Discussion Paper No. 9503 February 1995

-

¢st Rate Spreads in a Theory of Fimancial
Economics: A Proposed Model and
b Empinical Estimates

by

Johnny Noe E. %va!n*

eonior Tacturer, School of Economnycs,
Uimiversity of the Philippines

Nate: UPSE Dizcugson Papers are prefmmmary versions drculsied
privately to shcit crifical comment  They see pratected by
the Copynight Law (PD Ne. 49) and not for quetation or
b o . |




ABSTRACT

This essav proposes a method of evaluating the size of the interest rate
:g;md without alluding 1o any of the common structure-cartel propositions.
Instead emphasis s on the component of portfolio risk that banks as financial
Aintermediaries must bear.

Intermediation is iaken to be an asset from the point of view of banks. Its
acquisition  requires that banks maintain a wnigue portfolio that specifically
Short-sells deposit instruments so thai it can take a position in the loan marker
that is beyond the limits of its pure equity exposure. The conveniens decomposi-
fon derived in this essay s thar the ensuing porffolic is exposed to rhe
andiversifiable risk thar is inherent of loan instruments (lending effect) and
that which “borrowing short to lend long” creates (intermediation effect). If
Such risks have anmy imringic value, it must follow thar banks ought o be
compensaied by a rate of return thar appropriatelv reflects such market valuation,
This leads directly into "the issue of interest rate spreads since the estimate of
the sustematic portfolio risk can be uwsed as a reference in determining the size
af a risk-refated spread.

The model is empirically tested in the case of the Philippines using Fronthly
or the six-year period between January 1986 to December 1991. The empirical

suggest that the various measures of the actual interest rate spread fail
of the implied “fair" retwrn for undiversifiable risk borne by banks.



Spreads in a Theory of Financial Economics Page 1

In any discussion ‘dhout Fodncial reform. L the Philippies, ‘the fsus of
the intcrest raie spread maintained by commercial banks always comes to fore and
the subsequent assertion that the commercial banking industry is likely run by a
cartel, This Es not new and ts resurgent nature may be, in part, atributed to
the observation that the "empirical” evidence presented to-date has not provided
enough basis to finally and unambiguously resolve the issue.

This essay suggests an explanation for the size of the spread without
recourse to the usual carel-related propositions.  Instead, the emphasis is on
the factors that affect the pricing of financial assets and services through
mterest rates and the information that these rates acrually relay,  General
icncts of asset pricing theory are used to suggest principally that the discussion
over spreads confuses economic with business accounting in an area where the
distinction is, in fact, of primary importance.

Section 1 briefly reviews some general material on asset pricing theory,
icularly the relationship between risk and return. Section 2 expounds on the
icability of rthis general framework to banks. The typical commercial bank
'_pm'tﬁ:niiu 15 described in terms of the distribution of its individual assets and
undiversifiable risk component of the portfolio is identified using basic
enets’ of the market model of asset pricing theory. Estmates of risk-consistent
ns are then provided and compared with the traditionally cited spreads.

ion 3 has some final comments and possible directions for extending the model.

-
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1. The Risk-Return Opportunity Locus

Consider a stylized economy where all investors prefer more returns ceterds

paribus but are also risk-averse in the process. Assume further that there are
only 2 financial assers available, providing random remurns equal to Z, and Z,..
let w, and w, be the fraction of the portfolio invested in asset 1 and asset 2
respectively where :‘t must be true @ fortiori that w, + w, = 1.

If investors were 1o form a portfolio of these two assets, then the actual

return from such a portfolio at time ¢ will be equal to:

H=wi, + uly (1
with an mean and variance of:2

E(Z) = w]il + "’*:El

E=E|+“'1{£1—Eﬂzﬂ (2)
i E(Z, - E’,‘II
= ”%'TE +  Zwjumpees + h'%"'i (3)

here Z and o] respectively denote the average return and the variance of such
for asset i, i=12, while py; is the correlation coefficient T2 perween

oy

t 1 and asser 2.

25ee appendix 1 for the appropriate derivations and extensions.
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4 2

It is obvious that we can atleast map 0 = w, = Lino o) = ¢ = ob. Assume,
nowever, that we only set w, + w, = 1 but do not require both w, and w, w0 be
positive.3  Subsequently, equation (2) is a line in (uw,) space for various
‘values of w, consisent with the adding up condition. As shown in figure 1, g can
iys be increased with cither w, or w, depending on whether (Z, — Z,) £ 0.

In conmast, the expression for o s a nonlinear function in ..

-

‘Subsrituting o, =(1-w,), we find that

-

5 z 1_a 2 2 2
o7 = oy + ooy - Zppmoa e T 2ippme; - wjey, b i4)

which is a conic section in I:-ur:,wzj space, with a verex at (o =o,w,=0) uniess
ro - o) is extremely negatived  In (e space, this simplifies inio a
'. perbola as shown in figure 2.

Assuming that Z is ~N(u,s), the investor problem can be formalized as

‘maximizing the expected utility of portfolio returns over w:S

Mh:x E[uu::—r}] = l'-:uax [U[ufui}ar{u,}]]

3The is consistent with the model proposed by Black (1972). Thus, if
< 0, then w must be greater than unity to satisfy o + wo= L.

dLiterally, this suggests that the portfolio cannot be risk-fres. ie.
r=0. For a full discussion of the risk-free possibilities when p = =1, see
avalo (1991), chapter 4.

JThis is Tobin's (1958) "liquidity preference” contribution.
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=Max | UD HZ: wo) oZ
[ B

1

+a
= ]'-.{:r, J'm Ulpg topz) |$ T:':E ExXp { ...lz_ z'} og b dZ

+im
1 1
= Max Up+az) 1-— exp z 1L dz
=i [ e Lo [
o
=Mﬂj Ulp+ez) flz; 0,1) dz (5}
l:n}i -
z =2 B is the usual swndard normal varigble. By implicit dif-

. the indifference curve will be positively sloped:

+o

j 2 U(Z) f(z:0.1) dz

e > 0 ®)
e I U (D) f(z:0.1) dz

dp
dre

convex upwards, g > 0, since I z U (Z) f(z;0,1) dz is equal to:
o ST 1. -

0
[Jﬂ 2 U {ug+ogz) fiz) dz T I z U’ (pg+op2) flz) dz] < 0 (7
T i

all risk-averse investors nonsatiated with Z.9

0See for example Ravalo (1991) chapter 3 for a derivation,
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Investors of this type would then swrictly prefer the concave set o AB over
= convex set o CB in figure 3 since a higher p is obtained at the same &. For
# same reason, figure 4 shows that investors cannot do better than the frontier
and therefore take this as the relevant domain in making their portfolio
e 7

With the Eppﬂ!‘tunil}" frontier = DA defined, the risk-averse investor now

ie=s a portfolio trade-off. Higher returns can be acquired by increasing «, for
> Ej #]. However, for as long as the returns of the ith asset is positively

mrelaed with Z, o, > (), such swrategy can be shown o increase risk since

> 0 by equation (3).3

Without loss of generality, assume that asset 2 is riskier than asser I.
sequently, «f > of and Z, > Z,. Explore now the possibility tha the portfolio
defined in equations (3) & (4). will be higher than the risk implied by

4

(Lo + Alwapgoe, > (l-uided

7See Hirschleifer (1964) and Merton {1972} for general discussions on the
Epe of this opportunity set.

8% appendix 2 for a formal proot.  Note, however, that the positive
mrelation  condition makes sense a priorr because one would obviously be
ssted to invest in an asset which tends to drive up the portfolic return as
lected in figure 1.

