employee changes -

the above analysis, RRSPs enjoy the same tax treatment as -
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an ESPP, therefore, the ESPPs will lose much of their

_attractiveness as tax-preferred investment, If the

rationale behind ESPPs was based entifely dpdn pure tax
arbitrage arguments, then the number of ESPPs might have -

been expected to decreaée. One.puizling fact still remains:

even though RRSPs appéare& on the scene some twepty-five

years ago, ESPP growth has hardly been affected.

There has, however, been a gradual, -but noticeable,

.-shift from defined-contribution plans (which RRSPs can

easily duplicate) to defined-benefit plans.3l " The benefits

_derived from the latter generally depend upon both the wages

earned immediately prior to retirement and the length of

service to the firm, rather than upon the investment returns

on the ESPP assets. In effect, a defined-benefit plan
provides the employee with a w;ge—indexed investnent:
opportunity not otherwise available. Eﬁ}thermore, 1f
real wages are constant, then such -a plan provides the
employeelwith a partial hedge against inflation. Employees
will, therefore, prefer ESPPs because they supply an
otherwise unavailable inflation-linked opportunity.
Moreover, as these plans accrue benefits late in the
employee's career, firms may’finﬁ them an attracfive‘way to

reduce turnover costs (Bulow, 1979),32

Before concluding that defined-benefit plans may now

represent optimal pension plans, two factors must be taken

. into account. First, contrary to certain belfefs (Task

Force Report, 1979) a defined;benefit plan is not inherently

superior to a defined-contribution plan. In the former, the
ultimate receipt and the level of benefits depends upon the
fgnding }e;el and the financial health of the firm at "the

time of thewemployee's retiremen;;.while in the iattér, the

employee can, at any time, éqaily calculate the present

"worth of his plan. Furthermore, the type of plan affects.

the .wage-sharing arrangement between the emplo&ee anq'the

,
. =1
-
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7 it ' L firm. Bulow (197§) and- Pesando (1§82) argue that in order
’ to getlsuch a wage indexed pension benefit, the employee
must accept a lower ,current wage. While this may be true,
it 1is mot obvious how the‘employee or the firm can evaluate.'
N . tne exact amount of the'wage reduction.| For example, assume'

that the competitive wage is W and the employee accepts W-C

s e
-~

in exchange for a defined‘contribution plan and W-B for a
"defined-benefit plan'khere B > C. He may also be willing to
eccépt W~1 for an indeked.(during the post-retirement ' )
period) defined benefit plan. .The problem>for‘%oth employee:
and firm then is_to determine I',’B’ and ’C': If the value:
of "I’ or ‘B’ can be agteed upon by both parties, then
defined benefit plans will exist.

v &wzﬁ%mmﬂgwgg -y am
N

. . '
' o

Thus-, the ultimate cholce .of the type of plan is

s i
R M

s

firm-employee specific and no general conclusions can be

\

it - . dtrawn that apply to every firm in the corporate sector. It

: { . . ‘will, of course, be highly unlikely that a firm will want to-
i - ’ index the plan.for an already retired employee as it will be
£ unable to extract any wage concessions from him-3g -The

% ‘ inability to reduce a retired employeée’s wage, fesando

(1982) claims, provides direct support for the oeferred wage
argument. It should be noted, however, that contract
negotiations between the ~union (or employee group) and the

' firm are aimed at maximizing the utility of the active

g - ' ’ employees and shareholders, both groups will, therefore;

E» ‘ - place a 1ow priority on - indexing the benefits of already

1 T retired employeesﬂ

-

In summary, it can be..argued that -the " tax arrangements
.for ESPPs have had an important effect on their growth.
" This 'is not to say that the demand-and supply of such plans

' - can. be explained solely through the tax arbitrage mechanism,

other viewpoints likely have some explanatory power.

-
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E. ' OTHER FACTORS .

*

—

o

. There are thnée additional rationales for ESPPs: the
insurance aspect of ESPPs, the growth of labour unionism and

ESPPs as 8 source of disguised debt. <

E~1. Pensions and Insurance

4

»

C . 0dle (1974) claims that the underlying operational

- pf@ngipie of an ESPP is the pooling of risks, 1In labour
sﬁrplus ecoﬁomies, which are generally characterized by ‘
1mpe;fect capital (gnd insurance) markets, the firm provides
an fnsurance.function forigﬁs employees at a price that 1is
lower éhﬁn that available in the conventional insurance

. market. In addition, the firm frees the individual empléyee
from complex pp;ffolio management problems.l Thus, an

individual employee does not have to face the unpleasant

‘fask of predictidig the time of his death, so that he can

- draw_down ﬁis accumulated savings at an appropriate rate, 34 .

'~ Given the types of insurance and capital markets found in

North America, where individuals can buy competitively
. priced annuities, however, this rationale is not likely to
. be a pripary reason for the existence of ESPPs.

3

E-2. Pensions and Unionism

) fraditioﬁally, the Neo-Marxian models of-the economy
have had difficulty explaining the growth of pensions and
emploiees' demands for pensions, since pensions seem to be a
capitalist device to bind the employees to long-germ
contracts through stringent vesting requirements.35 The
" central theme in thé more tecent neo—Marxian literature is
that any positive change in the wage bargain (such as the
‘introduction of an ESPP) has a cost in terms of reduced

‘productioh.36 Since labour is already getting the minimum

e e - - - - .
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‘.wage (by definition), goét” if not all;\of the, costs must be

borne by capital. Thus, any pension plan concession
represents a éain for labour in its constant class struggle

with management. : ' -
- \

A )
=]

In the sanme vein, Carter and Marshall (1967) argue that
non-vage benefits, such as pensions, have been important

indicators of union strength. These benefits make it

possible for unions to avoid wage competition between firms

in an industry, This is achieved by establishing uniforn

wage rates geared to marginal firms and then extracting

additional benefits on the basis of each firm’s ability to

pay additional wages disguised as non-wage benefits.37 '

~ . £

¢ The essential difference between 'the neoclassical 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 the employee (neo-Marxian ‘added concession’
argument).

[

E~3, Pension Plan as Disguised Debt
- T )

/

o -

It is also possible to‘%xplain the rapid growth of
ESPPs, along with their underfunded status ,.-by visewing the
underfunded pension plan as a disguised form of debt. Tb

illustrate this argument, consider the following scenario:

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. It is "considering two options for ralsing this

amount. Option 1 is to issue pure discount bonds each year

at interest rate iy through the capital market, and option 2
i8 to reduce the employees wages each year by promising the

repayment of the lpoaned amount in the form of pension

[ . erm he e - - - PO,

3
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benefits. Assuﬁing a willingness of the employees to lend

‘(indirectly through the wage reduction) at the .rate i,,
then:

i

Option 1t External debt through a series of pure discount
bonds. .
/ foy )
At the end of n years, the firm's after tax payments

are:

-/x[ni'b + (n-l)ib + ocoo.+ib](l"r) + nx
= xi} [R(o+1)] (1-T) + nX ]
\ 2 es s 0 00 2.7

-3
4

Option' 2: Reduce wages (borrow from employees)

a

For edgch dollar of financing the firm must borrow
1/(1-T) dollars from the employees. At the end of n

years, the after tax cost of -the pension benefits are:

- X 1, n(n+l)4 nX 1-T
[ (1—’1‘1)1& 2 (1—'1?; (-

ﬂxie [n(n+1)] +nx s 4 0 0 0 00 2‘8
v 2

4

‘Option 2 1s similar to a pay as you go or an

mgnderfunded plan and has a higher cost than option 1 if

1y(1-T) < ig. Clearly, a firm which uses the .réduction in
~wages rather than the ‘issuance of’debt,to;finance ésset

expansion must. consider the tradeoff between 1p,(1-T) and

1a. - '
It is possible that, in the presen;e of capital
rationing, fiqps may resort to borrowing from employees, who
in ;ur& will become silent pgrtnefs in the‘funding of the
firm.

[
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The rate at which an employee (or a group of employees)
would be willing.to lend the funds to the firm will aepeng

upon the alternative investment oﬁporgunities available to:

him. 1In the absence of schemes, guch as RRSPs, the émpléyee

would be willing to hold the firm's debt indirectly (i.e,
through the ESPP) rather than in his taxable personal
portfolio., A tax-arbitrage situation similar to the one

described in section D-1 would then arise.

If anm RRSP 1is available to the employee, however, he
may wish to hold the firm's debé directly {(in his RRSP
portfolio) rather than indirectf& (in an ESPP5. Holding the
debt directly will provide him with esséntially the same
riskiness- as that faced by other Aebt hpolders, whereas
holding it indirectly involves 'the risk of wealth transfers
to the shareholders.  The latter would arise due to the
non—enforceability of the pension contract ip the case of

(possible) firm bankruptecey.

If the firm promises to pay the benefftg under a career
average or final(eafnings plan, then an employee may wish to
lend at a rate lower than 1y due to the perceived
attractiveness of such a wage-linked asset in his
portfolio. 1In such a case, the firm must compare the cqst&
of borrowing from an employee to a wage—ihdexed bond. But
if the pension benefits are non-enforceable and- are of a
flat benefit type, an employee with a RRSP will require a
.rate of return higher than i,. This will diminish the
attractiveness of uqderfunded pension p%ans as & source gf

disguised debt financing. |

F. CONCLUSION-
This chapter analyzed the rationale for the existeﬁcq
of ESPPs. 'The main issues examined were: a) who pays for

the services offered by,ESPPs and b) how does the supply of

Tdedsi
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.y and demand for ESPPs affect the framework for analyzing the
igsue, The lack of empirical research about the impact of
ESPPs"(qu the\typé of benefit payment scheme) on wage
differential has hampered the resolution of these issues,

(‘ ! ’ & . _. l‘
While it is apparent that ESPPs have evolved dué to a
cdmbinafion of factors, it is difficult to diminish the
importdnce of tax incentives in explaining their growth, It
is hypothésized here that the existence of RRSPs will affect
the nature of the plans being offered. Depending upon the
expectations of both employees and firms about future wage
uncertainty, the plans offered will be either |
defined-benefit or defined-contribution. The availability
of RRSPs Lill, however, reduce the attractiveness of delayed
veéting defined contribution plans. It can alsc be
Ahypothesized that emsloyees will demand a defined-benefit
plan and will be willing to pay a premium (via a wage
reduction) for a partially wage-indeked investment
opportunity, Whether an appropriate premium scheme can be

mutually ag;eed upon by epploye{ and employee remains to be
determined. :

A number of issueé require further research. These
include: a) have pension plans restricted labour mobility

and thus output?; b) can a simple néoclassical framework. be

used to analyze ESPPs (formed egbenffiliyviﬁji“grovpv**‘“
contract)? and ¢) if not, how can a union negofiate the

tradeoff between current and deferred wages?; d) how do the

investment aspects &né the non-enfqrceaﬁility~of pension
benefits affect the négotiations? and e) how do shareholders

and employees value the firm's pension plam &nd its

B

fundedness? ' " . ¢
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10.

11.

12,

13.

CHAPTER 2 - FOOTNOTES

This reflects the ﬁeq@lassical model in which the

‘atomistic individual makes utility-maximizing decisions

(see for example, Marshall et al., 1976, Pesando & Rea,
1977). . :

The  employer may operate the ESPP at cost (i.e., the
deferred wage component will be an optimal premiun for
the payment of the promised benefits) and thus charge
lover premiums than those available from
profit~oriented insurance companies which can also
provide a similar plan,

This model 15 based on Sharpe (1976).

See Treynor et al, (1976), pp.124-123 for an
illusgtration of the valuation process. For a pure
equity firm R,, return on the firm's assets, can be
substituted for by R., the rate of return on equity.

By comparing the present value of a straight contract
with that with an attached penslon contract.

Most union contracts fix the current wage for each
category of workers 1eav1ng no room for individual
negotiation., . ) |

Schiller and Weiss (1977) provide some evidence that,

“ceteris paribus, the larger the pension benefits to

which workers; are entitled, the lower the current wage.

See Asimakopulos and Weldon (1970), Ascah (1980),
Asimakopulos (1981), Queen's study (1938).

Ascah (1980), p.82.

These arguments have been recognized-in the

literature. See Stigler (1972), Holt.& David (1976),
Brunner and Meltzer (1970), Phelps (1970), Asimakopulos
and Weldon (1970). ) .

The concern here is on the 'micro' issue., The efféct
of pension plans on aggregate savings is another.
well-debated isgue in the literature. “‘See, for_ .
example, Barro (1978), Boyle & Murray (1979) Feldstein
(1976) Munnel (1974). '

None of the three studies however looked at the wage
differential that may exist due to an unvested pension

plan. .o .. - —

04 (1962) also- expresses similar thoughts.
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17.
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19.
20.

21,
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It is not entirely clear - how this 'r' can be
determined, since it may be firm and employee
specific. Becker states that r is the market discount
rate, whereas Parsons (1972, p.1121) claims that it is
the risk-free interest rate, s

The worker still receives a wage equal to his marginal

"product in some other firm, but actually produces less

in the present firm as a8 result of time lost during
training. .

Donaldsop & Eaton (1976) claim that for the firm the
shared investment is an optimal entrapment of its
employees; Eastman (1977) subsequently points out that
this claim 15 a -result of their unconventional
definition of investment,

For exanmple, in one of the United Mine Workers'

contracts, the pension benefits are calculated on a per
ton of coal produced basis.. In general, however, the
errors in estimation and cholce of an appropriate
indicator will create problems. For further
elaboration on these issues and some of the
alternatives, see Hoshimoto and Yu (1980).

See Lévinson (1966) and references thed.tHérein; in

particular, Dunlop (1957) and Lewis (1963).

This is similar to the classic problem of 'lemons'
mentioned by Akerlof (1970).

1f such an equilibrium eventually appears, restrictions

on labour mobility will not cause any loss in
efficiency. per se.

! -
It is not easy to say which group benefits or loses
from a group contract. Although nonquitters f?y, in.

“part, pay for the turnover costs of the fast quitters,

they also receive part of the deferred wages of the
fast quitters. See Salop (1973).

As cited by Cymrot (1978), Schiller & Wise (1977)

.provide weak evidence that pension arrangements provide

some reducxion in turnover costs.,

See Harbrecht (1959) "Holland (1969), McGi1l (1979
pp.23-25), Cymrot (1978)

_As of 1982, the limits for RRSP contributions are the

lower of 20 percent of earned income or $5500 for

¥ndividuals who do not belong to an ESPP or $3500 less

the contributions to a pension plan. See Revenue
Canada Bulletin #IT-Z&R&. ’

>
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25. The "Pre-RRSP period” refers to the period when
- personal savings for retirement were treated like other
savings for tax purposes.

26, The employee's saving decision is.- exogenous to the
’ discussions herein. -

27. It is assumed that his earnings are taxed at the’ end of
each year, : '

28, Under such a éharing arrangement the employee will

’ accépt a lower gross wage with an ESPP provision ‘than
he would without an ESPP provision. . '
L

29. Cymrot (1980) dnalyzes the benefits in an inflationary
setting and claims that inflatioh unambiguously
increases pension demand (p.186).

30. Assuming that the prices of preferred shares and bonds
do not already reflect this tax advantage.

31. See the Task Force Report, Government of Canada, 1979,
p-47. .

32, Due ‘to the $3500 limit on RRSPs for those belonging to
ESPPs, there is still another tradeoff. An employer
can limit the employee's contribution to an ESPP while
simultaneously increasing his contribution. JIn such a
case, employee can only invest $3500 minus his
contribution to ESPP in his RRSP as a tax deductible
contribution instead of the $5500 limit. This would
increase the desirability of such a pension plan for
slow quitters, and would penalize fast quitters who .,
otherwise may have saved up to $5500 (i.e. those whose
gross income was over $17000/year). This will increase
the attraction of ESPPs for reducing turnover costs,

.33, This may be the reason behind the private sector's
: reluctance to adopt the government initiative of
‘@extending post-retirement indexing to retired

employees.

34, See Denton et al. (1981).

35. Draimin (1982) provides an excellent analisis of the
- 1lmportance. of wage bargaining in a neo-Marxian model
of the economy. See especially, pp.83-92.

36. See Remlinger (1971), Gough (1975) and the other

references c¢ited in Draimin (1982).
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37. From the firm's viewpoint, non-wage benefits may  be “
prefefable to. an equivalent increase in current wages,
because ,of the various kinds-of added costs which
increase with wages (such as CPP and QPP contributions)
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do not increase with non-wage benefits.
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CHAPTER 3. PENSION FUNDS AND TAX ARBITRAGE OPPORTUNITIES'

] ’ -~ A. INTRODUCTION

20y

Funds invested in ESPPs receive favourable tax

. treatment in two ways. ‘First, a firm's contributions to
such a fund ate tax-deductible within the limits’iﬁposed by
~the gove;nmeng. Second, the investment returns on the
fund"s assets are not taxed. - These two factors have
important implications for the firm's funding decisiond of
an ESPP. If it is ;lso recognized that 1) the interest paid
on the firm's debt is~tax4deductible and 2) that pensonai

tax rates on interest income may be substantially higher'
than that on equity income, then pension funds provide
the firm's sharghplders'with valuable tax-arbitrage

\ opbortunities under some .restricted circumstances. These

(,} tax considerations have implications for the funding and:

investment decisions of an ESPP.

This chapter starts wifh tﬁe arguﬁeﬁta of Black (1580)

’aﬁﬁ Tepper (1981) which suggest a fully;funded,'a11~debt
pension fgnd. Assuming the pension' funding decision as an
alternative to investment {n the firm's operating assets,
-both non-deductible and tax—dgductible'advance funding
decisions are—aﬁalfzed within a certainty framework, Thé
limitatigns and implicapionq'of this analysig ate then

. discussed. Next, the‘chaétef deals with the issue of
exter;al (debt) finanéihg and its effect on the'ﬁeﬁsion
funding decisionf and concludes with a discussion bf”its:

implications;

bt s e = e e el — ) e e e
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' B. PENSION FINANCE AND CORPORATE FINANCE

-~

A pension fund established under an ESPP legally "

_ belongs to -the beneficiaries. According to'fiduciary rules,

it shouild be invested solely for their benefit. On~going

firms with -defined benefit plans must,

however, pay pension

benefits whemever they arise and must do so either from the

pensidn fund asséts or by increasing the firm's

contributions.

It is possible, therefore, to argue that

under the assumptiéns 1) of zerpo probabiiity of bdnkruﬁtcy

and 2) that‘pension payments are similar to debt payments,
the pension fund assets are éctually the assets of.thq‘firm

and should be treated as such.

The concept of an

'‘augmented' balance sheet (Table 3.1), which was

popularized by Treynor (1980)L.accomplishes such an

integration,

Pensipn Fund

‘ Table 3.1

~ AUGMENTED BALANCE SHEET
(ALL ASSETS AT CURRENT MARKET VALUES)

t

(1 - T) Pension

(1 -1T) Present

,.Cbrporate

Balance Sheet Fund Value of
Assets Pension
. Liabilities
Corporate Corporate
Balance Sheet Assets Liabilities
. . Corporate
Equity (residual)
- Total Total .
Liabilities
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“In ‘Table 3.1, the pension fund assets and liabilities

are adjusted by (1-T) simply because a decrease (or

increase) of §1 in liabilities can be offset by an increase._ .

(or decrease) of $(1-T) in the firm's contributions.

B-l. Taxation on Corporate Debt

S

"In the plan proposed by Black (1980), the firm sells
stocks from the pension fund and buys bonds with the
proceeds.It simultaneously issues new debt and buys back its

own shares with the proceeds. The actual proportions of

.-this buy-and-sell process are adjusted to ensure that there

’

is_no change in the leverage of the Jugménted balance
sheet., All that remains, therefore, is the tax effect.?
Black claims that the firm would benefit by effecting only
the pension fund switch and that the capital structure

change 1s needed simply as }) a hedge againet the long run

_excé@s return of equities over bonds and 2) to keep the

leverage of the consolidated balance sheet unchanged,
Actually-the benefits are a direct result of earning before
tax interest on the pension funp and paying sfter tax
interest on the firm debt. The major source of gain is the
tax deductibility of the interest on the firm's debt.3 1In
other words, the firm is using the pension fund to increase
its debt capacity while nhintaining overall leverage by
shifting Fhe fund's assets into bonds.

According to Black, this switch from stocks to bonds
vould prdvide additional benefits by 1) reducing the *
volatility in the present value of the firm's contributions;

~2) increasing the value of the firm, 3) reducing the risk of
the stock and 4) reducing the risk of default on the firm's -

bonds., He states That this is because 'the stocks are worth

7
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more when times are good and less when times are bad '

(p.227. Thus atocks add to the firm's leverage and regult
in contributious to a pension fund being higher just vhen'

the firm can least afford them. 1f that is the case then it

is clearly an important aspecg of the'pension fund

investment strategy, but does not necessarily imply that the:

fund can only invest in bonds, The firm can also achieve a

deeired'riék-réturh trade off by accounting for the economic'

relationship between the retﬁrna on the assets in thé fund

“and the firm's assets. A Markowitz type-of Optimization

would select either stocks or bonds- depending- upon their
expected returns and variability but it 1is difficult to
predetermine the optimal portfolio in the_m;nner‘suggested
by Black.4 R ‘

Five other issgues fequire further clarification.> -

First, Black's plan only applfes to ‘very healthy firms with -

zero probability of bankruptcy, Note that even though the

_leverage in the 'adgmented' .sense 15 unchanged, the fund

"agssets cannot be used to satisfy the firm's debt holders in

éhe event of bankruptcy, unless the fund is overfunded,

Even in the case of termination of an overfunded'plan, the-
issue of qwnership of the .'excess' assets iq ﬁpt entirely
clear as shown by the recent A&P case,b Second, the
empirical vorkwof Arnott and Gersovitz(1980) shows that
there 15 a pqsitive cross-sectional correlation between .the’

firms' debt-equity ratios and the level of underfunding of

- their pghs;on_plans.7 This means that Black's plan‘would' )

provide extra benefits if, and‘onlfhif, the pension fund

prhvides the sole Opportunity for increasing the firm's debt -

level. Third, in the U.S.,'fhe trustees under the Employment
Retirement Insurance Securities Act (ERISA) aré required to

lelect*a.dlversified‘ppriﬁolio which, expert opinion

'anserfa, must contain more than one type of selurity . v

]
1
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-Tepper (1981) has treated the pension fund as a tax—exempt -

—"3a_5- ) ) - .

B - -
. .

. r . '
(Langbein and - POSner, 1976 I977) Fourth, it

'is hypothesized that having a well- funded ESPP may prompt

the firm's employee group to negotiate for the benefit

fmprovements over andrabove those previously contracted,B8

Fifth, in the case of bankruptcy, the beneficiaries' claims

extend, only to the fund's assets; full funding as suggested

-by Black would thus create a wealth transfer from bond

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

These issues not withstanding, Black“’ plan is essentially é

useful extension of the Modigliani-Miller (1958) world with

Gut extamded
corporate taxes to include tax-exeémpt pension plans.

* v - .

B-2. Personal Taxation

Black's proposal is silent on an importarnt issue:, the
personal tax code. Based on Miller's analysis (1977), .
mutual fund for the firm's shareholders and concludes (as in

w
the previous section) that the pension fund shold be fully
funded and invested only in debt securities,? Tepper

.assumes that 1) the persdnal tax rate on equity investment

is lesé than that on interest income, 2) corporate assets
and pension'{und assets can be fully integrated, and 3;
shareholders can costlessly cliange the leverage. of their
peréonal portfolios., With these assumptions, shareholders
can'utilize the pension fund to transform }heir higher taxed -
interest income into .a-lower taxed equity income. This is
achie;ed by investing the fund's assets in debt securities
and simultaneously reducing the' debt holdings in their
personal portfoliosllo The crucial element in the anaiﬁsis

is the existence of differential 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 Miller's in that, the economic gains of this




'sfrategy are an increasing function of the difference

"simultaneously avoid taxes on interest income so that the

- -
T

between the personalitax rates on bonds and equities.ll

_fwo implicit assumptions innTepper's analysis deserve
futther aﬁtention; First, Tepper assumes that similar tax
redgétion_opportunLties are not available to the -
fndi&iduél. This dssumption directly contradicts the:Miller
aﬁ& Scﬁoles (1938) tax avoidance proposals (such as t .
inéu}ance policies; see p.543). One must, therefore, assume -

(albéit érbitra;ily) that some investors are able to . . - )

'launder out' personal taxes on dividends, but cannot

‘pension fund atfs as a vehicle for avoiding these taxes.

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

agency costs of tax arbitrage via the pension fund are

smaller than those involved in personal arbitrage. More
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 amount of tax-sheltered income

utilized by the investor, then one must show that the

pension fund provides a less costly tax shelter than thath :
achieyed in the personal portfolio. According to Revenue ‘
Canada taxatlon data, however, the vast majority of theée
investors who dre the contributors to ESPPs and RRSPs do not ~

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

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

If, in addition, these individuals also hold relatively
undiversified portfolios, then they mayqprefer to use the‘

firm's pension fund to prqvide diversification rather than

‘tax arbitrage opportunities. The applicability of Tepper's":

analysis, therefore, depends strongly upon“the nature of
individual portfolios, the degree of availability of tax
shelters to individuals, the tax code and the nature of the

capital markets.

L3 -
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C. TAXATION AND THE ADVANCE FUNDING DECISION

=3/l . b

o

A firm with an ESPP and an established pension fund

may, under the limits set by the government, increase the

fund assets by advance funding. The analysis in the
J

‘previous sect$qi5dealt with the effects of external

financing and pefbpnal taxation on the advance funding

depision.

In genefaI, advance funding results in a transfer

0of dollars from corporate assets into the pension fund. The

marginal cost of-such a transfer clearly depends upon the

source of additional finardcing and/or)tﬁe return from the
R

alternative use of~the transferred amount. If the capital

structure and the dividend policy of the firm is believed to

be optimal (and thereby exogenous to the advance funding

décision), then the alternative return availlable to the firm

is the after-tax rate of return on gﬁe firm's assets.!2 The

effects of the advance funding decision can then be anélyzed

" by 1nve§£igating 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 and that the advance funding

decision has no impact on its labour negotiations, the

analysis can be conducted as fbllows;L? :

V]

Notation

-

The following notation will be uéeq throughout this

analysis.

Ra
Ry
Ry

T,K
R,T
Ry, T

v

o

Rate, of return on Fhe firm's assets

Rate of return on the pension fund's investments
Rate of return the firm has ta pay on borrowed
money

Corporate tax rate

After tax rate on the firm's assets = (1 - T)R,

After tax cost of debt =-(1'= T)Ry

v
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IbT After tax dollar interest paid on the firm's
borrowings ‘ )
A, Firm assets at the beginning of year n
P The amount of advance funding from the fitm to the
. " peﬂ%io; fund at the beginning of year 1
Fq Pension fund assets at the beginning of year n
Ch Contribution by the firm to the pension fund at
) the beginning of year n
) A Change in assets at year n by a dollar of advance
. funding at the beginning of year 1} \

' Yni Sum of an annuity of one dollar for 'n geata at

4 rate { ‘ \ )}

At the beginning of year one, the‘firm's'and the fund's

assets areﬂAl and F;, respectively, and that the firm's |
! ' contributions to the fund are expected to bg Ci» Co evse, Cp-
- - in years 1, 2, .... n respectively/ These contributions and
the subsequent earnings from the assets are expected to
result in a fund value of Fpy) at the end of year n, from-
which the pension benefits are &o be paid. (This situation-
18 referred to as the base case.) The f%rm wishes to 2t
analyze the tax effects of advance funding of the plan by an
amount P at the beginning of year 1 and adjpsting the final
contribution, Cyh4), to guarantee the same level of fund
agsets, Fo,;. This advance funding may or may not be
tax-deductiblg.14 If it is not tax deductible, 1t is -
assumed that the earnings still accumulate tax-free while in
the pension fund. These two situations’ are used to
distinguish between the effects of initial tax deductibility
from those of tax-free accumulation of earnings.

[

C-1. Non-Tax-Deductible Advance Funding

! At the beginning of year one, the firm's assets *
decrease and the fund's assets increase by P such that:

»




- -3.9-~

A'l-- A} - P

F'i -‘Fl + P ooo-c;p%aooooooooo-o(;ouinnoo;oococ-..3.1-

“

At the end of n years before adjusting’ the final

contribution, firn's and fund's assets are given by: :
t ,

Atpgr = (ApmP)(1+R, )P = A)(14R,T)0 - (148, T)0

= An+l - P(l +RaT)n ;.;......,.;..--...3.2

’ . ' ‘ i

F*n+l - (Pl + P)(l + Ri)F --Pn+1]+ P(l + Riﬁ?‘.do.nBuJ
- . i

f

- J
At the end of year n, the firm reduces its contribution by

P(l + Ry)%; so that the fund's assets are again equdi to
Fpe1- The firm incurs a tax liability only on the
accumulated earnings which is:

- d

- T P[(i + Ri)n - ll ootou.opoooo-:-'tocv;ontouo-o 304

.. Adjusting the\fitﬁﬂs assets for this tax liability, 3.2 can

be written.as:’

A'pel = Appp = P(1 # RaT)® + P(I + Ry)I®
' = T P[(1 + Rq)D = 1}
= Appp +P(L = TI[(1 + ROP ~1)- PI(1 + R,T)P-1)

X 3-5‘

The'advanp!ge of advance funding at the end of n years
is: . - )

o

A'pd) - Apel = P(L = T)(14R)™ = 1] - P[(14+R,T)P-1]

! T 00¢73.6‘.

