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ABSTRACT

A NEOCLASSICAL MODEL OF
THE TAX-EXEMPT BOND MARKET

By

Phillip H. Allman, III

The intent of this dissertation is to construct a
model of the tax-exempt bond market which reveals the
behavior underlying the decisions that determine tax-exempt
bond demand and supply. Neoclassical theory is used to
accomplish this goal. A secondary objective has two parts:
first, to solve the supply equal demand system of estimated
equations for the equilibrium rate of return and quantity
of tax-exempts outstanding; and second, to examine how
exogenous shocks affect these equilibrium values.

The model observes tax-exempt demand as one of several
asset demands in investors' portfolios. The assets held
depend on many variables, the main ones being the rate of
return on each asset and the tax structure. The model is
further divided into two private sectors --bank and non-
bank.

Bank behavior is hypothesized as dependent on long run
profit maximization, where safety is an important constraint.

A bank equation is specified in which bank officers trying
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to maximize long run profits choose their portfolio mix
based on their expectations of future economic conditions.

The non-bank specification is similar to other Tobin-
like asset demand models, except it has two important
extensions. First, the tax rate applied to the rates of
return is the tax rate of the investor who is indifferent
between tax-exempts and corporate bonds. Second, the income
of investors in tax brackets exceeding that of the marginal
investor is an important variable.

Since there are two kinds of tax-exempt bonds --each
with a different behavioral motivation behind its issue--
the bond supply model is correspondingly broken into two
parts.

General obligation bonds are usually issued upon voter
approval, hence a neoclassical model of voter choice is
formulated here.

The decision-maker in the revenue bond supply model is
an elected official; a city manager must determine whether
or not the revenues from future user fees will cover the
repayment of revenue bonds.

With all of the sources of demand and supply estimated,
an analysis of the model as a demand equal supply system is

presented.
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CHAPTER 1
INTRODUCTION

Federal tax law permits state and local governments to
issue bonds with interest payments which are tax-exempt
(26 U.S.C. Sec 103, 1913). Because of this law and the
kinds of participants evoked by this financial investment,
the tax-exempt bond market is characterized by several
features which clearly differentiate it from other financial
markets. As in most financial markets, its chief function
is to raise investment capital for its issuers. Tax-exempt
bond issuers, however, behave differently than other
issuers because capital financed with tax-exempt debt is
for public purposes. Consequently, the decision-makers who
supply the financial markets with tax-exempts do not attempt
to achieve the same objectives as decision-makers who sup-
Ply private debt. The distinguishing characteristic of
tax-exempt debt on the demand side is the tax shelter it
Drovides to its holders. Holders of tax-exempts are con-

Sequently those individuals or entities with potentially

high tax payments.

To appropriately analyze the tax-exempt bond market, a

Tinancial model must be constructed which incorporates the

Above distinctions. It is the purpose of this dissertation
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to construct such a model. The model, although it focuses
on the tax-exempt market, observes this specialized market
within the context of a complete neoclassical asset demand
system. Similarly, on the supply side, a neoclassical
model of supply is assembled. This approach to the model
allows a deeper theoretical and empirical view of the
economic behavior underlying the tax-exempt bond market
than previous models have been able to achieve.

There has always been particular interest in state and
local debt because the tax-exemption has created political
controversy, as well as criticism from the economics pro-
fession. The model set forth in this dissertation should
further aid in the evaluation of the political consequences
and criticisms of the tax-exemption.

The political controversy has historically centered on
the immense losses in revenue absorbed by the Federal
government as a result of the exemption. The state and
local governments are the beneficiaries of about two-thirds
Of these revenue losses, since their interest payments are
lower than on comparable taxable bonds. (Huefner, 1972,

P. 2). Naturally state and local governments want to
Tetain this advantage at the capital markets. Furthermore,
State and local governments seem to stand on firm consti-
tutional ground in demanding the preservation of their tax
Advantage, and what they consider unfettered local control

OFf their finances.
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Some economists believe that the state and local
governments should, on economic grounds despite consti-

tutional guarantees, enter the capital markets on equal

footing with other capital fund pursuants. They contend
that the exemption distorts the proper allocation of
resources within and between the private and public
sectors. (Peckman, 1966; Rabinowitz, 1969). Other
economists attack the exemption further. They find in-
efficiency and inequity because holders of tax-exempts
with high marginal tax rates (the rich) receive a subsidy
twice --once from the municipality which pays a rate high
enough to induce investors with low tax rates to hold their
bonds, and again from the Federal tax payment they escape.
Recently, several compromises have been proposed
whereby state and local governments might receive subsidies
or guarantees in lieu of the tax-exemption advantage
(Kennedy-Reuss Bill, 1975; William Simon proposal, 1975;
Mayors Plan, 1975). The political force behind these com-
Promises can be assessed to some degree through the

Parameters determined in the model developed below. In

Short, the model helps answer some major questions such as;
how committed are economists to the concept that the
©Xxemption significantly distorts resource allocation; how
do Federal grants affect the allocation of resources; and
hoy strong a political contingent of tax-exempt bond

hojders is and will be present in the future. The first
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two questions must come from an analysis of how supply side
decisions are made. The third question comes from the
demand side where one must ask how do economic conditions
such as inflation affect the desire of middle income groups
to hold tax-exempt bonds. These questions and other less
far-reaching questions can be analyzed with the model.
Another political consideration which this model
addresses is the recent series of municipal fiscal crises.
These crises are the result of many fiscal difficulties and
some financing errors by municipal government officials.
One of these errors has been the overextension of revenue
bond issues to the point that some municipalities have
failed to meet the required debt payments. These failures
have been primarily on revenue bonds because the legal re-
quirements restraining their issuance are more lenient than
old-fashioned general obligation bonds which are paid back
through taxes and generally require voter approval. The
model developed here examines these two kinds of bonds
Separately. This is an important distinction which has
been ignored in all other tax-exempt bond models constructed
to date. The offering decisions and effects on fiscal sol-
Vency differ widely between these two types of bonds. A
T'ealistic view of the effect bond issues have on fiscal
Conditions requires a separate analysis of revenue bonds.
The remainder of this study will proceed as follows.

First the economic literature on tax-exempt bond markets
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will be reviewed, and the deficiencies in these models will
be noted, then the present model will be formulated and
described. The demand side will be examined first. The
general theoretical model presents tax-exempt demand as one
of many asset demands in investors' portfolios. The assets
held depend on many variables, the main ones being the rate
of return on each asset and the tax structure. The model
is further divided into two private sectors --bank and non-
bank. This division enriches the model considerably. It
enables non-bank investors to place part of their funds
with intermediaries, and shows that intermediaries choose
asset mixes which differ from the choices of other indi-
viduals or households.

The demand model is then explicitly specified. The
bank demand specification makes a marked advance over pre-
vious bank specifications. Bank behavior is presumed to be
based on long run profit maximization where safety is an
important constraint. In this model, to maximize long run
profits, bank officers choose their portfolio mix based on
their expectations of future conditionms.

The non-bank specification is similar to previous
models with two important extensions. First the tax-rate
applied to the rates of return is the tax rate of an in-
vestor whose after tax rate of return on corporate bonds is
equal to the rate of return on equal quality tax-exempt

bonds. Second, the amount of income in tax categories
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equal to and exceeding the tax rate mentioned in the last
sentence is one of the determinants of tax-exempt demand.

The supply model is described next. In formulating
this model, a major effort was made to feature the state
and local government behavior underlying the supply of
state and local debt obligations. As the literature review
discloses, no previous model has made a rigorous attempt
to achieve this objective. Because of this void in the
literature, the literature review chapter includes a dis-
cussion of previously formulated state and local government
models which are related to the behavioral derivation of
bond supply found in the present undertaking. Since there
are two kinds of tax-exempt bonds, each with a different
behavioral motivation behind its issue, the bond supply
chapter is correspondingly broken into two parts.

General obligation bond supply is modeled first.
These bonds are usually issued upon voter approval, hence a
theoretical model of voter behavior is devised. The
empirical specification consequently contains behavioral
variables. This specification permits analyses which were
previously difficult or impossible to examine, such as the
effects of grants on state and local capital demands or the
effect of voters' rates of time preference or the means
used to finance local capital.

The revenue bond model follows. This is a particularly

interesting means of state and local government finance
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where this researcher has uncovered no significant economic
inquiry. The procedure involved in issuing revenue bonds
is unique for two reasons. First, the decision-maker is
usually an elected official with an unknown time horizon in
a management position. Second, the budget constraint
facing this manager is difficult to determine. These two
conditions have made research in this area difficult since
few economists deal with models concerning the behavior of
politicians, and most economists prefer researching areas
where there is measurable data and quantitative conclusions
can be derived. Thus the model presented here is a first
effort. The difficulties encountered and final compro-
mising results will be fully discussed.

