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CHAPTER I 

INTRODUCTION 

The purpose of this research is to examine the 

relationship between taxable and tax-exempt interest rates. 

This paper examines the cause and effect relationship 

between taxable and tax-exempt yields and the factors that 

cause the tax-exempt to taxable yield ratio to change over 

time. The exact relationship between taxable and tax-exempt 

yields is still unresolved. 

Prior studies have examined the tax-exempt to taxable 

yield ratio. However, these studies do not say anything 

about the cause and effect relationship between taxable and 

tax-exempt yields. The yield ratio may change because of 

changes in the tax-exempt yield, the taxable yield, or both. 

It is not clear if changes in the tax-exempt yield lead 

changes in the taxable yield, or whether the opposite is 

true. This paper directly examines the cause and effect 

relationship between taxable and tax-exempt yields. 

Merton Miller (1977) defined a partial equilibrium 

relationship between taxable and tax-exempt interest rates. 

The basis of this relationship is that investors are 

concerned with their after-tax real rate of return. 

Investors are indifferent between taxable securities minus 

applicable taxes and tax-exempt securities that pay an 

equivalent after-tax yield. Given an exogenously determined 



tax-exempt yield, an equivalent taxable yield is equal to 

the tax-exempt yield "grossed up" by the marginal tax rate. 

The applicable marginal tax rate, according to Miller, 

is the corporate tax rate. Since corporations may deduct 

interest payments for tax purposes, they are willing to pay 

a nominal rate of interest, equal to the after-tax real rate 

of interest plus the amount of their tax deduction. Thus, 

in the absence of risk and inflation expectations, their net 

cost of interest, after taxes, is equal to the tax-exempt 

yield. According to Miller, the marginal investors in tax-

exempt bonds, viewed as individuals, will be those with a 

marginal tax rate equal to the corporate tax rate. 

Fama (1977) also hypothesized that the equilibrium 

marginal tax rate is the corporate tax rate, but the 

motivation is quite different. Fama hypothesized that 

commercial banks would keep the taxable and tax-exempt 

markets in equilibrium by using a tax arbitrage strategy. 

Prior to 1986, commercial banks had the ability to turn 

taxable income into nontaxable income by simply investing 

borrowed funds in tax-exempt securities. The commercial 

bank's demand would drive up the price of tax-exempt 

securities, forcing down the yield earned, until the bank's 

after-tax yield on taxable investments was equal to the tax-

exempt yield. Since banks pay taxes at the corporate level, 

the resulting equilibrium is the same as Miller's. Ncunely, 



that the tax-exempt yield will be equal to the taxable yield 

times one minus the corporate tax rate. 

Kidwell and Koch (1983), among others, contend that the 

market for tax-exempt securities is segmented by maturity. 

The basis of this hypothesis is the observation that 

commercial banks' demand for tax-exempt securities varies 

directly with their level of profits. In addition, 

commercial banks prefer short maturity securities for 

liquidity purposes. Thus, at the short end of the market, 

the marginal investor may be commercial banks (when profits 

are high) or individual investors (when commercial bank 

profits are low). For short-term maturities, the 

equilibrium marginal tax rate may be the corporate or 

individual tax rate. Since individuals are viewed as the 

only investors in longer maturities, the marginal personal 

tax rate is considered the equilibrium tax rate for longer 

maturities. 

Numerous studies have found empirical support for 

Miller's hypothesis, including Campbell (1980), Trzcinka 

(1982, 1986) and Shrestha (1989). Others, such as Kidwell 

and Koch (1983), Buser and Hess (1986), and Mitchell and 

McDade (1992) have supported the market segmentation 

hypothesis. Most of these studies have concentrated on 

examining the tax-exempt to taxable yield ratio to determine 

the implied marginal tax rate. This ratio should be equal 

to one minus the marginal tax rate. If the implied marginal 



tax rate is not significantly different from the highest 

corporate tax rate, support is found for Miller, while a 

rate not significantly different from the highest marginal 

personal tax rate is considered support for the market 

segmentation hypothesis. However, none of the studies have 

examined which yield is given and which is endogenously 

determined by market forces. 

The purpose of this research is to investigate this 

point. This research examines whether the tax-exempt yield 

can be viewed as exogenously given and determines the 

endogenous taxable yield, as in Miller, or whether a change 

in the taxable yield will cause a change in the tax-exempt 

yield. 

Implicit in Miller's original argument is that the tax-

exempt yield is exogenously determined and the taxable yield 

endogenously determined by market forces. It can be shown 

that under the Miller hypothesis, the nominal taxable yield 

will always vary directly with the marginal tax rate. This 

requires the nominal taxable yield to fully adjust to any 

change in the marginal tax rate to keep the real after-tax 

yield unchanged. 

An alternative to Miller's hypothesis is that the 

taxable yield and the tax rate are exogenous variables and 

it is the tax-exempt yield that changes in the face of tax 

rate changes. In this framework, the taxable yield is given 

and the tax-exempt yield will be the endogenous variable. 



responding to changes in tax rates. For example, recent 

articles in The Wall Street Journal on President Clinton's 

proposed tax rate increases suggest that municipal security 

yields will fall in the face of higher marginal tax rates 

while taxable yields remain unchanged. In this framework, 

the taxable yield is given and the tax-exempt yield is the 

endogenous variable, responding to changes in tax rates. 

One possible explanation of this could be the relative size 

of the markets for taxable and tax-exempt securities. The 

Treasury market is about four times larger than the 

municipal market, while the corporate bond market is nearly 

twice as large. It is possible that the taxable market 

simply dominates the tax-exempt market. 

If the relationship between taxable rates of return and 

after-tax rates of return behaves in this manner. Miller's 

hypothesis is incorrect. The alternative relationship 

between the taxable yield and tax-exempt yield is similar to 

what Miller hypothesized. But instead of assuming that 

taxable yields are tax-exempt yields "grossed up" for taxes, 

the relationship can be viewed as tax-exempt yields being 

discounted for taxes from an exogenously determined taxable 

yield. 

The tax-exempt yield is still equal to the taxable 

yield times one minus the marginal tax rate. However, the 

direction of change, given a change in taxes, is exactly the 

opposite of what Miller predicted. Miller's hypothesis 



would indicate an increase in the taxable yield given an 

increase in the marginal tax rate. In this alternative 

setting, the discounted tax-exempt hypothesis, it can be 

shown that an increase in tax rates will lead to a decrease 

in the tax-exempt yield. This effect is consistent with 

what Tanzi (1980) refers to as "fiscal illusion." Investors 

are concerned only with their nominal, before-tax return. 

They fail to realize that their real after-tax return falls 

with an increase in their marginal tax rate. 