B B N A
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e PO 5 o|*
1+bpfﬁ T | |& (%)

The choice variable is again w, although p,, remains unspecified. [f

w < 1, then,
1+I:d-: e 2 Was

reduces 0 py, > 0.2 If, on the other hand, the portfolio is such that

= 1. then,

2
Iwg ) feyf” HalTy
[ _@I" [F[] < ) Epu”ﬂ": > =2 ua

Since oy, > &, a prior, this suggests that p,. < 1 is at least a necessary
dition for the portfolio to be riskier than asset 2.10  Evidently, then
proportions of asset 2 in the portfolio will make the latter riskier than
former, conditional only on p;; = 1.
Two key elements are worth re-stating.  Firse, we re-emphasized that

rs who are risk-averse and nonsaciated with returns face a concave frontier

HThis includes the polar case of p = 1.
10Thiz includes -1 = p = O which satisfies equation (8) a fortior.
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of investment alternatives beyond which opportunities with higher returns given
e same level of risk or the same expected rate of remurn ar lower levels of risk
are infeasibie. _ Second, which point on the frontier the investor will choose
pends on «; which in turn determines not only the portfolio mix and but also the
¢} characteristic of the chosen porifolio.  We showed in particular chat spe-

combinations of positive valued «; and py will make a composite portfolio

msicier than the highest risk ith asset.

An Application o Commercial Banks!l

If the bank’s portfolio s a necessary consequence of operations, then
ermediation” can be taken as a form of composite asser which only banks hold.
I we can further relate investment in intermediation to particular values of uh
can then get a sense of the rate of return that is consistent with the fnite
Ppportunity  frontier.  This is merely an application of the separation theorem

Faich  s@mes that the efficient fronder will be common to  all  investors

11We assume that a two-moment model is sufficient to fully describe the
portiolio.  Feldstein (1969) shows that two-moment models are exact when the
sulity function is quadratic or when the random deviation of actual from expected
=urns s distributed normally. See also Epps (1981) for a relevant discussion.

ZCass and Stgliz (1970) discuss this point at length, providing a
mmework that relates risk tolerance to erminal wealth., This can be tied
pecily 0 banks since banks in general are assumed to be maximizers of terminal
2alth.  See Santomero (1984) for the most recent survey of bank models.
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The Portfolio Structure of Commercial Banks

[f banks lent out equity funds exclusively, they would not be any different
om money-lenders, defined fully by:

L = W (11)

= Ly denotes “basic” loans and W, is equity. Banks, however, are structuraily

erent  because they are precisely the only financial institutions allowed o
ultaneously source deposis and extend credit, alleviating the funding

DOsiraint by increasing investibles to:

W, +D = A (12)

The asset base is then an "enhanced” loan portfolio T =W,+D > L, which is

ossible only by borrowing deposits.  Subsequently, the bank’s portfolio is

ed uniguely by joint holdings of loans and deposits:
C+D = oW+uW, = W, (13)

g a “long” position on loans by short selling deposits with equity serving as

margin requirement. 13 Since:

~ 13For an excellem introductory discussion of short selling under various
sonditions, see Elton and Gruber (1987) chapters 2 & 3. Dyi (1975) modifies the

.

R IR WSS e ey . ey, T ¥

L LRy
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L _ . _
w = 1 4 W, = 1+a (14}

L

8 is further exacerbated by the extremely hish degree of leverage. A. which

institutions maintain, 14

This would imply that ‘;‘1 < 0and w, > 1. If we let deposits be asset 1 and

loans be asset 2, then the discussion in section .1 suggests that the

E's portfolio is in fact riskier than the pure loan portfolic of a money-
In determining the risk content of the former, the latter then offers a

nient lower-bound from which we can deduce the rate of retrn that banks

as risk-remuneration for simultaneously sourcing deposits and extending

-

B The Valuation of Risk

The risk conent of loans can be properly derived under an asset pricing
The most fundamental of the various models of asset pricing theory (APT)
=’s (1963) diagonal model which postulates a direct relationship between

e reurns Of an asset and the return of the market. Based on this, we can

@k model 10 include margin requirements for short selling (i.e. requiring the

Mestor o put up part of the funds needed to purchase short) and shows that the

Bw frontier is to the left and above of Black’s frontier, essentially having a
£xX at the origin.

l41nternational leverage ratios of 15:1 or higher are more common than they
ge rare.  See July 6, 1992 issue of Business Week for a survey of the world’s top
2 banks.
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the respective returns of loans and deposits as:13
= o F E:__le + Ly : “.J_j

i, = ap + BpRy + &g (16}

Ko 18 the remwrn on the market proxy at time t. o & ap reflect the

ts of the reurn on loans and deposits that are independent of market
ce and the £'s are white noise.

The key paramerers are the "beta” estimates B, and g, because g =5%ami

fore a measure of risk.!® Since the portfolio bem is just the weighted

of the bewms of the individual assets that comprise the portfolio, 17

B = '-'"‘[IEU + a3y ':.]-T}

151n this form, this is called the market model.

16See appendix 2 for the derivation. Also, note that the general formulation
e market model, R, = « + gR,, + £, implies that:

2 P b
g, = E'u'“._m+ﬂ'¢

sxact definition of undiversifiable (sysematic) risk, Boy . is thus a

of 8 (with “‘Em taken as a constant) and it is in this sense that this
CONtinUes W receive prominent attention.

175ec appendix 3 for a succinet proof,
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Hhis can be re-stated in terms of the estimates §, and By such thar;
i B = By - wiB - Ep (18)
Since intermediation brings abour a portfolio that is unique to banks, it

san then be taken as an asset held exclusively by bank investors. In this sense

5 the rate of return on 'inwrmﬁdi*._niun' that

ompensates for exposure (o risks.  But since intermediation involves both the

ing of deposis  and the provision of loans, @ is therefore

=0 an estimate of a "fair” spread that is due to pure sysematic risk. If

# = 1, then we expect the portfolio w carry a spread that would at least be equal
0 R, since the beta of the market portfolio is equal w uwnity, If. however.
i < 1, then the spread would be bounded by R_, from above and by r from below

e £ > g for w, < 018

g~ Preliminary Estimates Using All-Marurity Rates

Monthly interest rates for time deposits, secured loans and the average
money market rate, WAIR, for the 6 year period January 1986 - December 1991 were
mthered from the Cental Bank Center for Statistical Information (CBCSI. To

18The traditional methodology of analvzing the marker structure of banks via

size of the inerest rate spread must implicitly require a  well-defined
sompetitive hanking market. comparable and known a priori, to be used as a
elference case.  Withour such a comparabie competitive market, market structure
seory does not allow a determination whether a spread of k% is “high® or “low" in
sbsolute terms. Direct application of this traditional approach to the Philippine
‘Casc causes disturbing--though overlooked--theoretical and practical difficuities.
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convert these to a fixed-base real series, monthly inflation was calculated from
the consumer price index (CPI) for the NCR region as published by the WNational
Staristical Coordination Board (NSCB). Using January 1986 as the base period, the

real rates were computed as:19

where R, N represent the real rate and the nominal rate respectively and = is the

percentage change of the price index with respect to the fixed base period.
Esumates for equations (15} and (16) based on the average time deposit rate

and the average secured loan rate are listed in table | using 60 of the available

T2 data points, =0 The results supgest that the

interest rate spread that should have accrued to banks as compensation

for bearing undiversifiable risk should historically have more than

approximated the WAIR in real terms. Such statement is primarily significant

lg'i‘his 15 taken from the exact definition of:

1+R = ;5=

In general, the approximation R = N-n should only be made when the accumulated
mtertemporal  price change is  insignificant.  Note as well that = measures
accumulated price changes in twerms of a fixed base rather than the commonly
reporied monthly inflation rates. The lawer is the price change relative to the
same month in the previous year and thus is use implicitly propagates the
oversight of using a moving base. Such practice clearly has no theoretical basis.