With all of the sources of demand and supply estimated,
an analysis of the model as a demand equal supply system is
presented.

Finally, a concluding chapter connects the model to
its political and economic implications, reiterates some of
the innovations of the model, and discusses how this model

fits into future inquiries of the tax-exempt bond market.
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CHAPTER II

REVIEW OF THE LITERATURE

A literature review of the tax-exempt bond market can
be very broad. Most of this work is of a descriptive
nature. Theoretical and empirical analyses of the tax-
exempt bond market on the other hand have not received
extensive attention. The earliest econometric analysis
specifically designed to study the tax-exempt bond market
appeared in Harvey Galper and John Peterson's '"An Analysis
of Subsidy Plans to Support State and Local Borrowing"
(1971). This analysis was followed by Peter Fortumne (1973),
and Patric Hendershott and Timothy Koch (1977). Hendershott
and Koch subsequently made further refinements (1980). The
review shows that none of these empirical pieces adequately
model the supply side of the market, since they all fail to
develop the behavioral relationships entailed in bond
supply decisions. It is essential to formulate a model of
tax-exempt bond supply which considers how decisions to
purchase and finance state and local goods are determined.

With these observations in mind, the review of
literature is broken into three parts. First, the major
descriptive studies of recent tax-exempt market conditions

will be summarized. (Robinson, 1960; Huefner, 1972;
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Peterson, 1976; Rosenbloom, 1976). Second, the empirical
works cited previously will be critically examined. Third,
several state and local government models relevant to the
tax-exempt bond supply model which will be developed here

are reviewed.

Descriptive Studies

In the descriptive analyses conditions are observed in
the market over a specified period of time, and then condi-
tions for the next three to five years are predicted.
Generally, their prognoses foresee state and local gover-
ments headed for difficult times, as local officials
attempt to float their bonds at rates significantly below
the after-tax market rates on taxable bonds. In other
words, they perceive greater and greater debt needs for
local governments and an unstable group of buyers.

Peterson's paper (1976) is the most recent of this
kind of study. The tax-exempt bond market is viewed
through a short-run perspective only.

Peterson lists the important characteristics of the
current market, especially those characteristics which have
undergone recent changes. This list along with some comment
is as follows: 1) The current U.S. experience is one of
tight money conditions. This is of course a problem for
all borrowers, so should not necessarily be perceived as a

special situation. 2) The composition of tax-exempt buyers
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is changing. Again, however, if this is seen as a problem,
it would be myopic to judge the problem as permanent. If
tax-exempts are worthy investments, the market will uncover
participants. If not, then eliminating the instrument
should not be viewed as a problem. 3) There has been a
large influx of special purpose bonds --bonds liquidated
with user fees from specific projects-- and short-term
bonds which obviously are not used for the traditional tax-
exempt bond purpose of financing local capital. 4) The
above increase in non-traditional tax-exempt bonds in
addition to fiscal crises in several urban centers has
created new concerns over tax-exempt bond quality and
riskiness; hence many new issues require higher risk
premiums which impose further fiscal burdens. Soothsayers
of doom would judge the situation as a vicious spiral lead-
ing to market collapse. In reality, if recent actions by
local governments cause some insolvencies, retrenchments
will necessarily occur. Similar situations frequently
exist in private markets. Private capital-seekers often
embark on aggressive actions which get them into financial
trouble. When this happens, some appropriate reaction is
attempted. Local officials can do the same.

With the problems created by conditions 1, 3, and 4 in
the list above, Peterson looks to the ''changing pattern in
demand'" --condition 2-- to see if some potential resolution

rests here. A great deal of the research on the tax-exempt
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bond markets has been concentrated in this area. Peterson
notes that the major buyers of tax-exempts have been
individuals in high marginal tax brackets and commercial
banks. Since World War II, the fraction of tax-exempt
issues held by each has varied depending on cyclical condi-
tions --"annual net purchases of municipal bonds...shows a
fascinating contrapuntal motion between changes in bank
holdings and those of the household sector. The relation-
ship is particularly evident in the tight credit years."
(Peterson, 1976, p. 35) Peterson warns, however, that as
larger banks expand their leasing and foreign branch
activities, their tax-exempt demand will fall, leaving only
smaller banks to provide funds for increasingly needy local
governments.

A similar warning is advised concerning fire and
casualty insurance company demand. They are currently de-
pressed and reducing asset holdings across the board.

Households, the other group supplying state and local
funds, then must of necessity pick up the slack if the cur-
rent market is to be saved. The household sector consists
mainly of individuals, trusts, and bond funds. The average
marginal tax rate for tax-exempt bond holders has been
estimated at about 55% (Galper and Peterson, 1973). It is
suggested that inflation and the progressive income tax
system will systematically push more investors into this

bracket, consequently raising demand in this sector. The



empirical model developed here will investigate this pos-
sibility. Up to now there is no empirical evidence that
this "bracket effect'" (A.W. Sametz, et.al., NYU Paper No.
24) influences household demand.

Peterson concludes by observing that despite the cur-
rent problems in marketing tax-exempts and the criticism
for allowing tax-exemptions on state and local securities
both on equity and efficiency criterion (Huefner, 1972 and
Fortune, 1973), state and local governments still strongly
favor the current legal provisions on state and local bor-
rowing. Presumably, most local governments do not deem the
current problems as pervasive or permanent. On a micro
level, individual localities feel confident in their own
long run ability to market debt in its present condition
and have little interest in new Federal regulations or new
kinds of subsidies.

If Peterson's list does not trouble the individuals
making the decisions, it must not contain even a moderate
basis upon which to study tax-exempt bond market behavior.
In fact, the entire discussion offers no model or framework
upon which to base an analysis.

Rosenbloom formulates a simplified theory through
which to gauge tax-exempt bond market conditions
(Rosenbloom, 1976). Given ry is the rate on a tax-exempt
bond and rC is the rate on a corporate bond of equal

quality, an investor with the marginal tax rate t is
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indifferent between the tax-exempt bond and the corporate
bond when ry = (l—t)rc. Investors who are in tax brackets
greater than t will prefer the tax-exempt to the corporate
bonds. Rearranging terms: t = l-rN/rC. Knowledge of

rN/rc reveals the tax rate at which an investor will re-
arrange his/her portfolio. This ratio has been historically
quite volatile and considered a reasonable estimate of tax-
exempt bond market conditions. Rosenbloom examines tax-
exempt supply and demand to disclose what makes this ratio
vary.

Rosenbloom notes that supply increases have paralleled
inflationary increases since 1960. These increases have
shown no '"apparent relationship to the business cycle"
(Rosenbloom, p. 12). Hence the yield ratio fluctuations
are not believed to emanate from the supply side.

As all other descriptive studies, Rosenbloom traces
the demand history of each sector. He goes another step,
however, as he adopts a theory of bank demand. He asserts
that banks primarily strive to fill their portfolios with
loans and to meet liquidity needs. Only the leftover or
"residual" funds are invested in tax-exempts (p. 14). He

notes through observation of Flow of Funds data that there

is an inverse relationship between the fraction of deposits
placed in loans and the fraction placed in tax-exempts.
Both fractions fell in 1974 and 1975. This short run trend

led Rosenbloom, as Peterson, to foresee trouble ahead.
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1980 Flow of Funds data reveal the deep fears of demand

slippage were too hasty. Total bank demand for tax-
exempts, total deposits, and bank loans have all risen
markedly.

Rosenbloom points out that individual demand is
expected to pick up when banks leave the market. A fall in
bank demand raises rN/rC, which lowers t, and causes more
individuals to become subject to tax rates higher than tax
rate t, the rate of marginal investors. Rosenbloom does
not attempt to measure the strength of this effect.

Similarly, he notes but does not quantify the
Strengths of the fire and casualty insurance company
Sector. Unlike Peterson, Rosenbloom finds this sector a

Stable and strong source of demand. Current Flow of Funds

data show Rosenbloom correct.

In concluding Rosenbloom takes a pessimistic view of
the future market. In 1975 with bond demand falling,
insurance companies making low profits, debt needs rising
Steadily, and rates subject to the vagaries of the business
Cycle, he sees municipalities facing an enormous marketing
€ffort. A more general model might foresee future markets
dGVeloping on their own. In fact, recent experience shows
A considerable expansion in municipal bond funds and in-
Creased buying of tax-exempts by thrift institutions.