- ’

R AP
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The first term on the right hand side represents the L
benefits earned through the accumulation of tax-free returns_
‘earned on the pension fund assets; the second term. )
rebresents the income that could have been-earned in the
absence-of advance funding. The benefits of one dollar of

advance funding can be writfen asg:

2= (1= DI+ ROV = 1] = [+, = 11 o 3.7
The size -of Z depends upon various combinations of T, ‘
n, Ry and R,. Partial differentiatioﬁ of 3.7 shows that '

Z = -(1 - T).n.(1 +“&aT)“'f/(/g/for T> ... 3.88
Ra /l/ . .\( - ) " 1 l

-

]
0

1

32 = (1 = T).n,(1 + R™1 > 0 forT>0 .......3.8b
9 Ry : ~ -
55 = (1 -1+ Ri)%1n (1 + Ry),
. (41,1, In O + RyT)

’ " ’ | >0 if Ry > R,T ...3.8¢c
g_:_ = n.Ry. (4R, T)=1 = [ (14 Ry)U-1] o

- : ‘ <0 4f Ry < R,T
- - , ' ..l.l3.8d
Equations 3.8a and 3.8b nfe self explanatory. -Equation 3.8¢
shows that Z increases with increases in the horizon if Ry >
R.T and”decieaees if it is less. For relatively short
hdtizona, the tax on the deferred eafbings, T{(1 + Ry)® =
1}, 1is not very lignificant comp-reh to the value of the
tax ffge'earnings fron the advance funding, (1+R1)n 15 The
' benefits are obtained mainly through the subsequent

reduction in, contributionl.l6 ) :. -

+ ) -
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. can be expressed as:

- and Lo

Jel 3™

The benefits from, delaying the contribution adjustment
llno depend upon the tax rate.!7 An 1ncrease in the tax

raee affects the .benefits in two ways. It decreases both

) the value of the ‘tax=free returns earned on the pension fund

gssets at the time ‘of the contribution adjustment at the end
of year n‘(firgt term on the right hand side of 3.7) and

.the after~-tax retdfns on the firm's assets (second tern of

3.7). For realistic'values of Ry and Ry, however, the

decrease in the first term 1s larger than the decrease in

‘the second term. For example, when Ri'- 12X and- Ry = 10%

for N-= 20, the'benefité decrease (but are still poéitive)

: ds-TVgoes from 30% to 50%. The reverse situation occurs

vhen Ry .= 12% and R, = 14X and 1 = 20, The ‘benefits
increase from =2.92$ per dollar of advance fUnding at T = 30
percent to -1.04$ when T = 50 percent. The overall benefits

of non-tax-deductible advance fundlng thus depend upon the

interaction between Ry, R,, n and T, 18

C-2. ,Tax=Deductible Advance‘Fuﬁdiqg . ‘

In"this case, thé firm need oniy‘tgansfer (1 -:T)

'dollars in order to increase its contributions by one
"°-ddlihr.19 Assqding that tax deductibility is -allowed 'at the
'£1Mg'of contribution, the assets of the firm and the fund )

A" = A] - P(1 - T)

et

’F" -\F1+P ‘.'......'."0‘.,."...\'."‘........3.9

~

The assets at the end of n years (before ndjustment)»

Uecq-ezo : . .

-

A*pe) = Apey - (1= T)P(L ¥ R,THE

p*d.‘.l -Fn+l+P(l +R1‘)n ........-.}..-..’.‘3.10



Anuthe end of n yearg, the firm decreases its
conttibution by, P(1 + R4)™ which is fully taxable (as
' . opposed to. the previous case where P[(1 + RyOD - 1] was .

taxable). The fitm s assets after 'the adjustment can be

<

expressed as: . . N

A"psy = Apep + P(1 = TX(L + RgIT - P(1 - T)(1 + R,
‘ ‘ R T B

,Tﬁe\advqntage of one dollar of advance funding then is:

Z - (.1 - T)(l +Ri)n - (1. -7 + R 'l‘)n o
(1 T) [(1-+ Ri)" -(i +r.T)) ,<;>,,,3 12
. A ' s

- v

The benefits .are the product’ of the after-tax advance

fundingfamoﬁnt and the difference bétween the cdmpodﬁded

:rateh of return, Ry and R, over tﬁe horizon period, n.

,Partial differentiation of 3.12 illustrates the effect

‘of each of the varlables on the benefits of advance funding-

- -
< .

. ~(1- T) .n.(1+ R T)n 1 ¢ O for T >Q and Ry .> O
‘aRa ) .. . : i ) ..-.'3 138 -

4 '

(s3]
o~
]

: S . -3z = (1- T).n.(1+ Ry)D"1 >o for T >0. ahd Ry > 0 .

- 'aR’i M R . . b ..oo3 13b
9z = (1 = T)(I + Ry)P.1n (1 + Ry)
S (r - O+ RyNIn (1 + RRT),

L >0 if Ry > RRT

’ oo 3'L3g_
| Az = [(k— T).n. Ra(l+ RaT)“'ll (61+ Ry)= (148 L
T “>'0 1f-RgT > 0 . > 0 if Ri < R .
g ) Ce o . ....3 134
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In gengrai, for Rqy > RaT. advance funding is’
beneficialt An increase in the tax rate decreases both’
terms on the right hand side of equation 3.12. For two
identical firms facing different tax levels, the benefits
from the advance fundiné will be lower for the firm with
the higggr taxes. This is because the ﬁigher tax rate
decreagases the bépefits from accumulating more than the
benefits from 1nves£mgnt if the firm's asseta; Similar ‘to

the last case, the -benefits depend on the- levels of R; and

RaT, the value-of T and the length of the horizon périod,

1

0.,

\

© ¢-3. Effects of Initial Tax Deductibility

The benefits of initial tax-deductibility can easily
be obtained by subttacting 3.7 from 3. 12 .

AZ = T[(1 + R,T)D - 11 ~ _ cer 315
The benefits depend ‘only on R,, T and n., Although

the benefits seem to increase with n, it is important to

note that the advantage will be worthless if the firm never

,fbalizes the tax credit. by adjusting the final

contribution. The benefits also &epénd critically ubon\the

tax rate faced by the firm at year n. The tax rate changé

-‘nay arise from a varlety of sources, such as basic changes

in the corporate tax rate, write off pat:erns, the tax rate
for the accumulqted earnings on the fund's mssets, etc. 'For

a firm faced with such-a tax change, the advance funding

'decision can be examined, by_issuming a change from T to K,

1

at the end of year n. A
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‘C-4. Effects of a Change. in Corporate Tax Rate
"With noﬂ-tax Qeductible advance fpnding, 3:6 can be .
rewritten as: ' ) '
A'ge1k™ Ape] + (1 = KIP[(1 + RgID = 1] R
‘-P[(l'.’Ra.T)n-- ll S 000000 FOIIO O OGS 3.16

s X 1

If K> T, the advantage of advance funding is reduced.
For exapple,when X = 1.2T with T = SDZ, Rg =102, Ry = 10% -
and n = 20, the benéfite are reduced by 30% (from 1.1% to
+80). 1In general, the reduction in.benefits 1s higher if Ry

> Rgl., 1In certain cases, the tax rate increase may

actually result in negative benefits.

For tax deduciible advance funding, 3.]1]1 becomes:
A" n+1ok™ Antl + (1 = KIP(1 + Ry ,
- (l "'T)P(l + RaT)n .ooooon_’o-oo-ooo 3-17 ’

4
t

Whea K = 1.2T with T =.30%, R, = 102, Ry = 10% and n = 20,
the benefits are now reduced by 20% (from 2.0 ‘to 1.60). e
This smaller reduction is a direct result of the initial tax B
deductibility. ' T '

2

J . [ R
The- combined effects of the tax change and initfal tax

deductibility for one dollar of advance funding can be

expressedg(subtr;qting 3.16 from 3,17). as:’

-

— ——— . _

Az - T(ll'n."—)RaT)n - K_opoooo;ocOlocoo-cocoonoco,;oc 3.18 .
This shows that a'tax rate increase may offset the o
advantages of the initial tax deductibility of advance . y
funding - especially for moderate levels of R,, T and K,21 |
\{ﬂ

3!
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.In general the uncertainity in the future tax rates ..

‘ must’ be - considered when making the advance funding

decision. lMore'speciﬁically, with a tax rate change at the

end of m yeafs, ﬁhere m<mn, 3.18 can be expressed as
Z=T(l +RaT)m’(1 +Ra1$)‘n—m_ Komr--onoo.'-n-o 3019

A ¢comparison of equation 3.18 and'3. 19'shows thaf the

earlier the tax increase occurs, the: 1ower the beneflts to

.be obtained from the advance funding.

+

C-5. Pay As You Go Versus Funded ‘Plan

The analysis in section C-2 can be - extended to a
pay as you go plan (essentially an unfunded plan). The .
choice to underfund depends upon the expectéd values of Ry,
Rg and the firm's effective tax‘rate~1. 1f RaI < Ri, the
firm may choose -a funded plan.22 If RaT > Ry, the firm
will want, to underfund,'bui the employees of the firm (for
reasons explained in the last chapter) may- demand an ¢
increase in current wages. If so, the firm would have to

compare this increase with the advantages of non-funding.

C-6. Limitdtions of the Advance Funding Analysis

The above énalygis isolated the benefits.of the initial
ta%—déductibility'of\contrfbutioné'andvthe non-taxability of

the fund earnings. Two major -limitations of the analysis-

- are 1its assumption of certainty and the defipition of

the alternate opportunity to advance funding,

L

In a world of certainty with taxes.and perfext
competitidn in product market, all the'firms-wild have

» -

4
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highly levered capital strucéure and Ry ® Ryp= ﬁf‘; Ri. 1In
such a world, the tax advantages -of advance funding would
prompt the firmé to have a fully funded plan (as Rj >RaT)
financed with debt., Uncertainty about the future values of
Rg, Ry, T, n and legal restrictions on the contribution
level and the fund's investments require the firmg to weigh
the tax effects and the returns on‘éheit funds' assets
against the return on their fifms' assets. The selection of
securities 1in thé fund portfolio will depénd upon the risk
(variance of returns) of the securities selected ‘and the
correlation of their return streams with the feturn on the
firm's assets. The actual choice of‘\&; 'risk' level will ' .-

affect the shareholders' Valuation'@f the firm and the a‘ '

employees' valuation of the wage’contract.23

( | ‘It‘is very difficult to define the exact oipo}tunity

- . cost in an advanée‘funding decision.. Where advance funding :
1¢ non-tax~—deductible, the firm can compare the advantages .
E ) of other tax deferrals, such as invespment in other firﬁ's
3 lequity or in real estate.ZA Such an investment would result

. . in direct shareholder control over the assets, which mighE |
é be pérticularly significant in the presegce.pof an agency
- such as the PBGC. It is then entirely possible that many

‘firms would consider underfunding a superior‘str.at‘egy.25

‘Another alternative to tax-deductible advénce funding may be -

repurchase of the firm's own shares. This may howevér be .
difficult because a) the firm may have to ﬁay high premiums,.

b) 1if done regularly it may be viewed éé a dividend payment :
and taxed .accordingly and c¢) as the benefits must be paid ;t
the end of n years, the sellers of the shares may benefit at

} the expense of the long-term shareholders,26

{“) This analysis assumes that the firm has reached its’
) optimal ,capital structure and/or there is external'caﬁital
. ¥ o
. ) R
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nationiné. As shown in section'h, the relaxation of efther
of these constraintb may have a significant effecg on the
condiusions_reacﬂed above, To analyze the impact of
éxternal finaﬁcing on the advance fundiné decision, it is
important to separate the benefits derived from each of the
three sources, tax-deductibility of initial contributions,

tax-free earnings on the fund's assets and external (debt or
T ’ . equity) financing. This analysis is carried out in the next
section, '

D. DEBT FINANCING AND ADVANCE FUNDING - B

D-1. Non-Tax-Deductible Advance Funding

( . At the beginning of year oneg, the firm borrows P at Rp
1
for n years and invests' 1n the fund Such that
:,/A-l"Al

'; Fl' -F1+P .l..........l’ll.lI.I.."........0.(.'3.20
!

*

At the end of each year, the firm pays interest on the
Bfincipal from its earnings, For example, at the end of

year one (beginning of year two):

o

LY

Ap' = Ap+ AjRg(l = T) - RpP(1 - T) o ,
= A1 + RpT) - TpT ' ’

.and Fz' (- F2+ P(l + Ri) "-'.oo.l.0l~otl‘o¢0-00..00‘0.0...3021

"Similarly at the end of year n (before the principal payment
and any contribution adjustment)
( > , . A*n+l - Al(1+RaT)n-1bT[(1+Ra1)n-l " ¢
! ' AR . '+ (1+R’aT)q-2+ --0‘0-0-.+0 l] .

- An+l - IBTYanT‘ ...V-.......--......3.228

e e b e s i e e
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and  PAoL) =.Fpeg + PQL + ROT  teiiieniiieaeeeneaenss3.22b
where eYnﬁa? is the sum of an annuity of one dollar for

n years at R,T. The first term on the .right hand side of<
(3.22a) represents the assets in the EPaence of debt
financing and-the second ternm fepreeents the reduction due
to -annual interest payments on the.deBt. At 'the end of n~'
yeare, the firm decides to reduce its contributions by

P(1 + Ry)® (so that the fund assets equal Fp4 | again) and-to

repay the principal,. Therefore,27

A'pel ™ Apsy - IbT’YpRaT - P+ P(1 + Rg)D
) -~ TP‘(I +Ri)p- ll eeccenoeeeeesoc;e.—.3023.

. The benefits of one dollar of advance funding can’ be

expressed as!
' n R)D 4 T Ty RaTy1y -
Z = [(1+R1_) = T(1+Rg)D + F] - (RplY ta'+1)
' | - cennea3i24

'The advantage of one dollar of debt financing over internal
financing can .be expressed by subtracting (3. 7) from (3. 24)

as

, ‘AZ -_[(l + Ra:r)n .‘ l][l -dkb/RaI ...»......'...;...-"'..3.2‘5

Thus, external financing will be preferred to infernaL
financing if- Rb ¢ Rg. This preference, however, exists

_whethet or not the firm has a pension fund. A wore detailed

explenetton of this argument is deferred to the next
section,
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“the principal, so that, ’
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D-Z; fax-Deductib1e~Ad€ancekFuhding

In this éasé, the firm can deduct the amount of advance

funding for tax purpbses. Agsuning tﬂatvthe firm can take

“the deduction at the begihning of year one‘,\28 the firm's

assets at the end of year one can be expressed. as: . "

A"p = (A} + TP)(1  + RaT) = RpP,
- Aé +—TP.(1 + RaT) C- RbTP\‘cooa|o'o’o-o\oouaoo3026

A

‘

and F; = Fy +P(1 + Ry)

1

oy -

. Similarly,:at the end of year n (before'fhe1

contribution adjustment),

A*I'i"',l - An+llll’+'TP(l+Ra'I:)n‘ - I’bTYnBBT 0003027

'<The second term on the right hand side §f 3.27 represetfts

the return on the tax deductible initial contribution. Now,

the firm reduces its contribution by P{(1 4 Ry)™ and repays .

'
§

A'p+y = Ape) + TPCEL + R;T)n\' ’Ib:r Ynng ‘
+ (1 —KT)?(1‘+’Ri)n-P .....‘...3.28

S

v

The‘benefits from one dollar of advance~funding,are£
Z = T(14+R,T)O4+(1=T) (14R{ )™~ (RpTYRaT+1) ...3.29

The first term on the right hand side of’equaiidﬁ 3.29

,feprelents the compounding of the tax subsidy of the advance

funding at a rate equal to the return on the firm's assets,

The second term'repreaenis the earnings on the fund's assets

a
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. F
cn '‘an after-tax basis, while the third'terﬁ represents the
cost associated with the 1nterest payment on the debt and
the repayment of the principal. ‘

3

dollar of tax deductible initial contribution:
AZ‘T[(I‘ +'R8T)n- l] '........................'.3.30

Tﬁese benefits are independent of either R; or Ry and are
the same as those obtained from internal f%nhnclné (see
3.15).. The benefits of initial tax deductibility,

therefore, are independent of the nature of financing used.
w

i

Comparing 3.30 with 3,12, the benefits of external
financing with tax ~deductible advance funding can be -

expressed as:
’ 1Y

AZ' [(1+R8T)nﬂ— l]ll ;'Rb/Ral 000'0.000-00000003031

) vhich ‘again is fdentical to 3.25. This means that the

Substracting 3.29 from 3.24 yilelds the benefits of one

benefits of external financing are identical, whether or not -

advance funding is tax-deductible, and would simply depend
upon the difference between Ry and Rz.  Also, these benefits
exist whether theé external financing i8 used for pensioﬁ
funding or investing in the firm's assets, -
. . \
More sbecifically, 1f the firm borrows $P for n years
at the'beginning of year one and invests in assets, the

benefits from the borrowing can be expressed as follows:
At the end of year one,

Z = P (l + R.T) - RbTP Dloooloo!'.'ono'oooooo§o32 .

Y s i = e

s e e e b ke« -
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at the end bf year two,

= [P(1+R,T)- RbTP]+RaT[P(1+RaT) -Rp TP}-Ry TP -
= P(14R T)Z—RbTP[(1+RaT)+1]4.............. 3.33%

at the end of year n, after the repayment -of the principéi
the benefits per dollar of debt:

(1+Ra7) P~ RbT[(HR Tyn-ly(14R,T)0" 2o, .. 41]-1
(1+R,T) PRy Ty Ra’-1 o
[C1 + RaT)® = 1] [1 = Ry/Ral ot vvvvevnnns 30340

"

b

which 1is identical to 3.31. Thus, benefits of exterﬁal
financing are identical wheéher the borrowed amount is used
for investment in assets or the pension fund. Thus, the
pension funding issue and the capital structure issue can be
treated separately. The advance. funding decision is
beneficial if Ry > R,T and is independent of the source of
financing.29 The-actual amount of the benefits would depend
upon whether the advance funding is non-tax deductible

(equation 3.7) or tax deductible (equation 3.12), !

E. EQUITY FINANCING AND ADVANCE FUNDING

For expositional purposes, assume that the firm issues
equity to finance'its advance funding. Also assume {for
comparative purposes) that, after n years, the firm buys
back the equity. Assume that the Eost‘of equity is Rg,. The
analysis'is similar to that in the last section except that
RbT ts substituted by R, (see Table 3.1). The arguments
for or against the equity financing are associated with the
capital structure decision of the firm. The conclusions are
similar to those in the previous section: no extra benefits

are obtained from using equity financing for advance funding

- rather than for internal use.

-
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S ' Table 3-1
< ‘ BENEFITS (F ONE. DOLLAR (F AIVANCE. FUNDING

Source of Financing

Tax Treatment Internal Debt . " Equity .
-, T
Advance Funding Q-D{(HR)N)-[(HRD™1]  [(1H4R)INT{ (147 )™1) (1=-D)E(1HR )1 R Y Fa .
Non Tax Deductible 3.7 - Ry Ral 334
X . . , P
" Advance Funding (1-1X¢ 1&)“—(14)(1%1')" (=D (1R OUT(14R DD - (=T)(HR)OMT(HRg N ;

Tax Decctible | 2 - (RIY R4 3.39 -(ReYnRaTﬂ) R
Net Effect of the  T(MRD-1] * - H(H#RED ] oT( (1+RaT)C 1] °
Initial Tax 3.25 340 .
Deductibilicy .
Tax Change T ~> k (l-k)((lﬂi)'hlj—((lmaT)f\-ll (l-k)((l-f.lq)"-ll U= [ (R 1] r '
Advance Funding 3.26 - RyFy Ra” “ReY Ra®

* Non Tax Deductible ) )

Tax Change t > k. (IFO(HRD™MI-T(HRZD® . (1SK(HR)UT(HRD® (1K) (R )™™T

Advance Funding - 3.27 - (RbTYnRa:l:l-l) - -(ReYnRaT+l) . -
Tax Deductible '
Net Effect of Tax * TOHR,T )k TR, DV - TOHRLD

, 3.28 ~

Cherge and Initfal
Tax Deductibility

o™
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F. SUMMARY - L

: ' This chapter analféed the impact of taxation on pension
funding and investment decisions. It first discussed the

‘ effects of external financing and of personal taxation on

the funding and investment decision, in the context of the
models proposed by Black and Tepper. 1ln Black’s model, the
benefits are a direct result of tax-deductible lnterest on .
the debt issued by the firm. The plan has merit if, and
only if, the pension fund provides the sole opportunity to

increagse the firm’s debt load. Tepper & analysis 1s based

”~

- upon a . tax-avoidanc“\scheme, its results apply to a case in
which individuals cannot .”launder out’ the tax on interest
income in”their “own portfolios and” so uge the pension fund

.

as a tax-exempt mutual fund.
() ' g : ‘ .

Next, the advance funding decision was analyzed in a
certalnty framework which'assumed'that the altermative to
advance funding is investment in the firm’s assets.. Even
though it presented no formal analysis of uncertainty, the
chapter did discuss most of the relevant issues. It showed

' that the advance funding decision depends upon the expected
, rate of return on the fund’s assets.and the firm’s .assets
¢ and the expected tax rate. '
’ ’ - <
/ Discussion .of the issue of externalﬂfinéncing for;
advance funding of the plan followed. dt'was_shown that tHe\
financing decision (extérnal or internal) can be separated

from the funding decision. The benefits from external

financing are the.same'irrespective of whether these funds

are used for advance funding of the.pension plan -or for.
additional investment in the firm’'s assets. Debt (or ' ‘,'
_equity) financing provides additional benefits 1f, and only
if, such external financing cannot be undertaken in the |

absence Pf the pension fund.
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Host of the recent controversy about ESPPs has centered

,around their level of 'fundedness The analysis above

(l

*shows that, in thé eertainty case, 1f the fund can earn 4

~higher befote<tax- return on the fuwd than the afterhtax

" return on the firm’s ass;ts,'the firm should have a fully

funded (op an;overfuﬂded) plan, 'The reasons for the
exlstence of-an underfunded plan can. be 1) inability of fund
investments to-censistently earn higher retqrne (i.e: Ry->
aT); 2) capital rationing for firms with low'R T which
does not allow. them an opportunity for tax arbitrage, 3) use
of an unfunded pension plan as disguised debt which is free

from the restrictive covenants associated with traditionaly

‘debt,30 4) possible insurance contracts (such as those

_available from the Pension Benefit Guarantee Corporation=-

PBGC in the U.S.) which discourage full funding, and.5) -

p0931bLe employee demands for improved benefits as a result

"of full funding (or overfunding)., ) -

¢
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CHAPTER 3 - FOOTNOTES

1. Written under a‘pseudonym, Walter'Bageth.
2. . For example, a firm in a 48% tax bracket, would. issue
$52 of bonds for every $100 shifted into its pension

fund..

3. This can be easily shown by not utilizing the capital
structure shift Iin the example illustrated by Black“‘g

) (1980, 'p.24). See Love (1980), Ehrbar (1980) and
Tepper (1981). s

4. An investment policy model developed in the next
chapter accounts for such interdependencies.

5. Only major issues are discussed. Other frequently
mentioned reasons for firms having underfunded plans
are: 1) advantages 9f off Balance Sheet Liabilitiles, 2)
(0} legal restrictions on funding levels, 3) the fact that
funding reduces reported earnings in the short term and
therefore, may have negative effect on market 'value,
and 4) the existence of the PBGC with per employee
- insurance premiums and limited liability negate the
benefits of full funding.

6. -In 1981, 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 legal case to determine who "owns’
the assets of an overfunded plan.
7. Arnott and Gersovitz further suggest: that the
underfunding of the pension.plan serves as a
- risk-sharing -agreement between the employer
and employees. The pension contract will be determined
Jointly by these two parties and will depend on their
relative risk aversion.

8. Such renegotiations are similar to ad-hoc lncreases to
existing beneficiaries and have led some (e.g. ‘Pesando,
1981) to argue that the workers actually have a call
/ ) option on the investment earnings in excess of :the
s~ interest rate assumption used to value the plamn.

NO |

9. The origins of this idea can also be found in Miller
and Scholes (1978)

N
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19.

20.
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His plan dl$o involves 4increasing the firm“s-debt to
finance the pension .fund’s investment in bonds. If
the/ iNterest rate 1s already grossed up to reflect its
tax byrden (Miller; 1977, p.267), then the firm can
also Assue equity to -finance the fund’s investments.
For some criticisms of the Miller’s analysis, see
DeAngelo and Masulls (1980), Patterson '(1980), Taggart

*(1980), Barnea et al. (1981).

Some limitations of this assumption are discussed at
the end of this section..  Note that the assumption that
the alternative rate of return 1s the after-tax rate of
return on/ the firm’s assets also implies capital
ratloning at least in the short term.

This part of the analysis closely follows Jackson
(1977).

It is alse possible to fund the plan in advance by one
conttibution, with the tax deductions &o be spread over
say '10 years. See, McGill (197), pp.463-471.

Fér example, when T=.4, n=5, Ry=12%, the tax on the
deferred earnings 1s 172 of the advance funding
accumulation g

This means that plan termination before n years will
actually result in a loss to the bondholders and
shareholders. 1If-an agency.such as the PBGC is formed
during the n years, it may not be beneficial to the
firm to have fund assets substantidlly in excess 'of 30
percent of the net worth at plan, termination time.

Meny Canadfan firms .actually increased'the funding -
levels of their pension plans to avoid the excess
profits tax itiposed during and shortly after World War

aII.

ANumerical analysis can be easily conducted to determine
the effects of various values of these parameters on Z.

There are certainly limits to. the amount of advance

funding that can be tax-deductible. It is assumed that .

this limit is not éxceeded by the amount of adwvance-

— funding considered here.

Tf the tax deduction .is allowed only at the end of the
year, then 3.10 can be written as
A*nyp = Ant] - P(l + RaT)%+ TR(1 + R,T)n~1

\
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22.

23.

25,

26.

. - amount available to the shareholders at that time, Of

-about the future benefit payouts, such conflict will

IAlso, see footnote 20.

'is internal or external, and, therefore, need not be
. discussed again. . - , . o o

The beneficiaries cannot initiate bankruptcy

For example, whﬁh Ry = 10%, a change in tax rate from

30% to 507 .would make the benefits negative for n less

than 8 !'years. ! C— T
This is often cited in the literature as the main

reason for the existence of the funded plans (McGill,

1979).

If it is assumed that capital markets are efficient and '
that shareholders hold fullyLdiversified portfolios and
have. all the relevant information about the firm and

the pension plan, then' the investment policy of the

fund may have only a minimal effect on the firm's
valuation. ,

The first alternative is quite gttractive fofiU;S.
firms, where only 15 percent of the dividends“#eceived
by the firm from its equity investments are taxable, .
resulting in about a 7 percent tax on the dividend
income. i -

See Da Motta (1979) and Bulow (1979) for an elaboration .
of this concept. /

This will be the ccase whete.the firm will have to pay .
the benefits when due. This payment will reduce the

course in perfect markets with compléte information

not arise.

LY

The tax effects are same as for 3.5.

If the tax deductioe is allowed only at the end of
the year 3.28 can be expressed as: '
A"p+] = Apsep + TRP(1 + RTH0-1 = 1, Ty R.T

v

The effeet of a tax change in 3.15 and the combined
effects, of a tax change and the initial tax
deductibility. in 3.18 are identical whether the funding

proceedings for underfunding. Moreover, they have a
vested interest in t\e\contiﬁuation of the firm's
operations. , ’

'
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CHAPTER 4: A MODEL FOR PENSION FUND INVESTMENT

A. INTRODUCTION

A firm's'pénsion fund investient policy affects it~
ghar;hPIGers, employees (as beneficiaris£), management and,
to a certain extent, the government., Because of such a
diverse Elieﬁtele, recommended policies have ranged from a
high-risk pension fund portfolio to one which is all debt
(and presumably low-risk). Simultaneous changes in the
firm's capital structure and its pénsioh fund portfolio have

. also been advocated to take advantage of the tax code.

The model’proposed in this chapter maximizes a
mean-variaﬁge pféference function based on the comBiped
end of period value of the fund's and the firy's assets
subject to a risk constraint, It inpegratés the pension

fund portfolio and the firm's operating. assets, basged on the

-~ theoretical developments in the area of financial

intermediation! and the portfolio implications of
non-marketable human wealth,2- The pension fund's investment
policy in this model depends upon the nature of the returns
The model

"on the firm's operating assets. assumes a given’

level of fund's and firm"s assets and then investigates the
implications for the portfoiio compositton of the fund's
assets. Once the model is operationalized for a.sample.of'
representative Canadian firms, the étudy analyzes the -

implications of the model's solutions.

The chapter is organized in fBLrvsect}oqs, beginning
with a brief review %of the existing models on investment
‘policy. Next, the rationale and the formplgtidn of the
proposed model and its limiﬁations are described. The model
is then'opérationalized for four representatiye Canadian
of their

i

strategic implications. ) ] ) '

firms. Finally, the results are analyzed in terms

W
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REVIEW OF EXLSTING INVESTMENT POLICY MODELS

B.
- SR 7
B-l.J'Consumption-lnvéstmént Apptoabh3

This ppproach treats pension coﬁt}ibutions and fund
investments as tﬁe couﬁtérparts of personal conshmption and
iﬁvestmehts respectively.4 The optimization criterion is
the minimization of the multiperiod '‘expected opportunity . .
-cost of ‘the firm's pension fpnd congr;butions. Oncefthe
multiperiod cost function has been specified, the‘optimum‘
multiperiod contributions are determined b§ equating tﬁe
expected .marginal cost of contributions (adjusted for the )
expected return on the pension fund portfolio) to the firm 8
intertemporal opportunity cost of contributions., Proponents
of this position claim thatithis dpproach integrates the

investment and ¢ontribution decision for the firm's pension

fund. ’ - ¢

- N ~

Two major efforts in this:area are by Tepper (1972) and
Hill (1978) and are discussed below: ' L _

Ty

B-1<1. Tepper's Model? ' ' . -

Assuminé a convex adﬁaglve~ﬁult1period cost function,

\cgg\if expressed as: N -

\ . DY f

Bin = V(G + EIV(C)] B eerivnainnerernsionionidl

.

- Tepper's twoégeriod_mbdel

t

subject to . . ; o S o

CI > max (0, Al l;!in+Bl'Ml;)‘ . . <
Cy > max (0, A, Qin + By - My)

-

N -
N - '

- where ¢ =. the objective functibn ' ‘ .
C¢ = ‘level of cbnttibution at the beginning of - = "‘N*‘
o T period t C EO St ' '

N

o/ . i
e .
B - - v
. .
.
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" "and expected costs for all fﬁtu;e periods.
kS -

-4 .3

'V(Cf)-- a modotonically increasing (V'(C,) > 0) ;pd
convex (V" (C¢) > Q)_cost function
By = benefits paid in period t
My = .marﬁet value of the pension portfolio at the

- ' beginning of period t C

p. = discount factor reflecting the firm's

_ intertemporal opportunity cost of contribution
o C (1 1+4rx t&pe)‘ '
okt = gross return (l+r &ype)'oﬂ pensi&n portfolio k
during period t -
At:hin =’ ﬁinlmum‘required levelgnf-pénsiqn.assets in

2 pefiéd t determined by the actuarial
apsqmptiong ‘

v
‘ .

The optimal contribution stream can be determined by:
‘, * ' * . .
v (Cl‘ )-P . E(V (Cz ) pkl) ..............4.-2 ?