Z0These coefficients--and all those that follow--have been adjusied for firs
gree autocorrelation.
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bmau.SE- the nominal spread that is prescribed by the results as risk-compensating
e greater than the commeonly cited spreads aiready labelled by most as excessive
and pe—.r:::e.'tred to be a consequence of “the” cartel. By way of illustration, the
nominal spread implied by the OLS estimates is !Ested.in table 2 for the years
1990-91 21

It rns™ out however that the results are questionable for atleast three
reasons.  First, nmote the possibility that the difference: between §L=0-9'?33 and
B, =0.0357 may be due to samplicg exvor and may not be swistinally significant.
In particular, consider two assets which we assume a priori to satisfy:

T = m (20
= v (21}

Direct application of equations (2) and (3) will verify that amy composite

£

e =

|E|-\.'| ,E""l
Il

portfolio of these two assers for all pairs of w, and w, that satisfy the adding
op condition will be defined by:
Z = wZ +wZ = m (22)

@ o= T T eugy = »F{x - :(1-;&{@,}»;} (23)

i=1 j=1I

211t is impormnt to note that while the spread mn column & is more often
ied, it is subject 10 very serious biases.  First, savings deposits can be
essentially withdrawn on cail while loan instruments are bound by a specific term
as such the difference in their rates must include this difference in
uidity ipso facto. Second. this spread does not adjust for the costs

butable 0 imposed regulations.
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Thus, within the context of the two-parameter model of asset pricing, if
B =By then the two assets are identical with respect to their systematic risk
component and should provide identical expected (market valued) rates, Z, = Z,.
As cvident from equation (23), there are stll diversification possibilities that
can be exploited, ¢ < v, even when Z, = Z, but only under the condition that
P = 1 and w? < 1. But expressions (20) and (21) are in fact tantamount to
@2 = 1 if these are o remain limited to and consistent with the two-parameter
model. Hence, the composite portfolic formed cannot be any different from the
risk-return characteristic of either asset since ¢ = v when o, = 1.

The consequences of r}L:EB therefore transcend pure econometrics. The bank
would have absolutely no incentive w facilitate intermediation if & = v
@ priori. Therefore, it must expect to find o < v°, atleast under some condition
that it has control over. which in twrn allows us to expect Ef_ > En- Although

=fp simplifies equation (18}, this has

bigger impact of reducing banks to the level of money-lenders since

ediation has no estimated market value in terms of risk.

To test the hypothesis of across-equation equality, the model was estimated
imultancously using the seemingly unrelated regression model:
=y T 'Er.Rm ¥ 5T
L = ey + BpRy + e

Ho: B8y = 0
H,: BB » 0

(24)
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As a system, the portfolio beta attributable to “pure” loans is estimated at
B, =0.964 while te marginal effect of short sales has a beta factor of
8,-8,=0.02138. As is evident from wble 3, the Wald swtistc suggesss that
the data does not reject the nuil hypothesis, both at the 3% and 10% level of

significance since the critical chi-squared statistic at 1 degree of freedom is
3.84 and 2.71 respectively.

Second, note that both the theory and the various possible estimarion
methods assume that the distribution of returns is known a priori and has remained
Csmtonary.,  As Barry (1978) shows, there are important measurement errors to
consider when these assumptions are not satisfied. It is reasonable to believe in
our case that the data does not satisfy the lamer and thus, at the very least
diminish the reliability of the estimates. Towards this end, note that the ex
post forecasts in table 1 generally underestimated the actual 1991 data.  Other
technical concerns exist and in fact forms of estimation bias—-particularly errors
in variables and the omitted variables problem—continue to hound the empirical
lieramure of single-index models. At the very least, these should be considered

m evaluating g.

2.4 An Issue of Aggregation. Convenience and Bias

The third--and perhaps the most crucial--source of bias arises from the use
of all-maturity loan and deposit rawes. If all interest rates are random draws
from the same population, there may be little harm dome. It is less clear,
however, when financial inswuments are not perfectly substitutable and the fund

market 15 effectively segmented.
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All-maturity rates can be represented as dot products r=yr and i=xi where ¥
and x are vectors of weights and r and i are vectors whose elements indicate the
respective rates in the differemt maturity categories defined by the CBCSI. It
follows therefore that:

Py,

~  Covir,R_,) 451 Cov{yr R )
Var(R) Th_ var(R,,)

where anm:E E}‘trh - EJ"tr_u {Rn = ﬂ}
e |k K
=L re- o o R
|k
=£{}’|{1‘| - r_!}mm - R_m} + Yolr; - E}{Rm 5 R_m} + ___}

=np (r - Ry - Ry + ] (- R, - RY + ...

=Nk, T ¥, T ¥, F o

> E KT nr, (26)

k

As a result, it now turns out that because r=yr and i=xi, then:
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E-"r’@m
By == = = Wbyt VaBy T Wy + o (27)
TRy
L 5,
e S S . = xfp + Xfp + XByp + ... (28)
[13
Rn
B~ Bp =By - B + (nfy - X8l + (29)
] TRy # TiFm
where g, = — and 8, = —— are the OLS estimates of a regression of r, and
T oy
L Ry

& tespectively on Ry, for the kth maturity category.

By definition, | ¥, = J 5 = 1. If, however, y,=x, v k (i.e.y=x), equation
i X

(29} simplifies into:
By - Bp =Yy - Bipd T FlBoy - Bap) + ... (303

where:
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Y- By - R T G - )R, - R

=

2 2

E‘[{fu_a}‘{iu‘ij}tﬂn—@

ey SIS o
=

=2 (31)

But as argued previously, intermediation services, [/, can be treated as an

asset which can intuitively be defined as having an expected return w,, = (r, -

-
-

i) and variance ¢] = o + of - Zo.. Then:

A A a A
B = Bep = ?m:ﬁr ¥ k (32)
Ty
B —Bp = EJ"‘;-E'; = E.}rk{ﬁl:l, - Em} (33)
3 K

The parameter 8, is critical because it measures the degres of sys-tematic r

sk that intermediation in the kth category bears. As such, the point of g8, - ED

s eloquently defined by equation (33).
Unfortunately, there is no particular reason why y=x.  Consequentdy,

estimates of 8, - By, that use all-maturity rates are not for cguation (33) bur
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rather equation (29) where not only is Eu - f;;-n important but also the relative
magnitudes of y, and x ¥ k. This also implies that the across-equation
constraint in the SURE model tests for:

(B = XiBin) + (PBu — Xafap) + oo + By - X8 = 0 {34)
rather than:
}'I{En, = E"m]’ + }E{Hﬂ_ - -['-"*_ﬁ} + o Fn{ﬁul_ - ﬂm} =0 (33)

S

While {Eﬂ. - Em]' = By has an explicit meaning, it s not intuitively

obvious what (WEy - TSwm) is supposed to reflect and subsequendy how
cxpression (34) is 10 be interpreted.
The existence of non-overlapping maturity categories also raises a further

‘ssue.  The notion of the yield curve points out that instruments with longer

‘terms generally carry a premium, loosely specified as:
g Ak -
u = Mz, ...} + g where — > (i Elg) = 0 (36)
k

where T, i5 a unit of time of length k. Having distingt categories:
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0=, )+
Ay = ﬁ"—'r ) T
| (37)
Aol = F-](Tnnh "':J £ % Ea1
Xy = fﬂ[Tn, £55) +e
guires that v, > 7., > ... » T, > 7, which implies, ceteris paribus:
E(xy) > E(x.) > ... > E{x) > Elx) (38)

Assuming for simplicity that all arpumentss in £(-) are fixed and that £

N{0,7), it follows that x, —N{w,o). The average for all n mawrity categories

then be:
Hy = owqpy b owgpy owgpy L F o, = E”h""t .'E-'-H;:l (39}
k k
a variance of:
-u‘i = Emil:rf + EE-;.:QJ-;@J-F;:FJ- (40)
i

1]
=i

re gy 15 the correlation coefficient between categories i and j.