Beyond Rosenbloom another group of analysts has looked

to the Federal government to stabilize the tax-exempt



15

market. The empirical literature on tax-exempt markets was
initiated to show how Federal subsidies and supply limita-
tion policies would improve tax-exempt bond market condi-
tions. Among those involved in this movement are Robert
Huefner, Susan Ackerman, David Ott, Peter Fortune, Harvey
Galper, and John Peterson.

Drawing on the work of Huefner, Ackerman, and Ott,
Peter Fortune outlined a formal, yet elementary, theory of
the tax-exempt bond market (Ackerman and Ott, NTJ, 1970;
Huefner, NTJ, 1970; Fortune, NEER, 1973). This theory
underlies the early theoretical and empirical work done on
tax-exempt bonds. The foundation of this theory is embedded
in Figure 2-1. The tax-exempt to taxable bond yield ratio
discussed in Rosenbloom is on the vertical axis. Recall
I‘N/rc is equal to 1-t. The volume of tax-exempt bonds
issued is on the horizontal axis. To induce more indi-
Viduals to purchase tax-exempts, the t value must fall,
this means rN/rC must rise as shown by the positive slope
Of the demand curve. For simplicity of exposition it is
assumed in Figure 2-1 that debt issues are independent of
interest rates, therefore an inelastic supply curve is
Shown.

Figure 2-1 indicates that in order to sell all their
bonds, municipalities must set rN/rC = .7 so that for the

indifferent investor t =.3.
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Fortune employs the model because it is useful in
""pointing out the problems created for the municipal bond
market by using tax-exemption to subsidize the interest of
municipalities.... The chief problems are: (1) The
special sensitivity of the interest rates to monetary
policy; (2) The inefficiency of tax-exemption as a means of
subsidizing municipal debt issues; and (3) the windfall
income which accrues to individuals with higher tax rates
than the tax rate of the last purchaser of municipal bonds."
(p. 21)

The model can also be used to examine the possibility
Oof a long run collapse in the market. Both supply and
demand shift right as income and wealth rise. The crucial
qQuestion in the long-run is which curve shifts faster, or
wWill the shifts in supply exceed those in demand to the
eXtent that rN/rC becomes too high for local governments to
Withstand. This poses a particular problem to Fortune
because it exacerbates the problems he mentions above.

Figure 2-1 is redrawn in Figure 2-2. Area B is 'paid
twice", once by the municipality to inframarginal investors
and once by the Federal government in lost tax receipts or
tax expenditures. According to Fortune, here lies the
Source of inefficiency and inequity resulting from the tax-
©Xemption. No general equilibrium models have emerged to
Counter this argument. Whether or not a general equilibrium

Mmodel would alter Fortune's conclusions is irrelevant to
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this paper. But it is important to note that the early
empirical models are constructed to compare efficiencies in
the above sense when different Federal subsidy options are

offered to local governments to replace the tax-exemption.

Empirical Studies

Galper and Peterson present the first empirical
analysis of the tax-exempt bond market (Galper and Peterson,
1971). The Galper-Peterson (G-P) model consists of a tax-
exempt bond supply equation, a non-taxable bond supply
equation, a household demand equation for tax-exempts, and
a2 household demand equation for other bonds. Other
sectoral demands for tax-exempt bonds are assumed exogenous.
Specification of the demand equations are in line with the
Rosenbloom and Fortune theory delineated previously.
Household purchases of tax-exempts depend mainly on the
ratio of the tax-exempt bond yield to the taxable bond
Yield. Bank demand for tax-exempts is regarded as
€xogenously determined; it comes out of the residual funds
left over after loan demand is exhausted and liquidity
needs are met.

Peter Fortune broadens the G-P model (Fortune, NTJ,
1973). His goal, like G-P, is to show the economic
Superiority of direct subsidies over tax-exemption.
Fortune's model has five markets --tax-exempt bonds,

Private securities, U.S. bonds, thrift deposits, and bank
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time deposits. This allows tax-exempt purchases to sub-
stitute for deposits or U.S. bonds, not just private
securities as in G-P's model. More significant, Fortune
fully specifies a bank demand equation with tax-exempt
demand dependent on the rate differential between tax-
exempts and long term corporate bonds. However, he doesn't
reject the residual theory; the choice of what kind of long
term bonds to buy is made after the total amount of long-
term purchases is determined, which depends on bank loan
and liquidity demands. Fortune makes his model a residual
theory by scaling the yield ratio by the change in total
long term bond purchases. Despite the additional attention
to bank demand, the R2 for Fortune's equation is .85 and
the D.W. is .80. It appears that there are serious auto-
Ccorrelation problems.

The household demand equation is similar to that in
G-P with independent variables being the aforementioned
Yield ratio, the change in household purchases of all kinds
Of bonds and a list of definitions which allow Fortune to
test the efficiency of different subsidy plans. Despite
the complexity of this equation, its usefulness is ques-

tionable. The R2 is .17 and the D.W. is .83. G-P also had

Ppoor R2 and D.W. statistics although not as poor as Fortune.
Fortune suggests the problem may be in his data, not his

Specification.
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Both G-P and Fortune attempt to show a behavioral
relationship between local government decisions and tax-
exempt bond supply. G-P note that borrowing depends on
local construction demand, which is assumed to be a linear
function of GNP. Gross tax-exempt bond supply over con-
struction demand is their dependent variable. The only
ma jor independent variable is the rate of return on tax-
exempts. The equation has an R2 of .66 and D.W. of 1.45.

Fortune's supply equation is no more explanatory
than G-P's equation. Net issues of tax-exempt bonds is the
dependent variable. To measure the demand for state and
local capital goods, Fortune simply inserts disposable
income as an independent variable. He also attaches net
State and local government receipts to the equation. No
rationale for its inclusion is given and there is probably
a great deal of multicollinearity between net receipts and
disposable income. The RZ is .66 and D.W. statistic 1.79.
The obvious inadequacies of these models led to the
Hendershott and Koch study (1977).

Hendershott and Koch (H-K) have constructed the most
Comprehensive economic model of the tax-exempt bond market
to date. On the demand side, they have delineated a full
behavioral model. Bank and insurance company tax-exempt
bond demands depend mainly on profits. Household demand
depends mainly on the relative rate of return on a full

Portfolio of assets. Their supply model offers possibly a
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slight improvement over the other models; an accounting
framework is used to restate the same variables found in
the equations of earlier studies.

H-K, in taking a profit maximizing approach to bank
t ax-exempt bond demand, put forward a more general, long-
reaching model. H-K maintain that a certain base stock of
tax-exempts must be held to obtain the long run income or
profits which the banks expect to acquire. Discounting
expected future income by the average rate on tax-exempts
determines this base stock demand. From this base, H-K
begin augmenting their equation. Other tax shelters and
2 minimum level of taxable assets to avoid legal harass-
ment are subtracted from the base stock.

Two adjustments for short run deviations are then
entered. When actual profits exceed expected profits, more
tax-exempts are demanded because more income must be
shielded from taxation. To show this effect, the dis-
counted difference between actual and expected profits
becomes a variable.

When the rate of return on tax-exempts relative to the
rate on taxable securities is abnormally high, tax-exempt
demand goes up to take advantage of these conditions. Con-
Versely, when the relative rate on tax-exempts is abnormally
low, tax-exempt demand falls. To capture this effect, H-K
use a moving average of past ratios of tax-exempt rates to

taxable rates as a proxy for the normal rate ratio. The
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difference between the current ratio and the normal ratio,
scaled by profits, becomes an additional independent
variable in the equation.

In their actual specification, H-K have observed data
and decided to enter the independent variables alone and
with two truncated time trend factors. The regression re-
sults show R2 = .997 and D.W. = 2.04. This observor
believes that these highly supportive results come about
because of the time trend factors. H-K used their model
to forecast future demands. Their second time trend factor
follows a fall in demand over the later years of their
observation period. Hence future forcasts are likely to be
understated. In fact, their 1979 prediction is $10 billion
short of the actual amount of tax-exempts held by banks.
This is not to suggest that their model should be rejected,
but a model with less manipulation of data and more des-
criptive power can surely be constructed.