Where‘cl*.and Cz* are the optimal contributions
which depend upen the firm's discount factor for the next
ferlod'é contribugions,'P , and the rate of return on the
fund’'s portfolio. Operationally, this requires solving 4,2
for all possible portfolio returns and simultapeously
choosing Cl*- ci* and tgé,portfolio S0 gs to-minimise
¢ j . In amultiperjod context, it requires recursive

dynamic programming and knowledge of the portfolio returns

The iﬁclusioﬁ of uncértainty and the nature and
deterpinqtibn‘bf the cost funcvipn require further
discussion. Since Tepper assumes that V'(C;) and‘pkt gre
independeﬁt, he gives no explicit cppsidgratioﬁ to the

impact on pyge of the effect of:the~uhpertainty in the

‘capital market return, and of the firm's cost of

contributions on the contribution stream. The' model first .

requires -that one choose a .pension fund portfolio and then
. ’ \ v

R 1]
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determine the contribution level by discounting the expected
return on this portfolio by the appropriate rate,

Uncertainty in the portfolio return enters the solution only
as:

"A positive change in the mean will decrease, and a
positive change in the standard deviation will

increase, the expected costs of pfoviding pension
benefits.” (Tepper 1972, p.132)

) Although Tepper's model recognizes the interaction
\\ between pension contributIOné~aﬁd pension fund investments ,-
it has limited practical value. ' ’ )

B-1=2., Hill's Model

Fi1ll (1978) and Frankfurter and Hill (1980) have tried
to extend Tepper's model by assuming a linear cost function
and miniwiiing the present value of the firm's contributions

to its pension fund over a:pre-specified horizon.‘

Their
objective function is expressed as:
n =
Min‘ - E dtrotct Coconcoaocnontcn‘.c-'-oc.c0000-0,004-'3
t=1

whene-C£ = level éf‘contributions in beginning of perfod t

ot = the firm's discount rate or opportunity cost of
. contribution in period t

- n
dy’ = (T, (I+ro)”! for ¢t 4 1

=1 for t = 1 ’ : .

1, 2, +esceess n where n is tﬁe‘pré—spécifieq‘
horizon date A

Il

. The actual minimization process is

ried out in five °
steps.

first, the firm selects th ‘bgcurities to be

included in the pension fund portfolio. '

Second, -1t
-.calculates the mean-variance efficient frontier for each
pefiod.6 Third, it selects an apptopriate'riak level for

"the pension fund portfolio and then calculates the expected

Q1

P
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_opportunity costs of contributions for each period Fifth,

risk level and uppe

-4' -75'" ’ .

3 -

return and the composition of the.portfolio for each period

in the planning horizon. Fourth, it estimates the

using the knowledge of expeeted returns on the pension fund
rtfolio and the cost of contributions, the contributions
are optimized to minimize their present véiue. The -
minimizatToen 1s only carried out after setting the
constraints representing minimur funding'levels, cash flow,
limit -on investment on each becurity.
One of the major problems with Tepper's model was the
specification of a convex cost function, which led either to

very complex intermediate solutions or &o -vVery simple

'extremé%cases. Hill argued based on developments.in the

cost of capital area7 that firms are expeeted to face
linear cost functions (constant marginal costs) for capital
and thus the objective ‘function can be made linear. With a
linear objective function, however, nothing distinguishes
the pension contributions from ah§ ether cash outflows. The

problem thus becomes similar to a working capital management

‘issue and must be solved on'a firm-wide basis rather than in

,iéolation as Hill chose:to-do. ) . o

Another ‘serious deficienc&‘with both Hill's and
Tepber's cost functions. is that they both 1gnore'the

non-taxability of returns_earned on ‘the pension- fund, Their ~

compafisons of the cost of contributions and the pension

fund‘returns are, therefore,.not valid. Although they both

. recognize the tax deductibility of contributions, their
: empirical work -does not adequately investigate its-‘impact.8

If the after~tax cost of contributione is used as the

opportunity cost in Hill's five models (1978,p.144), the

6ptimal solutions would most probahly be corner selptionsg;
i.e., all contributions would be added to the pension fund
at the beginning of the planningﬂhofizon and no optimization

would be necessary,
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s Hi1ill’s treatment of the changing nature of the firm’s
opporfunigy cost kdiscount raté) and uncertainty'in thé
investment returns on the pension fund portfoldo asséts must
also be considered. Hill avoids exploring the ‘
interrelationship between the discount rate and'thg expected
return on investment. by specifying thenm arbitririly. .
Instdad of integrating 'the choice of a discount rate into .
the pension fund portfolio selection process, the model \

"treats the discount rate as exogenous. ‘In addition) the

penéion fund portfolio selection decision is completely

Bk it AR S L it dhat SRS it el it i S R o i o o o
.
.

independenq_of the coantribution decision. More

specifically, in her model, two fifms'with the same risk

T T TR AT @R e T R T T T T TR R T T YRR TR TR TR g s T

constraint but very different hulti-periqd discount‘rgte/
streams will dhoose,idéntical ﬁortfolios: only the timing
and the amount of the contributions will differ.lO Thus,
the inclusion of uncertainty in Hill’s model is identical to
that in fepper's model. In both models, the ‘efficient’
frontier is determined independent of the nature of the
return on the firm’s assets. Neither of the models
addresses the issue of pension fund portfolio selection. No
efforts are made to include the intkraction between the
‘Qiscount rate (ry¢) and the pension‘;;EE“R?rtfolio return in

the portfolio selection process. A

’

In summary, Hill's extension of Tepper’'s model has
provided some useful guidelines for pension planning by )

identifying the constraints and the institutional setting.

It does not provide adequate guidelines for the pension fund |

portfeglio selection proﬁlem.

‘

s,

B~2., Option Theory - Application

<

fhis approach.(Sharpg, 1976;’Trejﬂor et al., 1976)

°

views the establishment of the pension funding and

O
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investment policy as a game between shareholders and
employees (as beneficiaries).l! Consider the impact of this

appréach on both uninsured and ingu{ed funds,

B-2-1. Uninsured Fund

/

g Assume that at the beginning of the next period,
employees hold a contract to receive a retirement benefit of
L2.‘ Let the value of peunsion fund assets at the beginning
of each peripd be Ay, and Ay, respectively, such that A, = A,
(1 + T), where T is the uncertain one-period return on the
fund. The actual amount the employees will receive can then

be given by 'Ljy:

Lz*-inf Ay 2 L3 \
-Az 1f A2<L2 l.lll.lbt‘..ll...i.Il.OOD.'.\Caol.

In effect, the employees h;ve sold a put option on the
fund's assets with an exercise price of Ljy. The uncertainty
of r will be reflécted in the value of the put and will be a
function of A;, Ly, variance of f and the remaining life of
the option (in this case one period). If the beneficiaries'
claims extend only to the pension fund assets (such as is
the‘case in Canada), then the firm can increase the value of
the put by investing in those Sec;rities which have a large

expected variance.!?

1f the employees can increase the value of their claims
by extending them to the firm assets, the option framework
can still be used to eva1uate these claims. The variance in
tﬁis case can be expressed as a combination of the risk
asgoéiated with the pension fund assets and with the assets
of the firm and the correlation between the two.!3 TIf the
employees cannot adjust‘their current wages to account for
risk, then the firm will vant to underfund and/or increase

the riskiness of the fund's assets.

'

o

= g7 -



B-2~2. 'Insured Fund \ ‘ — .

"l“l 8--

.

This case assumes that the pension benefits are insured
by an external insurance agency, The 1nsurance7premiums
will offset any change 1in the funding or investment policy
of the fund, and there will be no single optimal funding
policy.14 In the absence of a competitively determined
insurance prémium, the firm will have &n incentive to .

underfund and/or invest 1in riskier assets. s

B-2-3. Summary ,

The main positive implication of this approach lies in
‘the recognition thdt pension benefits can be analyzeduin'the
framework of option theory. 1In the ahsence of an insurance
contrﬁct, a ffrm which expects no adjustment in the wage

contracts with i1ts employees will invest® in risky assets or

. underfund the pension plan, Alternatively a firm which

o

‘treéts pension benefits as fixed liabilities (or whose

employees can renegotiate the wage package), the option
theory approach gives no guidanée for investment policy.
So 10%& as the wages and the contribution rates and
insurance premiums can be negotiated, the policy
fmplications of the optioné framework (namely, underfund
and/or increase the riskiness of the pension fund) have

limited relevance to the trusteed pension plans.

B-3. Simulation ApproachlS

This heuristic approach tries to select 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 the&(

plan sponsor regarding risk®and return; 3) the legal and

" internal constraints on the level of funding and

contributions; and 4) current and future capital market
U '
J
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| conditions, Sensitivity analysis is used to evaluate the

o impact of each of the four eléments on the firm's current

and future financial health,l6

! . The most significant, contribution of the simqlation-
approach has been the explicit tecognitio; of the
relationship between alternative asset mixes and pension

- contributions., There are, however, four majgr

: ( deficiencies. First, these models depend on forecasts of
‘expected long term 1nvestmeﬁt returns and pay inadequate
attention to the pension fund's liabilities. The modeis

5 have ggggested very similar equity bond mixes (ty célly

L@ 60/40) forjblans with widely different liability’
characteristics,l’ Moreover, the indicated‘equity boné
‘mlxgs depend critically upon the quality of the.forecasts

v

usedols > N ) . . -

:( ) ) Secondly; these models ignore the earning ‘
characteristics of the pepsion’spoﬁfor. It is quite
conceivable that,rﬁy choosing appropriate securities for the
pension p;rtfolio, the firm may be able to achieve an
adequate risk-return trade~off while simultaneously

achieving a satisfactory stream of future pension

contributionsﬂ

(Y

v

o Thirdly, these models rely exclusively on the total
variance of the fund portfolio as the risk measure, thereby
I ' ignoring the relationship between the returns earned on the
pension fund assets and those earned on the firm's operating
assets. More specifically, implicit in these models is the °*
assumption that the cost of contributions for the firm
remains constant, regardless of their magnitude and timing
and that the maﬁagement of the fund's asséis and the firm's

operating assets 1s completely separable., Finally, no

("“7 guidelines are pfovided for asset selection within each

category;lfhus no provision is made for evaluating the

s

- Q




impact of chénges that could be made ﬁithin,each asset

category., )

B-4. Tax Arbitrage Approach

K

As discussed in detail in the last chapter, Black
(1980) and Tepper (1981) have concentrated exclusively on
the taxation aspects of pension plans and have advocated a‘
fully-%unded, all-debt pension fund.19 1n their argument,
the pension fund assets are treated as part of the firm's
assets and the all-debt pension fund investment is financed '

by firm-issued debt, & v

It '1s interesting to note. the diffrerence between thé
conclusions derived from the tlax arbitrage approach pnd
from the option thgory approach, In the tax arbitrage
approach, the pension fund is invested only in bonds
(traditionally considered to be risk-free).. The firm
derives its benefits from the reduction in its éaxes. In
contrast, the optioﬁ theory approlAch suggests that the
pension fuéd should be invested in risky assets only, and
the firm benefits at the expense of the beneficlaries,

These contrQétfﬂg conclusions are not surprising., The tax

arbitrage approach assumes that the benefits are to be paid

with certainty, therefore, .its objective is to take maximum
advantage. of the tax treatment associated with the pension
fund and the firm debt. On the other hand, since the option
approach treats the pension benefits d&s being risky, its
objective i; to tranpfer as much rfsk as possible to the

’beneficiaries for the benefit of the shareholders. . '

B-5.: Summary

The four approaches discussed above clearly indicate

)

the diversity of views regarding a pengion fund's investment
%olicy. The consumption-investment approach claims to
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integrate the contribution and investment decisions, but

fails to account for the relationshig'between capital market
rates of return and oppértuﬁffy costs., The option framework L
concentrates on the ability of the firm to.bénefit at the’
expense of its employees or an insurance agency. The
sinulation approach depends critically oh,forecasts and may
lead to very similar asset mixes for firms with strikingly
different types of earnings and pension liabilities. It
also provides no guidancé for the. optimal composition of the
pension fund portfolio. The tax arbitrage approach is based
entirely on the tax minimization principle. It assumes th;t
the pension fund and firm can be conmpletely integrated ,and
thaé\other, léss costly, ways of tax arbitrage are .
finavailable to (or exhausted by) the firm and its

shareholders,

LY

a

C. MODEL FOR PFNSION FUND INVESTMENT,

C-1. Introduction . _

\

.

It i1s well known that, in a world of homogeneous
expectations, investors will hold identical (market)

portfolios of risky assets and a particular firm's choice of ™

ite portfolio of assets will involve markeft value v
maximization, If 'home-made" diverfification is assumed to
be costless, then investors' attitudes towards risk will

have no direct influence on an individual firm's investment

portfolio decisions. 1If,however, there are market Co

imperfections and investors have heterogeneous expectations
(with obvibusly heterogeneous portfolios), then under
uncertainty,—the conditions required for shareholder

1

unanimity will not be satisfied, 20

™
’

-

Traditional attempts to model a firm's Beh&yiour under

uncertainty and imperfect markets have’been based either on

n
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the firm's production function or on maximization of an

institutional utility function,2l The latter is

particularly'popular in the area of financial intermediation
and 1s used in the ?odel proposed below. These models
typically use mean-variance type utility functions. -The
limitations of such models have been discussed in the
l-it:_erat:ure.‘z2 The limitations specific to éhe model

proposed -here are discussed in section C-4,

This model assumes that the firm's management views the
pédsion fund as fart of its total asset mix and chooses an
investment policy thag maximizes the following prefefence
function: G(E(W), V(W)) with 3G/3E > 0 and 3G/3V < 0 wHere -

._E(ﬁ), V(W) are the expectéd value and the variance of W. In
this'function, W refers to the combined end of period value
of the fund's assets (minus the benefit payments) and the
firm's operating assetsL It is further assumed that both

the funding level and” the nature of the firm's operating-

o~

L——

assets are fixed during the period under congideration.23

< . Some of the issues confronted in determining an optimal
‘fund§ng level are discussed in the last chapter. Thus, the
i - < " use of fhe preference function requires the maximization of
the returns on the fund's assets subject to a 'consolidated'
risk constraint, This 'consolidated' risk is a combination
of the risk of the securities in the fund portfolio (their
variance) and the covariance of their returas with ‘the

returns on the firm's operating assets (see section D).

*C-2. Assumptions and Constraints

- - -

In order totdevelop the basic model in the next
gection, the.following additionél constraints and
assumptions are made. First, it 1s assumed that the pension
‘benefits are riskless and thus are treated as a fixed
liability for the firm.24 This means that the fif; cannot

‘transfer. risk from its stockholders and bondholders to the

PO ‘ -
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beneficiaries, therefore, no canflict of interest .exists

ot o4
™

between these EyO'parties.ZS Secondly, it is assumed that
the pension fund's investment policy 18 “the only decision to
\ " be considered., The nature and amount of ihvestmen% in the

firm's operating assets are exogenously given. The conmbined

:
T P SN

effect of these two assumptions is such that the preference\
function can be specified as maximizing the end-of-period
cash'flows from thé fund's assets subject to a risk '
constralnt.
Xﬁhirdly, although pehsion'plan liabilities ;re
generally long term in nature, the analysis of the portfolio
- pelection problem is conducted in a single- period

frgmework The implications of such simplification have

already been well décumented in the literature.26 Pprevious.
»  attémpts to develop operational, multi-period Optimizations~

using dynamic programming (Bogue and Roll, 1975) have

required tﬁe determination of intertemporal discount rates
g ( § ~ (Robicheck and Myers, 1966) which has severely limited their
" use. Rubinstein (1976) and Bhattacharya (1981) ‘have shown
the stationarity conditions (for the risk free rate, market
Price‘of risk and aggregate utiIity‘functions) required éo
extend a single period valuation formula to a multi-period
settiﬁg. Though the model developed here optimizes over a
single period horizon, extensions to a multi-period horizon
are feasible (but difficult) provided that estimates of
probability distributions of risk &and return parameters for
all future iods are available,?2’ !

4 _ 4
Fourthly, it is assumed that the legal and erusteesaip
arrangements restrict investment by a pension fund to &
limited set of marketable assets28 and .adherence to the
'prudent man',rule.29, Although the implications of these
restrictions-for 'proper inves%ment policy' are not clear,
it is hypothesized that, they require the fund to have some

°

minimum degree of diversification in its péﬁifolio.
, T

1




‘asshmed that each pension

! ~ Lo
f ’
!

Finally, as is-customiry in studies of this kind, it*is

und acts as a price-taker 1n the

securities market -and thad the prices of these securities

are determined exogenousl§.3°

I
!

C-3. Model Formulation f ;

| - ,
, | .

The objective ‘of the proposed pensiop ?und invest&ent
model 1s to maximize a preference function G(E(W), V(W)),
Where E is the expected velue, V is the variance and W is
the aggrbgatehend—of-period value of the fund’s assets and”
the firm’s operating assets' subject to the fund’s budget
constraint.3! As noted earfder, beth the level and
composition of the firm’s opegating assets and the level of

fund’s assets is ‘fixed’ durid? the time 5Friod under

s

consideration. :
Ntﬁhtion:' : . ‘
) ¢ \_ .
Let Y, " be the: valye of the fixm’s operating assets
Y, &' be the value of the pgnd%on—fupdaassets, at

the beginning of the period
Yp=T,+Y, ' denote the ’‘consolidated’ assets of

" the firm ///

Y(n x 1) is a vector which describes the fund’s

investments in each of n risky assets

v Yy >0 for all { i=1,....n )
B fs the fund’s investment in risk free assets,
n
B> 0 32 that is, Yy + B =Y,
i=1

U(n x 1) +1s the vector of‘eipected retutns (l1+r type)
on these’n risky‘assets, where
T\U = [E(R]), E(R2), seceesi. E(Rp)]’
,439 X is the expected return on the fitm 8 operating
b assets, E(R ) -
S

'
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R¢ is the‘risk-free‘rate {1+r type) .
* ~+ is the (n x 8) covariance matrix of the ratés

. _of return on the risky assets, Cov(Ry, Ry),

. fori, =1, ¢¢..n ‘ % ) -
*(ia) . 1s the (n x I) covariance vector of. the rgtes

of return on the n risky assets with the rate
of retirn on the firm assets, Cov(ﬁi, ﬁa), i=

l’ seee el
V(ﬁa) . is the variance of the distribution of ﬁa

is n x 1 vector of ones

The stochastic value at the end of the period of the

cohsolidaFed assets can be expressed as:

~

c n . i
’ W- zYkRk +'BRf+Y8Ra ;nla.ooo-oc-nu.ook‘lc.oou’.lOoSF"'
' k=1 . . . .

~

The expected value and its variance can be expressed as:

E(W) = Y' U + BRg. + Y,2Z ‘ ceeeriibeb
V(W) = Y'Y 4+ Y2 V(RL) + 2Y, Y (R, ieee...bl7

'\Thusf the pension fund's portfolio selection problepm can he

_expressed as: K<
- - ~~ N - ¥
Maximize G[E(w)’ V(IW)] l.l.‘.......ll‘...Q...'.‘...“B
Subject to Y, - Y'l -~ B =0 ’
{ .
- ‘j - a ',__/1
The Lagrangian form of the model is givén by
L--G[E(W), V(ﬁ)] +M[Yp" Y'l- B] ssevessneacch, 9
where M is the lagrangian multiplier, - .
Differentiating with respect to Y and B yields the .
following set of simultaneous equations: , - \\
70 Al .
N
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énd a]:‘ aC.:Rf-b1—l_*.0 .SL-...--..........4......_-..‘0.10})'

Elimiration of M yields thé fund's demand for risky assets
033 i
as:

3y $-1 (v - Re 1% 2y, 3 § (R,))

' Y=£
. 2 9F ... .. . . oV
or Y =1 23v -l (u - rg l)-- Y, I~1} (58) .‘..:.,.4.13‘
2 9E : b

A

Equation 4.11 shows the impact of the stochastic nature of
the return on the firm assets on the composition of the
-fund's portfolio. The riskiness of the pension -assets 1is

evaluated in terms of their own variance and their

‘covariance with the réturn on the firm's assets. An asset k

can be termed as 'diversificdtion preferred' if va(ﬁk, ﬁé)
X ,

< 0, since "a negative value indicates that the_asset k is

likely to have a higher return when the return on the firm's.

asset is low. Similarly, if Cov(ﬁk, ia) = 0, thé asset will
‘be 'diversification~neutral' and with Cov(ﬁk, ﬁa) > O,Ethe

asset will be termed 'diversification-averse.,'

1
& °
k]

The demand for the kth risky asset can be expressed as:
' bl

Yy = 1 3V Z Skh[E(Rh)- R¢] - Y quh COV(Rh,R )
aEh. 1 {} ..'.4 12

-~
H - - .
/

\qhere Sxh 15 the khth element of ‘the matrix 3'1

N

Some interesting properties of the demand for risky

tdssel can be derived from equation 4.,12: expressing Cov(ih,

ﬁa) = Pha Oh Oa where M, is the correlation coefficient and

'gh,aoa‘are the respective standard'deviations,

3. 36 . U+ 2 A6 [ Y+ va (RI-N 1 = 0 ..4.108 |
v ' .

aar t -
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aYk - -Skk -Ya o"k Oa < 0 . nulogcooo.-o.o'4.13

Thus, if all else is held constant, then the -larger the

dpka

correlation coefficient between the return on the risky
asset and the return on-the firm's assets, the smaller the
fund's demand for that asset, Similarly,

X-k = - Skk -Ya pka Uk > 0 1f pka < O on)tclb!‘o'll‘
d0a ‘

1

That is, the fund's demand for a'?divers{fication-péeferred"
asset Increases as the variabiiity of the return on the

firm's assets increases.

The proportion of investment in the kthnasset, Xgs can’
‘be easily calculated by dividing Yy by the kzllYk. It is
obvious that the optimal demand for the kth asset 1s a

function of V(ﬁk), Cov(ﬁk, ia) and Y implying that the

p’

4pptimal composition of the fund's portfolio will be firm

specific, The selection of a risky asset k, for the fund
portfolio depends upon E(ﬁk), V(Ry), Cov(ﬁk, ia), Yo (or Yp
since Ya+Yp-YT) and its covariance with the existing

pension fund portfolio. Thus, the same asset will face

differential demand by different firms.

C-4, Limitations of the Model

‘

The model determines the optimal fund portfolio subject . °

to a 'consolidated’ risk constraint, which is the"
combination of .the fund portfolio's variance, the variance
on the return of the firm's assets and the covariance
between the two., The particular choice of this )
'consolihated' risk levelldetermines the actual return on

the fund's portfolio and, therefore, the firm's contribution

¢

.
’
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to the pension fund, If a firm wants to maintain a targét
"funding level, the choice of the 'consolidated' risk level
will then affpct both the contribuiion stream to tﬁe pensi&%
fund and the cash flows available to the firm's

shareholders. - - >

The exact effects of the partfcular-choice of the
'‘consolidated' risk level and the resultant cash flow will
depend upon the shareholders' preferences and thelir
portfolios. 1If the firm's shareholders hold
;ell-diversified portfolios, the effect of a change in the
risk level may be only of secondary importance. It may,
however, involve 1) knowledge of tke new risk
characteristics and 2) transaction costé to regain the
@esired risk characteristics. For investors who hold
wndiversified portfolios, a substantial cﬁange in the risk
level of the fund's portfolio may involve costly offsetting
transactions to achieve home-made diversification. Unless
some sﬁecific assumptions are made about the shareholders of
the firm and their portfolios, it is not possible to specify/d

a unanimously approved risk level,

If it 4is assumed that shareholders do not or cannot
diversify on their own (due to informatiofi costs,
transabtion costs, etc.) then the proposed model can be
thought of as a vehicle 10 achieve diversification benefiés
which may be less costly than the home-made variety for the
firm's shareholders.34 This also appl}es to the case where
the firm's shares are held by a shareholder, (or a group of
homogeneous shareholders), who has put all his wealtp in the
firm's shares and is unable to diversify his ownh portfolio.
In the case of widely held public firms, the choice of the
'consolidated' risk level and thus the ultimate choice of
the pension fund portfolio will have to be determined by the

firm's management.

e e ety s 4t s e e e T T
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-{mplicit claim on both the fund's and the firm's assets

e d

‘-

" Even fh;ugh the ideal unsnimously ﬁreferred
'coﬁsélidated' risk level cannot be ére;specified, some
observations can be made about thé maximum and minimum risk
strategies, If the assumption of riskle;;'benefits is
relaxed, then (similar to theloption theory approach) the
firm should choose the maximum risk srategy to benefit the
shareholders by the transfer of risk to the employees., The
employees on the other hand would prefer the minimum risk

strategy.3)

To analéze the set of conditions which result in both
the employees and shareholders agreeing on the choice of a
particular risk level may be determined as follows: Assume

that a) the expected pension benefits form a substantial

.portion of the employees' wealth, b) employees have an

(that is when the fund's assets are not sufficient to pay

the promised benefits, the firm will increase its
COnfributions), c) ,the employees can negotiate thelr current -
wage and d) the shareholders hold diversified portfolios,

Ip such a situation, a shift from the minimum risk level

would prémpt the employees to adjust their current wage 8o

as to ré?%ect their higher risk adjusted discount rate

. (compared to that of the shareholders). If they do this,

then shareholders may unanimously agree that a minimum risk

policy for selecting the risky assets in the portfolio is

optimal. Such a policy will decrease total current wages

thereby benefitting the shareholders, who in turn will \
adjust the risk level of their individual portleios to sult ‘

s

their preferences,

et CIET - [P
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D. OPERATIONALIZATION OF THE MODEL

Operationally,‘equation 4.9 can be expressed as:

b

i m m
Minimize I I Yy4¥y Cov(Ry,Ry) + va2 v(R,)
i=1 j=1 .
¥y m L.
) + 2 I YiYa Cov(ﬁi,ﬁa)
iml , e
. . ’
.= MCI Yq4 E(Ry) + Y5 E(Rp)) codb 1S
i=1 -
SU‘bject to Yi > 0 i .~i_" sseoll
. ) ,
' _ - L Yy + Y, = ¥y ’
' 1=1 - ‘ ‘ «

3

Divfdiné equation 4,15 by YTZ and the constraints

by Yr, the model can be expressed in percentage form as:

v
m m

Minimize I z xixs fov(ﬁi,ﬁj) ’ LN
-oi=l j=1 .
Xy ] : o
+ 2 I Xixa COV(ﬁi,ﬁa) .
i=1
13 m o ~ -~ '
- M(Z Xy E(Ry) + X, E(ra)) “easbi16
i=1 A
{ ) N .
Subject to Xy > 0 i =1h ....n .
R z Xy + Xg = 1 ‘
1=1 2

where X's ‘denote the values expressed as a ffact@%n of
total assets, that is Xy = Y{/Ygp fg; all i's and LK

3

Given that the nature of and investment in the firm's

operating assets 1Is exogenous to the investment model, the
¢

terms Xa2 V(R,) and X, E(R,) can be discarded from equation

4,16. Now the model can be expressed as:

t

B
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Lo m: m -
Minimize L =I I xixj Cov(Ri,Rj)
oo i=1 j=1
X1 m ' m
+ 2 I xixa COV(ii ,ia) - M Xi E(ii)
_i=1 i=1
* : . R 3014.1
Subject to Xy > .0 i =1i, ....m
- N m .
T .z Xy = Xp ' [ —

; : i=1 . ¢

[2

where X, is the fractio_\%f the total: assets invested

in the pension fund. . .

Note that this specification is identical to maximizing

the cash flows (or returns) from-the fund portfolio subject

m m . . m
to a 'consolidated' risk constraintigl Zfixj Cov(Ri,Fj) +21§i

j-

XiXgq Cov(ﬁi,ia). The second term in this risk constraint
makes the '‘composition of the optimal funq portfolio a k
function of the funding level (through X;) and the nature of
the firm's operating assets (through Cov(ﬁi,ia)).

A ‘ , ‘

The objective function in - equation 4.17 is quadratic in
the X;'s and thus requires inversion of an nxn covarjance

matrix, which would make it difficult to implement for large

'n. The nature of the problem is similar to Markowitz's

(1952) formulation of an individual's portfoiio selection
problem, except for an additional linear covarianée term,
the presence of this,term prevents the objective function
from being linearized along the lines described by Stone
(1973). Efficient quadratic programming algorithms,
however, now exist to solve this problem for moderately
large n.36
- .
Operationalizatioh of the model requires 1) the .
estimates of expected risk and return parameters for all the
securities, 2) control of tﬁe nunber of securities, n, for .

computational feasibility and economy, and 3) knowledge of

o

L
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the deéired degree of diversification due to trusteeship

dnd/or legal constraints, ) ~ .

rd

e

b-1. Estimation of the Parameters 0

Ideally, the estimates of the risk and return

parameters should be their expected vaiues, based upon the

"decision maker's current expectations. In all published

empirical studies of this type, the returns and variances
are assumed to be intertemporally s}ationary so that the
estiﬁates obtained from historical values are used as
unbiased estim;tes of expected future values. The same

procedure is followed here. 1In practice, the model user who

" thinks he has better estimates can easily use then fpste@d

of these historically-derived figures. -

‘ , .
D-2. Computational Feasibility by Grouping of Securities

A typical pension fund manager may analyze a‘'large

nunber of securities for possible inclusion in the

portfolio., To include such a large number of securities in -
a quadratic programming algorithm is, however, not
compu;ationally feasible., 1In this study, therefore, the
number of securities is reduced by forming homogeneous

groups- of securities.3’ These hbmogeneous groups éré then

N

used as quasi-securities in the portfolio selection stage to-

reduce the computational requirements. Previous approaches
to grouping have been based on accounting-type variables,
industry classification and/or the stochastic return on the
securities. Recent advances in elustering algorithms make
it possible to group the seEurities in an n-dimensional
space, without resorting to eithe; the multi factor based or
the traditional market model based grouping procedures;38
The details of the tradig;onal grouping procedures and th9se
of the Howard-Harris clustering algorithm used in this study

are described in Appendix B at the end of this chapter.

¢
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D-3. Degree of Diversification

i ; \ . ) b .
@

‘The degree of diversification sgiected will determine

the minimum dumber of securities (groups) that must be
inciuded in the portfolio and it dépends upon the legal
trusteeship requirements and preferences of the fund
manégement. ‘This study assumeg that a portfolio 6f at least
I'S groupsy (quasi-securities) will provide adequate
diversifféﬁtion. This sidply'adds additional constraints to
the optimization problem by imposing upper li%its on the
"individual Xy 's. To assess the effects of this constraint,
an unconstralinegd Opt%miz;tion is alsp conducted,

9
E. "THE DATA BASE

Pension funds 4n Canﬁda invest™in a variety of assets
such as cog%on stocks, goQbrnment and corporate bonds,
mortgages, T-bills, etc. They are restricted by law to
investment only in “eligible' securites. The securities‘
employed in this study attempt to represent the securities
that could/%e held by a typical Canadian pension fund.39
fhe optimization process will be based on the quarterly
returns on 192 common stocks and 11 bond indices. Only the
common stocks will be® grouped, since the bond indices .
already sebresent homogeneous groupings. The process for

selecting the clusters of common stocks is described next.