The question of whether the different observed rates are draws from the same
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population is a problem of ANOVA where we sesk 0 fest:

fr = == )

-Hy: L
@1
Ho fo = mo= = e )

L5

H, is rejected if ditferences among the class means, p, i, ¥ k, arc large and/or
en within class variances, o ¥ k, are also large. Hence, 10 incorrectly assume
single population is to use an average w, that broadly deviates from (1) the
clacs means and from (2 the actual sample.

i the point of using the average is that it is an implicit

roxy for the rate on the "representative” instrument, then the error of

assuming H, instead of H, is definitely costly because the descriptive power of Hy

&= weakened by these unwarranied variations. In conmast, the comverse is at

Z

plittle cost since p, & :rﬁ, will not be very different across classes, with oy

selatively small and py a fairly compact summary of the class means p, ¥ k.

The obvious convenience of using scalar (i.e. average) rates may therefore
at a significant cost. Formmately, much of what is needed to extend equations
42 and (16) to account for several types of loan and deposit instruments has
ady been introduced.

Consider specifically equation (17} again. In general:

B = E Yilfy, T+ Exﬁu (42)

k k




Spreads in a Theory of Financial Economics ' Page 22

where there arc n forms of loan and deposit instruments while v, and x, are

weights which-satisty the following conditions:

xn <0 ¥ik=1..m
(i w >0 ¥ k=1__n:

o i
(i) Fwm +Vx =1

k k

Risk-averse bank investors are likely to distribute equity funds over all n

categories.  Define 3 as the proportion of W, in the kth category such that |

gy = 1. Assume further that sourced deposits are used to extend credit in the

same category. It follows then that:

{;,rkqu:, > u} = & vk (43)

which can be re-arranged as:
Vo =8 -X Vk=l_n {44)

Substituting this back into equation (42), we get:

n

g=7 [}rhﬂ.._,_ - .mam}

K
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[{‘-—"t — Xy, + -ft-l3r_|:'n}

-

f
SBr — ) %lBa — Bup) (45)
k

m R * [~

ey

Equation (45) is a generalization of equation (18) and a restaement of
equation (29). When short sales are not allowed, banks are pure moncy-lenders and

s portfolio risk will reflect the welghted average risk of all loan instruments,
E+ W3- With short sales. there is added risk from (1) having borrowed funds and
K

(2) managing such funds in the pursuit of arbitrage profus. The term (8 - B.p)

reflects such increment and can be thought of as the pure risk of intermediation.

Subsequently, the second term in (43) is the weighted “price” of marker risk

atiributable to selling various deposit instruments short.

The special nature of banking institutions comes from the management of
uncertainty and it is this featre of short seiling thar is the crux of bank
operation.  As Porter (1967) argues, the tenet of profit maximization in micro

theary implies:

o.that the bank should acquire a porfolio consisting emtirely of the
asset whose yield (less any cost of maintenance and acquisition) is greatest.  But
this procedure misses the verv essence of banking, which is to “borrow short and

lend long™. "
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This has the effect of creating a market value for financial imermediation

and nothing short of this will be appropriate for a “bank”.

2.5 Estimates Using n Maturity Categories

‘The model was consequently re-estimated by OLS as:

-

ry = @y + BBy + gy
o = oy T By Ry + 5y
i = oy + By Ry oy
Fa = oy + By R + £y,
re = oy T By Ry Toegy
Te = wg + BuRy + =
Iy = &p + Bpln + e
by = ap T BpRy + sy
Iy = a;p T BipRy + £y
iy = g + Bl + £ (46)
Iy = o T BpRy + £
iy = o + BBy + 5o

ming data from by the CBCSI.ZZ The complete results are in appendix 4.
Table 4 suggests that the correlation with the market proxy is more diverse
implied by the inital estimates E,_ = .97 andED = 0.93. In column 5, the
of intermediation diverges substantially from the 0.04 average. Nowhere is

more clear than with g,;=0.13 which would have been higher if not for the

LiMote that time deposits have data for the "30-45 day” and the "46-60 day”

ries while the loan rates only go as far as "less than 60 days”. To provide

comparison, a simple average of these two time deposit categories was also

ated. Subsequent estimates are provided for the average as well as for the
nt COMpOnents,

i
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apparent dominance of 46-60 day TDs.
To test for across-equation constraints, the model was again re-estimated as
SURE with the coefficients estimated by GLS.23 Two types of hypotheses were then

ested using the Wald statistic: (1) that intermediation jointly bears no risk:
{lﬁu =Pn=Fp =By =fg™ -Hﬁl} = (47)
and (2) that the same is independently true for each category:

b= Bias =0 V=135 456 {48)

In table 5, we reject the hypothesis that 8,, = 8, -8, is jointly zero for

| 6 mawrity categories. This is in direct contrast to the results obtained

earlier with all-maturity rates where we failed to reject the hypothesis of
:,_-::]_I.]B.ﬁl}’ between éL and I;n- On an individual category basis. the same conclusion
2 obtained. This is significant because these rates are for sccured loans and in
effect 15 implicit evidence that intermediation still involves undiversifiabie
risk despite the collateral. This would seem to imply that either banks continue
to rely on interest rates to reflect the necessary market signals andfor that
there is difficulty—-or atleast some negative preference--in  having collateral

fully cover the pertinent risk exposure, 23

23The model was corrected for autocorrelation, assumed o be:
Ey = pEyg T U, Yi=1L23456 and ¥t

- o i
Law- 150964
el 3 1 i) Sestem
Toiwaraity of the Philinpines &)
LIL*:E'. 3 of Eeomnmiss [Irary



Spreads in a Theory of Financial Economics Page 26

The only excepnon is category 4 (6-12 month instruments) where the data
cannot  reject the null hypothesis. Interestingly, the B,;'s in the other
carcgorics fall within a “high" range 0.059-0.168—-higher than the 0.04 average
umplied previously—in contrast to the much "lower™ 0.016 value estimated for
caegory 4.

Ceteris paribus. one would expect that 8. g, and B - Bp would all rise
with longer maturities since the inherent risk of deposit prétérmination against
loan defaults would be more emphasized. The GLS estimates above, however. show
- practically no such pamern and if at all, 8, appears to generally decline as the
increases. A possible explanation for this may be the common practice of
‘moll-overs.  Depositors seem tw prefer to simulate long term instruments by
‘olling-over shorter term accounts at the expense of lower rates to gain beter
‘Hlexibility and liquidity. With banks :‘cif;asing long term credit in tranches that
periodically subject to review, the bank may now be operating a riskier short
serm market because the threar of mismatch between pretermination and defauls
mnder a short-sale financed portfolio is much more evident with the roll-overs.
15 is exacerbated by the fact that roll-overs artificially creates a larger more

‘Wolatile volume of short term transactions which may be an added source of risk.

Z3This is in fact circular TCasoning. If the collateral offered fully
covered the bank’s exposure and is fairly “liquid”, then the bank becomes towlly
indifferent © defaults since it can always benefit from the proceeds of the
collateral.  But if such collateral exists, then the cliemt would not have to
Borrow in the first place. Thus, the usefulness of the collateral. both as a
Siznal and as insurance, is only when its value is less than the worth of the loan
conract or when there are significant costs to be avoided in converting the
Collateral to cash,
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3. Final Comments and Further Directions

This essay proposes a method of evaluating the size of the interest rate
spread without atuding o any of the common structure-cariel propositions but
mstead emphasizes the component of portfolio risk that banks as intermediaries
musi bear. lmi:n'nad%lﬂ[it_'rn 15 aken 0 be an asset from the point of view of banks
and im acquisition requires that banks maintin a unique portfolic that short-
sells deposit instruments so that it can take a position in the loan market that
55 beyond the limits of its pure equity exposure. The convenient decomposition
derived in this essay is that the ensuing portfolio is exposed to the un-
‘diversifiable risk that is inherent of loan instruments (lending effect) and that
which "borrowing short to lend long” creates (imtermediation effect). If such
ks have any inminsic valve, it must follow that banks ought o be compensated
by a rate of remrn that appropriarely reflects such market valuation. This leads
‘directly into the issue of imterest rate spreads since the estimate of the
systematic portfolio risk can be used as a reference in determining the size of
risk-related spread. The empirical results suggest that the various measures of
actual spread fall short of the level that is implied as a “fair” rewrn 1o
undiversifiable risk borne by banks.