H-K's use of the profit motive as the underlying
characteristic of tax-exempt demand is noteworthy. The
model put forward in this paper will begin with the same
premise when reconstructing a bank demand equation. How-
ever, H-K's method of making profits a determinant of tax-
exempt demand is peculiar. It seems unrealistic for bank
managers to have some expected profit level in mind to
which they adjust their tax-exempt bond holdings. Bankers
adjust their portfolios on a daily basis in anticipation of

market conditions and changing expectations of future rates
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of return on many competing assets. A more descriptive
profit maximization model should observe the behavior of
bank asset managers and how they adjust their portfolios in
an unending effort to maximize short-run and long-run
profits --keeping in mind that short-run and long-run
profit maximization may require conflicting portfolio
choices.

H-K also model Property Insurance Companies and in a
later article (1980) model the demand of thrifts. These
models follow the commercial bank model outlined above as
no significant changes in methodology are made.

To model the household sector H-K utilize standard
portfolio theory. The demand for tax-exempts depends on
the own rate of return, the after tax rates of return on
U.S. government bonds and equities, and the total value of
asset holdings.

H-K's empirical estimates immediately run into prob-
lems. The coefficient on the tax-exempt yield is unac-
ceptably low and the D.W. statistic is low. H-K attribute
the low coefficient to "simultaneous-equation bias.'" The
rates must adjust for the demand of each asset market to
clear the existing supply. Although they ignore the
possibility, their method of choosing the proper tax rate
could also have damaged their results.

To resolve their problem, H-K make the tax-exempt rate

of return the dependent variable but find that the rate of
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return on taxable bonds overshadows all other relationships.
Thus, they make further adjustments and reestimate house-
hold demand as a function of the original variables. The
results show RZ = .768 and D.W. = 1.38, still statistically
weak.

To model tax-exempt bond supply, H-K employ an
aggregate state and local government sources-equal-uses
statement. Simple algebra yield issues of tax-exempt
bonds equal to uses of funds minus the sources of funds
other than tax-exempt bonds. These categories of uses and
sources are redefined and a linear function is expressed:
tax-exempt bond issues = BO + 81 (structures) - 82 (federal
grants) - 83 (net of all other sources and uses). H-K
implicitly assume that structures and grants are the
variables whose relationships with tax-exempt bond issues
are the most important to uncover.

Structures are deemed important because most states
have legal debt limits allowing debt to be issued only for
special purposes, such as capital financing, or requiring
current operating budgets to balance. Grants are important
because they provide state and local governments a sub-
stantial source of funds, which offer numerous additional
options to state and local government finance. H-K expect
grants to be negatively related to tax-exempt issues, as

this relationship follows from the accounting identity.
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To the three regressors from the accounting relation-
ship, H-K adjoin a ten year tax-exempt rate '"in an attempt
to capture this permanent portfolio response'" (p. 39). As
a final regressor, they try to reveal short run supply
variations in reaction to the tax-exempt rate by observing
deviations of the present rate from a '""normal'" rate. They
foresee state and local managers adopting regressive
expectations of future rates --i.e. local government
managers think the rate will return to its normal level
which is an average of previous rates.

H-K have merely added ornamentation to G-P and Fortune.
There is essentially no behavioral analysis involved in
this equation. Statistically, the results are excellent,
but they should be inasmuch as the explanatory equation is
based on an accounting identity of the variable being
estimated. The dollars spent on structures and received
from Federal grants are obviously involved in the decision
to issue bonds, but these dollars do not hold a direct
causal relation with bond issues. All of the variables
found in the accounting relationship are ex post; these
numbers appear after the important decisions have been made.
Local governments agree upon some method of choice to de-
termine the structures they need, the taxes they are willing
to pay, how they will use grant money, and the amount of
debt they want. Embodied in these decisions are the effects
of borrowing rates, which H-K tack on to their accounting

structure. Only on an accounting sheet should it
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unquestionably hold that Federal grants reduce state and
local bond issues. Grants can lead to larger volumes of
local debt because matching grants make local public

services relatively cheaper than private services. H-K's

model misses these behavioral relationships.

State and Local Government Models

The literature related to the model developed here
utilizes standard household optimization procedures to
derive an expression of demand for state and local services.
Although the entity whose welfare is maximized may vary
slightly from model to model, the optimizing variables are
quite similar.

A pioneer article using this approach was formalized
by James Henderson (1968). "It is postulated here that the
resultant public expenditure and tax decisions can be ex-
plained as if they were the result of maximizing a social
welfare function subject to a social budget constraint, both
defined in expenditure space'" (p. 156). The community wel-
fare function is W==(a0 + alY + azR + a3P) logeG + X, where
Y is per capita personal income, R is per capita grant
money, P is the community's population, G is per capita
local public spending, and X is all other uses of income.

The community budget constraint is: Y-X = T = b(G-R),
where T is per capita local taxes and b is a fixed propor-

tion of the difference between local spending and grants.
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Hence 1-b of each expenditure dollar is financed with debt
issues.

Henderson maximizes the welfare function subject to
the budget constraint and generates an expression of ex-
penditure demand. As in all maximization problems, he
regenerates the budget constraint when taking the derivative
of W with respect to the Lagrange multiplier. Unfortunately,
however, he then rearranges the budget constraint to
isolate X, which he interprets as the demand for private
goods.

Henderson's initial idea is creditable, but his method
fails to catch the whole picture. First, note the form of
W --when taking the derivative of W with respect to X, X
drops out. Second, the budget constraint is a constraint
on G spending only, while W, the variable being maximized,
allows for X spending as well. A proper constraint would
bind all spending, not just certain appointed kinds of
spending. Finally Henderson neglects the production side
of the problem entirely. Borcherding and Deacon rectify
many of these defects as they present a broadened model in
a later article (Borcherding and Deacon, 1972).

Borcherding and Deacon (B-D) consider their model the
first non-ad hoc construction, as their model is based on
the accepted theory of collective decision making (Bowen,
1943; Arrow, 1963; Black, 1948; Downs, 1957; Buchanan and

Tullock, 1962). B-D follow the original Bowen argument
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that the provision of local goods is set where the marginal
benefit of the median voter is equal to the marginal tax
price of the median voter. B-D further assume that log-
rolling is inefficient and not done; and they assume
bureaucracy does not create productive inefficiency, so
local goods are produced with least cost methods. Finally,
the production function is assumed to be a Cobb-Douglass
type.

B-D derive a marginal cost function which with its
Cobb-Douglas properties is horizontal. The amount of the
local good consumed by the median voter depends on the
degree of rivalry inherent in the good. B-D posit this
consumption as total production over community population
taken to an exponent which reveals the good's degree of
rivalry. They further assume that the marginal tax price
of the median voter is equal to the marginal cost of the
good divided by the community's population level.

From this point B-D take a large leap. They postulate
a median voter's local good demand function; it is log-
linear and depends on the median voter's marginal tax price,
previously derived, and the median voter's income. B-D use
this form because it offers a highly tractable empirical
specification, which is subsequently estimated.

B-D have also passed over some crucial pieces of
theory. The median voter must optimize with limited

resources, but the choices and resources available are
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ignored. Hence the demand function B-D posit has an
unknown base from which to emanate. There is no reason to
accept their demand schedule. Second, the financing de-
cisions are not clear. These decisions are embedded some-
where in the marginal tax price, but there is no mention
of where.

B-D have, however, broadened the model to include pro-
duction, and the idea that a median voter chooses between
public and private goods with a constraint on all choices.
Bergstrom and Goodman in an article following shortly after
B-D attempt to clarify the relationship between the demand
schedule and the optimizing behavior of the median voter
(Bergstrom and Goodman, 1973).

Bergstrom and Goodman (B-G) note a utility function
whose arguments are public goods and private goods. The
median voter maximizes utility subject to a budget con-
straint where income is equal to the price of private goods
times the number of private goods purchased plus the
marginal tax price --as explained in B-D-- times the
quantity of public goods produced. B-G assume that the
demand schedule derived from this procedure is very similar
to the demand curve postulated by B-D. B-G, as did B-D,
then go about estimating their log-linear equation.
Although they have been openly vague about the proper form
of the median voter's utility function, B-G have taken

another step toward a complete median voter model.
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At about the same time as B-G, Gramlich and Galper
(G-G) came out with another utility maximization state and
local government model (Gramlich and Glaper, 1973). The
entity whose utility is maximized is unclear, but we are
given some ''objectives'" of state and local decision-makers.
These objectives are the arguments of the utility function
G-G posit. This utility could belong to the community, as
in Henderson. It could belong to the median voter, or
possibly to the officials themselves. It could even be some
combination of official and community welfare as perceived
through an unstated procedure of collective action. In any
event, the local decision-makers attempt to maximize this
utility subject to the localities budget constraint.