This alternative theory is not a new concept. Since 

1913, municipal securities have been exempt from federal 

income taxes. The purpose of this exemption is to offer a 

subsidy to state and local governments in the form of lower 

interest rates paid on municipal securities. The idea is 

that taxable yields are exogenously determined and the tax-

exempt yield is found by discounting the taxable yield by 

the marginal tax rate. 

Both the Miller and discounted tax-exempt hypotheses 

suggest that there should be a long-run equilibrium 

relationship between the taxable and tax-exempt yields. 

Miller states that the taxable yield is dependent on the 

tax-exempt yield and the marginal tax rate while the 

discounted tax-exempt model predicts that the tax-exempt 

yield is the dependent variable and that the taxable rate of 

interest and the marginal tax rate are the independent 

variables. Since these two models have opposite conclusions 



about which yield is exogenous and which is endogenous, one 

could determine which model best describes the relationship 

between taxable and tax-exempt yields by establishing the 

exogenous/endogenous nature of the two yields. 

In addition to the effect of changes in tax rates on 

taxable and tax-exempt yields, this paper also examines the 

effect of changes in inflation expectations and risk 

premiums on taxable and tax-exempt yields under both the 

Miller and discounted tax-exempt hypotheses. The data and 

methodology used allow us to determine the exogenous/ 

endogenous nature of taxable and tax-exempt interest rates 

and the validity of the Miller and discounted tax-exempt 

hypotheses. 

The data used in this study follows the examples of 

several other studies. Campbell (1980), Trzcinka (1982, 

1986), Kidwell and Koch (1983), Buser and Hess (1986), and 

others have used Salomon Brothers' Analytical Record of 

Yields and Yield Spreads as the source for the tax-exempt 

yields on newly-issued prime grade municipal bonds for 

various maturities. This study uses the same prime grade 

municipal data for the tax-exempt yield and the yield on 

Treasury securities of the same maturity for the equivalent 

taxable yield. The yields used are the monthly average 

yields for 1, 5, 10, and 20 year maturity securities 

covering the period January 1950 to December 1992. In 

addition, corporate yields are also used as a measure of the 



taxable yield for the period September 1970 to December 

1992. 

The empirical evidence is conflicting as to who the 

marginal investor is in tax-exempt securities, and therefore 

what the appropriate marginal tax rate is in examining the 

equilibrium relationship between taxable and tax-exempt 

yields. The Miller hypothesis suggests that the corporate 

tax rate is the relevant rate, while the market segmentation 

hypothesis states that the relevant tax rate may be the 

personal or corporate tax rate. Therefore, three estimates 

of the appropriate marginal tax rate will be used. The 

highest marginal corporate tax rate, as Miller originally 

suggested, the highest marginal personal tax rate, as used 

by Hein, Koch, and MacDonald (1992), and Peek and Wilcox's 

(1986) weighted average of marginal income tax rates for 

individuals. 

Depending on the time series properties of the taxable 

and tax-exempt yields and marginal tax rates, different 

methodologies can be used to determine which yield (taxable 

or tax-exempt) is exogenous and which is endogenous. The 

time series property determining what type of methodology to 

use is that of stationarity. Stationarity is determined by 

conducting an Augmented Dickey-Fuller test on the data. 

If the data described above are stationary, then a 

vector autoregression (VAR) approach can be used to examine 

the endogenous/exogenous nature of the variables. In the 
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event that the data are found to be non-stationary, a 

regression based methodology would be inappropriate. A 

technique for examining long-run equilibrium relationships 

with non-stationary data is cointegration. One limitation 

of cointegration is that it cannot answer the question as to 

which yield is exogenous and which is endogenous. However, 

if the data are non-stationary and found to be cointegrated, 

then the data can be examined in an error correction 

framework. Error correction does allow one to make 

inferences regarding the direction of causality cunong 

variables. 

As indicated above, the exact relationship between 

taxable and tax-exempt yields is still unresolved. It is 

not clear whether the taxable yield is "grossed-up" from an 

exogenously determined tax-exempt yield, as Miller proposes, 

or whether the markets are segmented by maturity. The 

studies examining the Miller hypothesis have generally 

examined the tax-exempt to taxable yield ratio. If the 

yield ratio is not significantly different from the highest 

marginal corporate tax rate, it is generally concluded that 

the Miller hypothesis is correct, while different yield 

ratios for different maturities indicates support for the 

market segmentation hypothesis. 

However, these interpretations are misleading in that a 

yield ratio equal to one minus the corporate tax rate does 

not say anything about the cause and effect relationship 



between taxable and tax-exempt yields as described by 

Miller. The yield ratio may change because of changes in 

the tax-exempt yield, the taxable yield, or both. However, 

given a constant marginal tax rate, the Miller hypothesis 

implies that changes in the tax-exempt yield will cause the 

taxable yield to change, but not vice-versa. From previous 

research, it is impossible to distinguish whether it is the 

taxable or tax-exempt yield that is causing the other to 

change or whether both yields are changing at the same time. 

The purpose of this research is to examine this yield 

relationship from a different perspective than previous 

studies. Rather than concentrate directly on whether the 

Miller hypothesis or the market segmentation hypothesis is 

correct, this paper examines the cause and effect 

relationship between taxable and tax-exempt yields and the 

factors that cause the tax-exempt to taxable yield ratio to 

change over time. 

Chapter II examines the theoretical and empirical 

studies that have investigated the tax-exempt to taxable 

yield ratio. Chapter III lays the theoretical foundation 

for explaining how market forces affect the yield ratio. 

Chapter IV describes the data and empirical methodology used 

in determining the true relationship between tax-exempt and 

taxable yields. Chapter V describes the empirical results 

from the methodology used in Chapter IV. Chapter VI 

summarizes the conclusions of the dissertation. 
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CHAPTER II 

LITERATURE REVIEW 

The exact relationship between taxable and tax-exempt 

interest rates is unresolved. This chapter examines prior 

studies that have explored the relationship between taxable 

and tax-exempt yields. First, the studies that lay the 

theoretical foundation of the relationship between the two 

yields are analyzed. Next, previous empirical work is 

surveyed and their findings examined. Finally, the 

motivation for additional research is addressed. 

Theoretical Studies 

In his classic work, "Debt and Taxes," Miller (1977) 

defined a partial equilibrium relationship between taxable 

and tax-exempt interest rates. This relationship is 

dependent on the marginal personal tax rate on interest 

income and the corporate tax rate. Assuming all bonds are 

riskless, there are no personal taxes on income from stocks, 

and there are no other market imperfections (transaction 

costs, bankruptcy costs, etc.), the relationship can be 

shown as in Figure 2.1. 

The left hand side of Figure 2.1 is the tax-exempt 

market, while the right hand side is the taxable securities 

market. The tax-exempt yield, ro, is determined by the 

relative supply, r̂ tef and demand, r̂ te of tax-exempt 

11 



rsteCB) ' t x 

r<ica(B> 

rdtx<B)=r„-
" 1-T, PB 

J s t x ( B ) = ro -^—^ 

B t « ^® B \ X Qt:x<B> 

Figure 2.1 
The Miller Model 

securities. Given this exogenously determined riskless tax-

exempt interest rate, ro, and marginal personal tax rate, 

TpBf the demand for taxable bonds, rdtx(B) , can be explained. 