E-1. Common Stock Sample”

- ' Trusteed Canadian pension funds can,.according to the
Pension's Act, invest in common shares of only those firms
which a) have 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. It is, therefore, possible to

identify those sécurities'which have met these criteria

during each year in the sample period. Another clause in
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the Pension's Act, géngrally referred to as thek'bpsket'

clauéé, allows the'funﬂ -t o 1ﬁééstbuﬁ to.seven-ﬁercent of its.
book value in ineligible securities. A typical, 9 '
well-divgrsified pension fund, therefore, is not severely

¢ const;ainéq by the eligibi}ify clause., To reduce the
selection difficulties, it will be assumed ghat the security
universe for a typical pension fund cag be "adequately
described by the securities which are represented in the
.Toronto Stock E{shange's index of three hundred securities

. (TSE 300).40

» . -

i

. .fhe liquidity of a particular security is of concern. to
pension fund managers, a'facé borne odt by discussions with
pension fund managers, To account for these liquidity
conéiderafionsz the TSE 300 stocks were further segregated
based on thelir historica% Frading frequency. It was ‘assumed

\ that for inclusion in the samp%e, a stock must be traded

i ! either every day of the month or at least 25 days during
each moath from 1970-1979. This criteria reduced the number
of stocks in the study sample to 192.41 These 192 .

securities thus chosen are assumed to represent an ;deqhate
selection for a typlcal pension fund.4? . The quaxterly ‘

= returns at qime t for each of these 7ﬁ:cks are calculated by

using the following formula:

Tjp = Pgr - Pypoy + Dypr
Pit-l . oouo-oooou-naooooo-tq-o-Aoiﬂ

é - ‘.—
where P; is the price of the security and Dy is the per
share dividend both measured at ;;fe t. The data for price

_-and dividend were obtained from e Laval tape for the time

period 196961979.43 #

E-2. Bond Sample

~

‘( ¥ ‘ \ Tgaditionallj, pension funds hold part of their assets
in fixed term securities (see FEI surveys 1978, 1980). To

°
- ~

e - 3
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incorporate these securities in the pension fund portfolio]

e}even bond indices were included in the sample (see Table
*4-1)., For the five corporate bond indiced, holding period
‘returns were available from the research report published by
\Mcnbod,aYpung aﬁd Weir\(l981). To calculate the returns on
the remaining bond portfolios, it was assumed in this study
that a bond in ‘each caéeéory is purchased at the beginning
of éach-period, and that 1t 'had a coupon rate qorregponding
to the prevailing yield, The bond was then assumed to.have
‘been sold at the end iF the period at a price (less .05 .
percen£ for transaction.costs) corresponding to the yields -
preGail}ng at that point in time. The interest 1qgomé . b
calculations wére b;sed on the yield at the beginning .of the
period. The hbélding period_retuTn‘was calculated ﬁy '

~substituting interest incdome for dividends into 4,21,

o
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1) Provincial
2) T';m:dpaJ:s
3) Uilicies

4) Industrial
5) Corporate '

6) Gc;verment )
of Canada

\7)1“

8) K
9 v
'10) Guaranteed
. Investment
Certificate

11) Conventional
Mortgage

DESCRIPTION F T BOND SAVPLE

: ".402'6'

-

N Tz;lble 41

“

-y

Quarterly !
Assumed | Average Standard

‘Maturity " Source Maturity Return Deviation

- Mywk - L8 180

- MY Ce L% 197

- M - L0 L9

- MWk - 1.8 1.9
W - 189 . 191

Bark of Canada .

1-3 yrs.  Serles #Bl400Y  2yrs. 153 1.55
35 yrs. ' Series #B16010 4 yrs. - 151 1.53.
 5-10 yrs. Series #B140I1 8 yrs. 146 - 1.48
1O yrs.  Serles #B14013 15 yrs. REN 1.39
" 5'yrs. “Series #B14023  S5yrs. 195 . 1.97 |
Sys.  Serles #4025 Syrs. 2B 2.3

»

-

Note: * Mcleod Young Weir Limited, "Comparative Investment Returns,”
1980 Update, March 10, 1981. _
%

-
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E-3. Grouping of the Securities "

The 192 stoeks were gfouped into 37 clusters using the
Howard -Harris clustering algorithm. The criterion used to
determine the exatt number was the heuristic tradeoff
between the percentage decrease in within'group variance Vw;
and the increase in the number of groups B). The decrease %

in V,, however, was found to be  discontinuous as the number

of clusters increased. Keeping the limitations of the size

of the quadratic programme in &ind, 37 groups solution wa®
assumed as "optimal.” Tables 4-2 shows the decrease in the
variance as the number of clusters increase from 31 to 40
clusters., The number and the“names of securities in each (-
group.of the final cluster solution is reported in the
appendices C and D, respectively. The 37 groups of common
stocks and the 11 bond indices, are then used as

quasi-securities in the quadratic priframmiﬂg algorithm, -
' &

Table 4-2
# oFr G?OUPS AND % DECREASE IN Vw

4

Marginal Cumulative .
. # of % Decrease ‘Remaining
Groups in Vv, . Vg %

- 31 .800 : - 45,918

N 32 1.064 . © 44,854

33 T W425 44,429

34 L7437 43.686.

35 ) 1.198 42.488

- 36 : .388 - - 42.100
. .. 37 .594 41.506
38 514 Kﬁr972

<39 ] 2410 - 40.562 -

40 . .379 ) “40.183

N e e e ——— e e~ s o e e
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E=-4, Determination’of the Cavariance Terms P

The Hetermination of the covariance between the g;ouped
. 8ecurities qnd the firm's operating assets requires data on
the'stbchasgic quarterly cash flows f;om the firm's ‘
EBE;ﬂTin assets, since the model has a one quarter
horizon, “Ideally, the firm's management willc¢know the
exact'naturé of these ,cash flows 1n the past, as well as éhe
estimate for the next period.44 To determine the quarterly
- covariance, the estimates of their standard deviations and
the correlation coefficient between the returns‘are needed.
> ., If audited quarterly data of the returngyon the operating

.9 s .
assets of the sample firms was available; the covariance

term can be directly estimated, But since such audited data

were not -available, the following procedure was used &o

‘ ' . . estimate the covariance terms. Firstly, a proxy fér the

(o " annual returns on the firm's assets was obtained by dividing
the net income reported in the annual reports, adjusted for

¥ . B pension contributions, by total assets at fhe end of the

- ) previous year.45 Secondly, the correlation coefficients
on each of the 48 groups and on the sample fir;s' agseté
were calculated based on ten years annual (1970 -1979)
returns, Thirdly, it was assumed that the variance of the
.quarterly retﬁrns on the firm'siassets is .25 times the

‘ - varian;e of the annual Teturns,46 Finally, the quarterly
covafiance was calculated as a8 product of the correlatiop
caefficient, the quarterly standard deviation'of the group

return and the quarterly return on firm's assets. b

E~5. Selection of Samble Firms

Al

A

Four representative firms were chosen in order to gtudy
the impact of the proposed‘investment model on the . /
" ( ) ‘ composition of the pension fund portfolio. The firms, were
selected on the basis of: 1) availability of data about

/

Y
-
’

. .
o
- - . L4 T
“ . ? ’ . . ' . .
- - . . ) -




‘their pension fund market values and annual contributions;

2) ‘availability of published annual data; 3) a wide range of
ratios of pension fupnd assets to.total assets; 4) widely
different return characteristics for the firm's operating
assets; and 5) different average covariances between firm
returns and group returns. The basic data for the selected

firms are shown in Table 4-3,

Y
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_ Table 4-3 y ’
- : BASIC DATA ON SELECTED FIRMS % o
‘§ e ) Firm # s . . ! ’
‘ .1 2 3 4 oy
Agriculture Paper . Packaging v h
o ‘ ‘ ‘ & Food & R . : ’ )
Industry . . Mining Products . Pulp ° -Stationmary ° . '
1979 . - S '
. . . . IS s . . ( .
Total Assets, Y Ct.thdn 1000 100 < ¥y < 300 50 < Y < 100 50 < Y¢ < 100
(Millions) - - o . < .
Xg= Ya/Yp (F)- - 90.9 89.7 86.6 ‘ 74.9
xP- Ya/YT '(Z) . 9.1 10.3 . R 13.1‘ ) 25 1 Y e
Contribution as - X . ‘ .
% After Tax Earnings 7.4 8,5 _ 7.5 - 32.6 ) . N
% Dividends Paid 23.3 16.6 \ 3750 53.8 . N il
- ‘ ) W,
1970-1979 : - A s =3
Average Annual . ‘i . ) e [
After Tax Earmings T : e - T T
(Million’$) : 163.7 . 10.5 1.6 =- 777 2.6 i
Average Net . - . . .7 S =
.Contributions . . T : Ve
(Million §) = ° _ 6.65 " 1,250 W32 T .73
Oua\rterl% ' y - - ' . o : ‘ :
E(Ry) Z. - = 2.89 2.40 < 2.00 - 3.59 . . _ -
V(Ry) %. . 13.17 ', 4,28 . 18.05 13.03 )
L ! I3 - ‘
. ; N ;ﬁ . >
: ) .
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"' F. MODEL DEMONSTRATION AND EMPIRICAL RESULTS '
¢ e s
. F-1. Model - S
:‘ " /\ “‘{‘\ i\ A - , B ‘ . .
e The'p%?;fplio selection problem as solved can be
expressed as: // " .. - : g
g o zsg 48 .48 ) ‘
< Min - M XiF(Ri) +17 I XyXy Cov(Ri, Rj)
- ‘ . i=1" i=1 j =1
. L . - .Ql¥\8 . N . . «
° -4‘ 2 +2 ZXiX CQV(Ri’ a) ...‘......c......lﬁZZ'
[ - A "1 " ! v . M
‘ subject to. .. . .
o ' i Xq % 0 R SR FRPPPRRYY.
U,Fﬂ'lvl, . ’ : ) -
{I:‘l“‘ . 48 R .
- ‘ l"'f‘ | Z\Xi " Xp ‘
;LII"‘ s i-l. ’ N
n . .- .
‘flx] - N 4
( i H : . Xi-< FLJhere Fri' = Xp'/lﬁ for i,j.= 1, "'""48 s

“:‘\» . ' —_‘ / * - . a

he model generates an efficient frontier by varying

Once the composition of the portfolios aré known from -
the quadratic_pngramm@ng solution, the 'consolidated'
- return and risk can then be calculated by adding the return

and variance of the firm's assets respectively.

F-2. Basic Set of Results s

- . . ~

t

A - The model descrihed by equation 4 22 &as tested for the
fﬁ&r sample firms ‘described in Table 4-3. For each of the
‘fout firms an efficient frontier of 'consolidated' return
versus 'consolidated' risk was,devéloped. In order to meet-

“ the diversification reguiremeﬁps,_the fund portfolio must
contain at least 15 groups (that 1is, no moréifhgn 6.67% of -

the portfolio- can be invest in'anx one group). ﬁo‘ ’

(\) addikional constraints agé-placed on the minimum propo£tion

. of debt in the fund p(\)réfolzlo./l‘8 For;each firm, seven to

FE I /
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ten portfolios on the efficient frontier vere generated 49
The expected” return and the variance of return on the firm's
assets and the levels)of fupd s and firm’s assets are

treated as given. " Tables 4-4 to 4=7 show the results for
each of the four firms. “ o : ?/

In each table, the consolidated return 1s given .by
X E(R ) + X E(R ), where_XaE(ﬁa) denotes the- return from the
firm’s assets and XpE(Ryd dengtes that from the fund’s

A

portfolio. Thus, Row 1 =Row 2 + Row 3. The values of
Xa,xp,E(Ra) and V(Ry;) are reported at the top of eich ' v
table., The consolidated variance is X’$ X + XaZV(Ra) +

2X X’t (Ra) of equation 4.7, so that Row 4= Row 5 + Row 6 +

Row 7. Each of these three components are reperted

separately as the variance of the pension fund (X’ X X),

the covariance ZX X’ t(R )] and the variance of the firm’s
assets, Xa V(R ) The total number of groups in each of the
oortfolios and the number of the individual groups is | ‘ 3
reported next .49 The following are also reported for each

of the portfolios: a) the'actual number of common stocks \\J/
and bonds in the portfolios, and. b) the bonds ‘as a fraction

of the total fund portfolio. These selected efficient |
portfolios are reported in increasing order of

consolidated’ variance. It is important to.note’ that

" because of the covariance term no direct comparisons can be

made across firms on the basis of the ‘consolidated’ risk

and return figures.
. " /_\\

- w7 AN
+Tables 4=k to 4-7 show the composition of firm spkcific

-

optimum portfolios. ¥For example, for firm #1 (Table b=4),

none of the portfolios conteinS’any bonds and the average

‘pension portfolio contains 60 stocks. This firm has a

relatively flat efficlent frontier with ‘consolidated’
returns rangigg'iﬁ?ﬁ 2.849% to 3.077% -and ’consolioated’
variance ranging from 4.954 to 6.863. The returns on the
fund portfolio, however, vary from 2.48% to 5% (see note 2,
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Téble 4-4), At least 15 groups are included in each of the-

" portfolios, and eighi of the groups are present in both the

minimum and the maximum variance portfolios.50 The pension
fund portfolio has also enabled the firm to decrease the
"cbnsolidated' variance below the variance of the getqfn on
the fiFm's assets, while simultaneously allowing for a
larger expecteh return.

In coﬁparison to firm #1, firm #2 (Table 4-5) has
approximately the same proportion of fund aésets to totai
assets, X, and‘expected returns on firm's assets, E(R,),
but a smaller variance of assﬁts returns, V(Ry,). The
portfolio composition for this firm, however, is quite
different. In most cases, the firm has bonds in its
portfolio. Only fodr groups are common to the minimum and
maximum variance po;l%oiios of firms #1 and #2. This
suggests that the choice of a particular risk level )
substantially affects the portfolio composition, Even though
firm #2's V(R,) 1is smallef than that of firm #1, its
portfolios contain a significant proportion of bonds,
indicating the importance of the covariance term for .this e
firm. Portfolio compbsitions for the two firms are‘alqo

quite different, For example, the overall return on the

- fund portfolio is similar for portfolio #2 for firms #1

‘(2.86%) and #2 (2.737), but the two portfolios have only
five common groups. Moreover, in the case of firm #2, the.

fund has 447% debt in its portfolio.

Firm #3 (Table 4~6) has a lower expected return on the
firm's assets, E(R,) but comparable variance of asset:

returns, V(Rg) to‘firm,#l. For, firm #3, however, each

!
. portfgkfs\mtill contains bonds and again only 4 groups are

common between the minimum and maximum variance portfolios,

R

Firm f#4 (Table 4-7) is characterized by a relatively

'lgtgé pension fund portfolio (Xb = .251) and a higher E(R,)
. W :

|
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‘# Industries). Comparing the firms pairwise, the maximum’ .

'{; and V(R,) as compared to the other firms. Firm #4's
o portfolios consist mainly of common stocks and on average
these portfolios have 79 securities.51 There are eight
' common groups between the extreme poptfolios (#1 and #8) and .

the regturn onlthe fund portfolio ﬁaries from 2.82% to 5%,

ro . © It is interesting to compare the minimum and maximum
variance pprtfolios across the sample, fi{ms. "In the minimem
variance portfolios, the ?nly group common to all the four
1 firms was #25 (this group consists of the common stocks of

Cadillac Fairview, Canadian Occidental and Ivaco

number of groups common to two firms (firm #1 and #4) were

12 and the minimum number of groups common to two firms were

4 (firms #1 and #2, and firms #2 and #4). The individual

P i A

i » proportion of each of the groups in these portfolios was,
n however, quite different. 52 For intermediate risk levels,

(- the composition of the portfolios aré“also quite different.

B

The comparisons clearly show the impact of the covariance
‘ term (equation 4.13) on the fund's demand for particular
s, . .
types of assets. ‘ .

‘

In sunmary, these sets of results show the optimal
portfolio composition of the pensioik funds is significantly
affected by the nature of the firm assets, the proportiqn of
the fund assets, Xp and the choice of 'bon)olidated' risk
level, Sensitivity analysis is now condu{?ed to study the
impact of change in some of the pafameters on the portfolio '

composition,
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Table &4
OPTIMAL PORTROLIO QOMPOSTTION: FIRM #1 Xa = 909 E(Ry) = 2.885 V(R,) = 13.170
‘ ’ Xp=.001 -
Pension Fund i
Portfolio # . i 1 2 3 4 5 . 6 7
: Consolidated . )
o, ATT Return (%) 2.849 | 2.883 | 2.891 | 2.919 | 2.971 | 2.9% | 3.007
. Welghted Return on
¢ """ the Pension Fund (%) 2226 .260 .269 ~.296 .349 372 455
Weighted Return on /&:%’\ -
the Fim's Assetg (%) 2.622 2.622 2.622 o 2.622 2,622 |-2.622 2.622
Consolidated s - : ~
Variance (%) 4,954 5.103 5.146 5.175 5.383 5.592 6.863
Weig)i(ted Variance of . -
the Pension Fund (%) 1.748 |" 1.822 1.888 1.838 1.721 1.678 1.563
Covariance (%) =7.676 | =7.601 | =7.624 | -7.545 | -7.220 | —-6.968 | -5.582
Welghted Variance of s .
the Fimm's Assets (%) 10,882 10.882 10,882 10,882 10,882 10.882 10,882
' ) Total # Groups in :
. . 1 - the Pemsion - 17 - 17 36 16 17 17 15
. Portfolié ‘ ‘
Portfolio 3,6,6,9, 13,4,6,9, 13,4,6,9, 13,4,6,9, 13,4,6,9, |3,4,6,9, |3,4,5,6, -
Composi tion* #|11,13,15,(11,13,15,(11,13,15,[11,13,15, [11,13,15,{11,13,15,9,10,12,
16,18,21,116,18,21,/16,21,23, 116,21,23, 16,17,21,}16,17,21,]13,15,17,
23,25,26 123,25,26,125,26,27,125,26,27,122,23,24,|22,23,24,|22 24 25, |
L. 27,31,32,127,31,32,131,32,34 {31,32,3 {25,26,27,]25,26,27,|26,37
- 34 2|34 32 32.
# Common:Stocks:
# Pond Indices 57:0 57:0 53:0 53:0 63:0 63:0 58:0
7 Debt in Pension ‘
Portfolio 0.0 0.0 0.0 s 0.0 0.0 0.0 0.0

Note: 1) Group rumbers 1 through 37 are equity proups and 38 to 48 are.bord portfolios.

2) Tre actual retum on the pension furd assets i§ given by the weighted

return divided by X;, e.g. for portfolio #1, Ry =

L

¢

|

226/ .091 = 2,487
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- Pension Fund
Portfolio #

Consolidated
Return (%)
Weighted Return on
the Pension Fund (%)
Weighted Retum on
the Fim's Assets (%)
™ Consolidated
Variance (%)
Weighted Variance of
the Pension Fund (%)
Covarlance (%)
Weighted Variance of
the Firm's Assets (Z)
Total # Groups in
__ the Pension
Portfolio
Portfolio

Compositior

# Common Stocks:
# Bond Indices
% Debt in Pension

Portfolio

14

(y )

Note: * group numbers 1 through 37 are equity groups and 3R to 48 are bord portfoliocs. <

Table 4~5 o
_ oPTaL FORTFOLIO (OMPOSITION: FIRM #2 Xy = 897 E(R,) = 2,399 W(Rp) = 4:215
Xp = 103 . ' ) .
1- 2 3 o 4 5 6 7 - 8 9
2,42 | 2,433 | 250 | 2.529 | 2.5 | 2.608 | 2.6% | 2.660 | 2.667
21 .281 .353 377 422 456 484 508 .515
2152 | 2.152 | 2.152 | 24052 | 2,52 | 252 | 2,152 | 252 | 2.1%2
L 2.9% | 2.970 | 3.293 | 3.432 | 3798 | 415 | 48 | 4857 | s.280
538 586 777 858 | 127 | 1256 | 15| 1.675 | 2.002
-1.042 -1.055 -0.924 -0.866 -0.769 -0.578 -0.337 -0.259 -0.162
3.440 | 3.0 | 3.640 | 3.040 | 3400 | 340 | 3460 | 3460 | 3.0
18 20 16 16 17 17 16 16 15
6,8,9,16,(6,8,9,13,(6,8,9,13,11,6,8,9, |1,3,5,6, {3,5,6,8, |3,5,6,8, 13,5,6,9, |3,4,5,6,
22,24,25,116,22,23,122,23,2,113,22,23,18,9,10, |9,10,12, [9,10,12, {10,12,13,]9,10,12,
29,37,38,(24,25,29,125,29,37, |24 ,25 126, {13,22,23, 13,1722, (13,17 22, 1517 122, 13,15 .17,
39,40,41,|37,38,39, 38,3944, |37,38,39, |24,25,26, |23,26,, 25, | 23,24 25, |23.24 .25, |22 .24 .25
62,63,44, [60,41,62 145,46 48 145,46,48 137,38,39,126,37,39,(26,37,38 |26,37,4% |26,37
45,46 |43 ,44 45, 48 48 o
46 )
50:9 54:9 47:6 8625 105:3 | 65:2 6531 58:1 58:0
45.5 43.8 34.6 28.7 | 16.0 12,2 6.1 C 2.7 0.0

1
>
.,
w
an

1
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Pension Fund
Portfolio #

Consolidated
Return (X)
Weighted Return on
the Pension Fund (%)
Weighted Return on
the Fim's Assets (%)
wolidated

variance ()
Weighted Variance of
the Pension Fund (%)
Covariance (%)
Weighted Variance of

r

the Fim's Assets (%)
Total # Groups in
the Pension
Portfolio
Portfolio

Compositiors

_# Cormon Stocks:
# Pord Indices

« % Debt in Pension
Portfolio

Table 46

OPTIMAL PORTFOLIO COMPOSTTION: FIRM #3 X, = 866 E(R,) = 2.003 V(R)) = 18.05
. Xp =134
1 2 3 4 5 6 7 8
2.031 | 2.054 2.078 2.110 2.142: ] 2.185 | 2330 | 2.404
.207 320 343 376 408 451 5% | .670
1.735 | 1.735 1.735 1.735 1.735 1.735 1.735 1.735 |
9.242 | 9.414 | 9.664 | 9.859 | 10.272 | 10.565. | 12.603 | 15.39-
1.810 | 1.881 | 2.5 | 2.231 | 2.7% 2.809 | 3.20 | 3.3%9
-6.105 | -6.003 | -5.938 | -5.908 | -6.046 | -5.7%0 | 4.165 | -1.617
13.537 |43.537 |13.537 | 13.537 | 13.537 | 13.537 | 13.537 | 13.537
17 17 16 16 16 16 17 15
1,3’8’9i ls'398,9’ 1’3:8‘»9) 1,3,8,9’ 1’3’4:8) 1,},&,8, 3’4g6399 j,lg,S’ﬁ',
112,13,16,112,13,16,12,13,16,]12,13,16, [9,12,13, |9,12,13, [10,12,13,]9,10,12,
21,25,28,(21,25,28,121,25,28, 121,25 ,28, |16,21,24, (16,21 ,24, (15,16 ,17, |13,15,17
31,33,3,(31,33,3,[31,33,38,131,33,37,|25,28,31, [25,28 31, |21,22,24, {22 24,25,
38,39,40, 138,39,40,|39,40,46 138,39,40 133,37,39 {33,37,39 |25,28,33,(26,37
46 " 146 . |37
\\ }
93:4 93:4 90:4 95:3 106:1 106:1 | “68:0 58:0
26.7 25.5 .| 22.9 15.6 6.7. 5.3 0.0 0.0 -

-

°

Note: * group mmbers 1 through 37 ate equity groups and 38 to_48 are bord portfolios.

v
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OPTIMAL FORTFOLIO OMPOSITION: FIRM#4 X, = 749 E(R) = 3.585 W(R,) = 13.03
X5 = 251 . .
Pension Fund ' | -

Portfolio # 1 2 ) 3 4 5 6 7 8
Consolidated - ) /] ,
Return (%) 3.393 3.400 3.613 3.690 3.765 3.801 3.85% 13.940

Weighted Return on ’ ~
the Pension Fund (%) 708 715 928 1.005 1.080 1.116 1.1711 1.254
Weighted Return on
theé Fim's Assets (%) 2.685 2.685 2.685 2.685 2.685 2.685 2.685 2.685
Chsoli%ated ‘
Variance (%) 4.378 | 4.3% 4,887 5.141 5.544. 5.818 6.666 9.432,
Weighted Variance of :
the Pension Fund (%) 10.042° | 10.063 10.308 10.325 | 10.364 10,405 | 10,458 11.890
Covariance (%) =12.974 1-12.976 |-12.730 |-12.494 [-12.129 |-11.902 |-11.102 -9.768
Weighted Variance of T . ‘
* the Fimm's Assets (%) 7.310 7.310 7.310 7.310 7.310 7.31 7.310 7.310
Total # Groups in ' T
the Pension 20 20- 19 18 17 16 17 15
'Portfolio ‘
Portfolio 1,2,3,4, |1,2,3,4, 12,3,4,6, |3,4,5,6, |3,4,5,6, 13,4,5,6, |3,4,5,6, 13,4,5.6,
Composi t1or- 6,10,11, [6,10,11, |10,11,13,110,13,15,]10,13,15,|10,13,15,(10,12,13,/9,10,12,
15,17,18,115,17,18, |15,17,18, 117,18,21, 117,18,24, |17 ,23,24, 15,17 ,22, }13,15,17,
21,25,27,121,25,27,|21,24,25,124,25,26, 125,26 ,27, 125,26 ,27 , 123 ,24,25,122 ,24 ,25,
. 28,31,32,128,31,32,126,27 ,28,127 ,28,32, |28,32,33, {28,33¢ 26,27,28,126,37
33,34,37,133,34,37,132,33,37 |33,37 KY) 37 .-
a1 41 ‘
# Common Stocks: )
# Bord Indices . 1609:1 100:1 82:0 75:0 72:0 . 68:0 66:0 58:0
% Debt in Pension
" Portfolio 0.4 0.1 0.0 0.0 - 0.0 0.0 0.0 0.0

’

Note: ‘*~group nunbei'g 1 through 37 are equity groups and 3R to 48 are bord portfolios.

L3

J

CJ




e

IR ey

ey~

e s

F-3., Sensitivity Analysis - .