The objectives of state and local government are: (1)
higher current expenditures; (2) higher disposable income;
(3) greater flows of services from the capital stock; and
(4) greater flows of services from the stock of financial
assets. The budget constraint ensures that any rise in
local spending is matched by a grant, taxes, or the sale of
financial assets. Just like Henderson, this constraint
only binds certain variables in the utility function. The
choice between private goods and local goods must be made,
before the model becomes operable; i.e. objective 2 above
is not bound by the state and local government budget con-

straint --it must be exogenous or predetermined.
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As a tool in developing a state and local debt model,
the G-G model is further deficient in that it does not
allow expenditures to be financed with debt --not even the
expenditures on capital. G-G do, however, advance the state
and local model by suggesting that services flow from cur-
rent accounts and capital accounts. This distinction is
useful in developing a bond supply model. Ott and Ott con-
sider this distinction in an even more comprehensive state
and local government model presented a couple of years
later (Ott and Ott, 1975).

Following the work of Buchanan and Tullock who assert
"collective action, along with private action, is motivated
by individually-conceived ends, and all action proceeds
only after a mental calculus is performed by some indi-
vidual or individuals'" (Buchanan and Tullock, p. 316), Ott
and Ott (0-0) adopt the median voter approach to state and
local government decision-making behavior. Similarly to
Borcherding and Deacon, O-O assume that majority rule leads
to a combination of choices in line with the optimal choice
of the median voter.

O0-0 affirm that the median voter in choosing public
and private consumption within his/her budget must be
restricted to current account purchases only. "It is
impossible to specify the appropriate 'tax price' for the
services of state and local capital, and even if it were

possible, the necessary data on state and local government
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stocks of capital and flows of services would still be
lacking" (p. 12). Hence 0-0 only use the median voter
approach to analyze the current account, while they take
an ad hoc approach to analyze the capital account.

For their current account model, O-O adopt the assump-
tions laid down by B-D. Their utility function contains
a basket of state and local goods and a basket of private
consumption, savings, and Federal goods. Each of these
goods is expressed with a population variable taken to an
exponent to express, just as B-D and B-G, the degree of
rivalry in consumption.

The budget constraint is the price of private and
Federal goods times the quantity of private and Federal
goods purchased plus the tax price to the median voter
times the quantity of local goods purchased set equal to
the median voter's income, assumed to be the mean of com-
munity income.

The first order conditions yield an expression of
demand for each of these goods. They are a function of per
capita income, the tax price, the price of private goods,
and population. In estimating these demands O-O make
assumptions limilar to B-G.

0-0 then move to the capital account or ''structures"
side of their model. They point out that capital provides
a flow of capital services, ''the median voter demand is for

a flow of capital services during a given period" (p. 17).
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I disagree. The median voter wants a flow of local govern-
ment services. Providing these services requires capital.
In fact, the government services described by 0-0 earlier
on the current account can only partially be provided with-
out the services of capital.

0-0 dismiss capital from their central model because
they perceive inequalities in the payment flows and benefit
flows of capital services from one time period to the next
since the services of capital extend over such a long time
span. They express an uneasiness about the high probability
that '"the price of capital services the median voter is
willing to pay may not be equal to debt retirement plus
interest" (p. 18).

In the final segment of their model, 0-O pronounce a
bond supply specification. It is a function of construc-
tion expenditures minus grants, the tax-exempt bond rate,
and the previous period's asset to debt ratio. This speci-
fication has the same deficiencies referred to during the
discussion of Hendershott and Koch, and Fortune, etc.

There is no behavioral motivation behind the specification.
The bond supply decision must be made contemporaneously
with the decision of how many local goods to produce and
the choice of inputs necessary for this production.

In the next two chapters a model will be developed

which addresses the deficiencies discussed in this review.



CHAPTER III

A NEOCLASSICAL MODEL OF

DEMAND FOR TAX-EXEMPT BONDS

In this chapter a model of tax-exempt bond demand will
be delineated. The theoretical model is cast in a modified
"capital account'" framework (Tobin, 1969). Tax-exempt bond
demand is considered within a whole portfolio of competing
assets, where a vector of rates of return and other
variables adjust to equilibrate the supply and demand of
every asset in the portfolio. Observing tax-exempt bond
demand within a portfolio of financial assets and liabil-
ities, rather than in isolation, insures that no relevant
variables are neglected; every asset demand function con-
tains the same interrelated variables.

With the above variables determined, the model's
empirical specification of tax-exempt bond demand is
expressed in a partial equilibrium framework. The desired
fraction of assets placed in tax-exempt bonds becomes the
dependent variable and the endogenous variables from the
general equilibrium system become in equilibrium the
independent variables of the regression equations. This
implicitly assumes that the endogenous variables in the

general equilibrium system adjust quickly to equilibrate
asset demands with asset supplies.

35
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The Theoretical Model

The theoretical model of tax-exempt bond demand
formulated for this analysis departs from previous studies
in two ways. First, tax-exempt bond demand is observed
within a general equilibrium system comprised of two
sectors and seven financial markets.

Second, the relative after tax rates of return on
financial assets depend directly, via the tax structure, on
the level of nominal wealth. (Unlike the capital account
approach adopted in this analysis, the '"balance account
approach" (Brunner and Meltzer, 1963, 1972, 1973) asserts
that wealth changés do alter the yield and price structure
of assets. However, they are not altered in the systematic
way put forward in this model.)

To depict fully the demand for tax-exempt bonds within
a comparative static framework, it is necessary to construct
a model which places several financial markets and two sec-
tors into a general equilibrium system. Such a system
shows the interrelationship between tax-exempt bond demand
and other financial asset demands, and displays the inter-
sectoral activity which determines total tax-exempt bond
demand. In particular, it is important to separate the
financial sector from other sectors, since the activities
of financial intermediaries heavily influence the allocation

of the economy's wealth.
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The requisite sectors of the model are the banking and
household sectors; they have historically combined to fill
80 to 90 per cent of total tax-exempt bond demand. Insur-
ance companies have held most of the remaining 10 to 20
per cent. The dominance of these two sectors results from
a lack of alternative tax shelters which insulate other
upper income entities from high marginal tax rates. The
two sectors appearing in the model are "banks'" and ''mon-
bank private,'" where non-bank private includes the house-
hold sector and private business enterprise. Business is
included in this sector because businesses and households
share in the demand for the assets observed in the model,
and because businesses supply corporate bonds which are
close substitutes for tax-exempt bonds in the household's
portfolio. Most businesses are not interested in tax-
exempts because they can obtain more profitable ways to
avoid taxes, such as depletion allowances, investment
credits, depreciation deductions and other businesses
expenses. Insurance companies, lacking some of these tax-
sheltering opportunities, have been the major buyer of tax-
exempt bonds among businesses.

The financial assets relevant to the portfolio deci-
sions of the two sectors are (in real terms) equity capital
(gK), high-powered money (M/P), federal government
securities (S/P), non-taxable bonds (N/P), corporate bonds

(C/P), bank deposits (D/P), and bank loans (L/P), where P
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is the price level. (Note: the q in gK is taken from
Tobin's model --the price of existing capital over the
price of new capital (Tobin, 1969).)

The basic model is formulated at a single point in
time, where the general price level and flow variables are
exogenously determined. This formulation is used since
financial assets are stock variables which can be measured
only at a particular moment. An economic unit can either
accumulate or depreciate its wealth over time, but at each
instant that a portfolio decision is made, the unit's desire
to hold assets is constrained by a given legacy of wealth.
This technique of analysis as alluded to previously is
termed the ''capital account approach'" (Tobin, 1969).

The amount of an asset held by either sector depends
on the rate structure, real wealth, and several other
variables which will be discussed later. According to the
capital account approach, the desired amount of each asset
is homogeneous in wealth --that is, if the rates of return
do not change, an increase in real wealth will bring about
a proportional increase in the desired amount of each asset.
This will occur if there is a proportional increase in all
asset supplies.

Unlike the standard capital account approach, in this
model a proportional increase in all assets directly changes
the relative after tax rates of return on the assets. This

direct effect occurs because as nominal wealth rises, none
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of the additional nominal income earned on additional tax-
exempt bonds is lost when investors move into higher income
tax brackets. At the same time the added nominal income
earned on the other assets is subject (due to the progres-
sive income tax law) to higher marginal income tax rates.
This model follows the capital account approach, neverthe-
less, in that decisions to save are independent of asset
portfolio allocations. This independence is retained in
the model developed here. (The direct effects of wealth

on the rate structure will be examined in greater detail

later.)