The advantage of this approach is two fold. First, it provides for a
theoretically-supported framework for evaluating the actual magnitude of the
spread.  Given the appropriate dama, it is feasible to actually determine if a
particular spread is absolutely high or low. Second, the model is clearly time-
variant in that the estimares change when the basis of comparison, the systematic

risk implied by the market proxy, changes. This is particularly critical because
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it allows for intangible changing market conditions to be factored into the
pricing framework. Such, after all, is the cconomic essence of interest rates as
a signaling mechanism of market conditions.

The model, however, is susceptible o possible technical caveats. Clearly,
the estimates assume that asset returns have a stationary normal distriburion.
Matters easily bt:l:;mc very complex when the distribution is not stationary and
much worse, if it is unknown. In the literamre, Bayesian estimates, for example,
have been proposed--specifically predictive distributions—to handle the problem
of unknown and nonstationary distribution of asset returns. There is also outside
evidence that results may be sensitive to the type of test used. Using SURE w
test simultaneous nonlinear restrictions on the intercept of a combined CAPM-
market model, Gibbons (1982) used the likelihood ratio test to reject the CAPM.
Interestingly, Stambaugh (1982) reaches a very different conclusion after using
the same cstimation method but with the Langrangian Muitiplier test instead.
Amidst all these, the usual discussion over specification bias continues o elicit
active work. [f anything, this only shows that much more work is nesded before a
definitive conclusion can be made or atleast thar the results will eventually
become an empirical issue on a case [0 case basis.

The Roll (1977) critique of the empirical literamre of the CAPM argues that
the numerical estimates will be sensitive to the chosen marker proxy. If
numerical estimates for comparison with acrual spreads are the end in view, one
- may chose to run the GLS model using different proxies for the market portfolio
‘since  the relationship berween risk and return s  iself theoretically robust

‘despite the known estimation difficulties. In genmeral, it scems accepmble o
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propose that there is an inherent relationship between return and risk,
particularly in response to dynamic macroeconomic conditions, 28

The discussion owver interest rate spreads has, indeed. created a lot of
noise and will continue to do so because of its senmsitive role in describing the
competitivencss of ﬂuj commercial bank market. Such noise is however compounded
by grave technical errors that linger but generally remain uncited, The empirical
evidence reported here suggest that the actwal spread between the all-maturicy
rates is far lower than what the OLS model would imply (table 2 column 3 vs column
5). When compared o the more often cited (though theoretically incorrect) spread
between the weighted secured loanm rate and the savings deposit rawe, the same
conclusion is obtained.

There is likewise an unknowing technical error in the continued insistence
of using convenicnt scalars (i.e. average rates). As shown by the derivations,
particularly of equations (29), (33) and (45), these scalar indices do not
generally reflect the intended information and instead are much more vulnerable w0
further "noise”. A comparison of the empirical results of the OLS and GLS models
bears this out since very divergent conclusions are drawn with respect to the
component of undiversifiable risk that banks face as a result of inermediating
between savers and dissavers. Both numerically and analytically, it should be
very evident that much more signals can be read from the simultaneous system GLS
model rathér than the simple OLS model.

Further work abounds, particularly in the area of estimation. [f forecasts

238¢e Francis and Fabozzi {1979} for evidence that 8 responds to the business
cycle.
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arc to be desired, more effort must be made towards stationarity. Various market
proxies can be tested o insure the robustness of the results and the common
esimation biases well cited in the single-index model literature can be directly
addressed. With the proper software that can handle inequality constrainis, it
would also be of interest to pursue the hypothesiz that g, changes with maturity,
within a generalized miodel that could account for non-price schemes.

The issue about the size of the spread is far from closed. While the
empirical results suggest that the actual spread—however defined—is gencrally
lower than the implied market-determined “fair” level, that is not likely to go
unchallenged. That is admittedly a significant departure, if one is o be made at
all, from the repetitive and now common practice of implying non-competitive
behavior in our financial markets. At the very least, the suggested framework

above reminds us that some caution must be exercised before a final and

categorical statement can be made about the size of the interest rate spread.
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TABLE 1
OLS Estimates for Secured Loans and Time Deposits

o 3 . 2
r = 30554 + 09733 R, Adjusted R = (1.9687
{E:ﬂl 16) {32.20) F(1.58) = 8205
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Siiual Forssast DidT Actal Forecsst ChiT
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i = 0.0471 + 09357 R, Adjusted R® = 0.97200
{0.109) (27.62) F(1,58) =2049_14
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ol -24.862 -17.987 3124 &7 34 487 211,704 2042
a2 25050 =19 539 377 4 -35. 149 -31.156 -3.803
&3 -28.952 -18.477 0,483 a9 37043 32002 =07
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TABLE 2
eal and Nominal Spreads Implied by the Regression Estimates

-

Period| Real | Nominal | Inc. Due | Actual Spreads
Spread | Spread wow | [
(1) (2) (3) @ | ® | (6)

1990:01 -16.0760 | 14.9947 | (.3761 | 3.035 | 16.354
021 -16.5322 | 15.9393 | 03305 | 4.367 | 17.132
03] -15.7811 | 17.6188 | 0.3903 | 3.967 | 18.541

04| -15.9115 | 20.3088 | 0.4221 | 3.159 | 19.770
03| -17.0917 | 19.6317 | 0.4336 | 3.285 | 19.683
06| -21.7417 | 15.0647 | 0.4582 | 1.632 | 16.473%
07| -23.2839 | 15.7707 | 0.4952 | 4.497 | 18.791
08| -20.7317 | 20.1382 | 0.5036 | 4.106 | 16.853
09 21,1919 | 21.5985 | 0.5305 | 3.638 | 20.860
(10| -23.8842 | 17.9186 | 0.5351 | 3.968 | 20.466
11| -25.4109 | 17.3935 | 0.5587 | 4.059 | 21.256
12 -20.6451 | 29.9063 | 0.6242 | 3.264 | 22.753
1991:01 -29.1521 | 18.2466 | 0.6505 | 5.032 | 27.150
02| -30.7653 | 16.5109 | 0.6632 | 3.5%4 | 21.182
03] -29.6600 | 19.6855 | 0.6824 | 2.747 | 18.792
04| -31.6799 | 17.2496 | 0.6955 | 2.137 | 17.431
03| -30.0950 | 19.0069 | 0.7056 | 3.842 @ 15.817
06| -33.6249 | 16.3409 | 0.7304 | 3.420 | 13.373
07 33,1111 | 18.1659 | 07444 | 4325 | 16.334
08| -32.5507 | 21.0391 | 0.7723 | 4.583% | 17.116
09 2339509 | 21.8031 | 0.8203 | 8.135 | 17.998
:10] -34.3488 | 20.2329 | 0.8075 | 6.202 | 20.135 |
110 -34.0336 | 21.7403 | 0.8216 | 3.479 | 13.126
12| -35.4707 | 19.4553 | 0.8262 | 5.007 | 17.784

NOtes.
Column 2: = (0.973)}{Real WAIR)
= Real spread attributable to pure sysiematic risk
Column 3: = (0.973)Real WAIR){1+=) + =
= Nominal spread implied by degree of systemate risk when
loanable funds are sourced purely from equity
Column 4: = {D.[}?r?‘](Raal WAIRN1+=) + =«
= Increase in nominal spread arribueable to short selling
depesits o be able 10 increase loan portfolio beyond equiry
Column 3: = All-maturity loan rate — All-maturity time deposit rate
Column 6: = All-maturity loan rate - Savings deposit rate
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TABLE 3
Constrained Regression Model
Generalized Least Squares

A. Unconstrained Estimates
Estimates for equation: Secured Loan Rare

Cibservations = 0

Mean of LHS = -[).574 Std.Dev of LHS = 11,7982
StdDev of residuals = 1.9807 Sum of squares = 227.5643
R-squared = (L.59713 Adj. R-squared = 0(.9708
Durbin-Wamson Stat. = 1.8674 Autocorrelation = 0.0662
RHO uzed for GLS = {,3094

Variable Coeff.  Std. Error tratio  Prob|t|=x Mean Std.Dev.