Since rational investors are concerned with their after-tax 

return, there will be an equilibrium relationship between TQ 

and rdtx dependent on ipQ. For individuals that are fully 

tax-exempt, where TpB=0, their before-tax rate of return, 

r̂ tx/ and their after-tax rate of return, TQ, will be equal 

to each other. Thus they are indifferent between taxable 

bonds and tax-exempt bonds where ro=rdtx- This corresponds 

to the flat portion of the demand curve for taxable bonds. 

However, for investors who must pay taxes to have the 

same after-tax return, the before-tax yield must be "grossed 

up" above the tax-exempt yield to compensate for the tax 

burden. The higher the marginal personal tax rate, the 

higher the taxable yield must be for an investor to receive 

a given after-tax return from either taxable or tax-exempt 

12 



securities. For each investor, the equilibrium r̂ tx is 

reached when 

ro=(l-TpB)rdtxr (2.1) 

or 

rdtx=ro/(l-TpB). (2.2) 

When this relationship is satisfied, an investor is 

indifferent between receiving TQ and r̂ tx- At the point 

where the marginal investor is indifferent between TQ and 

r̂ txf the demand for taxable bonds is in equilibrium. Also, 

recall that Miller assumed that there are no personal taxes 

on income from corporate equities. Accordingly, in the 

absence of risk, individuals will consider the return on 

equities equivalent to ro since each yield is a riskless 

rate of return exempt from taxes.^ 

On the other side of the market, suppliers of taxable 

bonds (generally viewed as firms) will want to acquire 

financing at the lowest cost possible. In the absence of 

risk, firms will view equity and debt as perfect substitutes 

and will select a capital structure that minimizes the cost 

^ Even in the presence of risk. Miller states that 
default risk can be included by simply "reinterpreting all 
the before-tax interest rates as risk-adjusted or certainty-
equivalent rates" (p. 271). 
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of capital (Fortune, 1988). However, firms will be willing 

to pay (and demanders will be willing to accept) different 

rates for equity and debt because that the cost of equity is 

not deductible by corporations for tax purposes. Interest 

on corporate bonds, on the other hand, is tax deductible at 

the corporate rate for firms. Firms will be willing to 

issue either equity or debt at the rate TQ. When necessary, 

they will offer returns on debt above the tax-exempt yield 

to induce taxable investors into the market. However, they 

will not be willing to issue bonds at a rate greater than 

rgtxf which is defined as 

rBtx=ro/(l-i:c) , (2.3) 

where Xc is the corporate tax rate. If corporations were to 

issue bonds at a yield less than r^^^, there is a gain from 

leverage since the after-tax cost of debt is less than the 

cost of equity. At yields greater than r̂ txf the after-tax 

cost of debt would be greater than the cost of equity and 

there would no longer be a gain from leverage. Thus, firms 

will be willing to issue debt with interest rates up to r^^^. 

At this point, the cost of equity and the after-tax cost of 

debt, r^^^{l-x), will also be equal, making firms indifferent 

between debt financing and equity financing. 

When the supply and demand for bonds are equal, the 

market clearing taxable yield, r̂ x/ is determined where r.̂ x 

14 



and r̂ tx are equal and B;,, will be the quantity of taxable 

bonds that will be issued. This will imply an equilibrium 

individual marginal tax rate, T', which should be equal to 

the corporate tax rate. The equilibrium relationship can be 

shown as 

rtx=ro/(l-i:'). (2.4) 

The marginal investor with the tax rate T' will be 

indifferent between purchasing the marginal corporation's 

taxable bond or a tax-exempt bond. His after-tax return 

will be equal for both investments. However, those bond 

purchasers with tax rates below that of the marginal 

investor will receive an after-tax return greater than ro by 

buying the taxable security. An individual with tax rates 

above that of the marginal investor will receive higher 

after-tax returns by buying the tax-exempt security. 

Fama (1977) used a different argument to explain the 

equilibrium relationship between taxable and tax-exempt 

yields. He reached the same conclusion as Miller that the 

corporate tax rate will keep the taxable and tax-exempt 

markets in equilibrium. Fama hypothesized that commercial 

banks would keep the markets in equilibrium by using a tax 

arbitrage strategy. Prior to 1986, commercial banks were in 

a position to purchase tax-exempt securities while at the 

same time deducting the interest expense for financing those 

15 



purchases. They had the ability to turn taxable income into 

nontaxable income by simply investing borrowed funds in tax-

exempt securities. The commercial bank's increased demand 

would drive up the price of tax-exempt securities, forcing 

the return earned down, until the bank's after-tax yield on 

taxable investments was equal to the tax-exempt yield. 

Since banks pay taxes at the corporate level, the resulting 

equilibrium is the same as Miller's. Namely, that the tax-

exempt yield will be equal to the taxable yield times one 

minus the corporate tax rate. The major difference between 

Miller's and Fama's hypotheses is that Miller assumed that 

the suppliers of taxable bonds (corporations) will force the 

market for taxable and tax-exempt securities into 

equilibrium. Fama, on the other hand, assumed that the 

demanders of taxable bonds (commercial banks) will force the 

market to equilibrium. In either case, the marginal tax 

rate of concern is the corporate tax rate. 

Kidwell and Koch (1983), among others, believe that the 

market for municipal securities is segmented by maturity. 

The basis for this hypothesis is the observation that both 

the supply and demand of municipal debt is segmented by 

maturity. The supply is fairly inelastic to changes in 

interest rates since the supply of municipal debt is 

considered relatively fixed, as municipalities generally 

finance capital projects with long-term bonds. Thus the 

16 



demand for tax-exempt municipal securities will determine 

the tax-exempt rate of interest. 

Historically, banks have been the largest demanders of 

short maturity tax-exempt securities. The reason for this 

is that since most bank liabilities are fairly short-term in 

nature, banks prefer to invest in short-term securities. 

Banks buy tax-exempt securities to shield their income from 

taxes, as described by Kimball (1977) and Hendershott and 

Koch (1980). The higher the income, the higher the demand 

for municipal securities and the lower the tax-exempt rate 

yield. Whatever is left over at the short end of the market 

after commercial banks have bought their share will be 

purchased by individuals. 

Individuals, who are in a lower tax bracket than banks, 

generally are viewed as the residual buyers. If the demand 

for tax-exempt securities by commercial banks falls, 

municipalities will have to offer higher yields to induce 

the lower tax bracket individuals into the market, implying 

a lower marginal tax rate. Thus at the short end, the 

relevant marginal tax rate may be the corporate tax rate (if 

banks purchase all available short-term municipal 

securities) or the personal tax rate (if an individual is 

the marginal investor). 