The Variables

The nominal rates of return in the model are:

rk the rate of return on equity capital

r& the rate of return on currency and reserves
ré the rate of return on treasury securities
rﬁ the rate of return on tax-exempt securities
ré the rate of return on corporate securities
rb the rate of return on bank deposits

rL the rate of return on bank loans

d' Federal Reserve discount rate

- 1 L} 1 1 v ] ]

r is the vector (rK, ryr Tso Ty Teo Tpe

ri, d').
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The real after tax rates of return on assets held by

the banking sector are:

r; the real after tax rate of return on free
reserves and required reserves

rg the real after tax rate of return on
treasury securities

r; the real after tax rate of return on
tax-exempt securities

rE the real after tax rate of return on
bank loans

d real Federal Reserve discount rate

ry the real rate of return on bank deposits,
a liability, hence requiring no tax rate

u u u

S’ rN, rL, d r

. u
is the vector (rM, r D)'

The rates of return on capital and on corporate bonds
are not entered into the banking vector, as banks are
legally prohibited from investing in most types of corpo-
rate stock, and very few banks invest in corporate bonds.

Ty is also constrained by government regulations; legal
ceilings have been placed on the nominal rates of bank
deposits. With the exception of large certificates of
deposit, in recent years the market rates on deposits have
rarely fallen below the ceiling rates. Consequently, bank
supplies of total deposit offerings to the public have been
very elastic.

The discount rate, d, is important because when it
goes down relative to the rates on bank assets, it becomes

profitable for banks to borrow from the Federal Reserve and
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invest in the income earning assets. This means the level
of non-interest bearing assets held by banks should decrease.
In short the fraction of bank assets held in free reserves
should fall. This conclusion cannot be asserted unequi-
vocally, however, since it is not certain how excess
reserves will change in response to a change in d. His-
torically, the level of excess reserves has remained
relatively stable when compared to the level of borrowed

reserves. (Historical Chart Book, 1978). The argument is

often made that many banks attempt, quite successfully, to
keep their excess reserves close to zero. This would sug-
gest that most of the fluctuations in free reserves in
response to changes in d occur through the effect of d on
borrowed reserves, where there is a clear negative rela-
tionship. Thus when d rises, the demand for borrowed
reserves falls and the demand for free reserves rises.
Furthermore, free reserves may be held in case reserve
requirements cannot be met when d is prohibitively high.
The after tax real rates of return on assets held by
the portion of the non-bank private sector supplying funds

(i.e., lending) are:

r; the real after tax rate of return on
equity capital

rﬁ the real after tax rate of return on
currency

r; the real after tax rate of return on

treasury securities
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rg the real after tax rate of return on
tax-exempt securities

ré the real after tax rate of return on
corporate securities

rB the real after tax rate of return on

bank deposits.
The real rates on liabilities to the non-bank sector are:

rC the real rate of return on corporate

securities
rL the real rate of return on bank loans.
~t . t t t t t t
r is the vector (rK, Ty Tgr» Ty» Tor Tpr Too rL).

d is not included because only banks can borrow from the
Fed. With the introduction of inflationary expectations,
taxes, and the price of existing capital, the after tax
real rates of return can be more precisely defined. The
symbols involved and their rationale are described below.

m* is the expected rate of change in the price level.
In choosing a time series for this variable the literature
has been thoroughly reviewed. The time series data chosen
was produced by John Scadding whose series is in close touch
with the current state of the art on the subject of
inflationary expectations (Scadding, 1979):

This paper (John Scadding) presents a model of

how individuals might rationally extract information

about the underlying inflation rate from observed

price changes, and how they might use that informa-

tion to forecast future prices...

Traditionally, economists have assumed that
economic agents form their expectations about future

events adaptively, i.e. the forecast for next period
is formed by adjusting this period's forecast by some
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fraction of this period's forecast error. Price

expectations are commonly modelled this way, although

the adaptive model is in part ill-suited for this
purpose because it leads to chronic underprediction

of prices if prices are growing. The reason is fairly

obvious. The adaptive model implies that forecast

prices are a weighted average of current and past
prices, which will always be less than the current
level when prices are growing. The forecasting

model developed in this paper represents a generaliza-

tion of the adaptive model that allows for systematic

growth in prices and therefore avoids the problem of
chronic underprediction. The model has the added
attraction of being derived from optimizing behavior,
rather than adduced on an ad hoc basis as is typically

done (Scadding, 1979, p. 7).

It is also important to note that although the price
level is fixed and acts as a constraint at the moment of a
decision, expected price changes do enter into the decision-

*
making process. In short m injects a dynamic element into
a static decision-making model.

u is a weighted average of the marginal corporate
income tax rates facing a bank in a given year. Each rate
is weighted by the fraction of bank income which is taxed
at its rate. These rates have periodically changed.

T = T(y*(W), P*, T*) is the expected income tax rate
applied to investors who are indifferent between tax-exempts
and corporate securities. vy is the real income derived from
the human and non-human wealth of these marginal individuals;
so y* = y(1 + (the expected growth rate of y)).

P* = P(1+7m*) is the expected price level. T* is the expec-
ted tax structure, which is assumed to be realized. Here
again a dynamic element is placed within the static frame-

work. When P* or y* rise, the number of investors in tax
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categories greater than or equal to T rises.

q as previously noted, is equal to the market price of
ownership claims to existing capital divided by the repro-
duction price of new capital (the general price level).
Allowing the value of equity capital to be a proxy for all
financial claims to existing capital, an old car has market
value included in gK under the general title of equity
capital. The variable q enriches the model, as it allows
the general price level (the price of new capital) and the
price of existing capital to diverge. This divergence in
relative prices causes financial portfolio rearrangements
discussed below.

rk = R/q; this simplified form for the real pre-tax
rate of return on equity capital assumes that capital does
not depreciate and has an infinite life. R is the marginal
product of capital which in equilibrium is equal to the
rental cost of capital (RC) divided by P. Since Pq is the
amount an investor must pay for a claim to a unit of
existing capital, r! ¢« Pq = RC or r! = RC/Pq; and since

K K
RC/P = R, then rk = R/q.

If the depreciation and lifetime assumptions are
dropped, the inverse relationship between rk and q still
holds. For instance, if the price of existing capital
rises relative to the price of new capital (q rises), then

rk falls because it costs more to buy the existing capital

used to produce a steady return to its owner.
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There are two effects as a result of a fall in rk.

The first is financial; when the rate on equity changes,
all rates must change in order to restore equilibrium in
the market for each asset. The second effect is real; if
new capital costs less per unit than old, then it pays for
the investor to invest in new capital --that is, increase
the level of the capital stock. This of course requires
time and causes W to change. Thus a link is provided from
the financial markets to a short-run flow model of income
determination. At the end of each period W will be dif-

ferent, but fixed for the moment, and r!, as well as the

K’
rates on other assets, must adjust in order to induce
financial investors to hold the existing stock of each
asset.

Although it is an essential part of this study to
understand the theoretical relationship between the rate of
return on equity relative to the rate of return on tax-
exempts (especially during inflationary periods), the com-
ponents of the variable R/q are difficult to measure and
apply to practical use. Efforts to measure R and q have
been conducted (Brainard and Tobin, 1968), but these
methods require a great deal of approximation. A simple,
more practical measurement of rk should serve the purposes
of the present undertaking. Keeping in mind that the price
of equity is used as the general price of a claim to all
existing capital, a standard definition for the real rate

of return on equity is employed --rk = (nominal earnings per
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period, E) + (the value of stock prices at the period's
beginning, SP) minus the expected rate of inflation at the
beginning of the period, =*; rk = E/SP - 1*,.