F-3-1. The effect of a Change in the Firm's Operating
,Assets:

s“ ’_‘ '

. To study the impact of the nature of the firm's

operating assets on its‘pension fund, two artificial firms

are created from the four firms described in the last

" section.”3 Because of the similarity in their asset sizes

and the nature of their businesses, 'the assets and the
earnings of firms #3 and #4 are aggregated to create firm
#5. The relevant -values of the key variables for this firm
are X, = .844, Xp = .156, E(Rg) = 2.666%, and V(Ry) =
10.775. The covariance of the firm's assets with each of
the security groups is recalculated using the procedure
described in section E-4, - ' ’

[ 4

Similérly, firm #6 1is created by merging firms #2 and

- #4, These two firms are_éelected because of their widely -

different return characteristics: The problem, however, 1s
that firm #2 1s 10 times larger than firm #4 and, if merged
directly, dominates the retyrn characteristicé of the merged

. firm, “To overcome this problem, the assets of firm #2 over,

the periodh1969:1979 (inclusive) are deflated so as to make
its 1979 assets equal to those of firm #4.°% This results
in X, = 0.816, Xp = 0.184, E(Rg) = 2.71% and V(Ry) = 3,975
for firm #6. Tables 4-8 and 4~9 show the pension fund

‘portfoliqs for firms #5 and #6, respectively, The portfolio

compositions of the pension portfolio of firm #5 can now be
compared to those for firms #3 and #4. The effect of the
change in the nature of the firm's operating assets on the
portfolio compési;ion is quite obvious. Concentrating on
the minimum variance portfolids, it can be seen that there
are 11 common groups betweer firms #3 and #5, and 9 between
flrﬁs #4 and,#5.55 The proportion of ‘debt in the pension

fund is now only 7%. Similar trends are observed when table
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4-9 18 c@mpared with Tables 4-5 and 4-7, In‘mdst;of the
.cases, chapging the nature of the fifm'sroperatipg assets
has had a signifiéan; impact on the portfolio compositjon of
the pension funds. This suggeéts that any change in the
-firm's operatiﬁg-assegs will, under the assumption 6f this -
model, require a new investment strategy for its pension.
fund.

v ) ‘
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- Pension Fund

Portfolio #

Consolidated
Return (%)
Weighted Return on
the Pension Fund (%)
Weighted Return on

" the Fimm's Assets ()

Consolidated
Variance (7%)*
Welghted Variance of
the Pernsion Fund (%)
Covariance (%)
Weighted Variance of
the Firm's Assets (%)
Total # Groups in
* the Pension
Portfolio
Portfolio

Complosition*

# Comon Stocks:

# Bond Indices g
7 Debt in Pension
Portfolio

~

vy e e e e
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Tabie 48 )
OPTIMAL FORTFOLIO COMPOSITION: FIRM #5 X, = .844 E(R,) = 2.666 W(R,) = 10.775
- . - - XP = 01%_ i
1 2 3 4 5 6 7 8 9 10
2,593 | 2.615 | 2.651 | 2.722 | 279 | 2.8%0 | 2.895 | 2.99% | 3.006 | 3.0m
343 .365 401 472 .508 630 645 .746. 754 780
2,25 | 2250 | 2.250 | 2.250 ‘| 2.250 | 2.250 | 2,250 | 2.250 | 2.2% | 2.2%0
4130 | 6266 | 4538 | 5.91 | 5316 | 5.3 | 6103 | -7.462 | 7.727 | 8.617
3.3%7 | 342 | 3.598 | 4.001 A.&a 4,029 | 4.0%0 | 4.518 | 4.516 | 4.593
-6.883 | 6.835 | 6.735 | 6.575.| -6.408 | 5.773 | -5.603 | ~4.732 | <4.464 | -3.651
1.675 7.675 7.675 7.675 7.675° 7.675 7.675 7.675 7.675 7.675
17 17 17 17 17 16 17 15 16 15
1,3’4'8’ .1’3,4’8’ 113’1"8.’ 1’3’4,8, ]’3’4,6’ 1,3’4’67 1'3,4"6’ 3,Ai6’9’ 394’516’ 3’4"5’6,
11,12,15,(11,12,13, (11,12,13,111,12,13, 8,12,13, [8,12,13, |9,10,12, |10,12,13,]9,10,12, |9,10,12,
16,21,25,(15,16,21,115,16,21,]15,16,21, |15,16,17,15,16,17, [13,15,16, |15,17,22, |13,15,17, }13,15,17,
28,31,33, (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 , 26,25,
38,39,40, |33,37,38,133,37,38, 131 »33,37,128,31,33,28,33,37 25,28,33,(28,37 26 28,37 126,37
41 39 39 39 37 37
. - f
94:4 [ 100:2 [ 100:2 | 10R:1 [ 109:0 | 108:0 | 106:0 60:0 62:0 sa\go
165 | 13.3 8.6 0.9 0.0 0.0 | 0.0 0.0 0.0 [ 0.0

Note: * group mmbers ! t:hroq;p 37 are equity groups and 38 to 48 are bond porffolios.
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- Pension Fund
Portfolio #

" Consolidated
Return (%)
Weighted Return on
the Pension Fund (%)
Weighted Return on
the Firm's Assets (%)
Consolidated
Variance ()
weighted Variance of
the Pension Fund (7))
Covariance (%)
Welghted Variance of
. the Firm's Assets (%)
Tof4l # Groups in
the Pensiom
Portfolio
Portfolio

Compositior

# Common, Stocks:’

# Bond Indices

% Debt in Pension . |
Portfolio

RS aaaa o Ll o)

- Table 49
OPTIMAL PORTFOLIO (DMPOSITION: FIRM #6 X, = .R16 Ekka') = 2,710 V(R,) = 3.975
g xp = .184 ..
1 2 3 4 5 6 7 8 9
3.753 2.757 2.767 2.93% 2.949 3,022 3.047 3.101 3.1%
547 551 .561 728 - 743 A16 841 895 | 920
2.206 2.206 2.206 2.206 22060 | 2.206 2.206 2.206 2.206
1.348 1.35 | .30 1.767 1.899 2.477 2.897 3.675 4.341 -
4,155 4,144 4123 4,009 | 4.252 4.575 5.079 | 5.778 6.390,
—5.454 | 5.440 | -5.410 | -4.989 | -5.000 | —4.745 | ~%.829 | —4.750 | ~4.695
2.647 2.647 2.647 2.647° | 2.647 2.647 |1 2.647 | 2,647 2.647
21 22 22 19 16 18 . 17 16 15
1)2’3’1‘! 1)2)3;4) 1’2_’3’4’ 1’3’4,6; 1$3'4’6) 1’3’415) 1,3,4,5,' 3,‘&,5,6, 3"4!516.’
6,8,11, 16,8,11, l6,8,11, [8,11,13, |13,15,17,]6,9,10, 6,9,10, {9,10,12, {9,10,12,
15,17,18,(13,15,17,{13,15,17, |15,17,23, |23,24,25, [12,13,15, | 12,13,15, |13,15,17, |13,15,17,
24,25,27,118,24,25,118,24,25, 24,25,26,|26,28,33, [17,23,24, [17,23,24, |22,264,25, | 22,24 .25,
28,31,32,|27,28,31,127,28,31,128,33,37,37,39,41 |25,26,28,125,26,28,126,28,37 (26,37
133,37,40,{32,33,37,132,33,37, |39,41 ,42 37,48 37
41,42  (40,41,62 |40,41,42 .
115:3 116:3 116:3 110:3 100:2 103:1‘ 103:0 62:0 58:0
- . . - ) '
14.6 | 14.6 14.6 12.1 10.6 4.1 0.0 0.0 0.0

Note: * group numbers 1 through .37 are equity groups and 38 to 48 are bord portfolios.
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F-3-2.  The Effect of Relaxing the Diversification

Constraint:
rd

+ //‘ 0 , ’ h . .

~The results in the previous sectapé/:;SumeJ‘a maximum
limit of 6.67% for investment in individual groups. To
study the impact of this limit Jn the’ solutions, '

unconstrained optimization was conducted for firms #2.(Table

’4-10)'and #4 (Table 4-11). The results show that the

reléxation of this 1imit allows the firms more flexibilit;
with }egard to their 'consolidated' risk. The maximum
variance portfoiio for both the firms 1s formed by investing
in only éroup #13 (Harlequin Ltd.). For firm #2, the
miﬁimum variance unconstrained portfolio now contains no
bonds at all, clearly indicating that the high proportion $f
bonds obsérved in Table 4-5 1is a result of the

'digersification constraint and not due to the preferential

variance-covariance characteristics of bonds. The
relaxation of the diversification constraint also affects

the risk-return trade-off and the optimal number of

.securities Iin each portfolio. For example, for comparable

'consolidated' variance (such as portfolio #5 in Table 4-5
and #4 in table 4-10), the 'consolidated' return and the
return on the unconstrained portfolio is higher than that
under the constrained case by 0.15% and 0.901,
respectfvely. Portfolio #5 4in Table 4-5 consists of 23
common stocks compared to 105 stocks and 3 bond portfolios
in portfolio #ﬁ in Table 4-10., Similar conclusion can be
drawn by comparing Tables 4-11 and 4-6 for’firm #4. Due to
a large proportion of fund's assets to Fonso};dated.assets;
X5 ‘
risk-return characteristics by investing in a reduced number

firm #4 can significantly alter its 'consolidated'

of securities. The ,removal of the diversification

constraint results in an increase of 0.2% in the

.consolidated return and 0.8% in the pension fund return

(compare #4 'in Tsble 4-11 with #7 in Table 4-6). For both

firms, the removal of the diversification constraint resulés
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in a sigﬁificant increase in the expeéﬁéd return for . ’
: equivalent risk levels, Moreover, they become equity

portfolios qhife in contrast to the typical asset mixes of .

Canadian pension funds (see FEI Surveys 1978, 1980)." i
3 . > o
, .
. .
Y &y «
h o
. N ] '
+ . 0‘
- A . Iy = E -
. ,
. ’ N f
. - r
. :
. . ' o .
. .
P . - . e .
, .
. ’ ' 1
- e T ‘ . . ‘ . ’
- © »
- \':A ~ N s H
. ’” - o . ,
1] et *
. . .
) ) .
. . .
. - ' .
‘ 3 ¥ > .
s ) )
vy
iy
) .
. )
. . “ \ - L} “
. 4 : T - '
. ‘ N . R - N
a B ~ ¢
. - A + - ‘l
7
s . ~
! ) v N . + L
.
- e s -
r *P‘ 'y
v . . . .
&
- » .
.
z ' * -
* . 4
! ~ 2 . +
. i .
T N . R
b - N
) .

B

- - [P — — [ U i e e e A . L M —

NP

| g



o i R HSTHVERE T T
r\ . — B 'ﬁ'. '
, . Table 4-10 , ' \ .
. ; , - " N
OPFIMAL POPTFOLIO O'MPOSTTION: Xg = 897 E(Ry) = 2,399 W(R,) = 4.275
) ~ UNCONSTRAINED: , FIRM {2 Xp = 103 ' '
¥ .
Pension Fund Co ] ’
portfolio # -~ 1 2 3 4 5 6 - 7 8 9 10
Consolidated - . - "
Return (%) 2.411 2.418 2.508 2.667 2.725 2.820 -| 2.891 2.942 3.024 3.058 -
Weighted Return on - ’ - - )
the Pension Fund (%) -4259 266- | . .35 515 .573 668 739 790 872 906 °
Welghted Return on ’ .
-_ the Firm's Assets (%) 2.152 2.152 2.152 2.152 2.152 | 2.152 2.152 2.152 2.152 2.152
Consolidated . : © - : :
Variance (%) 2.300- | 2.319 2.715. | 3.795 4.297 5.197 6.033 | 6.751 8.115 8.926
Welghted Variance of - :
the Pension Fund (%) 1.284 1.293 0.482 1.628 1.772 2.329 3.073 3.800 5.195 6.041 :
Covartance () 2,424 | -2.413 | -1.207 | -1.273 | -0.915 | -0.572 | -0.480 | -0.489 | -0.519 | -0.554
Weighted Variance of ’ | -
the Fimm's Assets (%) 3.440 3.440 -| 3.440 3.440 3.440 3.440 3.440 3.440 3.440 3.440
Total # Groups in
the Pension 5 5 5 7 7 5 5 4 2 1
= . Portfolio -
Portfolio 8,9,22, 8,9,22, (8,9,22, 16,9,13, [6,9,13, |[6,13,24, 16,13,24, |6,13,25, |6,13 13
- Campositiom* (z.,zs 24,25 24,25 22,24 ,25,122,24,25, 125,37 25,37 37 . .
37 37
# Comon Stocks: . - X
# Bond Indices 25:0 25:0 25:0 23:0 23:0 18:0 18:0 10:0 2:0 1:0
- % Debt in Pension . .
Portfelio R 0.0 - 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ; s

Note: * group numbers 1 through 37 are equity groups and 38 to 48 are bord portfolios.
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Table 4-11

, OPTIMAL PORTFOLIO .QOMPOSTTION
— UMCONSTRAINFD:  FIRM #4

Pension Fund ’
.Portfolio # .

. Consolidated
Return (%)
Weighted Return on
the Pension Fund (%)

" Welghted Return on -

the Fim's Assets (%) .

_ Consolidated
© Variance (%)
" Wedghted Variance of
the Pension Fund (%)
. Covariance (%)
Weighted Variance of
the Fim's Assets (%)
Total # Groups in
the Pension
Portfolio
Portfolio

Carpositioﬂ;‘ '

. # Common Siocks_:

" # Bond Indices -
% Debt in Pension
Portfolio

-

\E

Xy = 49 E(R) = 3585 V(R = 13

P e G

g

.03‘ )

T

k3

>

A
hY

X5 = 251 :
R - A‘ IS \- ,
10 ‘2 - 3 4 5 6 7
3322 | 3.372 | 3.813 | 409 | 4255 | 4623 | .89
0.637 | 0.687 | 1.28 | 1373 | 1.570 | 1.9 | 2.208
2.685 | 2.685 | 2.685 2.685 | 2.685 | 2.685 | 2.685
| 4.187 | 4.429 | 5.372, | 6.500 | 9.065 | 19.706 | 36.003
1390 [11712 [ 11.638 | 11522 | 13704 | 21812 | 35.873
14512 +|-14,592 |H13.576  |-12.332 |-11.949- | -9.416 | -7.180
730 | 7310 | 7310 | 7310 | 73107 | 7.300 | 7.310
12 12 13 10 8 5 1.
2,3,4,6, [2,3,4,6, [3,4,5,6, {3,4,5,6, 13,5,6,10,(3,5,6,13,[13 -
11,15,17,]11,15,17, _10,13,15, 10,13,15,413,15,17,117 | .
18,27,28, 18,27 .28, [17,18,27,{17,28,37 {37
32,33 (32,33 |28,33,37 . '
“47:0 4730 49:0 | 36:0- 29:0 16:0 ) 1:o‘k
0.0 0.0 0.0 " 0.0 0.0 0.0 0.0

MNote: * group m.mherS l' through 37 are equity groups and 38 to 48 are bord porffolios.

R i > IR
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n§-3-3. The .Effect of Changes in X, :

“increased from 25% to 332,

-l‘.. 42-

pt
To stgéy'the imaaci of a‘cﬁange in(Fhe funding level on4
“the portiélio composition, the proportion of the pension
fund to consolidated assets for firm #4 was arbitrarily '
all else remaining constant,26 -
The diversificatipn'constraint is again assumed to be '
binding. With this’

inérease in relative fund size, the firp obviouély has more

The results .arée shown in Table 4-12.,

flexibilfty with regard to th'e risk—retu:n ' .

'‘consolidated'

trade-off.,

‘“'resulted in an increased proportion of bonds in the pension.

portfolio but relatively little change in the equity
groups. The results indicape‘that for this particular firm,
. : increase in'X, reSults in a change in assét mix ffoﬁ an
all equity portfolio to a mixed debt- ~equity portfolio.q

An increase in the funéing level of 1ts pension fund will,

therefqre, result in fundamental changes in the ‘portfolio

" composition of the optimum portfolios and will be ‘firm

specific.

»

It is interesting to'note that this has also ) '.."n




Pension Fund
Portfolio #

Consolidated

Return (%)
Weighted Returm on
the Pension Fund (%)
Welghted Return on

the Fim's Assets (%)
Consolidated

Variance (7)
Weighted Variance of
the Pension Furd (%)
Covariance (%)
Weighted Variance of
the Firm's Assets (%)
Total # Groups in
the Pension
Portfolio
Portfolio
Composi.tiorf

# Common Stocks:
# Bond Indices
% Debt {n Pension

Portfolio

OPTIMAL PORTFOLIO COMPOSTTION -

o ane s
—

L]

Table 4-12

- AR I O AR A b i e My it S TR PR VR ]

JpRPRETREI.

°

Xp = 665 E(R,) = 3.585 V(R) = 13.03

- FFFRCT OF X;: FIRM #4 . ¥p= 335
1 2 3 4 5 7 8 -9
* . - -
3.23 | 3.264 | 3.521 3.685, | 3.815 | 3.848 | 3.940 | 4.015 | 4.058
8% | .80 | 1w | 1300 | 1.31-] laes | 1.5 | 1.631 | Le7s
2.384 2.38 | 2.38 | 238 | 2.3% 2.384 2.3% | 2.384 2.38 .
3.760 | 3.83t | 4.99% | 6.091 | 7.510 | 8.006 | 9.977 | 12.484 | 15.354 - < .
. , ., R
10.066 10.123 11.888 13.211 14.492 14.849 . 16.348 18.674 21.162 =
~12.048  [-12.054 -|-12.655 - {~12.882 |-12.744 {-12.595 |-12.333 |~11.952 . |-11.570 T
. A g .
5.762 5.762 | 5.762 5.762 | 5.762 5.762 5.762 | 5.762 5.762
23 - y23 21 2. 18 17 18 16 15
1’2’3’4’ 1,2!394, 1!2)3)4’ 113’4’5’- 1)3’4i5) 1)3)4’5!~ 3’4’5’6! 3)4)5,6’ 3’4’596’
6,10,11, {6,10,11, |6,10,11, |6,10,13, 16,10,13, l6,10,13, 10,12,13,19,10,12, 9,10,12,
15,17,18,115,17,18,113,15,17,|15,17,18, [15,17,24, (15,17 ,24, ]15,17,22, |13,15,17, 13,15,17,
21,27,28, 121,27 ,28, 18,2425, 124,25 26, 125,26 ,27, 125,26 ,27 , 123,24,,25, | 22,24 ,25, |22 .24 25,
31;{,32 »33,132,33,34,27,28,32, 27 »28,32,128,33,37,128,33,37 126,27 ,’28, 26,28,37 }26,37
337,40, 137,40,41, 33,37 ,41,{33,37,47, |47 48 |48 37,48
41,42 ,47 1462 47 48,147 ,48 |48 -
48 .
106:5 7 105:5 112:3 7 | 114:2 107:2 107:1 66:1 \62:0 58:0
25.3 | 24.3 14.4 102 7.0 6.7 5.9 0.0 | 0.0 ' \

4

Note: ‘* group mambers 1 through 37 are equity groups ard 38 to 48 are bond portfoliocs. , —-=
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6. CONCLUSIONS AND IMPLICATIONS

“ In this chapter, a pedsion fund investment policy model

wags developed. Operationally, the model maximizesg the
returns on{;he fund portfolio~subject to a ‘consolidated’
risk constraint. The model 1s similar in spifit to those
in the financial intermediation literature and the-portfolio
implications of non-marketable human wealth. The model is
tested with a universe of 192 common stocks and 1l bond -
indices for 4 sample Canadian.firms for which data was |
readily available. After presenting the basic results,
éensitivity analysis was conducted to test .the impact of

varying some important parameters on the model solution.
s
1S

e

1

v

The overall results Iindicate that. the 9ptimal»fund<

portfolios should be firm specific and will differ widely ¥

for different firms. Any change in the risk leyel, the
nature of the firg's oberatiqg assets and/or t@é funding
level must be accompatiied by a change in the portfolio

¢

composition of the pension fund. Moreover, it is not

'necessary for all the firms to hold bonds in their fund:

portfolio -{even in the minimum variance case) because an all
equity portfolio 1is more efficlient. This has some important
implications for the fund’s asset mix decisions.

i
2

The portfolio composition of the fund will differ for
different firms even for the same ‘fund’ risk. Thus, é firm

following the investment policy suggested By this model will

"have to interpret the standard portfolio performance

measures for 'the evaluation of its fund performance more
carefully. Specifically, since the optimal fund portfolios
are firm specific, the use of the usaal portfolio measures
based on a market Index as a benchmark portfolio is open~to

question.

&



. R ’ =84 42U~

o

The réle of a fund manager, according to this model,
involves supplying.estimates of expected return, variance
and covariance for individual securities ané then the model
solution will determine the preferred proportion of stocks
and bonds for the fund. Unless these estimates are
freqhently revised, the fund will folldw a''passive'

investment strategy,

u o T ew

5
xa

The investment policy for a%pension fuynd under this
model, therefore, integrates the fund with the firm and
considers fund°management as an integral part of firm

midnagement.
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t

GROUPING PROCEDURES AND HOWARD - HARRIS ALGORITHM
A. GROUPING PROCEDURES

Grouping procedures based on the stochastic return on
the securitfes have heen most popular, due to the
availability and parsimony of the required data. Actual
groupings have been based on either the generalized factor
nodel (as in the arbitrage pricing theory framework) ot on .
the traditional single factor market model.

»

A-1. Multi-Factor Crouping

It is theoretically possible (along the lines suggested
by Roll and Ross, 1981 and Reinganum, 1981) to resort top one
of the many factor analysis techniques to identify the basic
underlying factors in security returns and then to partition
the gsecurities into homogeneous groups based on their factor

_loadingf. The empirical results using this technique

(though’ still in their ‘infancy) show that the factors
critically depend upon the sample size and the nature of the
securities in the sample and that they are not generalized
to all subsanples (Gibbon, 1981; Kryzanowski and To, 1983,
forthcoming), Therefore, the use of factor analytical
techniques will have to wait until more comprehensive and
extensive testing of factor congruvence is conducted,

A-2.,  Market Model Based Grouping

two procedures based on the market model have been
erployed to efficiently group securities. -

A-2-1, Parameter Type Grouping

[}

, The parameter type grouping technique involves 1) using
a market model to get four descriptive statistics, a, Oq, ?

* and GE for each security (where @ and are the intercept

and sflope ,of the market model, and Oup O are—theg{%
respective standard errors), 2) using thebe four des®riptors

-in a factor analysis to derive significant factors and 3)

using these significant factors in the cluster analysis to
form groups.1 The use of the four descriptors, instead of
just a value, allegedly avoids the problems of estimation
errors mertioned by Frankfurter et als(1971, 1976)., The
approach, however, has two major drawbacks. First, it
assumes that the residual variance of every security is
ingignificant, and secondly, that the covariance between the
residuals of any two securities is zero. Both assumptions
have little empirical support especially in the Canadian
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context.2 Covariance t;Bﬁﬁgrouping procedures have been
proposed in order to overcome such exclusive reliance on the

market model .

A-2-2.¥~Covariance Type brouping

‘Based on the work of King (1966), Cohen and Pogue
(1967) and Elton and Gruber (1970, 1971), Farrel (1974) has

" suggested a procedure which groups securities on the basis

of their collinearity statistics., The procedure involves:
1) using the market model to derive the residuals, 2)
obtaining a correlation matrix of residuals for all
securities in thé sample; and 3) forming groups, using a
stepwise clustering procedure on this residual correlation
Although this procedure explicitly accounts for
qovariance, it still depends upon the market model
¢ imensional clustering. To avoid such dependence
this study therefore uses the Howard-Harris hierarchical
clustering algorithm to achieve the grouping of securities
in an n-dimensional space. '

B, HOWARD - HARRIS CLUSTERING ALGORITHM

This algorithm achieves the clustering of securities by
using an objects~by-variables matrix as data and the
criterion of minimum within-group variance at each level of
plustering.3 The input data for this study consists of the
‘quarterly securities returns, which are treated by the
algorithm as variables. The algorithm can be briefly
described as follows:4

Let the number of objects (securities) being clustered
equal n, each object being measured by N variables
(quarterly returns). Let the objects be denoted by Ry, Ry,
esseee Ry, each’Ry being’a vector (Ryy, eeeee RyN) in an
N-dimensional space. Let P(S, p) represent a p-fold
partitioning of the set S into disjoint subsets, L, M, and
s0 on., The problem of hierarchical clustering may then be
stated as follows: given a set of objects Ry's, partition S
into subsets that are simultaneously as internally
homogeneous and as mutually dissimilar as possible, where
dissimilarity between Ry and Ry is defined as (euclidian
distance): )

m s
'l(Ri‘Rj)lz'kzl KRix = Ryk) | 2 ceensesvesb B

-The total variance, Vp, of all n members in § can be

written as:

m m
- VT - __l_z z ,(Ri- Rj)l 2 ceaveesah.19
’ 2N'k=1 =1

TS

v R g e = -

G et



Lo,

152

RO Sl M et A

ST T T RTTEEET R T e

B3 DA L Pyl Gl SR B 2 ate S8 2 ahsntiiate B
- ?

&

-

A A

-
v

&,
which can be divided into a within—grgup variance, V., and a
between-group variance, Vg where V, can be obtained by :
Ve = z Vi serresoendb 20
> Le P(S,p)

The criterion for optimally partitioning S into P
groups 1s: find P(S, p) so that V,, ds a minimum. The
optimal number of clusters will be determined heuristically
depending upon the tradeoff between parsimony (i.e. fewer
cluster) and the decrease 1in within- group variance, V.,

o

- APPENDIX B - FOOTNOTES

1. Frankfurter and Phillips (1980) use this.technique to
form 40 groups of 522 securities in a two dimensional
cluster analysis. An identical procedure is followed
by Hill (1978).

2. See Levy (1978), Jensen (1972), Friend et ale(1978),
Kryzanowski and To (1982), Morin (1980) deal with the
Canadian situation. o

3. Many techniques are available for clustering
longitudinal data. For a review, see Cormack (1971).

4, The discussion which follows is entirely based on Green-
and Rao (1972), pp.207-208.
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APPENDIX C

4 OF .SECURITIES IN EACH GROUP
FOR 37 CLUSTER SOLUTION

o /

. /l‘ # of
Group # / . Securities
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. v 2 /
COMMON STOCK SAMPLE AND CLUSTER #

b4

SR - St

]
CLUSTER # CO # TICKER NAME .
1
7 ALC ALGOMA CENTRAL
8 ALG ALGOMA STEEL
11 B . BELL CANADA
1€ BCSeA BeCe SUGAR * A"
17 BCT BeCe TELEPKCNE
18 BLeA ERASCAN *A"
19 BMO BANK OF MONTREAL
21 BNS BANK CF NOVA SCOTIA
2¢ CCTaA COA CEMENT
31 CDL «A CORBY'S DIST ILLERIES *A*
X . 35 CGT CONSUMERS CAS
N o 40 CKeC CDA PACKERS INCe. )
42  LCL CANRON INC * A"
44 M CDON IMP BANK CF CCMMERCE
; 46 CMG oA CANADA MALTING
P 49 CPW A CALGARY POWER ‘*A!
: 5% cuU CANADIAN UTILITIES,
65 DFS.A DOFASCO *'A!
6% DMS COMINION STORES
7€ FGC «A FEDERAL INDUSTRIES LIMITED *A"
78 FMC FOURD OF CANADA
81 GHL GREYHOUND LINES CANADA
84 GST GENSTAR
92 HOL «A HOLL INGER-ARGUS
S7 IAC I.A.C.
101 IMS .A IMASCC i
102 INL INLAND NATURAL GAS
102 IPL <A INTERPROV PIFELINE SV
114 LBT A LABATT ,JCHN *A"
125 MTT MARITIME T & T -
127 NBT < THE NEw BRUNSWICK TELEFHCNE COMPANY
130 NFL oA NEWFCURNDLAND LIGHFT & PCWER COMPANY L
147 RIN.A REDPATH INDUSTRIES
153 RY ROYAL BANK
154 SBG WA STEINBERGS 't A®
161 STE .A STELCC *A!? ‘
163 STR STANCAKD BROADCASTING
164 TD TCRONTC—-DOVMINICN EARK
16% TMP . A TRANSNCUNT PIPELINE
177 UNG +A UNION GAS A
182 WDS.A WOODMARD STORES 'A?
. 183 SGW oA WALKER—GOODERHAM
A
() ,

‘ . i R A 3
Ry _m-‘;nu», [ e - 1

- s LT el -
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CLUSTER # CO # TICKER NAVE
2
51 CRI CRAIGMONT NINES
. 75 FCL FALCCNBRIDGE CCPFER LINITEC
77 FLeA FALCONBRIDCE NICKEL
75 GBM GIBRALTAR VMINES
124 MP MCINTYRE MINES
143 PPT__ PINE PCINT MINES
188 SEe A SHERRITT GORCGAN - .
165" TEK WA TECK CORPURATICN 'A* )
.3 -
9 AQT ACQUI TAINE CANALA
22 BV1 BOw VALLEY INDUSTRIES '
25 CAS CANACIAN SUPERICR CIL |
68 DMP DOME PETROLEULM
- 91 HBU HUDSCN BAY OIL & GAS
N 96 HYO HUSKY OiIL
132 NMC NUMAC CIL £t GAS
137 pcP PAN CANADIAN PETRCLEUM
170 TPN TOTAL PETYRCLEUNW
181 WB1 wESTEURNE INTERNATICNAL INDUSTRIES L
188 WPL - WESTCCAST PETRCLEUM LINITEL
4 . e
( ) : 36 CHD CANACIAN HCMESWEAD CILS LINITED
. 38 cID ° CHIEFTAIN DEVELOEMENT 0
129 NCU NORTH CANADIAN QILS LINITED
5
67 DML DICKENSON VINES LIMITEC
176 UKH UNITED KENC HILL MINES LIMITED
6
, 14€ RGO RANGER OIL CANADA
7
.- 60 CUE CANACIAN CELLULCSE CCMPANY LIMITED
8
32 coe CANADA PERNANERNT ,
56 CT.A CANADA TRUSTCQ
57 CTR CANACIAN TIRE ccnpanTxcﬂ LIMITED
58 CTR A CANADIAN TIRE *A?" .
86 GY GUARANTY TRULST
134 NT NATICNAL TRLET
158 SRC «A SCOTT RESTAURANT
! ) 166 TGe A TRADERS GROUP *A"
162 ZEL . ZELLER®'S 'a!
9
47 CNW CANACA NCRTH WEST LAND
10
52 . CRK CAMPEBELL RED LAKE
.64 DEN - CENISCN MINES
&€ DM DOME NMINES
144 PTH™ PRESTON MINES LIVITED
148 RMN RUMAN CORPUORATICN LINITELD
150 RCH RID ALGUM
Q £
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CLUSTEKR # (O & TICKER NANME

— e T IS
AN !
]
]

11 .
- 30 cDG CUNSUMERS DISTRIEUTING
. 12
: 5 179 vie VULCAN INDUSTRIAL PACKAGING LierEu
1 ¢l
. 93  HOEeA HARLEGUIN *A° e
14 .
i 34 CFY CONSOLIDATED CANADIAN FARALCAY Timite
55  CSW CDA SOUTHERN PETRCOLEUM
178 uTC UNITED CANSO CIL E GAS LIMITED _
16
. S AGR » A AGRA INDUSTRIES ‘*A?
73 ELF E~L FINANCIAL
88 HAY eA HAYES-DANKNA
94 HRD <A HARDING CARPETS 'A?
115 LOMaA LAIDLAW TRANSPCRTATICN LIMITED *A"
120 MHP oA MACL EAN HUNTER @ Xx?
151 RSS « A REED STENHQOUSE * !
17
186 WM] WESTERN MINES LIMITED.
18
109 KER oA KERR-ADDISCN
131 NGX NORTHGATE EXPLGRATICN
136 OSH « A USHAWA GROUP " A*
( \ ' 157 SR STEHEF ROCK IRON MINES LINITED .
112 LeA . LOBLAW CC.
113 L.B LOBLAW COMPANIES 'B?
2o 187 N WESTCN, GEQRGE
4
1 A ABITIBI-PRICE
15 - BCF . E«Ce FOREST FRCDUCTS
i 26 CHe A CCN-BATHURST A"
70 DTC DUMTAR INC .
82 GL GREAT LAKES FOREST PROC.
- 117 © MB MACMILLAN BLCECEL
v 185 WLW . WEL. CWOQD
T, 21 -
14 BCD BRAMALEA LIMITED
89 HBC HUDSON BAY CCMEANY
116 MaS . SeBe NCLAUGHLIN ASSOCIATES LIMITED
222
3 ACK ! ACKLANDS
152 RU.A RUSSEL, FUGH 'A*
168 TIH TORCMCNT INDLSTRIES
189 WRL WESTEEL-RODSCC
23
99 IcL INDAL
110 KPT.B KEEPRITE INC.
‘145 RCL RE ICHHCLL CAMNACA
24
83 6GOC CULF CANAVA
9 1¢C6 INTER—CITY GAS
100 IMD <A IMPEFIAL QIL 'A* '
106 v ‘ leUs INTERNATICNAL
()
;. ¢
i /s




- ‘ -4.58-

!