Since commercial banks do not generally purchase long-

term municipal securities, individuals are viewed as the 

primary purchasers for this market segment and the relevant 
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tax rate is the personal tax rate. This theory is 

consistent with the observation that the term structure for 

municipal securities is always upward sloping, even when the 

term structure for taxable securities is inverted. 

Empirical Studies 

A number of studies have examined these theories to see 

which best explains the relationship between taxable and 

tax-exempt securities. The most common methodological 

approach used is to examine the ratio of the tax-exempt 

yield to the taxable yield defined as 

ro/r,,= l-T', (2.5) 

derived by rearranging equation 2.4. The ratio of the two 

yields will be equal to one minus the marginal tax rate. 

Since the different theories imply different marginal tax 

rates, this method gives a simple way to reject alternative 

explanations of the relationship between taxable and tax-

exempt yields. 

If the implied marginal tax rate is something 

significantly less than the corporate tax rate for all 

maturities, one could reject the Miller hypothesis. This is 

because Miller theorized that only the corporate tax rate 

would matter and that personal tax rates would not affect 

the tax-exempt to taxable yield ratio. 
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On the other hand, if the corporate tax rate is the 

implied tax rate for all maturities, the market segmentation 

hypothesis can be rejected in favor of the Miller 

hypothesis. This is because the market segmentation 

hypothesis, as stated in the previous section, would suggest 

that the corporate tax rate for banks would be the implied 

marginal tax rate for short-term municipal securities and 

that the personal tax rate would be the implied marginal tax 

rate for longer-term municipal bonds. 

Campbell (1980) examines the yield spread between 

municipal and Treasury securities using monthly averages. 

After adjusting for differences in quality, he finds little 

evidence that portfolio adjustments by banks affect the 

observed spread. Consequently, he rejects the market 

segmentation hypothesis in favor of the Miller hypothesis. 

Trzcinka (1982, 1986) examines the yield ratio between 

tax-exempt municipal securities and corporate securities 

with the same bond rating. He points out that there is 

unequal risk for municipal and corporate securities with 

identical ratings. It is suggested that municipal bonds are 

actually riskier. After adjusting for this variation in the 

risk premium using a wandering intercept, Trzcinka finds 

that the implied marginal tax rate is stable over time and 

is not statistically different from the corporate tax rate, 

as predicted by Miller. Trzcinka's studies also find that 

the relative supply or demand for municipal securities does 

19 



not affect the implied tax rate, further rejecting market 

segmentation. 

In a study similar to Trzcinka's, Shrestha (1989) also 

adjusts for the differences in risk between taxable and tax-

exempt securities. Rather than assuming that the risk 

premium between Treasury securities and prime grade 

municipal securities follows a random walk, he suggests that 

it follows a stochastic process that can be estimated. 

After allowing for the default premium, the implied marginal 

tax rate is found not to be significantly different from the 

corporate tax rate. Thus, Shrestha fails to reject the 

Miller hypothesis. 

The evidence in support of Miller, however, is not 

unanimous. Kidwell and Koch (1983) suggest that for 

segmentation to occur, it must occur on both the demand and 

supply sides of the market. If segmentation occurred only 

on one side of the market, the other side of the market 

could adjust between maturities and eliminate any yield 

differentials. They suggest that on the supply side of the 

municipal bond market, state governments cannot shift 

between short-term and long-term offerings at will. 

Short-term needs are financed through tax collection so 

short-term financing is used infrequently to cover temporary 

deficits. Long-term offerings, which makes up a majority of 

the municipal bonds, finance long-term capital projects. 
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Consequently, the supply side of the municipal market is 

segmented. 

The demand side is also shown to be segmented. As 

explained previously, commercial banks have a preference for 

short-term investments and liquidity needs effectively keep 

banks from investing in the long end of the municipal 

market. Kidwell and Koch present evidence that relative 

supply and demand variables do partially explain the tax-

exempt rate to taxable rate ratio in support of the market 

segmentation hypothesis. 

Kidwell, Koch, and Stock (1987) find evidence of 

segmentation due to maturity, with commercial banks 

purchasing short-term municipals and individuals purchasing 

longer-term securities. In addition, they find that the 

market for municipal securities is segmented geographically 

for issues under $5 million in size. This is due to 

differences in taxation for in-state and out-of-state 

municipal securities. 

Heaton (1986) also finds support for market 

segmentation due to maturity. He assumes that commercial 

banks purchase tax-exempt securities to shelter expected 

future income. Using a time-series model, it is shown that 

approximately eighty percent of the variation in the tax-

exempt yield to taxable yield ratio can be explained by the 

expected level of bank income. The strength of this 

relationship declines with the length of maturity of the 
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debt. This is consistent with banks only participating in 

the short-end of the municipal security market. 

Skelton (1983) suggests that participation by 

commercial banks would cause market segmentation only if 

taxable returns were lower than Regulation Q yields. When 

taxable returns exceeded those that banks could pay 

depositors under Regulation Q, tax arbitrage would not be 

possible. If taxable yields were high enough, banks could 

not offer a return high enough to attract depositors. 

Without these borrowed funds, banks could not purchase 

municipal securities to arbitrage the yield differences. 

When rates were below the legal ceiling, banks could earn 

arbitrage profits as described by Fama. 

Skelton finds evidence consistent with this. When 

taxable yields are below the Regulation Q ceiling, the 

implied tax rate is equal to the corporate tax rate. 

However, when yields rose above the ceiling, the implied 

marginal tax rate was significantly lower than the corporate 

tax rate. These results favor the market segmentation 

hypothesis over Miller. 

Buser and Hess (1986) disagree with both Trzcinka and 

Skelton. They attempt to examine the effects of municipal 

and corporate default risk. Regulation Q, commercial bank 

holdings of tax-exempt securities, and industrial 

production. Their findings indicate that municipal debt 

default risk "has little, if any, impact on the ratio of 
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tax-equivalent yields,"^ which is contrary to Trzcinka's 

conclusions. They also conclude that Regulation Q, after 

adjusting for the autocorrelation encountered by Skelton, 

did not affect the tax-exempt yield to taxable yield ratio. 

Buser and Hess did find that bank holdings of municipal 

securities had an inverse effect on the implied marginal tax 

rate, as predicted by Kidwell and Koch. In addition, both 

industrial production and corporate default risk appeared to 

affect the tax-exempt-to-taxable yield ratio. As the 

corporate risk premium increases, the taxable yield 

increases while the tax-exempt yield is not affected, thus 

decreasing the yield ratio and implying a higher marginal 

tax rate. 

The industrial production variable is negatively 

related to this yield ratio and also appears to be measuring 

the corporate default risk. As industrial production falls, 

the probability of default increases and corporate risk 

premiums rise. This leads to a lower yield ratio and a 

higher implied marginal tax rate. 