The revised definition is easily related to the pre-
vious one. When the price of new capital or the marginal
product of capital rises, E should rise --when prices rise,
nominal earnings rise, and when productivity rises, real
earnings should rise. Changes in stock prices reflect
changes in the price of existing capital. Since E is the
nominal return, m* must be subtracted to get the asset's
real rate of return. With this rationale, the changes in
rk can be viewed as the result of changes in q or R. With
these relationships established, the list of after tax

real rates of return can be further explained.

u
M

required or free reserves, so there is no income earned or

r, = - 1%, There is no nominal interest rate on
tax placed upon them, but there is an anticipated loss in
purchasing power shown by the expected rate of inflation.
rg = (l—u)ré - m*. (l-u) is the fraction of income
derived from federal securities which is not taxed away,
and again n* shows the expected loss in real buying ability.
Us ptoo g%, There is no tax rate applied to the

N N
nominal return of state and local bonds, as they are tax-

r

exempt. This rate is not precisely correct, but making it
correct would require redefining other rates in a way which

is impossible to do when using aggregate rates.
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When measuring the after tax return on an asset, to be com-
pletely correct, the tax reduction associated with the tax
deductions from interest payments on funds borrowed to
purchase the asset should be added to the after tax return
of the asset. Correspondingly, the after tax rate of
return should be modified by adding to the rate of return
a fraction equal to the borrowing rate times the indi-
vidual's tax rate. Of course determining this rate is
impossible to do on the aggregate, since not everyone bor-
rows to invest, and borrowers acquire their funds from
different sources with different rates of return. However,
this concept is still relevant to tax-exempt bond demand
because the Internal Revenue Service does not permit
individuals to deduct interest payments on funds used to
purchase tax-exempts. Since bank funds come from a general
source which may be invested in any number of assets, banks
can still deduct the full value of their interest payments
from taxable income. This law then provides banks with a
greater incentive to invest in tax-exempts than it does
individuals; the banking sector's rate of return should
additionally include ur), while for individuals, interest
deductions in taxes would not be included in the rate of
return for tax-exempts.

r{=r. - m¥,  r!

D D D
on demand deposits, savings deposits, and time deposits.

is a weighted average of the rates

Some of these rates are legally fixed at a level below their

unregulated rate.
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ry, = (1—u)r£ - T*,

d = d' - n*. Since banks borrow from the Fed, 7n* is
an expected gain because the banks pay off their debt with
money which has less purchasing power.
ré = (E/SP)(1-T) - w*. This variable has an upward
bias because it overlooks the double taxation of corporate
income. At the same time it has a downward bias because T
(the marginal investor's tax rate) may be greater than the
corporate tax rate for most investors and the tax advantage
of capital gains on equity is ignored. Obviously, a perfect
measurement of the aggregate after tax rate of return of
equity is impossible to uncover, but using T as a rate
applied to corporate earnings puts the after tax rate on
equity more closely in line with the after tax rates on
other assets.

r; = - %, 7* is the inflationary loss of holding
currency. Not included in rt is the shoe leather cost of

M
trying to keep currency holdings at a minimum.

rg = (1-T)ry - 7*.

t = ' *

Ty Ty T

t , .

re = (l-T)rC - mw*.

rB = (l-T)rb - T*. rb is influenced by regulation Q.

The weighted component of rb referring to demand deposits
is equal to zero (until recent decontrols). Thus when 7*

rises, rﬁ cannot adjust fully to the desired real rate of
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return, so rg falls relative to the rates on other assets
and the desired amount of bank deposits is reduced.

rz = rL - m*. Loans are a liability to this sector.

Other symbols used in the model are:

fip--the fraction of wealth which the non-bank private
sector wishes to hold as asset i.

fib--the fraction of loanable bank assets (which equals
their deposit liabilities minus required reserves) the banks
desire to put into asset 1i.

K is a weighted average of the legal reserve ratio on
time deposits and demand deposits.

Y/W denotes the transactions need for money --currency
or demand deposits. Conventional theory of money demand
says as income rises, more money must be readily available
to make the greater volume of purchases allowed by the
higher level of income. With the level of W fixed, there
must be a corresponding decrease in the fraction of public
wealth desired in other assets. If W rises by the same
proportion as Y rises, more money can be held for transac-
tion's needs, without changing the fraction of wealth held
in money balances. Similarly, if W rises by a greater pro-
portion than Y, more money can be held while the fraction
of wealth held in money balances decreases.

pol represents changes in banking portfolio policy

(similar to a '"taste'" variable as an argument in the demand

for a real good). This variable reflects the degree of
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bank aggressiveness or caution when choosing between
profitable (illiquid) and safe (liquid) assets.

NS stands for new forms of tax shelters for banks.
The most important of these is leasing operations which
gives banks all the investment tax credits and deductions
allowed to companies employing physical capital. Another,
though less important shelter is foreign activities. The
advantage here is that the United States allows tax credits
on foreign profit taxes.

These last two variables are essentially shift

variables in the sense of Brainard (Brainard, 1964).

The Equations

With the variables listed and discussed, the static
financial asset model can be formally stated.

The definition of real private net wealth is:

W=qgK + (N+ M + S)/P

The balance equations for the capital account are:

Banks Non-bank private
(1) flp(ft, Y/W)W = qk  (equity capital)
(2) kD + £, (£, pol; NS)D(1-K) + £, (£%, Y/W)W = M/P (high-powered
P money)
(3) £3,(F, pol; NS)D(1-k) + £, (£%, Y/W)W = S/P (federal
P securities)
(4) f&b(;u’ pol; NS)D(1-k) + f&p(;t' Y/W)W = N/P (tax-exempt

bonds)
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(5) f5 (;t, Y/W)W = 0  (corporate
P bonds)
(6) f6b(§u, pol; NS) + f6p(ft, Y/W)W =0 (bank deposits)

Definition: D = f6p(£t’ Y/W)W

0 (bank loans)

AU at
(7) f7b(r , pol; NS)D(1-k) + f7p(r , Y/WW

In each line the private demand for that line's asset
is to the left of the equal sign. To the right of the
equal sign is the net supply of the asset. If the net sup-
ply is equal to zero, total debts equal total credits
leaving no net supply. If the net supply is greater than
Zzero, as in the equity equation, assets exceed liabilities
in the private sector; or, as in equations 2, 3, and 4, the
government is a net debtor leaving net assets in the private
sector. This implies the wealth equation above, W is equal
to the sum of the net asset supplies. The sum of all banks'

asset demands equals total bank deposits less required

reserves --f2b + f3b + f4b + f7b = 1. And the sum of all
7

non-bank private asset demand is equal to W -- I fip = 1.
i=1

Further note that all variables relevant to a sector
are included in every equation. This is necessary because
the demands are constrained by wealth; so if a variable in
an equation changes, causing its demand to go up, the change
in the variable must also make a corresponding decrease in
the demand for some other variable or variables in order to

remain within the wealth confines.



52

Mathematically, this means:

Zafib/a(any functional argument) = O, and

Il
o

Zafip/a(any functional argument)

Also, implicit in the system is Walras' Law. All of the
equations must sum to W, therefore at least one equation is
not independent.

In addition, all assets are assumed gross substitutes
so that the following restrictions are placed on the partial

derivatives:

t —
(1) aflp/arK>o, aflp/ar 0, aflp/B(Y/W)<0

11;#}(‘
(2) 3£y /3Ty >0, abe/ar‘i’*Mw, 385, /3d >0
3f2p/ar§>0, afzp/ar;&wo, 22,5, /3(Y/W) 50
(3) 34 /3rg>0, afsb/ar‘;#sw,
af3p/ar's‘>o, afap/ar‘{fsw, 385/3(Y/W) T 0
(4) af4b/ar§>o, af4b/ar‘i‘*N<o,
af4p/ar§>o, af4p/8r§#N<0, 38,40/3(Y/W) T 0
(5) afsp/aré>o, afsp/arzfc<o, 385,/3(Y/W) T 0
(6) af6p/arl§>o, 3f6p/ar§#D<O, 384, /3(Y/W)5 0
(7) 3t /ar] >0, af7b/ar‘i‘ﬂ<o, 3%,,/3d <0
Most obvious when observing these partials is that the
partial with respect to an assets own rate of return is

always positive, and the partial with respect to the rate
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cf return on any other asset in the decision-maker's port-
folio is always negative. The assets are gross substitutes
within each sector. This is consistent with the adding up
requirement discussed in the last paragraph. The partial
with respect to Y/W is positive for the two money assets
and negative for the other assets; this is also consistent
with the last paragraph.
Finally, it is assumed the partial of free reserve

demand with respect to the discount rate is positive:

o(FR/D)/3d = 1/D + 3FR/3d, since D is constant,

1/D - 3ER/3d - 1/D - 3BR/3d, since FR

excess reserves (ER) - borrowed reserves (BR).

9dBR/3d is negative, as a higher discount rate discourages
borrowing. It is not certain what ER will do in reaction to
d, but it is reasonable to assume an increase in d will
indicate to banks that restrictive monetary policy is being
undertaken, so they should expect a contractionary future.
Under these circumstances banks will want to hold at least
the same level of ER and probably increase ER in anticipa-
tion of contractionary withdrawals of deposits. Under this
reasoning both terms, 3ER/3d and 3BR/3d, signify 93FR/3d > 0.
This result implies that the partial of some other asset or
assets with respect to d must be negative. The demand for
treasury securities and tax-exempts are probably not
affected greatly by d, but loans should rise significantly

when d falls. It becomes more profitable to borrow more
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and lend more at the higher borrowing-to-lending differen-
tial, thus the partial listed above for loan demand with
respect to d is negative. No partial is listed for tax-
exempts or treasury securities. It is clear, however, that
if the partial of FR does not equal the partial of loans,
tax-exempt or treasury security demand must change in some
way for the wealth constraint to be preserved.