Constant  3.0023 0.3844 T.810 0. 00000
EWAIR 096495  0.03058 31.552 000000  -3.7461 11.799

Estimates for equation: Time Deposit Rate

Choservations = &)

Mean of LHS = -3.4051 Sed.Dev of LHS = 11.5335
StdDev of residuals = 1.7271 Sum of squares = 173.0114
R-squared = 0.9771 Adj. R-squared = 09768
Durbin-Watson Stat,. = 1.7131 Autocorrelation = 0.1434
RHO used for GLS = (.4229

Variable Coeff.  Std. Error tratio Prob|t]=x Mean Std Dev.

Constant 0.05778  0.3987 0.145  0.88475
RWAIR  0.94357 00312 30191  0.00000 -3.7461 11.799

NOTE: Estimates have been corrected for AR(1)
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TABLE 3 (continued)
Constrained Regression Model
Generalized Least Squares

B. Constrained Estimiates:
Estimates for equation: Secured Loan Rate

Observations = (0

Mean of LHS = -[1.5742 Std.Dev of LHS = ]1]1.7982
StdDev of residuals = 1.9840 Sum of squares = 2283149
R-squared = 0.9712 Adj., R-squared = 0.9707
Durbin-Watson Stat. = 1.8397 Autocorrelation = 0.0801
RHO used for GLS = .3004

Wald test: »°(1) = 1.8474, Probability = 0.17409
Variable Coeff.  Std. Error t-ratio Prob|t/=x Mean Std.Dev.

Constant  2.9629 0.3833 1.730 0. 00000
EWAIR 095600 0.0298 32,03 0.00000 -3.7461 11.799

Estimates for f:quatmn Time Deposit Rate

Observations = 80

Mean of LHS = -3.4051 Std.Dev of LHS = 11.5335
stdDev of residuals = 1.7302 Sum of squares = 173.6337
R-squared = 0.9771 Adj. R-squared = (0.9767
Durbin-Watson Stat. = 1.7439 Aumocorrelation = 0.1280
RHO used for GLS = (.4229

Wald test: x7(1) = 1.8474, Probability = 0.17409
Variable Coeff.  Std. Emmor tratio Prob|t/=x Mean Std.Dev.

Constant 00,0984  (.3975 0.243 0. 80446
RWAIR 0.95605 0.0298 32.003 0.00000 -3.7461 11.799

NOTE: Esumates have been corrected for AR(]1)
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TABLE 4
OLS Beta Estimates For Various Maturity Categories

Catcgory| Term of | Estimated g, | Estimated g, |Pure Risk Effect
| Instrument |Secured Loans Time Deposits|of Intermediation
A |30 - 45 Days it 0.28008 |
B 46 - "60 Days 0. 83054
1 < 60 Days| 0.99765 0.36333 0.13382
2 61 - 90 Days| 0.98346 0.996590 -0.01344
3 91 - 180 Days| 0.95913 0.87867 0.08051
4 181 - 365 Days| 0.95149 | (.94585 000564
5 (365 - 730 Days| 1.16762 1.00158 | 0. 16604
é > 730 Days| 1.01546 0.94925 0.15621
T All Mamrities|  0.97326 0.93567 0.03759
TABLE 5

GLS Beta Estimates
Test of Across Equation Constraints

Category| @, Bo | Ba | Su. t-Ratio | Prob |t|=x
| i Error | 2D
! 0.98770 | 0.87462 | 0.113080 | .O1898 |5.957 | 0.00000
2 | 0.98083 | 0.88412 | 0.096715 | 0.01932 |5.005 | 0.00000
3 0.95267 | 0.87108 | 0.081599 | 0.02169 | 3.761 | 0.00017
4 0.95912 | 0.94229 | 0.016830 | 0.03470 | 0.485 | 0.62767
5 1.16340 | 0.99470 | 0.168700 | 0.06307 |2.675 | 0.00747
6 1.01180 | 0.95226 | 0.059495 | 0.02856 |2.083 | 0.03725
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APPENDIX 1
General N-Asset Model

-

If there are instead n assets in the economy, the expected portfolio return

will therefore be:

T
EjZ] = Z = E|Jug| = T, Result |
1=1 i=1

The riskiness of such a portfolio can then be intuitively measured in units
that reflect the deviation of actual returns from the expected return in result

(1. If we define

- EZZP
. E[fz—i}f.z;—ig}]
= EZ2

+ o - i
. = yariance of the remrn of asset i

o = covariance between assets 1 & §

* = variance of the returns of the portfolio

&

it is easy to show that ¢ can be expressed as:

n

fl
X

i=1 j=lI

Result 2

FProof:

e

2 = EZ3
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i n =
= E E-‘-ﬂ,a E“’r?l
=1 i=|
f.I'I )
= E|}w (Z-2)
i=1

= {Ewi Z —E'JHE@, Z - Z)

non _ B
= EE Efﬂi%'[z.‘zi}{'zj'zi}

i=1 j=1

- [E E e E[{z,- - Z)(Z, - E’.J]]

non

=L Leme |

i=1 j=1
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APPENDIX 2

h R
Since: o :
mce: o - E Im—._uj Iy = Eﬁlﬂ"' + l Ep_l-,g.lj *
i=l :I=|. =l _;|'P|_
s n "
d o d o g
& wir;  + W
then: = i E E 5 T
a uk dow | ;
T ji=1 1=1 3=1

i=
o
2ug; + _"E Wy
J!l

+
= 72 {urlqr-t oy oy towgr oL+ u“a*m}

r

= 2 {u:{r" F ooy by + o Fowe] o+ wn%}
MNote however that:
oy = [u:a Z)E, - ] o = E[fEi - Z)(Z, - E:J]
oy = E[{E’.i -2) (% - ;"?;]'J My = E[{J’-'; - Z) (7, - En.}]
and so;

e LU

E = {U1l-'-";| T e - T R o :.:'.'-1]'1 R J.dﬂ‘}

= “'lE[':EL - Z)Z, - 2'1}] - “:E[{Ei - Z)Z, - Ezj] *
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= Elw(Z - ZNZ, - Z)) + wiZ - ZNZ, - Z)) + ]

L

= E .E; —ﬁ; IE"|{E| —E’]) 7 l'-'-'-:{z}_ = EL_I' EF: ...J]

= E r-"'T'Ii — r‘“‘:"'751 t o+ o2, - W.'EI = e ”%]]

. R

- g
= El|lz-Z z-z}]

Hemce: =— = 1Io = o, i Resulr 3

d by

where o and g are respectively the covariance and corrclation coefficient

between the ith asset and the portfolio.

similarly,:

e | =

b |

fle
£l
1]
[}
"'] o
&
£
5
+
1
1
E
-
I=‘-'=I
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1 | =

dao £
oy 1
n non -
i S
- E wir;, + E E ahs,
i=i =1 j=1
i

o
&
i 0
= E Result 4
If the particular portfolio in question is the "market portfolio”, then:
|:|'. -y
22 = 2 o o Result 5
where 2 is the least squares estimate in a regression of the form:
Ry = o +AR, +s Resuir 6

where By, R, are returns of the ith security and the market portfolio
respectively in period ¢ and e is the random error term. This is exactly the same

# that is at the core of asset pricing theory.
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APPENDIX 3
Portfolio Beta vs. Security Beta

Recall that by definition:

Covariance (Asset i & Market Portfolio M)
Vartance of M

& !