Fortune (1988) re-examines Trzcinka's work and 

concludes that the results are not robust to different 

sample periods. Although Fortune is able to replicate 

Trzcinka's results for the period 1970-79, they do not hold 

up for the 1976-85 period. Instead, he finds that during 

this later period the implicit tax rate is significantly 

p. 345. 
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lower than the corporate tax rate for all bonds except 

short-term bonds. He also finds that the implicit tax rate 

changes over time. During this same time, the corporate tax 

rate changed only once. Fortune further concludes that the 

implicit tax rate varies with the level of personal income. 

These results are consistent with the market segmentation 

hypothesis and reject Miller's hypothesis. 

Hein, Koch, and MacDonald (1992) also reject the Miller 

hypothesis for both short and long maturities. They examine 

the effect of personal and corporate tax rate changes on the 

tax-exempt/taxable yield ratio. In addition, they 

investigate changes in the factors that influence changes in 

the yield ratio after the Tax Reform Act of 1986, which 

lowered personal and corporate tax rates and eliminated 

commercial banks' ability to deduct the interest expense of 

carrying municipal securities. 

Prior to the Tax Reform Act of 1986, reductions in 

corporate tax rates did not increase the yield ratio, as 

Miller hypothesized. Rather, the yield ratio actually 

increased, which is not consistent with the Miller or market 

segmentation hypotheses. Changes in personal tax rates did 

inversely affect the yield ratio for maturities greater than 

five years, and changes in bank's relative demand for 

municipal securities had an effect on the yield ratio, which 

is consistent with market segmentation. 
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After the Tax Reform Act of 1986, changes in the yield 

ratio implied lower marginal tax rates. This is consistent 

with banks unable to profit from tax arbitrage. In 

addition, lower personal tax rates increased the yield 

ratio. Both of these results support the market 

segmentation hypothesis over Miller. 

Mitchell and McDade (1992) also find evidence 

supportive of market segmentation, but not due to commercial 

banks participation in the short end of the market. Rather, 

they hypothesize that property and liability insurance 

companies cause market segmentation. In the thirty years 

prior to 1990, these insurance companies held from one-

quarter to nearly one-half of their assets in tax-exempt 

securities, with a majority of the holdings being long-term. 

Since these companies experience a well-documented 

profit cycle, they can predict their profits much like 

Heaton hypothesized commercial banks do. As the profit 

cycle moves upward, property and liability insurance 

companies will purchase more tax-exempt securities to 

shelter their income. As the cycle declines, their demand 

for municipal securities declines. 

The evidence provided by Mitchell and McDade indicates 

that the holdings of municipal securities by insurance 

companies significantly affects the tax-exempt-to-taxable 

yield ratio, with long-term ratios being affected more than 

25 



short-term ratios. The results appear to be stronger before 

the adoption of the Tax Reform Act of 1986. 

Using the idea of implied forward tax rates, Kochin and 

Parks (1988) also find segmentation in the municipal bond 

market. They show that the spread in yields between taxable 

and tax-exempt securities narrows the longer the time to 

maturity. If the Miller hypothesis is correct, then this 

would indicate that future tax rates are expected to 

decline. If future tax rates are not expected to fall, then 

under Miller, there is an opportunity for arbitrage profits 

given this narrowing yield spread. 

After calculating the implied forward tax rate for 

several years and maturities, Kochin and Parks find several 

implied forward rates that are negative. They find it 

difficult to conclude that people would actually believe 

that future tax rates would be negative. In addition, they 

find that the difference in the yield spread for short-term 

and long-term securities is not arbitraged away. Given this 

evidence, they conclude that the market for municipal 

securities must be segmented by maturity. 

Motivation For Additional Research 

As the studies cited above indicate, the exact 

relationship between taxable and tax-exempt yields is still 

unresolved. It is not clear whether the taxable yield is 

"grossed-up" from an exogenously determined tax-exempt 
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yield, as Miller proposes. The studies that have examined 

the Miller hypothesis have generally used a form of equation 

(2.5), ro/rtx=l-T'. If the yield ratio is not significantly 

different from the highest marginal corporate tax rate, it 

is generally concluded that the Miller hypothesis is 

correct, while different yield ratios for different 

maturities indicates support for the market segmentation 

hypothesis. However, these findings are misleading in that 

a yield ratio equal to one minus the corporate tax rate does 

not say anything about the cause and effect relationship 

between taxable and tax-exempt yields as described by 

Miller. The yield ratio may change because of changes in 

the tax-exempt yield, the taxable yield, or both. However, 

given a constant marginal tax rate, the Miller hypothesis 

implies that changes in the tax-exempt yield will cause the 

taxable yield to change, but not vice-versa. From the 

evidence provided above, it is impossible to distinguish 

whether it is the taxable or tax-exempt yield that is 

causing the other to change or whether both are changing at 

the same time. 

The purpose of this study, as described in the 

following section, is to examine this yield relationship 

from a different perspective. Rather than concentrate 

directly on whether the Miller hypothesis or the market 

segmentation hypothesis is correct, this paper examines the 

cause and effect relationship between taxable and tax-exempt 
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yields and the factors that cause the yield ratio to change 

over time. 
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CHAPTER III 

THEORETICAL FOUNDATION 

Although the aforementioned studies have examined the 

relationship between taxable and tax-exempt securities at 

length, none have examined the endogenous/exogenous nature 

of these respective yields, which appears to vary greatly in 

the literature. The differences can be described by 

analyzing the yield response to tax rate changes. 

Miller's original argument is that given some tax-

exempt yield, the taxable yield can be found by "grossing 

up" the tax-exempt yield by the marginal tax rate.^ 

Implicit in this argument is that the tax rate and the tax-

exempt yield are exogenously given and the taxable yield 

endogenously determined by market forces. By taking a 

partial derivative of equation (2.4) with respect to taxes, 

assuming ro is fixed, one obtains, 

a r , , / a 1 : ' = l / ( l - T ' ) ^ ( 3 . i ) 

Since the right-hand side of equation 3.1 will be positive 

for all values of T' between 0 and 1, the nominal taxable 

yield will always increase with an increase in the marginal 

^ Assuming that investors are forward looking, the 
expected marginal tax rate is the relevant rate. For 
simplicity, this will be referred to as simply the marginal 
tax rate. 
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tax rate. This requires the nominal taxable yield to fully 

adjust to this change in the marginal tax rate to keep the 

real after-tax yield unchanged in the face of tax rate 

changes. This can be seen in Figure 3.1. 
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Figure 3.1 
The Miller Model With a 

Change in Taxes 

Given the exogenously determined tax-exempt yield, ro, 

an increase in the tax rate from x̂  to T'C increases the 

tax-advantage of issuing debt, causing the quantity of 

taxable bonds outstanding to increase from B\^ to B*'t̂ , 

which in turn causes the taxable yield to increase. The 

change in the tax rate has no effect on the tax-exempt 

yield. 