CLUSTER # CC » TICKER NAME
121 MO MURPFY OIL CCMFANY LIMITED
139 PFC PETRCFINA
A 156 SHC . SHELL CANADA
172 T XC TEXACC CANACA
z5
33 CFV . CADILLAC FAIRVIEwW
61 . CXY CANADIAN OCCIDENTAL PETRCLEUWN L[MITE
107 IVALA IVACC INDUSTRKIES
26
23 CAB.A CDNe CABLESYSTENS * A®
24 CAE.A CAE INDUSTRIES LIMITED
37 CHY COMMCNWEALTH HCL 10AY IMNS OF CANADA
45 CMC CANACIAN MARCCMN® CCMPANY
¥ , 62 cYV CYPRUS ANVIL MINING CORPCRATICN
; 71 DT XaA DUMINICN TEXTILE
: 95 HSC HAWKER SIDDELEY
: - 175 ucc UNION CARBIDE CANACA
4 Co- 184  WJIX.A WAJAX ‘A"
27 —
10 A SM ASAMERA INCe
191 Y8 YELLCWZWKNIFE EEAR NES LIMITED
28 .
87 GZM GAZ METROPQOL ITAIN
( v 128 NCN NORCEN ENERGY RESCURCES
142 PPL PEMBINA PIPELINES
190 WTC WESTCCAST--TRANSMISSICN
29 _
] CRL CRAIN, Rol o ’
72 DUP DUPONT OF CANADA *A®
80 GDSeA GENERAL DISTRIBUTCRS *A°
85 GWL GREATY WEST L IFE
118 MCL MOORE CORPORATICN
122 MOL ¢A MOLSCN COMPANIES A
123 MOL .B THE MNOLSCN CCMFANIES LIMITED *6*
159 €SI SLATER STEEL
160 SSR SIMPSON-SEARS & .
162 STM,.A SUUT FAM INC
167 T HM.A THOMSCN NEWSFAPERS *aA"
180 vO SEAGRAM
g
6 AL ALCAN ALUMINIUN
20 BMS ) BRUNS®ICK MINING & SMELTING CORPLTD
. 28 cCL CELANESE CANADA
. a - , 39 cIL CANACIAN INDUSTRIES INCa
' 43 cLY COMINCO
90 HBM A HUDSCN BAY M & S
126 NeA INCO
133 NUR oA NuRAhDAsNINES
t
() 6
. -
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CLUSTER #

o

138,

173

108

174

" TI1CKER

PDL
T XG

KAP

88D
CCHe.A
TZC

AB
CKB
CRH
CSR
EML
IS.A
ROC

PNV
POW.A

KSR

ACO A
BCC.A
MF

cpP
DOBR
ISP
NVA oA
TIRP

"A 059-

NAME

PLACER DEVELCPNENT
TEXASGULF

KAPS TRANSPDRT

EOMBARDIER INCCRFORE
CAMPEELL CHIBOUGANAU MINES LIMITED ¢
TRIZEC CCRPORATICA

ASBESTCS CCRFCRATICA
CARLING O'KEEFE
CRUSF INTERNATIONAL
CASSIAR RESGURCES
EMCO

INVESTORS GRCUP *A® .
ROTHFMANS CANADA

PATINC NuVe
POWER CORP.

KAISER RESQURCES

ATYCO * 1[I
BETHLEHEM COPPER
MASSEY FERGLSGH

CANACIAN PACIF IG

DGMINICN BRICGE
INTERPROVINCIAL STEEL €& FIPE CORP. L
NOVA AN ALBERT A 'CORP *A?®

TRANSCANADA FIFELINE

Y

(=10
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“the portfolio is 10.357% (p.168). 1If.a tax rate of 40%
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CHAPTER ‘4 -~ FOOTNOTES

See, for eiample, Sealy (1980) and references cited
therein, L )

See Mayers (1972), Rorke (1979),

See Tepper (1972, 1974), Hi1ll (1978), Frankfurter and
Hill (1981). .

For developments in the personal consumption~investment
area, see Mossin (1968), Fama (1970), Hakansson (1970),
and Long (1974).

Tepper's study (1972) can be divided into two parts,
The first part formulates the 1liability structure,
based on the plan design and actuarial assumptions °,
about - employment level and wage rates. The second part
analyzes the optimal funding and investment decision,
Only the second part is reviewed here as ‘it is the only
part which is directly relevant to this dissertation.

Hill uses a two-step approach to create the efficient s
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

is shown by Stone (1973). »

Modigliani and Miller (1958), Hirshleifer (1965), .
Farrar and Selwyn (1967) et., al.

Only Hill has attempted the required empirical ~
analysis., N '

H1ll uses a before—-tax cost of contributions ranging

from 10 to 12 percent whereas the expected return on ¢
Ve

is assumed, it is obvious that g@ll contributions will

be added in period one,

Keenan (1981) has similar thoughts on Hill's approach,
He states "(the maln assumption behind Hill's objective,
function {8 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 example, that in such markets observed
smoothness of profit growth is important for
shareholder valuation - implying a different . sort’ of
pension funding policy.”
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11, 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

) (1980).

&y

- 12. It can also be increased by decreasing Aj.

AR n

13. See Treynor et, al. 1976, pp.124-125 for a simple
) example 1llustrating this situation.

14, Lo* and A} can be known at the beginning of the
insurance contract whereas Ay can be known only at
the end of the period as it is a function of r.

1 15. For more details, see Schwimmer and Malca (1976),
Tepper (1977), Rergstorm and Frashure (197.7), Ezra
(1979), Tierney (1980). .

16, For a description of some of the competing
| sophisticated models, see Kingsland (1982) or
; ; Winklevoss (1982).

! ; 17. See Rohrer (1978).

. ( ’ , 18. In the U.S., most of these models use the Ibbotson and
Sinquefield study (1976). ¥

- 19. Actually, Morgan Stanley, the U.S. investment-banking
firm recommended a similar program to its client firms
several years ago. “The program was a great resounding
flop" according to one of its directors (Ehrbar, -
1981, p.l24). - y

: ‘ 20. This problem i1s dealt with in the shareholder unanimity

K ) literature, Baron (1979) and Nielsen (1976) have shown

j - the strict and extremely limiting assumptions that must

- . be made to arriving at unanimous decisions,
particularly in imperfect markets,

21, This rules out a number of behgvioural managerial
. . orgdnization goals (Simon, 1959), as weld as
management-shareholder conflicts (Jensen and Meckling,
1976) and the social welfare aspects of firm's
> decisions (Jensen and Long, 1972; Stiglitz, 1972;
- : Merton and Subrahmanyam, 1974; Stigum, 1976).

°

Y
22, See Kane and Malkiel (1965), Michaelson and Goshay
(1967), Parkinm (1970), Pyle (1971, 1972), Cannon
) : (1977), Sealy (1980), Hart and Jaffe (1974) and Kane
( ) ’ : and Buser (1979),.

o
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|
One may view the funding level as a choice variable.
In practice, however, the ratio of fund to firm assets
varies within a very narrow range from period to
period,. ot
This is in direct contrast to the option approach,
which was discussed in the last sectiqgn,

Some effects of relaxing this assumption are dgveloped -
later in the discussion on the choice of an appropriate _
risk level for the pension fund. -

See Tobin (1958), Mossin (1965), Pogue (1970), Crane
(1971), Hakansson (1971), ’

Banz and Miller (1986) provide a technique through

which state-contingent claims specify the value of a
multi-period stream as weighted sums across both time

and states., They suggest the use of the Black-Scholes
option pricing formula to arrive at the appropriate

state prices. The task is quite formidable 1f market
Imperfections and varying tax structures are allowed

for., .

Criteria for including securities are well defined by
various provincial governments and are very similar in
nature between provinces, For a brief description, see
Fzra (1980), pp.23-25.

The prudent man rule stipulates that fiduciaries must
act 'with the care, skill, prudence and diligence under
the circumstances then prevailing that a prudent man
acting in a like capacity and familiar with such
matters would use in conducting an enterprise of like
character and with like aims.' .

While it is possible that a change in the portfolio
composition for a particularly large Canadian pénsion
fund may have some price effect, such exceptions are
ruled out.

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 falrly general conditions
under which such an assumption is valid.

Restrictiongpon short selling and margin 1imply positive
Xy's and B.

Equation 4,11 is similar to the portfolio implications
of non-marketable human wealth (Mayers, 1972; Rorke,
1979) and of stochastic cash demand (Chen, 1977).
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35.

36 .

37.

’38.

39.°

40.

41,

42.°

43.
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See Kane and Buser, (1976) for an elahgration of this
concept.
This will also be preﬁérred by the insurance companies
such as the Pemsion Benefit Guarantee Corporation
(PBGC) in the U.S. and the Ontario Government's
Guarantee Fund proposed under Bill 24], passed in .
December 1980, , v

© ! ¢
This study utilizes the 'Product Form Quadratic
Programming Code (RS - QPF 4) developed by Rand '
Corporation. o

The main 1fmitations are the memory gize and .the
availability of computer time, both of which are scarce
Tesources,

Many techniques are available for cldstering
longitudinal data. TFor a review, 'see Cormﬁck (1971).

Obviously, it is not possible tg reprgsent a typical
pension fund portfolio. In practice, a fund can easily
designate the securities it intends to include in its
portfolio without affecting the basic procedure,

Informal discussions with péople in the pension fund
investment community and the Department of Insurance
suggest that this assumption 1is-valid for almost all g
funds. A typical pension fund has abaut 30 to 50
common stocks in its portfolio.

9
These 192 stocks are either Fat or moderately traded
stocks, see, Fowler et., al, (1980) for further
details. e
In practice, a pension fund manager can always specify
the universe of stocks to be included in the fund
portfolio. . .

Laval Tape is a popular name for a data file containing
the stock market returns on approximatély 900 Canadian
securities from 1963-1979. For detalls, see Morgan and
Turgeon (1978). s

To calculate these cash flows, the exact data on
working capital, depreciation, other non~cash expenses
(such as investment tax credit) etc. are required,
Although these are readily available to the firm's .
management and thus could be easily substituted into
the process for determining the covariances, they are
impossible for an outsider. to obtain.
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48.

52,

53.

54.

N

‘debt proportion < Z X4 < maximun debt proportion,

~
N
,

Total assets are expressed in book value terms and
incliode both the current and fixed &ssets. Returns

based on only the fixed assets showed almost identical
results. ‘ , o

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
~guarterly pairs of returns are

independent., Without
bias introduced by such
to estimate.

the actual quarterly data, the
an approximation is impossible
The objective of the OQuadratic algorithm used here is
Minimize - MPX++ - X'0OX
where M is & scalar, P and X are vectors and 0N 1is a
symmetric matrix, Due to the presence of the
covariance-term, this was transformed to
Minimize - M[P - 2X, Cov(Ry, R,)/M]X 4+ X'OX
The optimization process was conducted by varying M
from 0.05 to 400.00,.

¥

1f needed, this additional restricttion can be easily
incorporated by aiging a constraint such as minimum

~d

2 i=38

Note that because of the diversification constraint the

‘minimun number of groups must be 15.

It is important to note that these portfolios will not
be monotonically related to variance only. The
frontier is efficient in terms of the variance +
covarifiance terms, .

L)

The large number of common stocks in portfolios #1 and
#2 is due to the inclusion of group 1, which contains
42 stocks. ' )

The 12 common groups for firm #1 and #4 constitute
approximately 57% of the total portfolio.

The model can best be tested for firms which actually
merged. The model is, however, tested here by creating
artificially merged firms due to the’ lack of such
data,

This procedure allows for divergent growth rates in the
assets of each firm during that period.
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56.

SR

Seven groups are common for firm #3 and firm #4 in the
minimum variance portfolios and five out of these seven
groups are present in the case of firm #5,

No assumptions are made about the source of this

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,) and V(Rg) and C°V(Rimﬁa)'\
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i» CHAPTER 5.- AN EMPIRICAL TEST OF CANADIAN PENSION FUND
4 PERFORMANCE

A. INTRODUCTION

In recent $ears, the private pension plan system and

its management have come under increasing scrutiny from the

Canadian government, labour unions, aund the genera% public.
Many factors have contributed to this scrutiny, including a
steédy increase in the average age of the Canadian ‘
population, combined with prolonged periods of high

v ﬁnflation, high interest rates and stagnant business
conditions. The rapid growth in the aggregate asset size of
these funds, and thus the rapid growth of their alleged
1nf1uenceszg the Canadian caplital markets, has also

attracted outside attehtion.

( | Sponsor firms of these plans have placed increased
emphasis on the skilled management of the pension fund
agsets, because the failure of these assets to generate the
returns anticipated by corporate treasurers and outsilde
actuaries regults in increase in firm’s contributions to the

1 , plan. Conpetition for managing these assets has also led to

increasing scrutiny of “the historical perﬁormance of the

‘* investment managers. If ‘skilled and.active management of

' * fund assets provides consistent superior performance than a
g passive iInvestment in a widely diversified portfolio (such -
. as an index por%folio), it has implications for the

effictency of the Canadian capital markets. Performance
evaluation of these investment managers, therefore, will

provide answers to these important issues.

’

For this purpose, a number of perforfiance’ measurement .
services have been established to evaluate the returns
earned by various assets classes (e.g. equities) of each

pension fund. Their periodic (generally quarterly)




F

evaluations are based solely on the returns earned by the
assets. With this evaluation scheme, a8 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 1s considered a “poor”’.

a

performer,

Surprisingly little research has .been published about
the risk-adjusted'performance of this important sector of
the capital markets., This lack of research persists,sa

despite the development of risk—-adjusted performance

measures! and their application to the portfolio. performance

evaluation of mutual funds.? This chapter provides the
empirical analysis of performance‘of a sample of Canadian
private pension funds. Since equities form a significant
proportion of the assets in these portfolios, the chapter
mainly dgals with the equity portion of the sadple
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 blases of CAPM-based performance
measures “{s evaluated by using sevegal different and
realisticﬂbenchmark portfolios and aiternate risk-ad justed

measures of portfolio performance.

The empirical analysis is conducted by treating the
pension fund portfolio like asmutual fund.* Performance fis
evaluated using concepts drawn from traditignal capital
market theory. Although 1t would be interesting to analyze
the fund’s performance after accounting for the nature of
the earnings of the fund sponsor, the data for such an
analysis were net 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
well-known methodological problems. (See, Percival, 1974
and Reilly & Joehnk, 1976).

)
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The chapter begins with .a brief summary of the
development of the traditionai‘mean-variapce based
performance measures, Various single period performance
measures based on asymmetrical return distributions are then
discussed. The attention 1s then focused on the methodology
of measuring the returns and the selection of "the l
appropriate time horizon and the benqhmark po;tféiias. The

el
chapter concludes with a description of the data-base,

empirical design and results.

B. SYMMETRIC DISTRIBUTIONS o \

B-1, Security Selection ; %

- -

The, mean-variance framework, developed in the seminal
works of Markowitz (1952) and Tobin (1958) has had a\major
influence on the investment performance measurement. Sharpe
(19§4), Lintner (1965), Mossin (1966) popularized a
reward-to—-variability measure to analyze investment
performance. The measure assumed that the best-managed
portfolio in a universe of well-diversified portfolios is
the one.which has the highest (E(ip) "Rf)/GRp ratio (where
E(Rp) and ORP are the expected return and standard
deviation of the returns on the portfolio, and Rf is the
risk free rate)., If there is no systematic deviagio$§
between ex~ante expectations and ex-post realizations,
ex-posg realizations can be used instead of ex—ante values
to evaluate portfolio performance.

Two additional performance measures ﬁége been proposed:
the reward-to-volatility measure (Trﬂynor;ti965) and the
predictability measure{@} Alpha (Jensen, 1969,1972).

The reward-to-volatility.measure uses the‘ratio of (E(ﬁp—Rf)

’

DU P
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to Pp;;ﬁhere PP is the systemagic risk of the portfolio.
The predictgbility measure, op is given by:
(Rpr - Kgg) = ap + Bp(Rpp - Ree) + € eereeeead5.d
where imt is the return on the market portfolio in period t,
and all the other terms are as previously defined.

~

Using these three measures, numerous studies have

evaluated the performance of mutual funds. The ove}wﬁzlming
conclusion of these studies is that mutual funds have not
been able to 'outperform' the market after adjustment for
risk.? However, as discussed more fully below, many issues

have been raised regarding the validity of these findings,

B-2. lMarket Timing

. Several authors (e.g. Treyncr & Mazuy, 1966) have
argued that both the reward-to-volatility and the
predictability measures assume that the fund manager engages
only in security selection and does not engage in market
timing, If this is not the case, then FP fo 5.1 must have a
random coefficient specification. ~In an attempt to evaluate
market timing abiligies, Treynor and Mazuy tested the

followiﬂg specification:

‘w

Rpt' (x.p+ Pp Rmt'*'clp Rmtz q‘“é‘pt ...-...-...-,-.."5.2'

They hypothesized that a statistically significant and

positive Cp would suggest a desirable chdnge in the
systematic risk. Only one of the 57 funds in their study
showed a significantly 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, Neither found evidence of superjior market timing
ﬂ\\

i

/
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ability. Kon and Jen (1978,1979) argued that the changes in
Ppt in equation 5.1 should be investigated using a switching
regression technique. Using such a technique, they found
that, on average mutual fund managers selected superior

‘portfolios but that no individual manager did so
consistently.

Recently, Merton (1981), Henriksson and Merton (1981)
have proposed both non-parametric and parametric tests to
measure the marke;é}iming ability of fundymanagers.6 In the

" parametric test, rket timing ability 1s”evaluated using:

-~

Bpe = Ree = ap *+ Pp1 (Rpe = Ree) + Pp2 [Max (0, Rpe -
th)] +€pt CC...O..I.ll.......'.’....503

wHere_sz is a measure of a manager's market timing
ability. Whi%le 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
synmetric return distributions (or quadratic preferencé
functions). According to some authors, therefore, this
assumnption is not valid in practice, performance measures

must account for asymmetrical return distributions.’

C-1, Semi-Variance and Half-Variance

Markowitz (1959), Quirk and Sapsonik (1962), Mao
(1970), Swalm (1966) have all suggested that semi-variance

is a proper measure of risk, This measure supposedly
AN
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captures the financial manager's intuitive notion of risk as
a probability of failing to meet’ some minimum target., The
semi-variance of the returns of portfolio p, below some
exogenously-specified target return Rpifs 18 defined as:
min _ - -
SVRp, =/ (R, = Rpyp)? fp (Rp)LdRp evgevenceensas5.4
-00

where fp(ﬁp) représents the probability density function of
ip.s Traditional development has assumed that the targét
rate Rpj, 18 equal to the risk free rate so that the
corresponding performance measure is the ratio of excess

return to semi-variance.

The measure reward to halfjvariance has also been
proposed (Klemkosky, 1973) In this case, Rpin is replaced
by the mean return _of the distribution in 5.4. The
appropriate cholice of a particular measure depends upon the
form of the aggregate ufility function detexmining

equilibrium prices of assets in the capital market, which is

“

essentially an empirical 1issue.

C-2. Mean-Variance-Skewness '

Some attempts have also been made to accol%t for the

\

third moment of the return distribution in pe fo ‘mance

measurement, For example, 1if investors have a ubic utility
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function, portfolio p is at least as attractive as the
benchmark portfolio, m, if

E(Ry) - Re > E(Ry) - Rf

o . (o) s
Rp lRm ........‘:..‘....‘..."..S.sa
Mg ’Rp >/M3 "Ry bad
%% %R :
P m

tu’on.booo-co.oo.looodcocoo.a.to.Sosb

where M3,Rp and M3’Rﬁ are thg'Cube roots of the third

moment of the return distributions of Rp and Rm’

respectively.9 Since a portfolio manager may prefer a
smaller reward-to-variability ratio in order to have a
higher skewness, comparisons based only on equation 5.5a
will give biased results. Empirical studies by Arditci
(1971) and Ang and Chua (1979) have found some evidence of

such a preference by mutual fund managers,

- ) i
C-3. Systematic Skewness

R

Assuming tha£ decreasing marginal utility of wealpﬁ and
non-increasing absolute risk aversion are observed investor
characteristics, -Kraus and Litzenberger (1976) argued that
aversion to standard deviation and preference for skewness
are general attributes of all investors having such

’preferénce functions,10 Using the similarity between the
Kraus and Litzenberger valuation model and the CAPM for the
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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' Rpe - Rff = ERI, + Cpy (l}mt = Rge) + Cpg (Rpe = Rp)? +.
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where ERIp is the excess retq&n measure for a managed
portfolio.ll.

7
N R

i
1

!
1

| In a recent paper, Frignd and Westerfield (1980, p.898)
claim tha; there is s?me (albeit inconclusive) evidence that
investors may pay a premium foF positive skewness. Although
more empirical verifﬁcatioh is needed to confirm such an

assumption,12 ER}p will bg‘used as one measure of portfolio
performance. /

!

C-4. Mean Absolute Deviation

i

The use of mean absolute deviation (MAD), defined as

-

%’tzl Iﬁpt = Rpin] (Qhere N is the number of-periods under
consideration and Rpjp is the risk free, mean or other
exogenously-specified return), was proposed by the Bank
Administration Institute Study (1968) as a risk surrogate
for the performance meagurement of pension funds. It was
argued that because of the Pareto-Levy distriﬁution
exhibited by the returns on capital-assets, MAD may be«more

stable than the standard deviation.l3

C-5. Stochastic Dominance

Stochastic dominance rules examine the entire
distrib&tion of reghrns in comparing portfolios. Thus,
they claim to improve on other measures which use only the
first two or three moments of the distribution in testing
relative performance.14 The stochastic dominance criferion
requires no assumptions about the mathematical form of the
distribdtions nor about the investors' preference

- functions, Despite this elegance, empirical studies have

et s e . et e ar——— et
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found .that measures based on stochastic dominance criteria
offer relatively little improvement over the traditional
mean-variance or mean-semi~variance approach, especially,
for approximately normal return distributions (such as those
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 wused herein,

D. MEASUREMENT OF RETURN AND RISK

D-1. Bias in Performance Measures:- =

The usefulness of each performance measure depends dpon
the assumptions underlying its development. Some empificgl
studies (Friend and. Blume, 1970; Ang and Chua, 1979) have
shown that performance measures, especially those based on
the mean-variance framework, have exhibited a systematically
biased relationship with the corresponding 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 sifnificance of these empirical results
has varied considerably, depending upon the methodology, the
data base and the time period used. This study investigates
the nature of the bias 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 using performance measures lies in the
difference between the actual portfolio investmqﬁt horizon
and the holding period (or differencing interval) used to
calculate the risk measure.l®., Some (Jensen, 1972; Cheng

]
and Deets, 1973; Lee, 1976) have argued that if continuously
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conpounded returns &log returns) are used then the risk
measures méy be independent of the actual investment
horizon. In thils study, therefore, both arithmetic and log
returns are used to investigate the extent of this problem.
To analyze the sénsitivity of the pe;formance measugés to
fhe-investment horizon, three short term horizons (one, two
and four quarters) are investigated in this study. As the
availa%le data covers only 40 quarters, effects of using
longer than fgur quarter horizons can not be investigated.
In pfactice, fund managers are often periodically evaluatéd

on thelr short-term performance, as highlighted by the

" attention given to quarterly reports by pension sponsors.

“In this study, the adequacy of such short-term horizoums is

accepted,

D=3, Choice of the Benchmark Portfolio

All of the performaunce measures discussed above are

3

based upon the evdluation of performance relative to an -

exogenously specified benchmark (or QOmparison) portfolio.,

«

The use of such specification has come under some criticism,

’especially for the CAPM based measures.l”

First, it has been argued that CAPM 1is an untestable
theory (Roll, 1977) and therefore performance measures based
on such a theory may not be valid. It is proposed (Ross,
1978a, 1978b; Roll 1980) that a more general framework of
the Arbitrage Pricing Theory (APT) should be used.
Unfortunately, the APT cannot easily be made operétional.
First, 1t does not, a prieri, define the meaning of each
factor.l8 Second, tﬁere 1s no knowledge of the equilibrium

.

rewards assoclated wit? e%ch factor. Third, the factors
depend critically on the sample size and the time period
under consideration.l? Unless these problems are resolved

APT cannot be used for performance measurement.

e Is
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The second issue relates to the determination of the
: ()

slope and the intercept of equationm 5.l1. Roll argues that
as these estimates depend upon the benchmark, the rankinéél
of the portfolios based an these measures (the Treynor and\\\
Jensen measures, respectively) may be completely reversed by\\blu
seemingly innocuous changes 1n the composition of the

benchmark portfplio. 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 and Rosenberg (1980, p.605) have shown that the four T ey
most commonly used equity indices in the Ujé. are 7
correlated at more than the .981 level.20 The four
benchmarks used in this study are correlated at more than
the 0.9656 level (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)
were not significantly differeant at the .00l level of
significance when based on four different beqchmark
indices. They claim that, contrawy to Roll'é criticisms,
"little serious injustice is committed fn the process fhgﬁ:
using different indices for portfolio evaluation)." Similar
tests are conducted in this study to aﬂalyze the robubtness

9

of. the rankings of the sample portfolios.

The resultant rankings ;? the managed portfolios must
‘be.viewed wiph two caveats in mind. First,: it cannot be
caaimed that® elfther the benchmarks or the fund portfolios
are efﬁicient.21 Second, it should bg possible to invest in

sth a benchmark portfolio without any special knowledge of

R
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capital markets or speciag need‘for forecasting the

returns,22 | ) -

i
1

l
D-4. Exogenous Constraints

[y
- .

Measurement of the Rate of Return (TWR)

J

Returns will be measured usimg the Time Weightqd;Rate
of Return(TWR), which 1is .,independent of the timing of the
firm's contribution to the pension fund. v

. .

-

Ideally, the exact dates of alr'contfibutions and the
exact market value of the fund,assets prior to the
contribution date shoyld be known in order to exactly

calculate this return precisely us;ng the following
expression: 23

gt

m
i = [1lo(CMV) + I

In( V4 )4
oMV j=1 vji Cy~

4
1!

....00000‘0.507 »

where cjris the jth cash contribution,_
I = 1, seeese WM

- OMV and CMV ;re the beginning and end of the period
market values of the fund, respectively 7

- % is the continuously compounded TWR for the period

- V4 is the market value o{ the fund an instant before
the cash contribution., The portfolio is conceived as
being liquidated at its market value’prior to each
contribution énd a new portfolio purchased with the
proceeds plus the additional contribution.

If the actual date of the jth confribution is unknown,

then the market value, Vj, must be estimated. The impact of

the use of such estimates on the caldulation of i can be

analyzed by using the discrete form equation (see footnote

23), and expressing the change in the rate of return, R, for

—— —
e v e - o

it
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“valuations,

an estimate V4 as:

SR = CMV . T vy . 3 vy
v OMV j=1L Vs, + C gV V, + C
i i 34 j 3 i ' i
= CMV . m \ Vg Vy + C4 - V4
OMV -l Vj + Cj (Vg + C4)¢
1 J+i ~
’ = CMV . m V4 . Cy
- ‘ ?‘O‘MV J:i\\ Vj)\ Vi + Ci Vi(Vi + Ci) !
. jid
R = R . _‘L / R )
vy(vy + Cyq) '
_8_5 = Cq . 0Vy
-m.R Vi+Ci ‘4' Vi c-“-otoooloolnaoutaoooooo.,aon5-8
In other words, the percentage error of the TWR, i.e.

( 3R/R), is equal to the product of=the percent cash flow
and the percent error in the valuation, 1If eac¢h term is
small, the the product will be even smaller:

.5 percent erfror in the

if €4 is 10% of (V4 + C4), then a 5 percent error in
valuation will give rise to a Z

estimation of the TWR. ’ )

. In practice,
knownl but neither its exact date nor the market value of
the fund on that date is generally known. In the absence
thig information, these values have to be estimated. The
quality of the eqtiﬁatés depends upon four basic factors:

the length of the interval between precise market

tash flows are reported,

fund's-assets and the relative magnitudes of the
o ¢

contribution and the fund's market value. ..

]

To overcome these problems, a Linked Internal Rate of

Return method (Dietz 1966) is-
TWR. In this method,
Internal Rates of Return over
which the data is available.

the smallest subperiods for

Each subperiod rate has a

for example,

"
the exact amount of each contributioen is

the precision with which the dates of relevant

commonly used’to calculate the .

'
P e e

of

the volatility of the value of the

the TWR is calculated by averaging the

e i e, et b
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weight proportional to the length of time which it

represents in th overall measurement period. Either the

.arithmetic or the geometric mean of these Internal Rates of

Return can then be used to represent the TWR.24
, X .

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 calculated by assuming a
mid-quarter coantribution. The exact nature of the bias
cannot be determined but will be quite small due to the
relatively small ratio of contributibﬂs to the market values

of the fungﬁ for the sample used here (see,table 5-1),
E. DATA BASE AND EMPIRICAL DESIGN

E-1. The- Data Base

z

The data base for this study constisted of the market
values and the returns ‘of 83 private Canadian pension funds
for the period 1970-1979. 77 of these funds had portioh of
theig\funds invested in.Canadian stocks during this period.
Data for these funds were provided on a confidential and
proprietary basis by one of Canada’s prominent performance
measurement firms. The two criteria used to select the
specific funds were a) that continuous quarterly data be
available for the period 1970-1979, and b) that the fund
chosen be the only pension fund assocliated with the

sponsoring firm. 23 !

For each fund, the data base consisted of two files:

©

(1) The Market Valug File.
This file contained the quarterly market values of each

pension fund’s individual asset classes (i.e., cash, bonds,

M
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‘Canadian equities, non~Canadian equities, and mortgages).
For each asset class, the purchases, sales and investment

income for each quarter was identified. At the end of 1979,

the total asset value of the 83 funds was $3.2 billion, or
approximately fifteen percent of the ‘total asset value of
all private, Canadian, trusteed pension plans, Table 5-1

k

shows the yearly aggregate values for all asset classes.

(2) The Return File .

~

The return file consisted of both the time weighted
rate of return and the internal rate of return achievegd by
each asset class for each fund, on a quarterly basis from

the fourth quarter, 1969, to the fourth quarter, 1979,
inclusive. Lo

%
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"~ 1969

1970

1971 -

1972
1973
Y1974

1975
1976
1977
1978
1979

Note:

v,

Table 5-1

AGGREGATE MARKET VALUES OF '83 FUNDS IN MILLION §$

L

Cash&S.T. Bonds CDN.Equi. NC.Equi., BV.Mtg. Mkt.Mtg. Net.Cont. Total Mkt.

41.63

34.05
34;72
43.22
79.73
114.93
96.37
102.69
177 .45
331.27
471.57

340.05
387.90
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
701312
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
?3.73
53.01
68.35
99.39
102.14
75.23
80.39

* Available only for the 4th quarter;

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

895.57
1061.65
1289.89
1303.19
1222.16
1492.57
1880.65
2203.51
2665.10
3206.69

LY
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E-ZL TheiBenchmark Portfolios Used

*

(<4

Four benchmark ﬁortfolios (indices) were constructed.
They were désignéd to: (1) enable analysis of the
'robustness' of the 'performance measures,' and (2)
incorporate the thinly traded nature of the Canadian stogk
market (Fowler et al,, 1979, 1980). The benchmarks are:

1) TSE300: This is constructed by adjusting the official
TSE300 index for the expected ‘dividend yields. It is a
"floating trading supply” wedighted index, which

approximates market value weighfs.
s ;

2)\ Global index: This is a value weighted arithmetic
average ilndex comprising all the securities on The ~
Laval file (see Morgan & Turgeon, 1978). This\ inHex
contains up to 984 securities. Dividends are included y

in the computation of the index,

3) 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
Fowler et al., 1980). b

4) FAT index: This value weighted index consists of the
50 securities which traded every'day on the Toronto

-Stock Exchange during the period 1970-1977.