A brief discussion of the balance equations will com-
plete the static model's description.

The first balance equation, showing the demand for
equity capital, has no demand function for banks since, as
previously mentioned, banks are legally restricted from this
kind of investment. However, in recent years banks have
begun leasing operations. One is tempted to place such
activity into the capital equation under the banking sector.
For now, however, this activity will be included as part of
NS (new shelters). These operations are becoming increas-
ingly attractive to banks because they offer sizable tax
loopholes, which means leasing investment is a likely future
substitute for non-taxable bonds.

The second equation shows the total demand for high-
powered money --i.e., bank demand for free reserves plus
required reserves plus non-bank private demand for currency.
The third equation shows total demand for short-term
government securities, and the fourth equation shows total
demand for tax-exempt bonds. Both the banking and non-bank

private sectors hold a large share in the demand for each
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of these assets. The fifth equation shows net demand for
corporate securities. The banks are insignificant in this
market. Both the liabilities and assets of this debt
instrument are held by the non-bank private sector. Since
demand for the asset must equal the demand for its
liability (i.e., negative demand), the two must sum to
zero.

Even though corporate securities are not part of net
private wealth or the liabilities of banks, it is important
to include this equation because it has an impact on the
rate structure of the system.

Equation six shows the demand for bank deposits (D) and
the willingness to accept these deposits as liabilities

(f (Note f6b is not a fraction.) For the deposit

6b)
assets of households to equal deposit liabilities of banks,

D+ ¢f must equal zero. Banks generally provide a highly

6b
elastic supply of deposit liabilities because of the rate
ceilings.

Equation seven is the bank loan demand and non-bank

private loan supply equation. D(1-k) is an asset to

7

the banks and £ W a liability to the non-banking private

7p
sector. These also must sum to zero to maintain the
equality between borrowing and lending.

Of these seven equations the fourth and seventh have
the greatest direct effect upon the demand for non-taxable

bonds. Equation four is obviously important, while equation



56

seven is closely associated with bank demand for tax-exempt
bonds. Banks attempt to keep the volume of their loans as
high as possible within the limits of safety --i.e., mini-
mizing high risk loans and maintaining liquidity needs.
Bank profits are highest when they are able to make these
loans without suffering from liquidity crises or excessive
losses on bad loans. Skilled managers will move in and out
of certain uses of funds depending on the prevailing condi-
tions of the time. When few auspicious loan prospects
exist, the funds tend to go into tax-exempt bonds where
after tax returns are normally better than other invest-
ments. When this occurs, rﬁ falls, and the quantity of
tax-exempt bonds demanded by the non-bank private sector
declines. On the other hand when banks anticipate favorable
loan prospects, f4b falls and rﬁ rises, which induces a
greater quantity of tax-exempt bonds demanded by the non-
bank private sector.

It should be noted that the movement of funds from
tax-exempts to loans is not frictionless. Tax-exempts and
loans are not highly liquid assets, so it might involve
time and risk to move strictly from one to the other. Con-
sequently, banks also hold short term treasury securities
which allow them to bridge this transition with greater
safety and profitability. The dynamics of these activities

will be detailed in a later section.
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Essentially, however, bank managers observe the after
tax rate of return differential between tax-exempt bonds

and loans; if ru = (l-u)rt - m* exceeds r2 = r! - m* plus a

L N N

risk premium (which accounts for liquidity needs and the
quality of competing assets), then the banks put their
funds into loans. If not, the funds go into tax-exempt
bonds. Naturally, phenomenon occurring in the remainder of

the system also exerts feedback into tax-exempt bond demand,

but the interplay is not as strong.
Solution to the System

In solving the system, recall the wealth equation,
seven balance equations, and thirteen rate of return equa-

tions, together totalling twenty independent equations.

T = T(y*, P*, T*), Y, M, §, kK, N, ry, ™, P, d', k, u, pol,
and NS are exogenous variables, while q, W, r;, r;, r;, ré,
u t ' u t . t . u t ' u t

rS, rS, rN, rN, rN, rc, rc, rD, rD, ry, Ty, rL, rL, and d

are twenty endogenous variables determined by the simul-
taneous solution of the independent equations. If rb is
exogenous, because of a legal ceiling ?b, then there are
nineteen endogenous variables. The number of independent
equations also becomes nineteen since the bank deposit equa-
tion is no longer an equation since banks cannot get all

the deposits they would like at the legal ceiling. 1If a
product market equilibrium and a labor market equilibrium

is added to the system of equations, they Y and P can also
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be determined endogenously. All of this implies that for
any set of exogenous variables, only one set of values for
the endogenous variables exists which equates the demand

for tax-exempt bonds with their supply.
Wealth Effects

A complete model which includes saving and the growth
of real income requires specification of the '"real'" side of
the economy and a growth mechanism. The "financial" side
of the economy formulated above is easily related to the
real side via the variable rk which, as explained previous-
ly, is one of the determinants of real investment. (This
link between the real and financial sector is one approach
to studying the transmission mechanism. Of course, there
is a whole literature concerning this controversial link-
age (Tobin, 1969; Friedman, 1970; Fand, 1970; Teigan,
1972)). The growth of income increases saving and consump-
tion. When saving increases, total wealth increases, and
unless the rate structure of assets is perverse (returns on
private financial assets are higher than the returns on
government assets of equal quality), net wealth will rise.
Thus it can be expected that real wealth goes up nearly
every period since income in recent years has risen every
period. The magnitude of these increases depends not only
on income, but the real return from saving, the level of
real per capita wealth, and general rate of time preference

among savers.
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Changes in wealth can also occur when q changes, as
this will change the real value of equity capital. Similar
to this change, although not explicitly shown in the model,
is a change in N caused by a change in the price of munici-
pal bonds. This detail is left out of the model to avoid
over-complication. Neither of these wealth effects, how-
ever, is systematically related to time, as saving has been
in recent years. Given this glance at wealth dynamics, the
earlier assumption --wealth accumulation and wealth alloca-
tion decisions are independent at a point in time-- remains.
Recall this means the desired amount of each asset is
homogeneous in wealth.

The adding-up requirements of the static framework
provide a link from wealth changes to the balance equations

and consequent changes in asset demands. More precisely:
I9f;,/9D(1-k) = 1, and I3f; /3W = 1.

W, as a dynamic link, plays an important part in the
analysis of tax-exempt bond demand since greater wealth
permits more investment in all assets. Of particular
interest, households, although their relative demands may
change, are potentially able to place more of their savings
into N without reducing their holdings of other assets.
Additionally, the non-bank private sector can increase the
amount of deposits available for investment by the banking

sector which may further raise tax-exempt bond demand.
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In the absence of outside interference, given the
homogeneity assumption, an increase in wealth raises the
demand for each asset in proportion to the wealth increase.
However, the progressive income tax system disturbs these
homogeneous adjustments. Assuming that prices do not fall,
the additional income earned on the added wealth is subject
to a higher tax rate. This would not notably modify the
relative after tax rates of'return among assets if the
income earned on all assets was taxed equally. However,
the income earned on certain assets is tax-free, thus
creating a marked rearrangement in the relative after tax
rates of return and a consequent asset reallocation.

The above phenomenon can be illustrated by utilizing a
simple geometric version of mean-variance portfolio selec-
tion theory --demonstrated in Figure 3-1 (Tobin, 1965). ER
is the expected after tax real return of an asset, and OR

is a measure of asset riskiness. Assuming the investor is

risk-averse, ER is a good and o, is a bad, so that ICl

R
represents an indifference curve on a risk-averse investor's
utility surface. In this illustration, there are three
assets, A, B, and C, where B and C are taxable, and A is
tax-exempt. At an initial level of real wealth, point A
shows the (aR, ER) combination available when all wealth is
placed in asset A; point B does the same for asset B; and

point C gives the risk-return combination for asset C. The

line DC denotes the efficient opportunity locus of (oR, ER)
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combinations corresponding to every possible allocation of
wealth between assets A, B, and C. This drawing assumes
the correlation between the returns on the assets is close
to zero. APC shows the opportunities between assets A and
C, and BEP shows the opportunities between asset B and
blend P of assets A and C. The utility maximizing investor
divides his/her we<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>