An alternative to Miller's hypothesis is that the 

taxable yield and the tax rate are the exogenous variables 

and the tax-exempt yield changes in the face of tax rate 

changes. For example, in recent articles in both The Wall 
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street Journal and The Washington Post, increases in 

municipal bond prices (and decreases in their yields) were 

attributed to President Clinton's proposals to increase 

marginal tax rates. "Tax-exempt bonds are going to be one 

of the primary vehicles for avoiding the impact of these 

higher rates,"^ according to Gail Fosler, chief economist at 

the Conference Board (Herman, 1993). Due to this increased 

demand, it is often suggested that municipal security yields 

will change in the face of changing tax rates. The day 

before the 1992 presidential election, "tax-free bonds and 

notes began rising ... in anticipation of a victory by ... 

Bill Clinton. ... Investors snapped up tax-exempt issues, 

driving prices higher"^ and yields lower, even though 

Treasury securities' prices remain unchanged (Vogel, 1992). 

Bill Veronda, vice president at Invesco Funds Group, 

believes that "tax rates will be significantly higher, so 

municipals should show a fairly strong 1993"^ due to the 

increased demand in tax-exempt securities caused by the 

proposed tax hikes (Tourtellotte, 1992). 

Another possible explanation for this result is the 

relative size of the two markets. The market for Treasury 

securities is approximately $3.5 trillion while the 

corporate bond market is approximately $1.6 trillion. This 

^ p. R6. 

5 p. CI. 

^ p. H9. 
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is compared to a municipal market that is only about $840 

billion in size. It would not be unusual then to assume 

that the taxable market dominates the tax-exempt market and 

changes in the taxable market will lead changes in the tax-

exempt market. In this framework, the taxable yield is 

given and the tax-exempt yield is the endogenous variable, 

responding to changes in tax rates. As an extension of 

Carmichael and Stebbing (1983), it can be shown that in the 

presence of regulation, the taxable yield may be constant 

over time and that the after-tax yield will vary inversely 

with changes in the tax rate.^ 

If the relationship between taxable rates of return and 

after-tax rates of return behaves in this manner. Figure 2.1 

based on Miller's hypothesis is incorrect. The alternative 

explanation of the relationship between these two yields can 

be shown in Figures 3.2 and 3.3. 

As in the Miller framework, interest rates are measured 

on the vertical axis. The quantity of tax-exempt bonds, 

Qte(B), is measured on the horizontal axis. The left hand 

side of Figures 3.2 and 3.3 is the market for taxable 

securities where the taxable yield, rtx is determined. The 

^ Carmichael and Stebbing's original argument is that 
the nominal yield is constant and that the real return will 
move inversely with changes in inflation expectations. This 
is due to the lack of substitutability between financial and 
capital assets. A similar argument can be made given the 
equilibrium relationship r'=ro/(l-T). If the taxable 
(nominal) yield, r', is given and constant, then the tax-
exempt (real) yield, ro, will have to vary inversely with 
changes in the tax rate, T. 
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Figure 3.2 
The Discounted Tax-Exempt Model With 

Continuous Marginal Tax Rates 
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Figure 3.3 
The Discounted Tax-Exempt Model With 

Discrete Marginal Tax Rates 

demand for tax-exempt bonds is denoted as rdte« The demand 

curve in Figure 3.2 is based on continuous, progressive tax 

rates with a maximum tax rate of T=max, while the demand 

curve in Figure 3.3 is based on discrete steps in the 

marginal tax rates. The flat portion of the demand curves 

where T=0 corresponds to the quantity of bonds that will be 
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demanded by tax-exempt institutions, such as universities 

and pension funds. The curved portion of the demand curve 

in Figure 3.2 corresponds to those in higher and higher 

marginal tax rates, while the steps in Figure 3.3 correspond 

to increasing marginal tax brackets. The supply of tax-

exempt bonds is denoted by r3te(B) . The intersection of 

d̂te(B) with r̂ teCB) , determines the tax-exempt yield, ro. 

The relationship between the taxable yield and tax-

exempt yield is similar to what Miller hypothesized. It can 

be defined by simply rearranging equation 2.4 as 

ro=f,,(l-i:'). (3.2) 

The tax-exempt yield is still equal to the taxable yield 

times one minus the marginal tax rate. However, the 

direction of change, given a change in taxes, is exactly the 

opposite of what Miller predicted. Miller's hypothesis 

would indicate an increase in the taxable yield given an 

increase in the marginal tax rate. In this alternative 

setting, hereafter referred to as the discounted tax-exempt 

hypothesis, an increase in the tax rate will lead to a 

decrease in the tax-exempt yield. This can be formally 

expressed as 

aro/aT'=-f,,. (3.3) 
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The negative sign on the partial derivative with respect to 

T indicates that the real after-tax yield will change 

inversely with a change in the marginal tax rate. The 

effect of an increase in the marginal tax rate can be seen 

in Figures 3.4 and 3.5. 
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Figure 3 .4 
The Discounted Tax-Exempt Model Given 

a Change in the Continuous 
Marginal Tax Rate 
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Investors are concerned only with their nominal, 

before-tax return. Before the increase in the marginal tax 

rate from T to i', investors receive f̂ x on a pre-tax basis 

and ro on a after-tax basis. After the increase in the tax 

rate, they still receive f̂ ^ on a pre-tax basis but only 

receive r'o on an after-tax basis, which is lower than ro. 

Investors fail to realize that their real after-tax return 

falls with an increase in their marginal tax rate, as 

illustrated in Figures 3.4 and 3.5.' This effect is also 

consistent with what Tanzi (1980) refers to as "fiscal 

illusion."' 

This alternative theory is not a new concept. Trzcinka 

(1982) claimed that under the market segmentation 

hypothesis, the taxable interest rate is not dependent on 

the tax-exempt market. This argument is also consistent 

with the history of the taxation of securities in the United 

States. 

° As discussed earlier, previous research has generally 
concentrated on testing equation 2.5, TQ/T^J^I-X ' . However, 
changes in TQ/T^^ in response to changes in the marginal tax 
rate, t', may be reflected by changes in ro or r̂ x-
Therefore, these studies cannot discriminate between the 
Miller or discounted tax-exempt hypotheses. Both hypotheses 
would suggest an inverse response in the ratio due to 
changes in t'. 

' Strictly speaking, Tanzi discussed "fiscal illusion" 
in the context of changing inflations expectations. 
However, the underlying idea is the same, that investors are 
concerned with their taxable nominal return instead of their 
real after-tax return. 
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Since 1792, municipal and federal securities have 

undergone various changes in the tax code. During the Civil 

War, many argued for the exemption of federal securities 

from taxation so as to enhance the government's ability to 

borrow at lower interest rates. The idea was that tax-

exempt securities yields would be discounted from fully 

taxable yields. This argument was used through the 1930's 

to justify the tax-exempt status of federal securities." 