“

«lAny of these benchmark portfolios may represent the
universe of securities which would 'be considered fof
investment by a typical pension fund, Discussions with the
performance measurement service fifm (which supplied the
data), as well as with sbme of the pension fund iéﬁgstment

managers, suggest that the TSE 300 securities would

5.
G
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7fund. For those funds

&

génerally include all th ecurities considered by a pensioé
4§;§e liquidity 1s a primary concern,
the FM index or the %AT index can be considered a more
appropriate benchmark portfolio. Table 5.2a shows thg mean,
standard deviation and the correlation matrix for each of
these benchmark portfolios. Table 512b shows the histograms
of the quarterly mean returns and standard deviations of the
gsample funds, The histogram for mean returns show that the
majoritgy of the funds aré clustered between 2.14%Z and
2.88%.

’

l}]




G

A)

B)

c)

D)

MEANS, STANDARD DEVIATIONS AND CORRELATION MATRIX OF

Montbly Returns

TSE300
Global

FM
FAT

~

* -’5.19-

Table 5-2a

BENCHMARK PORTFOLIOS

") .
Correlation Matrix

Global M

0.9739 0.9797
0.9889

Quarterly Returns

TSE300
Global

FM
FAT*’

0.9931 0.9914
0.9887

Semi~Annual Returns

TSE300
Global

FM
FAT

Annual Returns

TSE300

Global

FM
FAT

!

0.9952 0.9963
0.9913

0.993% 0.9984
' ‘0-9929

FAT

0.9656
0.9701
0.9890

0.9918
0.9742
0.9884

0.9840
0.9703
0.9868

0.9842
0.9682
0.9830

-—

Mean

.93
1.00
0.84
0.93

2.77
3.04
2.50
2.78

5.77
6.33 -
5.17
5.70

11.85 -
13.16
10.45
11.53

4.84
4.88
4.72
4,58

8.11
8.56
7.88
7.29

13.27
14.15
12.61

11.50 -

19.83
21.97
17.75
15.89
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Table 5~2b

HISTOGRAM OF MEANS AND STANDARD DEVIATIONS OF THE
SAMPLE FUNDS - QUARTERLY RETURNS

Mean Standard Deviation
Range % . Range X B
1.97 - 2-13 q ,5 5.17 - 5_.63 1
2.14‘7 2.28 10 5.64 - 6.08 1
3.2 2.43 15 ’ 5.64 - 6.54 2
2.44 -‘2058 16 ) . 6.55 - 7.00 ) 3
2.59 - 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

3.19 - 3.33 1 8.84 - 9.29
3.33 - 3.48 1 9.30 - 9.74 2

: . )
Average 2,52 77 , ~ 7.75 77
@
x g -~

[
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\\\\\‘“’//// E-4. Performance Measures Used

'5.21-

E-3. The Return Calculations

The performance evaluation procedure considers the "
equity portfolios of the 77 pension funds in the return file
for which the Time Weighted Returns (geometric and

logarithmic) were available for all forty quarters between’

January 1970 and December 1979, Three holding periods (one,

, two and four quarters) are investigated. The yield on
‘3-month T-bills (series B140007, CANSIM, Statistics Canada)

633 used as a proxy for the risk free rate. The tests were

also conducted on real returns by deflating the nominal

re#urns by the Consumer Price Index (series D484000, CANSIM,
7/
/§;atistics Canada).

The performance measures reported are:

1) Reward to Variability Measure- Shalpe

Sp = Average (ipt - ﬁft)/URP-ooonocnooooS-g

where GRp is the standard deviation of portfolio p's

return.
2) Reward to Volatility Measure - Treynor

Tp - Average (Rpt - th)/?pnoonav.n..ocSolo

where PP i8 the systematic risk of portfolio p.

”

o

3) Predictability Measure - Jensen
ap = Average (Rpp - Rgy) - Pp.ﬁberage (Rpe - Rfp)
....l"......s.ll

wpere ap and ?p are given by 5.1 L¢

-
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4) Market Timing Performance - Cp

v

Cp is estimated by using the characteristic equation

5.2

Rpt - ap -+ PPRmt + CpRmtz + ePt eseeed 12

Statistically significant positive values of Cp would

denote positive market timing ability of the portfolio

manager.

4

5) Market Timing Measure - Bp2

of "

[

The characteristic equation used (from equation 5.3)

is: ‘

- - 14

L3

pt ift = ap + Ppl (ﬁmt - ift) + PpZ}[Max(O’

- ﬁft)] + apt 0---0.---...05.13

sznsignificantly greater than 0 would signify a

_ pogitive forecasting ability on the part of.the

portfolio manager.26

6) Reward to Semi-Variance Measure (RSV)

RSV - AVer\age (ipt - ift)/ \‘ Svaoc.coo.5¢14

4

where SVR, is the semi-variance of the returns of

portfolio p defined in 5.4, with Rpy, éelected to be

Ret. \
7) Reward to Half-Variance

°

RHV = Average (Rp¢

vhere the mean value of the ﬂortfolio returns Rpy 1s

substituted for Rpy, in

\v

Measﬁre (RHV)

£

-~ ift)/ \‘Hva. .'.00‘005015 ,

5'4.

-~

Rpe
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8) Reward to Mean Absolute Deviation Measure (RMA)

RMA " Avetage (ipt - ﬁft)/MADn-oo---oooSul6

t

where MAD is the mean absolute deviation.

L

Q
'

9) Excess Return Measure

ERI, = Average (ﬁpt - ﬁft) - Cp) Average (imt -

>

Ree) - Cpp Average (Rpp - Rp)2...5.17

where’Cpl and sz are the coefficients from (5.6)

10) Mean-vVariance-Skewness Measure (MVS)

~

K3

Using (5.5a) and (5.5b), portfolios which did not
satisfy (5.5a), but which satisfied (5.5b) can be
identified. A large number of funds satisfying suéh a
rule would indicate that some portfolios had a
preference for skewness over the reward-to-variability

ratio. N .
F'/ EMPIRICAL RESULTS

The results are presented in three sections. The first
section presents the performance evaluationy the second and
third investigate the degree of ambiguity in these measures,
and the robustness of the Treynor and Jensen measures with

respect to the choice of the benchmark portfolio,

-,

()
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"F-1,., Performance Evaluation Tests
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)

F-1-1. Test Period January 1970 - December 1979

T&bles 5-3a, 5-3b, 5-3¢ summarize the results of the
performance fvaluation‘tests for each of the three holding
periods (one, two and four quarters, respectively) 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‘5-3a .,///

THE NUMBER OF PENSION FUNDS THAT OUTPERFORMED
THE BENCHMARK PORTFOLIO (JANUARY 1970 TO DECEMBER 1979)
FOR A 1 QUARTER HOLDING PERIOD

Performance Measure

Real Geometric

Return

Index Used:

TSE300 12
Global 5
FM 41
FAT - 8

Nominal Geometric

Return

Index Used:

TSE300 12
Global 5
FM 41
FAT 8

Real Log Return
Index Used:

TSE300 15
Global 7 .
FM 41
FAM 8

Nominal Log

Return
Index Used: -

TSE300 15..
Global _ 7
FM ., ' 41

FAT 8

Number of the funds in the sample - 77

3

19
10
49
15

19
10
50
15

18
10
43
13

18

12
43
14

19
10
50
15

19
10
50
15

18
11
43
14

18
11
43
14

-

BN N bt DD
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— et B
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D
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Sharpe Treynor Jensen Cp Bpy RSV RHV RMA ERI MVS

— et () et

N W

Av.Ret.
12 12 14 139 14 12
7 6 5 9 33 3
41 41 35 52 8 41
9 9 8 131 14 12
I
12 12 13 36 16 13
7 '7, 4 12 35 3
41 &1 Jii,35 51 9 . 4)
9 9 8 26 17 12,
14 13 15 29 17 12
9 - 8 8 8§ 38 3
41 41 39 * 49 12 41
8 9 8 27 13 9
ay
14 14 14 33 18 12
9 9 8 9 42 3
41 41 38 46 11 41
8 9 8 25 15 9
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A ' s
Table 5-3b , . .

THE NUMBER OF PENSION FUNDS, THAT OUTPERFORMED

THE BENCHMARK PORTFOLIO (JANUARY 1970 TO .DECEMBER 1979 -
FOR A 2 QUARTER HOLDING PERIOD

o

Performance Measure

Sharpe Treynor Jensen C, Bpp RSV RHV RMA ERI MVS Av.Ret.

Real Geometric
Return
Index Used: .

'3 -12 12 30 32 12

TSE300 14 17 17 0 0
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 O 7 7 7 37 ‘19 15
Nominal Geometric R
Return
Index Used: , -
TSE300 13 18 17 0 0 13 13 12 34 24 12
Global - 5 8 7 0 .0 5 5 4 29 27 3
( ) FM ' 4Q 45 46 0 0 41 41 35 50 15 42
. FAT 7 14 14 0 0 7 7 ¢ 71 27 27 15
Real Log Return
Index Used: !
TSE300 14 17 17 0.0 15 14 1% 26 35 12
Global 6 Tl 10 0 O 6 6 8 21 39 3
FM 41 43 42 0 0 40 40 38 46 19 41
FAT 6 10 10" 0 0 6 6 7 29 13 9
] . P ,
\ Nominal Log . .
b, Return
- Index Used: . -
TSE300 14 17 17 0 0 15 15 12 30 21 12
Global 6 10 10 0 0 6 7 8 25 24 3
FM r 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' funds in the sample = 77
-0
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; Table S-3c¢

THE NUMBER OF PENSION FUNDS THAT OUTPERFORMED ;

THE| BENCHMARK PORTFOLIO (‘JANUARY 1970 TO DECEMBER 1979)

b

FOR A 4 QUARTER HOLDING PERIOD

/\
Cp Bpo KSV RHV RMA ERI MVS Av.Ret.

Performance Meagure

Sharpe Treynor Jensen

e

‘
L]

St

Return a
+ Index Used:
TSE300 12 16 16 2 2 11 11 11 24
“Global 6 7, 7 1 0 « & 4 & 28
FM 38 42 40 6 6 45 45 30 24
FAT 5 8 6 4 5 6 6 4 1
Nominal Geometric \$\
Return .
Index Used: -
TSE300 13 16 16 2 2 12 11 11 27
Global 6 f1 7 1 0 4 4 4 28
o FM © 38 43 41 4 6 45 45 29 29
(_) FAT 5 7 7 2 5 6 5 4 1l
~ Real ngvReturn /
Index Used: /
=== = | .
TSE300 12 13 13 2 3 12 11 11 19
Global 8. 9" .10 0 .0 9 ‘9 5 19
FM 36 37 36 6 7 39 40 30 22
FAT ‘ 4 5 5 0 5 5 5 4 5
Nominal_yﬁg - \ }, /
Return "
Index Used: . . /,/////r///, l$ i
TSE300 L1213 13 .2 3 12 11 11 21 ’
Global 9 10 10 0 0 9 9 7 21
T FM r 35 36 36 5 7 39 39 30 29
FAT S 4 5 5 2 5 5 4 3 5
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\
‘f The first three meap—~variance based mea;hres
g

,demonstrate that the ension funds etamined have not shown

) any/ 'ability to outperform the market as measured by any of

th//indices.

In addigion, only a° few funds show market

E mihg ability (as measured by Cp and_?pz). The néxt two

easures (RSV and RHV) consider the effect of skewness on

erformance evaluation. A comparisoﬁ of the RSV and RHV

ith the mean-variance measures shows no significant
i

'jifference between the number of portfoliqs outperforming

he benchmarks, The RMA measure produces results very

similar to these for the mean-variance measures,

x

Using the ER] measure, there is an apparent increase in

the number of funds oytperforming the benchmark, as compared

to the oqher

measures. This was also found by Ang and Chua

conclusions [based on the ERI measure are

/ suspect f@r two reasons.| First, it nust be shown that the

\ .
( ) ; underlying valuation model (footnote 10) is applicable to

the Canadﬂan

securities market, Second, unlike the results

of other—sftudies, the ER][ measure exhibits significantly

f igher systematic blas (:ee the next section of this

f

The next

easure (MVS) tries to address the criticisms

of Arditti (1971). The numbers in that column denote those

& portfolios which were judge

inferior on the basis of the

Sharpe mkasur , but which had higher positive skewness than

the benchmark portfolios. These results suggest that fund

.managers may bpe willing to give up some %xpected returns, or

to accept mor

- The las

outperformed

e variability, fo

\
umber of portfolios Jhich
!
he benchmark portfiolio without any adju@tment

column shows the

for risk, T? ese results are similar to those derdveld using

\

\

\
\ \ ,
.
‘ .
. .
.

a higher positive sk%wness..

<

.
At
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the Sharpe measure, suggesting that, even without risk

adjustment, the pension funds in this sdmple have been

unable to outperform the market. -

In all cases, 1t matters little whether or not the real
or nominal: returns are used or whether the geometric or its
logarithmic transformation aFe-used. Comparing across the
holding periods, no significant changes Iin the measured ]
performance can be detected. There is a slight decrease in
ﬁhe corresponding numbers.for the four- quarter ‘holding )
%eraod (Table 5-3c) compared with that for the one-gquarter
nolding period (Table 5-3a). One can hypothesize that the
/fund managers may overemphasize short term nesults, since
they” arq/ﬁubject to a regular quarterly assessment of their
performance. This overemphasis may then account fot the
marginal'difference between one-quarter and four-quarter

results.

In summary, it can be said that these pension fund
‘managers have not exhibited superior performance. A
buy=and-hold portfolilo o§\50 well traded securities would
héve outperformed more thah 80 percent of. the fund
managers. Both the TSE300 and the value weighted portfolio
of all securities outperformed seventy five percent of the
fund managers in the sample. On the other hand, almost
sixty percent of the m&nagers did better than a widely
.diversified portfolio of fat and moderately traded
securities. The results did not differ significantly

)

-

-~
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mean-variance measures or those accounting for the asymmetry

of the return distribution were used (see, footnote 15),

I

F-1-2. Sensitivity Tests

1) Impact of Thin Trading on the Est}%ates:

To test whethe} the pefformance results based on the‘
mean-variance measures may be biased due to the presence of
thin trading, correction techniques suggested by Scholes and
Williams (1977) are épplied to the mean-variance measures.
The tests are only conducted for the nominal geometric
returns and for the TSE300 and Global indices. The adjusted
risk measures can be expressed as:

*
Op

Up/( 1+2* pp,l) “090000050188

~

(3ps-1 * Ppro * Ppr1)/(142 pgyy) vevve 5,180

]

*—

Br

and ap*

Average(Rpe— Rgy)- Pp* * Average(Rpe~ Rgy¢)

~ aorooo-Sclsc
where Ppr1 and pp,] are the first order serial correlétioﬁ
coefficients for the returns on the portfolio p, and the
benchmark portfolio m, respectively. The Sharpe; Treynor

and Jensen measures were calculated for all thé funds and .

for TSE300 and Global benchmark:portfolios. These results ,~

and their counterparts from table 5-3a are shown in table |

&

/‘\

\X'ﬂxk

5-4, It is evident that any bias in the performance

-

measures is minimal, and. that it does not change the

previous conclusions in any significant manner,

R

S SR
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Table 5-4

THIN TRADING ADJUSTMENT
THE NUMBER OF FUNDS THAT OUTPERFORMED THE
BENCHMARK PORTFOLIO (JANUARY 1970 - DECEMBER 1979)
'FOR A | QUARTER HOLDING PERIOD
NOMINAL GEOMETRIC RETURN

!
!
| ;
Index Used TSE300 Global ‘

'

v

Sharpe Treynor Jensen Sharpe Treynor Jensen

15 15 14 6 "6 6

From table
5-3a 12 19 19 5 . 710 10

2) Continuous Adjustment for the Risk-Return Estimates:

The results reported in tablé 5—38; b and ¢ are based

,on the estimates of risk and return measures calculated for

the entire period. To test whether the performance results
are significantly affected by this particular estimation N

procedure, a two-step estimation procedure was conducted as

lfollows:

1) Es;;gate the risk-measure based on the first 20

quarters. "2) Estimate E(k) using a) the average return over

" the previous 20 quarters and b) the actual return in the

next quarter, 3) Using both these return estimates,
calculate the performance measurés 4) repeat steps 2 and 3

by advancing the measurement period by 1 quarter. 5) o
Continue the process untill the end is.reached at quarter 40
(for 2a) gnd quarter 39 (for 2b).

LY
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z . Table 5-5 shows the number of funds outperforming the
benchmark portfolio for a particular number o?yquarters.
The results are reported for nominal geometric return with »
. the TSE300 as the benchmark portfolio.
were observed for the other 3 benchmark portfolios and are,

The results can bti

(Similar results

therefore, not reported here.)

interpreted as follows:

/The value of 10 in the second coluymn and fist row (for

\ step 2a and the Sharpe performance measure) indicates that

\.10 funds did not outperform the benchmark portfolio based on
Sharpe measure for even a single quarter. A value of 33 in
the next row indicates that 33 funds outperformed the
benchmark portfolios for 1 to 5 quarters, and so od. s

Overalf, the averagé return as the proxy for E(R). (step.2a),

e

almost 66 percent of
performance for more
( ) Performance measures

proxy for E(R) (step

the funds did not exhibit superior
than 10 of the Z1 quarters.
based on using the actual return as the

2b) showed that 55 percent of the funds

did not exhibit superior performénce for more than 10 of the

P 20 quarters. These results again support the conclusion
/ that on average the pension funds in this sample have not

been able to outperform the market consistently.27

it )
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CONTINUOUS ADJUSTMENT ESTIMATES
. NUMBER OF FUNDS THAT
QUTPERFORMED THE TSE300 BENCHMARK PORTFOLIO

\

Method of E(R) Estimation

E(R)=Average Return E(R)=Actual Return
(Step 2a) (Step 2b)
Performance Measure Performance Measure

- # Quarters Sharpe Treynor Av.Ret. Sharpe Treynor Av.Ret.,

, 0 10 9 19 17 18 17
1-5 33 31 27 14 .13 13
6-10 19 19 Kﬁ 9 10 10 12

11-15 7 11 7 22 21 21

15-x* 8 5 8 8 9 9
yhk o 2 0 6 6 6

£ ) ’

Note: * x=20 for step 2a, x=19 for step 2b. B
! " 2]

kk y=21] " " y y=20 .

F-1-3. Split Period Results *

———— e 3

To. analyze the differences in performance 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
return; in the second half (Jan. 75 - Dec. 79), however, it
wag significantly higher. Table 5-6a shows the means and,
standard deviations of the benchmark portfolios and the
sample funds for both split periods. Tables 5-6b and 5-6c
summarize the results of the performance evaluation tests..
It 1s appareni from these tables that, on average, pension
funds fared much better during the 'down-market' period than

the 'up-market' period. The fat index outperformed almost
’ L4

« %
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Yo
all the pension funds in the '&bwn-market"periqﬁ, whereas

the pension funds did much better in the 'up-market'
period. None the less, over the whole period, the fat index
outperformed/most of the pension funds in the sample. Table
5~-6d shows thé~number of funds which outperformed the
benchmark: portfolios in both periods. The results show that;
less than 10%Z of the funds were co;sistently\superior
performers. On average, there was less than a 202 chance
that a fund which outperforméa the benﬂﬁhark portfolio in
the first half would also outperform the benchmark in the
second half. For example, out of the 35 funds which
outperformed the TSE300 based on the .Sharpe measure (Table
5-6b) in the first half, only 7 outperformed it in the .
N second half. Kendall's correlation coefficients for
rankings across the two halves are of the order of -0.20

(Table 5-6e) further suggesting the inconsistency of

.Ferformi::i;ji//// .
. .

1

iy

-

® N
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Table 5<6a
SPLIT PERIOD SUMMARY STATISTICS
QUARTERLY RETURNS
M Jan. 1970 - Dec. 1974. Jan. 1975 - Dec, 1979
Mean % 5.D.% CMean z . s.D. X

TSE300 0.22 8.53 5.32 6.50

GLOBAL /4 0«l5 9.02 5.92 6.71
FM '0.18 8.47 4,82 6.20

FAT 0.92 7.93 4.63 5.81

ALL FUNDS 0.22 '8.49 4.82 6.05

Q
§ - HISTOGRAM FOR THE MEAN RETURN OF THE SAMPLE FUNDS
QUARTERLY RETURNS

Jan, 1970 - Dec. 1974 Jan. 1975 - Dec. 1979

Range X - t Range % #

: ~0.45 - =0.29 4 3.76 - 4.09 5

() - -0.28 - -0.13 8 4,10 - 4,42 13
-0.12 - 0.03 10 4,43 - 4,75 17

" 0406 - 0.20 18 4.76 - 5.07 . 22

. 0.21 - 0.36 16 5.08 = 5.40 9

/ 0.53 - 0.68 8 1 5.74 - 6.06 1
0.69 - 0.84 4 6.07 - 6.38 / 0

0.85 - 1.00 1 6.39 - 6.71 I 0

1.01 - 1.16 3 6.72 - 7.04 1

Average (0,22 4.82
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(7; Table 5-6b

THE NUMBER OF PENSION FUNDS THAT OUTPERFORMED
THE BENCHMARK PORTFOLIO (JANUARY 1970 TO DECEMBER 1974)
FOR A 1 QUARTER HOLDING PERIOD

Performance Measure

Sharpe Treynor Jensen Ep §p2 RSV RHV RMA -ERI MVS Av.Ret,

w

Real Geometric ' -

Return
Index Used:

4

v

TSE300 34 26 28 2 1 55 34 37 46 23 33
Global 35 y30 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 0o o0 4 4 4 18 18 3
Nominal Geometric
Return
Index 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.
Real LoghReturn -
Index Used:
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 4Q°
FAT 3 3 3 -0 0 3 3 3 11 20 2
Nominal Log .
Return -
Index Used:
TSE300 33 26 26 3 2 33 33 38 34 24 37
Global 35 29 29 8 6 34 34 38 31 29 43
FM 36 29 ~30 2 4 36 37 38 39 20 40
FAT 3 3 3 0 0 3 3 3 11 23 2

e}

TR
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Table 5-6¢

. THE NUMBER OF PENSION FUNDS THAT OUTPERFORMED
THE BENCHMARK PORTFOLIO (JANUARY 1975 TO DECEMBER 1979)
FOR A 1 OUARTER HOLDING PERIOD

0 Sharpe Treynor Jensen

Performance Measure

Real Geometric -

Return

Index Used:

TSE300 23

Global 3

FM 43

FAT 45

~

Nominal Geometric

Return.

Index Used:
TSE300 23
Global 3
FM 41
FAT 44

Real Log Return
Index Used:

TSE300 23
Global 4
FM 42
FAT 45

Nominal ng’
Return
Index Used:

TSE300 .. 23

Global 4
FM ) 42
FAT - 43

32
52

32
10
53
55

55

32
10
52
55

31
10
51
54

v

53

32

53
55

31
10
53
54

31
10
53

34

W W W DN N W O

[P

N e DO

N U

Ep EPZ RSV RHV

42

= WO

Y R

21

46

21

42
46

20

43
47

20
43

47-

2]

40
46

21

40
43

21

41
47

20

40
45

RMA ERI MVS Av.Ret.

23
10
41

39 |

24
10
41
39

24

40

39

36

7
49
48

33

50
46

34

417
45

31

48
42

15
51
13
19

17

51
12
21

18
49
15
19

19
56
13
23

11

37
49

11

37
50

11

36

48

11

36
48

[
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Table 5-6d
THE NUMBER OF PENSION FUNDS THAT QUTPERFORMED

THE BENCHMARK PORTFOLIO IN BOTH PERIODS
FOR A 1 QUARTER HOLDING PERIOD - NOMINAL RETURNS

Performance Measure

Sharpe Treynor Jensen RSV RHV RMA ERI Av.,Ret.

Index Used:

TSE300
Global
FM
FAT

7 9 9 8 8 12 11 1

1 1 1 2 1 3 3 0

15 13 17 16 16 19 16 14

2 2 ! 2 2 2 2 5 1
Table 5-6e

KENDALL'S CORRELATION COEFFICIENT
FOR RANKINGS ACROSS PERIODS
FOR A 1 QUARTER HOLDING PERIOD - NOMINAL RETURNS .

- Performance Measure ; ;

Sharpe Treynor Jensen Av,Ret,

-0.17 ) -0.19 -0.20 -0.18 s

N

{all significant at 5% level) -

N et e T

[
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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 regreesed agfinat
the eprresponding risk measure for all three holding ;}~
periods. Only the results using nominal returmns and the
TSE300 benchmark are presented since n6 material differences
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 performance measures which are
independent of the benchmark portfolio. Except for the RHV '
measure, the relationships are not very important (as
demonstrated by 1low st). The bias 18 more important in
logarithmic returns, but decreaees with increasing‘holding
periods. The RHV measure exhibifs a strong negative bias,
This observation is similar to the findings of Ang and Chua
(1979)Jbut contradicts the findings of Klemkosky (1973).

The neyt two sets of results correspond to the CAPM based
measures, The regressions show low explanatory powers

decreasi@g with increasing holding periods.29
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Table 5

-7 s

’ BIAS IN COMPOSITE MEASURES
REGRESSION RESULTS FOR PERFORMANCE MEASURES WITH RISK MEASURES-
JANUARY 1970 TO DECEMBER 1979

Holding Period (Quarters)

(1) (2) (4)
Geon, Log Geom. “Log Geom. Log
Sharpe with .
Std. DeV. - A%
“ * Intercept ) L099% . 123% .082  ".135% 075 119 -
Slope .038  -.786 4730 - .460 .679  -.052
R2 ".001  .030 013 .012 .035 .000
RHV with .
Half Variance LT
Intercept - 3321*‘ «270% -467* 0367* \ 0597* A417%*
Slope ~3,180*% -3.200% =-3,080*% -2,910% =-2,410*% -2,096%
Rr2 J121 «200 112 .189 .059 115
- RSV with
( ) . Semi Variance
J . .
‘ Intercept .199%  ,200% J175%  ,202% .057 134
Slope -1.110 -1.970%* .188 =-1.060 - 1.590% * ,057"
RZ .019 .080 .001 .028 064 .000
RAM with M.A.D. ¥ .
‘ Intercept ’185* -208* ,n131* 0162* 0123 0144
Slope -.870 =2.150 .429-  -.650 .845  -.034
. R2 .010 .060 .004 .010 .026 .000
Treynor with v
| Systematic Risk
Index: TSE300 |
Intercept L014*%  ,014% .023*%  ,023% .023*%  ,026%*
Slope -.006 ~-.009*% -,005 -.0l4* 017 -,006
R2 - .048 120 .005 .057 .015 .002
\ Jensen with . \§
Systematic Risk ’
Index: TSE300 ¥
-(’\ ™ Intercept .003 .005% .002 .009% -.016  .005
: Slope -.005% ~-,008* -,006 ~-.014 ,.009 -.013 .
R2 041 .j?l 011 .068 004  .013

s
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Table 5-~7 (Cont'd)

BIAS IN COMPOSITE MEASURES \
REGRESSION RESULTS FOR PERFORMANCE MEASURES WITH RISK upAsunzs
] JANUARY 1970 ,T0 DECEMBER 1979 R

Holding Period (Quarters)

(1) , (2) (4)
Geom, Ldg Geom. - Log |, Geom. Log )
ERI with * » ’
Systematic Risk . J
N I /
Index: TSE300 . e / P
v - 1 ; 4
N In‘tercept - 0002 _0002 -.001 r.001 3086* .075*
“ . Slope - - ,002 -.004 -.000 £.003 - .,098*% —-,089%*
U : .004 011 .000 .001 S334 371
ERIX with{Systematic e v, N
Risk(1) & Skewness(2) ° - . ) ‘
Index: TSE300
Intercept ..000"%  .001 -.002%  ,003 ~.023 .007
Slope(l) .000 .458 .000 ~-.005 .026 .010 l
Slope(Z) .001* -0001* "0001* -0003* ".011* -0025‘*
.RZ 458 509 «590 .649 722 .666
- . -+ - - ,
Note: * denotés significant at 5% lével. Ny
™
P - 3
J i ' \
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Tests on the ER ; measures for one and two quarter
holding periods show\that they exhibit no systematic bias
when regressed againsﬁ the measure of systematic risk. The
same tests show signif cant negative bias for four-—-quarter
holding periods, but t‘e regresslions have low R2s. When ERI
1s regressed against both the corresponding risk measures
simultaneously, highly significaﬁf blases and high R2s are

found. This set of results directly contradicts that found

~in Ang and Chua (1979). One mdsc, thevrefore, conclude that,

without more research into the nature of the risk-return
tradejpff in the Canadian equities market, the use of ERI in’
performance measurement may be lnappropriate. Y
_ -

Overall results indicate that exéept for the RHV and
ERI measure, the performance measures in this study do not
exhibit significant milescy relationships with the
gorresponding risk measures. Also, contrary to previous
findings, thg performance measires based on the assumption

/ .

of asymmetric returns do not shpw a smaller degree of bias
when -compared to the mean-variance based measures. This
suggests that the biasedness of performance measures may'be
data specific. To analyze whether similar results are
obtained for sg%Lt’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 benchmark portfolio (since no material differences were

* found using real returns and other benchmarks).

N
As with the results in table 5-7, the. RHV, RSV and ERI

measures show a higher degree of bias than mean-variance ~#

‘based measures. In general, the "degree of bias in the first

half 1is higher than that in the second half. This may
support the argument of Friend and Blume (1970), that such a
bias 1s the result of a significant difference between the
ex-post distributi&n of return and risk, and their ex-ante

magnitudes.
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(; ' Table 5-8 (’
- ' " BIAS IN COMPOSITE MEASURES o

REGRESSION RESULTS FOR PERFORMANCE MEASURES WITH RISK MEASURES ’
' SPLIT PERIOD RESULTS

)

i
Holding Period 1 Quarter

\>\\\\\\\Jan. 70 - Dec. 74 Jan, /5 - Dec. 79
) Geometric Log Geometric Log

Sharpe with Std.Dev,

Intercept ~.309% 7% .,533%  ,568%
Slope 2.076* 1.330% ~1.440% ~2.450%
R2 .185 .100 .028 .061
- RHV with Half Variance 1
Intercept . . =.230% -.219% 2.315% 2,002%
RZ . .032 .009 426 L4642
RSV with Semi Varilance . . -
T Intercept - .406% -.367% 906+ .949% )
~Slope , 3.549% 2.210% -5.780% -8.130% :
() R? .202 .116 .066 .122 .