Tiag
g

Il

Hence:

il
%ﬁf
|

:

1
&
n

il

|
|
5

l

Result 7

il
w
i
T
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o=

Log-Likefinood  Ratio
Akaike Information
D {Timirsnstormed)

Log-Likclibood  Rati
Akaske  Information
DWW  (Tnimrstomead)

Lop-Likedibesnd  Ralio
Akaike Infirmation
W {Unimnsformed}
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APPENDIX 4

values after correcting for AR(1).

3.3056
{9.244)

+ 0.9976 R_,
(33.98)

20057
16650
= 1.4%400

+ 09835 R
{30.63)

2. 8854
(7.16)

2100087
15136
= L.XTRE

28166
(6.474)

+ 0.9592 R_
(27.54)

15044593
1.7TT03
| 3596

OLS Regression Results For Various Maturity Categories

Note: Values in parenthesis under the estimated coefficients are the t-

Adjusted B® = 0.9648

F(1,58) = 1619.57
Amcmiya Frediction = 5.280%
DW (Tramboomed) = 1,593

Adjusted B® = ().9693

F(1.58) = 1865.50
Asmsiniva Prediciion = 4. 3477
DW [ Transioamed) - L. BEOS

Adjusted R® = 0.9582

F(1,38) = 1352.35
Amemiva Predicoon = 39268
W {Transfprmed) - 19528
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r, = 3293
(5.823)
Log-Likefihood Ratia ™ =
Akaike Iformation -
DW [Umrnnsformed) =
r, = 6.080
(7.878)
Log-Likelihood  Ratio =
Aksike bafrmation -
DW (Ustransfoemed) =
re = 30262
(8.57)
Log-Likslibood Ratio N
Akaike Tnformstion 2
DW (Untranstoemed)
i, = -4.644
(-0.44)
Log-Likelibonod Ratio

:
E

DWW (Untransfommed)

+ 0.9515 R,
(21.42)

1820027
1. SaRE
L. Loes

+ 1.1676 R
(19.03)

fer

155.5147
23004
12755

+ 1.1055 R,
(27.77)

196,243
1.417
1.3154

+ 0.2800 R,
(3.92)

1044535
L5066
LR
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Adjusted B® = 0.9510

Ff{1,58) = 11463021
Amecmiya Prediction - T.1631
W [ Tramstormed) = 0347

Adjusted R® = 0.9238

F(1,58) = 716.6324
Amemiys  Peediction = 16,4514
W (Tracsformeed) Z. 2005
Adjusted R® = 0.9614
F(1,58) = 1469,1613
Amemiva Prediction = 1563
DWW (Teanatormed} - L.217%
Adjusted R® = (.9628
F(1,58) = 1526.2476
“I:m.:fﬂ Teediciiom ™ 4.52007

DWW [Tramstonsah = 1.7137
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iy = -1.655
(-4.85)
Log-Likelitood Rakio =
Akaike [mfonmalian oy
O U srransforeed -
‘:] — '1-623
{-3.74)
Lug-Likelinogd Rand =
Akaike Tieformatiom =
LYW [ Lipiraos frmmesd § -
L o= -1.707
(-4.94)
Log-Likefihood Hatn .
Adike  Infnesation =
Lo [ nlsans rned b -
i, = -1.875
{-6.24)

Log-Likehibood Rato
Akaike  Infnematiodn
W (Lol fonmedy

+ 0.8758 R_,
(31.39)

201.7181
15T
14185

+ 0.3638 R,
(25.47

207.5741
§.329

.01

L+ 0.8%69 R
(32.24)

Z13.1452
L.IL56
L. 308%

+ 0.8787 R
(36.3T)

2156346
L1741
4514

Adjusted R*
F(1,58)

Amciuya redecion
W | Transformed}

Adjusted R
F(1,58)

Amomiye Frediciion
W [ Transiormed)

Adjusted R
F(1,58)

Aamesniya Prodicion

D'W [Transfoemed)

Adjusted B
F(1,58)

Amesuya Predicion
W [Transloemed]
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= (.9647
= 1615.0621

= 40754
1.7872

= [.9642
= 1795.8346

= 3. 714544
- [

=(.9718
= 20346702

v o
55724

1.0169

= (L9720
= 2051.1068

3.2411
= 1475
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iy, = -1.845 + 0.9458 R, Adjusted R® =0.9803
(-6.46) (41.32) F(1,58) = 2038.9089
Log-Likelibood Ratin = 136,696
Akaike Information - 0.967% Amcmiva Prodiction - 26322
OW  (Untanstormed) - 1.4151 DW (Transformed) - 1774
i = -1.485 + 10016 R, Adjusted R = .9669
-4.2T) (35.563) F(1,58) = [728.9607
Log-Likelibond Eang = 05 G697
Mkake Information = 1, 6048 Amemiva Prediction = 49772
DW (Untransformed) - 16710 DW ([ Transrormed) - 1.9550
i = 06374 + 0.9492 R, Adjusted R® = 0.9675
(1.448) {27.34) F(1,58) = |759.555
Log-Likelikood Ratio - 106, 5830
Adake Information = 15144 Adnemava  Prediction = 45467

~ W (Unimosformed) 1, 144% DW  (Trunsformed) - 1. 4563
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APPENDIX 5
GLS Regression Results and Across Equation Constraints

-

.

Autocorrelations: &, , = pPy&€5 -1 * Uy ¥ i=l,2,3.4.5.6 and ¥ &
Eq 1. ©.19309 Eg 7. 0.41233
Eg 2. O.44025 Eq &8, 0.27788
Eq 3. 0.34000 Eq: 9. 0-35915
Eq 4. 0.32908 Eg 10, 0.15887
Eq 5. 0.30189 Egq 11.. 032077
Eq.&. 0.24957 Eq 12. 0.40075

Eztimates for equation: RI

OUhzervations = &0

Mean of LHS a =0 3715499 Sted.Dev of LHS = 12.05379
StdDev of residuals = 2.193787 Sum of sguares = 279.1366
R=squared = {.9663147 Adj R=sgquared = Q. 9657T339
Burbin-Watson Stat. = ]1.934334] Autocorrelation=  0.0328330
BHO used for GLS = .1930943

Variable Coeff  Std. Error t=ratie Probiti=x Mean Sitd.Dev.

e seersrE - —— P I T S S S . - S R s i

Constant 3.32T0 0, 3643 9132 0. ooooo
WAIR 0.98770 0.2906E-01 33.984 0. 00030 ~3.7461 11.79%9

Estimates for squation: T1

Cbscrvations = G}

Mean of LHS = -4, 835717 Std.Dev of LHSE = 10.68465
Stdlev of residuals = 1,704914 Sum of squares = 163.5904
R=sguared = 0.9741070 Aadj R-sguared = 0. 97326806
Durbin-Watson Stat. 1.7740362 Mitocerrelation=  0.1129819

FHO used for GL= 0, 2402469
Yariable Coeff Std. Error t-ratio Prob! tiz=x Mean =td, Dewv,

e e el | ———————— = e == T

Constant =-1,5921 0.4030 -3.950 0. 0000s
WAIR 0.3T462 0. 3120E-D1 28,032 0. 0000 -3.7461 11.79%
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Eztimates for equation: R2

Observations = &

Mean of LHS = =0, Tele334 Std.Dev of LHS = 11.97243
StdDey of residuals = 1.9&60243 sum of zquares = 272 B6E0
F=squarsed = 0.9727382 Adj R-squared =  0.97T22882
Durbin—Watson Stat, = 1.7271624 Autecorrelation= 0.13641838
RHD used for ELE = 3399970

Yartable Coeff Ztd. Error t=ratia Frob:t i =x Maan Std. Dew.