In 1941, to help eliminate the growing budget deficit. 

Congress eliminated the issuance of additional federal tax-

exempt securities. Excluding "flower" bonds, the last of 

the fully tax-exempt federal securities matured in 1961 and 

by 1965 the final issue of partially tax-exempt federal 

securities matured. 

Prior to the ratification of the Sixteenth Amendment to 

the Constitution in 1913 that authorized the levy of federal 

taxes on all sources of income, municipal securities were 

fully taxable at the federal level and experienced different 

degrees of taxability at the state level. Since this time, 

interest on municipal securities has been wholly exempt from 

federal taxation (not because of the Sixteenth Amendment, 

but rather because Congress began to and has continued to 

exempt municipal securities from taxation by legislation.) 

" For a historical look at federal and municipal 
security taxation from the 1790's through World War II, see 
Derrick (1946). 
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Apparently, the purpose of this exemption is to offer a 

subsidy to state and local governments. The subsidy is in 

the form of lower interest rates paid on municipal 

securities. Again, the idea behind such a proposal is that 

taxable yields are exogenously determined and that the tax-

exempt yield is found by discounting the taxable yield by 

the marginal tax rate. If the Miller hypothesis is correct, 

such a proposal would not absolutely reduce the interest 

expense to state and local governments. Under both Miller 

and the discounted tax-exempt models, tax-exempt yields are 

lower than the equivalent taxable yield for all positive 

marginal tax rates. However, under Miller, municipalities 

do not benefit in the sense that a change in tax rates has 

no effect on their cost of borrowing, as the tax-exempt 

yield is determined independently of the taxable market. 

Their absolute cost of borrowing does not change. The 

discounted tax-exempt model suggests that it would be 

advantageous (disadvantageous) to municipalities for the 

federal government to raise (lower) tax rates. The absolute 

cost of borrowing for municipalities varies inversely with 

marginal tax rates. Of course, in either the Miller or 

discounted tax-exempt setting, it would be relatively 

cheaper for state and local governments to borrow, but the 

relevant question is what happens in absolute terms. 
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The Role of Expected Inflatinn: 
An Extension 

Miller's proposed relationship between taxable and tax-

exempt yields and the discounted tax-exempt hypothesis both 

draw their conclusions from a partial equilibrium 

analysis. ̂1 As outlined above, both hypotheses assume that 

there is no expected inflation, or at the very least, that 

inflation expectations are not changing. They focus on the 

role of marginal tax rate changes. In this section, these 

hypotheses are extended to include changes in anticipated 

inflation. Before examining these two alternatives while 

relaxing the assumption of no expectations of inflation, it 

may be useful to briefly examine two of the major theories 

of the determination of nominal interest rates. 

Fisher (1930) was the first to link nominal interest 

rates with anticipated inflation. The nominal rate is 

determined by both the real rate of interest and the 

inflation rate. More specifically, the nominal rate, r, is 

l+r=(l+R)(l+:u), (3.4) 

or 

^̂  Both models depend on the assumption that the market 
for taxable and tax-exempt securities is not segmented by 
investor class. This implies that the same marginal tax 
rate is the applicable marginal tax rate in both markets and 
that any divergence from equilibrium will be arbitraged 
away. 
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r=R+R7i+7t, (3.5) 

where R is the real rate of interest, and :i is the rate of 

expected inflation. 

The basic concept behind Fisher's theory is that 

nominal interest rates should change one-for-one with 

inflation as the real rate is presumed to be constant." 

Investors expect some real rate of return on their 

investment. Since inflation will deteriorate the purchasing 

power of their return in real terms, investors require an 

inflation premium to offset this decrease in purchasing 

power. Several studies, including Fama (1975), Fama and 

Gibbons (1982), Cargill (1977), and Carlson (1979) have 

found support for the Fisher hypothesis in one form or 

another, although many others question the validity of this 

hypothesis. 

Darby (1975) and Feldstein (1976) contend that the 

taxable nominal interest rates will respond by more than 

one-for-one given a change in expected inflation. The 

primary reason for this is taxes. They argue, like Fisher, 

that investors are concerned with their real purchasing 

power, but instead state it in after-tax terms. Under the 

U.S. tax code, the after-tax real rate of return, R^^, can 

be defined as 

" This is not strictly correct. The nominal rate will 
not only change by Ait, but also by RAn. However, this cross 
product term is generally ignored. 
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Rat=rtx-rtxt'-71, (3.6) 

where r̂ x is the taxable nominal yield, and x' and jc are as 

previously defined. 

Consequently, in the presence of inflation and taxes, 

purchasing power is affected not only by the change in 

inflation but also by the cross-product term, r̂ xX ' • For 

investors to have a constant after-tax real rate of return 

in the face of changing inflation expectations, the nominal 

return must change by Ait plus Ar̂ xT ' • The nominal return 

must therefore change by more than the inflation rate, 

yielding a relationship that is greater than one-for-one. 

Miller's implicit argument is that the taxable yield is 

a function of the exogenous tax-exempt yield. This is 

essentially the same argument that is made by Darby and 

Feldstein. The only difference is that Miller describes the 

relationship through taxes rather than inflation. Instead 

of explaining the effect of taxes. Darby and Feldstein hold 

taxes constant and explain the role of changing inflation 

expectations. Recall from equation 3.6, for the after-tax 

real rate of return to stay constant given a change in 

expected inflation, the taxable nominal yield must change by 

both An and ArtxT ' • 

The same equation can be used to examine the change in 

the nominal (taxable) return. By rearranging equation 3.6 

as 

41 



rtx=(Rat+7t)/(l-i:')/ (3.7) 

it can be shown that if the after-tax real return is to stay 

constant, given a change in inflation expectations, the 

nominal yield must change by ATT/( I-AT ' ) . In other words, 

the nominal return must be "grossed up" by II/(1-T'), or 

artx/a7i=l/(l-i:' ) . (3«8) 

This is the essentially the same contention that Miller 

had, but instead of "grossing up" the taxable nominal yield 

for taxes, taxable yields must be grossed up for changes in 

expected inflation. Peek (1982) and Yun (1984), among 

others, have found support for the idea of adjusting rates 

of return for the effect of taxes on changes in the nominal 

yield due to changes in expected inflation. 