RAM with M.A.D.

Intercept ~ 4 17% -.403%  ,718% L767*
. Slope 3.682% 2.692% -3.640% ~-5.370*%
X R2 .269 177 .060 .104

Treynor with
Systematic Risk

/
Index: TSE300 .
Intercept -.044% -,048% .037% .038%
Slope 2 034* -.034% -.007 -.012%
R2 , .517 .498 72022 © .053
Jensen with .
Systematic Risk
Index: TSE300 I , S
Intercept -.011% ~,010% .003 .007
Slope , «011% ] .009* -.004 -.00,9 AT )
R? f 174 142 .011 ©.040

R T
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Table 5-8 (Cont'd)

. BIAS IN COMPOSITE MEASURES
REGRESSION RESULTS FOR PERFORMANCE MEASURES WITH RISK MEASURES
SPLIT PERIOD RESULTS

. Geometric Log Geometric Log
ERI with = ' ) :
Systematic Risk ~
1) 1Index: TSE300

L}
Intetéept 0003 -002 .0Q3 * 0006
Slope ~.,004 - -.003 -.005 -.009
R2 011, .007 011 .036
ERI with Systematic )u
Risk(l) and Skewness(2) '
1) Index: TSE300
Intercept -.011% -.010% .00% .007
Slope(l) .015% -.014% -.006% ~.010%
Slope(2) lm-'004* -.005% .001%* .001%*
R2 644 .643 .208 .004
Note: * denotes significance at 5% level,. ,/{
' - 4
<
¢
: .
\\
' : /

\

Jan., 70 - Dec..74

Holding Period 1 Quarter
Jan, 75 - Dec. 79
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-Finally, the results for the entire period, presented
in—table'5—7, show an absence of any significant blases in
performance measures other than RHV and ERI (in contrast to
Klemkosky; 1971; Friend and Blume, 1970; Gaumitz, 1970,  Ang
and Chua, 1979). No significant chaﬁées 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 less fhan the *
risk-free rateof return. Also in contrast to earlier
studies, the JZ:ationsﬁips are less important than

!

]

\\\\sgiiziously reported. These results, therefore, *suggest that

i

™~
no sigh{{ifanﬁ bias is exhfbited by the performance measures )

tested in this study. .
N - .

“3“F-3, Ambiguity Due “to the Choice of the Benchmark

1
Empirical results in this section try to answer two .

questions: 1) Do the rankings of various portfolios differ
siénificantly with ,the choice of performance measute? and 2)
Do the rankings determined by the CAPM-based performance
measures differ significantly with the cholce of benchmark?

To answer these two questions, Kendall's coefficient of
.Concordance, W, is used for each set of rankings.30 This
coefficient is used primarily as a measurs. of 'agreement ;n
rankings,' A value of 1.0 indicates perfect agreement in -
rankings, while a value of 0.0 indicates perfect
disagreempfit. This coefficient is defined as follows:

. v k
we \_ 12 . ¢ (Ry - bkt1) )2
bzk(k+1 (k-l) J.l 2 500-000-105019

At .

7

where b is the number of blocks, k 1s the number of

treatments, and Ry denotes the sum of ranks in the jth

treatment for j=1,2,....k. In this study, k equals the
AN

+  number of funds and b equals either the number of
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performance measures (for questjon 1) or the number of

benchmark portfolios (for question 2).

Tables 5~9a and 5-9b summarize the resglts‘d?‘%ﬁe
tests designed to .answer the first question. -Table 5-9a
shows the results for three holding periods:and four
benchmark portfolios. Three sets of performance measures
are tested and the results show a high degree of agreement;
“The 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 return may not differ greatly from ranking them by
risk~adjusted measures, To test whether similar results

apply te:eéch of thé/split periods, a separate analysis was

condu or a one quarter holding period in the first and
/?ggond five-yehr periods, Table 5-9b (column 3) shows an
improvement, in the correlation when the risk adjusted
measures alone are used in all cases. This suggests that,
forrfie funds in this sample, the risk—édjustment would” have
improved the agreement, It further suggests that any of the
three mean-?ariance baseﬁ measures (Sharpe, Treynor or
Jensen) could have been usgd to rank these portfolios

without any serious injustice.

s
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Table 5-9a

s KENDALL'S COEFFICIENT OF CONCORDANCE
' TEST PERIOD: JANUARY 1970 - DECEMBER 1979
NOMINAL RETURNS

(1) (2) (3) .
Holding Period Holding Period Holding Perdiod . . ;

Benchmark 1--QTR 2 QTR 4 QTR 1 OTR 2 QTR 4 QTR 1 OTR 2 QTR 4 QTR
N A

SV

. TSE300 - ;
™ ‘ 1
Geom. .9734 .9768 .9746 .9612 .9674 .9759 .9869 .9898 .9950
Log .9865 .9886 ,9876 ,.9809 .9835 .9860 .9916 .9935 .9954
A Global
' Geom. .9705 .9735 .9710 .9562 .9615 ,9697 .9828 .9854 .9905
r Log .9852 .9858 .9858 .9784 .9785 .9821 .9897 .9889 .9922
Fi
Ceom. .9764 .9801 .9775 .9660 .9733 .9807 9891 .9933 .9970 :
Log .9891 .9931 .9894 .9849 .9884 .9902 .9936 .9973 .9981
(. FAT '

Geomn. .9688 .9706 .9718 .9541 .9582 .9705 .9823 .9821 .9893 \
Log .9838 .9832 .9822 .9766 .9751 .9767 .9883 .9862 .9865
I

Note: ?1) includes Av. ret; Sharpe, Treynor, Jensen, RSV, RHY, BAI.
2) includes Av. ret, Sharpe, Treynor, Jensen.
(3), includes Sharpe, Treynor, Jensen.

v
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Table 5-9b L

KENDALL'S COEFFICIENT OF ‘CONCORDANCE
(SPLIT~-PERIOD RESULTS)

L]

FOR A 1 QUARTER HOLDING PERIOD
NOMINAL RETURNS N i
| Beﬁchmarh\ Jan. 70 - Dec. 74 Jan, 75 - Dec. 79
é A §)) )] (€)) ™m ) (3)
" TSE300
————— P, VN
Geometric .9613 .9485 .9792 .9252 .9122 .9838
Log .9302 .9078 .9662 .9404 . ,9306 .9869
13
Global .
’ Geometric .9626 .9497 .9804 = .9236 -.9057 .9786
Log . .9311 .9082 .9677  .9389 .9243 .9832
! ,
PN \
Ceometric . .9620 .9484 .9810 .9271° ,9187 .9835
Log ,9292  .9048 .9661 .9420 .9362. .9870
" FAT

{ ) ’ ~~ .
. Geometric .9608 .9483 .9631 «9255 w9152 .9822
Log 9327 .9130 .9546 .9398 .9331 .9848

-

Note: (1) includes Av. ret, Sharpe, Treynor, Jensen, RSV,

o - RHV, BAL, ,
(2) 4includes Av. ret, Sharpe, Treynog, Jensen,
- {3) includes Sharpe, Treynor, Jensen.

;
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Table 5-10 summarizes the results-of tests designed to
answer Roll'g criticism that performance measures based on
the security market line are ambiguous. To address this
issue empirically, the agreement in the rankings by Treynor
and Jensen measures based on eacﬂ of the four indices was
examined }or the entire period and the split period. The
results show almost perfect agreegfnt in rankings and are
robust to the holding period assumption and the ‘type of
return used. Contrary to Roll's criticism, the rankings of
portfolios based on substantially different but widely

diversified portfolios seem quite robust to the partlcular
choice of index.

&

—
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Table 5-10

KENDALL'S COEFFICIENT OF CONCORDANCE
UNDER 4 BENCHMARK PORTFOLIOS
NOMINAL RETURNS )

.

Type of

Return

Jan,

1970 -~ Dec. 1979

Treynor .

Rt
Vs

Jensen

(D1 ()2 (W3 (! (2)2 (4)3

-
-

Geometric 9977 .9986 .9988 .9939 .9924 .9911

. Log .9986 .,9989 .9994 .9947 ,9926 .9921
1 = Holding Period 1 Quarter
2 = Holding Period 2 Quarters
R 3 = Holding Period 4 Quarters
. Jan.70-Dec.74 Jan.75-Dec.79
i ( J Holding Period = ] Quarter
Treynor Jensen Treynor Jensen
Type of
Return
Geometric «9984 +9983 .9952 .9907
) ¥
Log «9984 .9855 .9962 9919
!
L3 f
¢
f / v
\
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G. PRELIMINARY RESULTS FOR TOTAL FUND PERFORMANCE
Pre;iouﬁ%ﬁections analyzed the performance of the

equity{bo;tfolios of the sample pension Funds. This section

presents the analysis for the total fund portfolio Sased on

the total fund returns. These returns represent the

welghted average of the returns in each asset class of the \\

fund (see table 5-1). As noted earlier in this chapter, t

these results are preliminary, because of the problems of

designing an appropriate unambiguous benchmagy portfolio

with which to compare total fund performance. | The change in

the asset mixes of the fund and the changes within each of

éhe asset groups further complicate the design. Attempts

are made to design some ‘naive’ benchmark portfolios which

could easily be replicated by the actual funds. The results

" are based on all 83 funds in the data base using ! quarter

holding period for the period 1970-1979.

¢
The following are the three “naive’ benchmarks?

constructed to test the total fund perfgrmance. The first

~1s the FM index used in the last section. This is chosen

primarily because the equity portfolios of the pension funds
outperformed this benchmark by the greatest margin. If
similar results are obtained for the total fund returms, 1t
would indicate that the addition of asset groups other than !
equities has enhanceﬁpﬁor at least equalled) equity \

performance. The second is created by equally weighting the

FM index, the average of all bond indices (#1 through #10

of table 4-2) and. the conventional mortgage index (#11 of
table 4-2). This benchmark is similar to the average
weigﬁting of a typical Canadian pension fund as reported in
the FEI survey (1978). The third is found by weighting the
returns of the three 1indices by the_actual matket values of

their asset classes. This benchmark represents a weighted

average return where market welghts change each quarter.
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Table 5-11 Reports.the results using nominal geometric .
returns. The results demonstrate that the managers of the
pension funds studied herein have not shown any ability to
outperfomm the proxy for the market portfolio. Comparison
wf the results for the FM index in tables 5-3a and 5-11 .
indicates that the inclusion of asset groups other than
equities has actually reduced the number of “pension funds
outperforming the FM index on a risk~adjuted basis. The
results for benchmark portfolio #2 indicate that a ‘naive’
strategy of investing in an equally welghted equity, bond
and mortgage portfolio has outperformed most of the actively
managed funds. The results using bePchmark #3 are similar”

to those obtained using benchmark #1.

-
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""" Tgble 5-11 : : } 3
THE NUMBER OF PENSION FUNDS THAT OUTPERFORMED THE L
BENCHMARK PORTFOLIO (JANUARY 1970 TO DECEMBER 1979) ;
FOR A 1 QUARTER HOLDING PERIOD -~ TOTAL FUND RETURN. T
. | | b
Benchmark i
Portfolio* - Performance Measure ¢ s
# Sharpe Treynor Jensen C ¥p2 RSV RHV BAI MVS Av,.Ret, §
{ o ’ :
‘, 1 25 . 31 31 1 Y1 25 25 242 7 1
2 - 6 11 111 0 7 71 1% 16 14
3 32 37 36 2 0 32 32 32, 20 35
3 3
3 '* "
#1 = FM ~ :
#2 = Equally Weighted FM+Bonds+Mortgage Imdex .
#3 = Value Weighted FM+bonds+Mortgage index v : 2
( : '
() |
L . ,
¢ 3
g
: -
|
! - "
| ‘ - ‘
|
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H. CONCLUSION ' ‘, Co

This chapter evaluated in detail the pefformancé of the
equity portfollios of Canadian pension funds. Some 3 ?
preliminary results based on the total fund.returns were
also reported., The performance evaluation was basedaln ten‘
risk-adjusted measures suggestéd in the literature. { The
results were presented “for thrge holding periods,afodr
benchmark poftfolios and two types of réturnsf Separate
anlyses were conducted for the entire period’s |data and
subsequently for two sub—-periods. Sepsitivity“teéts for the
thin tradingyeffect and the estimation propeduré were
carried out in order to evaluate the robustness of the
results. Tests for investigating the bias and aﬁbiguity Tn-

these measures were dlso conducted.

3

In the case’ of the equity portfolioslit was found that
over the entire period from January 1970 to December 1979, °
pension fund managers have nof fﬁown any significant ability
to achieve superior performance’'relative to any of the four
benchmark portfolios. " The RHV, RSV and RMA measures showed
resylts s}milar to the ones .based on the Sharpe measure.,

There was also no indication of superior market timing

~ability of the pension fund managers. The MVS measure

provided Bome indication that fund managers may be concerned
with skewness. Overall, éheiSharpe, Treynor and Jensen
measures provided the results‘without any loss 1n
generality. The results were found to be quite robust

across- the assumed holding periods, although some

' deterioration in performance was found when the-holding

period was increased from one to four quarters. °

,  The split period analysis showed that the fund
managers’ perﬁormancéﬁwacrslightly better 1in the

‘down-market”’ period‘than in the ‘up-market’ period. On

"average, however, 1less than 10%Z of the fund managers were

o [S
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. consistent superior performers, Without additional!data on

the compesition of the portfolios,ﬂit is8 not possible tao
f analyze, which funds exhibited consistently supetior
* performance iﬁ this sample. Overall however, there was no
evidence of consistent superior perfoérmance by the fund

. managers. Z »

\;ﬁﬁ The results of the cross sectional regressions show no
significant bias associa&ed with the traditional
mean-varlance based measures. Contrary to previously
reported results, the measures based on the asymmetric,
return distribution displayed significant blasesd. The
biases were slightly higher during the first helf of the
time period under consideration., These results 1ndicate

A4
* that the bilas in the performance. measures 1s data specific.

The empirical analysis'of the amblguity oﬁ the
performance measures showed that the rankings were quite
rcccst to the choice of both particular risk measure and the
benchmark portfolio. Analysis over the entire period
suggests that the.qanking of portfolios based siggly on
average returns would have been similar to those based on
risk-adjusted measures for this);:rticular time period.,
Split-period analyées, however, suggest that risk adjusted
measures would provide a better set of rankingsl@n Leriods
of positive risk-return relationships., Thus; contrary to
recent criticisms, the CAPM based performence measures are
‘robust’ and‘provide‘e consistent set of rankings when

’ compared with widely diversified benchmark portfolios.

The preliminary results based on the total fund returns
also suggest that/ the pension funds in this sample have not
been able to outcerform the three naively selected

portfolios. Moreftesting is, however, necessary before
(T) a " any definitive statements can-be made.
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CHAPTER 5 - FOOTNOTES

*

See, for example, Friend and Blume(1970), Jensen(1969), -

Lintner(1965), Mains(1977) and Sharpe(l966).

. ‘ = . S/
See, for example, Ang and Chua(l1979), Grant(1976),
Jensen(1968), Kon athd Jen(1979) and Treynor and
Mazuy (1966). -

See Mayers & Rice(1979), Peterson & Rice(1980),
Rol1(1978,1980), Rosenberg(l1980), Rudd and
Rosenberg(1980), Section D~2 c¢f this chapter provides
the essence of this controversy. .

There 1s strong evideance to suggest that this is indeed
the norm. Responses to a confidential survey
questionnaire éent to the Canadian pension-sponsoring’
firms by a prominent performance measurement service,
showed that none of the firms explicitly considered the
nature of the . firm earnings in devising penmsion fund N
investment.strategy. A similar observation is given in
Rudd & Rosenberg ¢1980, p.598) in the case of U.S.
firms. %

See for example, Treynor (1965), Sharpe (1966), Jensen
(1968, 1969), Smith and Tito (1969), Grant (1976),
Peasnell etc. (1980). Also see Murphy (1977), Mains
(1977), McDonald (1974) for evidence on superior
performance.

The non-parametricstest requires information about the
managet’s forecast of the réturn on the market

“portfolio. Since no such Iinformation is.availabdle,

only the parametric test willl be conducted in this
study.

See, for example, Arditti (1967, 1971, 1975), Hanoch
and Levy (1969, 1972), Gaumitz (1970),, Ingersoll

(1975), Jean (1971, 1973), Lee (1976).

Poftér (1974), Hogan and Warren (1974), Klemkosky

-(1973), Nantell and Price (1979) have tried to justif§

the semi<variance framework by assuming that -investors
are risk-averse (i.e. have a decreasing marginal
utility) for all returns below Rpy, and risk neutral
(i»e. have a constant marginal utility) for returns
5%3ve Rpine .

Levy (1969) has criticized cubic utility as an argument
for skewness preference, since cublc utility does not
exhibit decreasing marginal utility for all wealth

levels
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10. Thelr framework has led to the following valuation
model:

»

Rie - Rge = 301 + 013 (Rpe - lift) + Czi (Rpe - E(Rpe))2
it

. <«

11. Ang and Chua (1979) have given a rationale for using
the. benchmark in the form of ex-post market premiums
for risk and skewness, Citing 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 &dll these studies have been carrfed out

for the U.S, market, no such studies are available for -

the Canadian market., It 1s, therefore, assumed that
the Canadian markets are similar to the U.S. markets.
The actual verification of such an assumption 1s beyond
the scope of this study. ‘

13. The study referred to the empirical research“of
Mand:dbrot (1963) and Fama. (1965).

14. For theoretital developments, see Whitmore(1970),
Jean(1971), Hanoch & Levy(1969), Hadar and Russel
(1969) and for empirical studies see, Levy and
Sarnat(1970), Porter and Joy(i974), Porter(1973,1974),
Tehranian(1980).

15, The Kolmogrov-Smirnov goodness of fit test conducted
here for the sample of the 77 portfolios showed only
one fund differing from the normal distribution,

16. See Jensen(1969), Cheng and Deets(1973), Jacob(1973), .
Lee(1976) for a discussion on the effects of investment
horizon on CAPM based risk measures, °

17. See, for example, Rol1(1978, 1980, 1981), Ross(1978a,
1978b), Fergusson(1980). )

‘18. This 1is the basis for Mayers and Rice (1979) argument,

19. See Gibbons (1980), Kryzanowski and To (1983,
forthcoming) and Roll (1981).

20. This may suggest that the rank;ng of portfolios will be
insensitive to the particular choice of the benchmark
portfolio.

21. The efficiency concept is quite often misunderstood
For example, the growth of index funds is gsometimes
attributed to_their mean-variance efficiency.- This is

) T
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false. 1Index funds exist to provide a portfolio which
««orresponds to a broadly based index at a low
management fee.

“22. 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.

23. Note that the discret time compounded rate of return R,
can be calculated from i = 1n (1 + R).

In (1 + R)‘ﬁ= 1n (CMV) + % in V%
oMV J-]_ Ve Cj

3
or R = CMV 1 v ]
orT = . I ' il

OMV  j=1 Vq e ]

24, VUse of the arithmetic mean was suggested in the BAI
study (1968). The use of the geometric mean is more
prevalent. since 1t 1) overcomes the inherent problem
with the ‘arithmetic mean and 2) 1is easier to relate to
changes in unit value. .

25. This was done in order to avoid the problems assoctated
with multi-manager funds.

26. The significance test for Bpt requires that the

) residuals be normal. Using the Lilliefors test for
normality (Pfaffenberger-Patterson, 1977,p.687), the
residuals were found to be normally distributed.

27. An additional estimation procedure fox risk-return’
estimates was also performed. In this procedure, the
estimates for expected return and risk pargmeters (such
as the standard deviation) were calculated using
alternate observations, that is , even (odd). ;
observations were used to estimate risk and odd (evgn)
observations were used to estimate risk. The detaills
of this procedure are described in Rollﬁand Ross
(1981). This estimation procedure tries to eliminate
the bias, if any, introduced by using the same
observations in estimation of return and risk. The o

‘rresults -using this procedure,however, were quite
ambiguous, depending upon which pair of even=-odd
observations was used for estimation purposes. Any
conclusions based on such a procedure therefore must
await additional testing with longer time Sseries data.

28. In this test, the rankings under each measure are
compared based on each period. A coefficiént of 1.0
indicates perfect comnsistency and ~-1.0 indicates
perfect inconsistency.

\
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29,

-~

30.

§ ,

-, N .
As shown by Johnston (1972, p.21) the covariance )
‘between O and B will be negative. The degree of bias
in this study, however, is much smaller than that found
by Friend and Blume (1970). ‘ :
-Strictly speaking, 'W' was probably intended primarily
as a measure of 'agreement in ranking' in the b blocks,

“rether than as a- test statistics, See Conover(1971)

. PpP.270-271. ‘

- AT — PO

»’

p——
Sy ey e

W e v

G ety A T Fratonina it - Tohe e =

e b

S A e A o Bl

. ke



.v,,.
R %ﬁjﬁﬁ

2

bad 6-1 -

14

-~ v
o v

CHAPTER 6. MAJOR FINDiggE) IMPLICATIONS AND DIRECTIONS FOR
“ ., FUTURE RESEARGH . . .

LIRS
Yoo 7/

This dissertation has dealt with four issues affecting

'ESfPs: a) the rationale behind their existence and grbwth,
_b) the impact of taxation on thelr funding, cégan investment

"forces behind thelr growth. The establishment of individual.

'

(

policy model for such plans and d) an empirica
investigation of historical performance of a sample of

Canadian penéion funds.
Three main paradigms for the existence of ESPPs were
examined. No single paradigm alone explains the ESPP

phenomenon, however, one can consider a combination of

\ enployee turnover costs and tax advantages as the main .

RRSPs has important implications for the growth and the
neture of ESPPs, In the presence of uncertain inflation and
investment reiurns , employees will be willing to negotiate
for the defined-benefit ESPPs in which the retirement income
is Besed‘on the final average wage, as these plans pnov}de
them with wage-indexed income not otherwise available.

The employersf‘wiliingness to provide sncﬁ'a contract will
depend upon the negotiated premium (via current wage ‘
reduction), thes;avallability of indexed ifivestment vehicles
(such as the indexed ‘bonds available recently in U.K.) ahd
the possibility,of government legislation retroactively
changing the terms of negotiated contracts. 1It- is possible
that a combination of these factors may result in the .
employer preferring a defined contribution plan, thereby
shifting the implicit inflation risk on to the employees.,

’

! lack of empirical data/éeriously hampers detailed
analys%‘/;f these issues. ‘Thusg, a number of issues,

requife further re earch. a) How do the employees and
shareholders value ESPPa, b)/ how do they affecet labour

€ —

.
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regotiations ‘and firm valuatibn’ e) Hoir do vesting‘ |
requirements and labour turnover affect ‘employee - ’
participation 1n ESPP ?7 'd) What effect, if. any, does .the

employ e’s personal portfolio have on the fundedness and

in eotment policy of an ESPP?’e) how homogeneous is labour

n valuing the tradeoff between current and deferred wages?

and, "f) how would the government’s ibvolvement (via an |
. } . )

introduction of a dahpuYSbry insﬁrance agency, or’immediate

ivesting and post~ retirement indexing regulation) affect the

~

future growth of the ESPPs7 : ) X / i
o* 4 ’ > r .
The tax treatment of ESPPs affects not only thelir
introduction, but also their fundfng and investment
detisions: The issues become even more complex when o
personal and corporate ta#es are considered. ‘The analysis "
in Chapter 3 indicates thit from the firm’s viewpoint, the‘

advance funding decision Aay rest prfmarily upon the

x
L}

expected rate of return on the pension fund’s assets and on
the firm 8 operating assetis. Only if the pension fund : ‘
grovidgs thg sole opportunity for’increasing the firm’s debt *
load, will the finanoingxof the pension fund and the

‘subsequent investhent decisioos«belinterlinkedﬂ.-_ )

.
. e e
L] ¥

'The determination of'the optimaf~fundingwlevel ig* -

 further cpﬁblicated by other parameters such as uncettalnty .

in’capitol\and product markets, the firm’s existing capital

nstructure, the portfolios and tax positions of 1ts

shareholders, the effect of the\fwnding policy on wage
negotiaticns and goverament. regulations. ' The analysis
indicates that, with the e;isting tax treatment, the pension
funds should be fully fundeéd or even ,overfunded. The
reasons for the reported underfundedness of some of the ;
existing plans include a) use of an underfunded "pension plan

as a risk sharing mechanigm between employee anq the firm,

b) the inability of the firm to negotiate its wage contract

Y
4

!
]
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when changin& the funding level, c) the inability of the
| - o fund 8 investments to earn higher rates of return than
' available gn the firm’s operating assets, d). the inability

4

" of firms to raise enough capital to fund the pension plan
11’

and benefit from possible tax arbitrage, and e) possible

future government involvement which would effectively reduce

.

" _The model{:or pension fund’s investment policy

. ’ . integrated the 'pension fund assets with the firm’s operating

T R TR RS TR TR AR TR LT PR T VIR T o TR A T

‘assete. Treating the funding decision and the nature of the
‘ -ffirm 8 operatiné asseés as exogenous to the petsion fund
. investment decision, the model concentrated on maximizing. a
nean-variance preference function based on the combined
end of period value of the fund’s assets and the fitm's
] operating assets subject to a ‘consolidated’ risk
(‘} constraint. Operationally, this is. equivalent to
naximizing the returm on the fund’s pnxtfolio subject to a
3 .. risk constraint.: The optimal composition of the fund’s

_portfolio under thls model is firm-specifie and the
inclusion of a risky asset in the fund’s portfolio depends

: J"" ‘retutn with the return on the firm s operating assets and
~‘ with the~existing portfolio, the proportion of the fund 8
. - assets to total asaets, and the: choice “of the consolidated'
]« ~ + .risk level. f .

) ‘Tﬁe actual choice of risk level depends.upon the firm 8
* management. Several factors must be considered in selecting
an appropriate risk leVel;‘these include: a) the ngture of:
the portfolios of the firm’s shareholders, b) the nature of
employees’ portfolios and their impact onxfuture wage

(*) : negotiations, and c).the nature of the firm’s operating

assets. v

AN

» + . the benefits of full funding. - T .

w.

upon the variance of 1ts return, the covariance of 1ts ‘
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fund portfolios.

°
TRy

3 ' w

] " The model was.operationalized by seleoting a universe
of 192 Canadian common ‘stocks and 11 bond portfolios. the

computational requirements of the quadratic programming are

" 8o great that hierarchical clustering was used to gwoup the

common stocks into 37 homogeneous groups. The return-risk
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. The

results indicated that the optimal fynd portfolios-were both
firm specific and widely different. for different firms with

respect to both asset mix and the composition of each asset

'group. The minimum variance portfolios indicated that it is

|
not necessary for all firms to hold bonds in their pension
\ . -

J a ' 3
Sensitivity analysis‘wasaconducted to study the effect
of a) the nature of the firm’ s Operating asSets, b) the
diversification constraint and c) the™ proportion of pension

fund assets to total assets, on the compostion of their

" funds’ portfolios. The results again-showed the importance

of firm-specific parameters in portfolio composition. In
the absence of any diversification constraint, the
proportion of bonds in the fund portfolios decreased
considerably. An’'increase In the funding level for the

fourth firm rgsulted in an increase in bond investment with

. only minor changes in the compositon of the asset groups.

7 .
Several avenues for further Tesearch are open. On the
N “

.theoretical front, the choice‘of an appropriate objective

for the firm facing imperfect capital markets and
hefeérogenous investors (ob&iously Qithmheterogenouﬁh
portfolios) and the 1ssue of shareholder unanimity about
funding and investment policy are obvious choices. Many
empirical problems need futther examination. Efficiency
ctiteriapneed ke developéd for the various grouping

(
L




o procedures aﬁd more work (in ;ﬁe areas of cluster stability
. 3 N
and predictive abilith) nust be ggpe'with ,the hierarchical

clustering technique used in this study. . Separable
prggramming techniques need be investigated for linéarizing
b " the' Qbjective function of the model to reduce the

computational requirements. Refinements of the process for -

, . the dgtermiﬁation of the relationship between the reéturns on
the firm’s ass;ts and the securities’ returns will also

. improve the aptimality of the fund’s portfolio. Further
extensions are also possible fy analyzing a multi-period
model to détermine the impact ‘of changés in the firm’s
assets oﬁ;the long term investment policy for the fund’s
portfolio. dbviously, the most useful exercise would pe the
applicdation of this model to the péﬁsion fund of a’ specific

firm. ) i .

! ( } . . If a firm adopts an.investment policg ba;ed~on the
" <o ﬁfoposed modely 1t will affect its performance measurement
4' .process, First, it will have to evaluate the forecasts of Ve
the éxﬁected returns and risks of the securities included in
'the universe in conjunction with }he return and risk of the ~. .~
firm‘s assets., Secondly, as the fund’s portfolio is firm
specific, a simﬁle ?ompaEisoniof iEs performance with other
funds or market prOxy,wfll.be inadequate and, therefore, it
"will have - to construct'érfirm specific’benchhark porkfolio
to evaluate the fund’s %nvestment pekf%rmance.
i . s .
o -

T f{‘ina}llyJ the empirical testfng of pension fund

o

performance indicates thét, during the period 1970-1979, the
equity portfolios of the pension funds in the sample have L

not shown any significant ability to achieve cons{gténtly-
superlior performance relative io a ‘naive’ buy-and-hold
(”> portfolio sfrategy. The c;nclusions are robust across
(golding periods, choice of benchmarks, choice of performance

measures, time periods, and estimation procedures for the-
o ;

L3
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.poréfol%p turnover, The study can also be extended by

"

“fuﬁds studied, _ a3

&

4 .
~“

»

parameters.” Preliminary results on the evaluation of total

fund 'returns also indicate non-superior perforﬁanée’by the

v
4

1
)

Further refinements of the study are possible.
Additional work is required to improve the risk and returnm . .

} . (N

estimation procedure. Total fund performance measures

should include the effects of asset mix changes and

investigating the actual coﬁposition of the portfolios in
eac asset group. With better information abopﬁ the fund
é;mposition and investment phdilosophy, it is possible toe
create fund-specific benchmarks to improve the eyaluation of

the total fund performance, This would also be necessary if

the funds were to follow the investment modei proposed 1in o

.

this study. - T
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