Conatant 2.2695 ﬂ£3955 T.295% 0. 00000
WAIR 0.98083 0.3109E-01 31,5347 0. 00300 -3. 7461 11.7%9

Estimates for squation: T2

Dbservabions = &

Mean of LHS = =4 99873 Std.Dev af LHS = 10.7589%9
SidDev of residuals = 1,697115 Sum of sguares = 1&7.0%09
R-squared = 0.9746506 Adj R-sguared = 0.9742543
Durbin-Watson Stat. = 1.7696864 Autecorrelation= 0.1151568
RHO used for GLS = 03230765

Variabhle Coeff Std. Error E—ratio Probiti=x Mean Std. Dewv.
Lonstant =1.7206 0. 3372 -5.102 0. 00000
WAIR 3.88412 0. 2eSeE-D1 332849 O QAG00 —4.7aB1 1.799

Estimates for equation: R3

Cbservations = ad

Mean of LHS = =}, T43EE834 Std.Dev of LHS = 11.70923
Stadlev of residuals = Z. 267363 Sum of squares = 2%8.3320
R-sguared = 00, 9513482 Ad| B=sguared =  0.9611%04
Durbin-Watson Stat. = 1,84637T82 Autocorrelation= 0.07Te8109
BHAD used for GLS = 1, 3015863

varlable Coeff Std. Error t-ratio Prab:fi=zx Mean Ztd, Dew,

Constant 2.7231 0.4233 &_435 0. Q0000
WATR 0.95267 0.3418E-01 2. 872 0. 0000d =3.7461 11.799

Estimates for equation: T3

Observations = &0

Mean of LHS = 5. 157517 Std.Dev of LHS = 10.59054
StdDev of residuals = 1.704722 Sum of sguares = 163, 5524
R=zquared = D.9736307 Adj B-squared = 0.9731964
Durhin-Watson Stat., = 1.8334855 Autocorrelation= 0.0832673

) |
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RHO used for GLS = [],2495:51

Variable Coeff Std. Error t—ratio Prob.:fi= Mean Std, Devw,
Constant =1.9046 0. 3037 -6.271 O 000

HWAIR 0.87108 Q.2410E-01 Je. 151 0. Q3000 -3.7T461 11.799

Estimates for eguatiosn: R4

Ubservations = a0

Mean of LHES T= -0.2302333 Std.Dev of LHS = 11.8%623
stdlew of residuals = 2, 364248 Sum of sgquares = 324.2008
R-squared = [.3598333 Adj B-zguared = . {_ 9591408
Durbin-Watson Stat. = 1.9077S80 Autocorrelation= 0.0461210
BHD used for GLS = 0.24123331

Variable Coeff Std. Error t=ratio Prab!ti=x Mean Std. Dew.

e o o o e e e S 0 i i e e e e . i 5 . . e . e e e e e e e e e . e O R i 5 i e i e e o

Constant 3_3151 J.5340 &, 208 0. DA000
WalR 0.953912 0,.4162E=01 23,044 Q. 00300 =-3_.Tdel 11.79%9

Estimates for equatiom: T4

Obzservations = Bl

Mean of LHS = =5, 357633 Std. Dev of LHS = 11.37502
StdDev of residuals = 1.513637 Sum of sgquares = 132.3837
R-squared = [_981993] Adj B-=guared = Q.9816827T
Durtin-Watson Stat. = 1,.8078974 Autocorrelation=  O.0960513

RHEO used [aor GLS = 0.2778R03
Yariable Coeff Std. Error t-ratic  Probit!zw Mesar Sl Daw .

- T O i e e e 0,

Canstant -1.85386 0. 2807 —£.822 Q. QOG0
WAIR D.94223  0.2232E-01 4z, 221 0. 00Co0 -3.T461 11.79%

Ezstimates for eguation: BS

Observations = &0

Mean of LHS = 1.747Z83 Std.Dev of LHS = 14.45791
StdDev of residuals = J.&80209 Sum of sguares = T85.5484
H-squar=d = 0.9341079 Adj R=sguared = O.9329719
Durbin-Watson Stat. = 2.0351433 Autocorrelation= -0.0175717
RHO used for GLES 0,3591457

Yariablie Coeff Std. Error E—ratio Prab) b= Mean Std. Devw.
Conastant &, 0508 . TETE T.881 0. Qo000
WAIR 1.1634 0. 6075E-01 19 15 O 0000 -3.T461 11,799

1
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Estimates for egquation: T3

Observations = £0

Mean of LHS = -5, 243647 Std. Dev of LHS = 12.07T321
StdDev of residuals = 2.131881 Sum of sgquares = 263 6051
R=sgquared = Q9683175 M) R=squared = 0,936777I2
Murkin=-Watzon Stat. = 1.96843071 Autocorrelation= 0.0178454
REO used tor GLS = .1588T28

Yariable Coeff Std. Error L-ratio Probitizx  Mean Std. Dew.
Constant —1.50%4 0. 3411 =4 425 0. 00031

WAIR 0.99470 D.2742E-01  36.270 0.00000 =3.7461 11.799
Eztimates for equabtion: Re

Observat lons = &0

Hean of LHS = 0.1265332 Std.Dev of 1LHS = 12 21813
Stdlev of residuals = 2.203773 Sum of squares = 3051603
B-sguared = 0.96533033 Adj B=geuared = 3,9847051
Durbin-Watson Stat, = 1.8962689 Autocorrelation=  0.0513655
BHO used far GLS 0. 3207744

Variable Coeff Std. Error t-ratie Problti=x Mean Std.Dev.
Constant 3.9114 0. 4503 3. 687 0L 00000

WATR 1.0118 0. 2548E-01 28,518 (IR uk]alln] -3.Ta481  11.799
Estimates [or equation: Te

Observations = &0

Mean of LHS = -2.862067 Std.Dev of LHS = 11.68252
Stdlev of residuals = 1.910137 Sum of sguares = 211.6203
R-sguared = 0.9T726262 Adj BE=squared = 0.9721543
Jurbin-Wat=en Stat. = 1_T7016911 Autocorrelation= 0.1491545
RHO used lor GLS = (1, 4007490

Variable Coeff Std. Error t-ratie Probiti=x Mean 5Std.Dev
Constank J.64350 0.4235 1.520 0.122862

WalR 2.293225 0.330TE-01 28,794 0. So000 =3.7T461 11.799

L
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Hypothesis Tests:
iy = oy T BuRy + oy
Fy = oy t BuRy + £y,
~ Ty = oy + BB, + o5y,
Fa = ®g + BgR, + 2y,
To = ag + B3Ry + £gy
T = &g + Baly + 2gy
fw = wp T Biply + £
fay = Dy + EmR"‘ + Eape
by = wp + BypRy + ey
Iy = ap + BpRy, + Eam
iy = %sp + Bspfmy + 23y
Iy = o T BepRy + =4

Joint test of restrictions: By = B - E;,‘D i=t,273:4151ﬁ
Hy: {ﬁ:r =By =By =By = By = Eﬁl’} =0

Hy: {E” = By =By =By = By = By 0
Wald Smtisuc = 169.3237. Prob from »*] 6] = 0.00000

Individual test of resmiction: Fncnli)
Hy: {ﬁu_ ~ B = 0

H,: {.Eti._ - ﬁ;.;,} = 0

Variable  Coeff Std.Error  t-ratio Prob|t|=x Conclusion

Fnen(l) 0.113080 0.01898 5.957  0.00000 Reject H,
Fnend2)  0.09715  0.01932 5005  0.00000 Reject H,
Foen(3} 0.08139% 0.02169 3,761 000017 Reject H,
Frcn(4) 0.016830 0.03470  0.485  0.62767  Fail to Reject H,
Fncn(3) 0.168700 006307 2.675  0.00747 Reject H,
Focn(6) 0.059495  0.02856  2.083 0.03725 Reject H,

T