Adding anticipated inflation to the discounted tax-

exempt rate model is also quite simple, as Carmichael and 

Stebbing (1983) point out. It would be inconsistent to 

assume that investors suffer from a fiscal illusion 

regarding taxes and not also suffer the same type of 

illusion regarding expected inflation. If there is any 

change in expected inflation, it will not have any effect on 

the nominal (taxable) interest rate. Instead, the real 

(after-tax) rate of return will vary inversely with changes 

in inflation expectations. This line of reasoning is 
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similar to those made in studies supporting the "inverted" 

Fisher hypothesis, among them Carmichael and Stebbing 

(1983), Amsler (1986), and (to a lesser extent) Barth and 

Bradley (1988). 

Under this alternative view to Miller, the equilibrium 

relationship would be defined as 

Rat=rtx(l-i:')-7C. (3.9) 

In this case, the real after-tax return, R̂ t, is the 

endogenous variable. The real after-tax return is found by 

taking the nominal return and subtracting taxes and the 

expected inflation premium. Given a change in expected 

inflation, the change in the real after-tax return can be 

expressed as 

aRat/57U=-l. (3.10) 

This result is consistent with investors suffering from the 

"fiscal illusion" Tanzi (1980) described. The real after

tax return will change inversely on a one-for-one basis 

given a change in the expected rate of inflation. The 

before-tax nominal yield will remain unchanged. 
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The Role of Default Risk; 
A Further Extension 

As discussed previously. Miller began his analysis of 

the relationship between taxable and tax-exempt yields 

assuming all securities were riskless. When examining the 

rate ratio. Miller suggested that risk can be accounted for 

in the two interest rates by simply using their certainty 

equivalents. Another alternative is to explicitly allow for 

a risk premium in the computation of the nominal interest 

rate, as suggested by Carrington and Crouch (1987). This 

can be shown by adding a risk premium to equation 3.2 and 

substituting R̂ t ^or ro", which results in 

rtx=(Rat+RP)/(l-i:'). (3.11) 

where RP is the risk premium. As Carrington and Crouch 

point out, the risk premium must also be "grossed up" to 

account for the additional taxes levied on the higher 

(riskier) interest rate. Thus, the effect of a change in 

the default premium on the nominal yield can be described as 

artx/aRP=l/(l-i:'). (3.12) 

13 The substitution is for the sake of consistent 
notation. It should have no effect on any conclusions 
since in equilibrium and in the absence of risk, the after
tax real rate of interest and the tax-exempt rate of 
interest should be equal. 
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This is the same result as equation 3.8. A change in the 

risk premium will cause the taxable nominal yield to change 

by a rate greater than one-for-one. Again, this is 

consistent with keeping the real after-tax return constant, 

as Miller hypothesized. 

Adding risk to the discounted tax-exempt model has 

different implications than the previous analysis. By 

subtracting RP from the right-hand side of equation 3.2 and 

again substituting R̂ ^ ^or TQ, the result is 

R,,=r,,(l-i:')-RP. (3.13) 

The change in the after-tax real return given a change in 

the risk premium is 

aR^t/5RP=-l, (3.14) 

which is the same result found in equation 3.10. As is the 

case with changes in expected inflation, a change in the 

risk premium will cause the real after-tax return to change 

one-for-one in the opposite direction. Since the real 

after-tax return absorbs the entire change in the risk 

premium, the nominal yield remains unchanged. 
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Expected Inflation and 
Default Risk Combined 

Finally, a complete model would allow for both changing 

inflation expectations and changes in risk. Under the 

Miller model, the nominal return will be equal to 

rtx=(Rat+^+RP)/(l-i:' ) . (3.15) 

The partial derivatives of r̂ x with respect to the marginal 

tax rate, anticipated inflation, and risk premium are the 

same as those in equations 3.1, 3.8, and 3.12, respectively; 

ar,,/aT'=1/(1-1:')% (3.1) 

dr^JdT:=l/{l-i:'), (3.8) 

artx/aRP=l/(l-i:'). (3.12) 

As discussed previously, the major point of these three 

equations is that the real after-tax return, R^^, is 

constant given a change in the marginal tax rate, expected 

inflation, or the risk premium. The nominal before-tax 

return adjusts to fully reflect any changes in these three 

components. 

The complete discounted tax-exempt model is defined 

with the after-tax real return as the endogenous variable 

and the before-tax real return as the exogenous variable, 
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Rat=rtx(l-i:' )-7C-RP. (3.16) 

The changes in the after-tax yield due to changes in the 

marginal tax rate, anticipated inflation, or the risk 

premium are identical to those in equations 3.3 

(substituting R̂ ^ for TQ), 3.10, and 3.14, respectively; 

aRat/aT'=-rtx, (3.3) 

aRat/a7r=-l, (3.10) 

aRat/aRP=-l. (3.14) 

A major conclusion that can be drawn from these three 

equations is that the real after-tax return adjusts to fully 

reflect any changes in the marginal tax rate, expected 

inflation, or risk premium. The nominal return remains 

unchanged. 

The studies that have tested the Miller hypothesis have 

found that as tax rates change, the ratio of tax-exempt-to-

taxable yields changes appropriately until equation 2.5 is 

satisfied. However, none of the studies have explored the 

concept of cause and effect. In other words, they have not 

examined which interest rate causes the other to change. 

All that is known is that the ratio of the two yields 

changes over time. 
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But the question as to which is changing, or whether 

both are changing has not been addressed. Does the taxable 

yield change in response to changing market forces as the 

Miller hypothesis implies or do tax-exempt returns change 

with changes in marginal tax rates, the risk premium, and 

anticipated inflation as the discounted tax-exempt 

hypothesis would suggest? Or, given a change in the 

aforementioned three factors, do both yields adjust until a 

new equilibrium is achieved? This is equivalent to 

examining whether taxable yields are grossed up from tax-

exempt returns (supporting Miller) or if tax-exempt yields 

are discounted from taxable returns (supporting the 

discounted tax-exempt hypothesis.) In other words, is the 

tax-exempt yield the endogenous variable and the taxable 

yield the exogenous variable or is the opposite true? There 

is also the possibility that both variables are endogenously 

determined and that there is two-way causation or that they 

are both exogenously determined and independent. 

It is important to understand which yield is 

endogenous, or if both yields are endogenous, for several 

reasons. First, the Federal government's fiscal policy may 

have more far reaching effects than previously considered. 

If taxable yields are grossed up from tax-exempt yields, an 

increase in taxes will generate the federal government more 

revenue from tax collections, but will also increase costs 

to the government through higher interest rates on Treasury 
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borrowings. The alternative discounted tax-exempt model 

would suggest that the Treasury would benefit from both 

higher tax collections and lower real borrowing costs. 

The cost of financing state and local public projects 

for municipalities would be unaffected by changes in 

marginal tax rates under the Miller hypothesis. The tax-

exempt yield, as shown in equation (3.1) and Figure 3.1, 

will not change with changes in tax rates. However, with an 

increase in tax rates, tax-exempt yields would actually fall 

under the discounted tax-exempt theory, as shown in equation 

(3.3) and Figure 3.3. Under this theory, higher tax rates 

lead to lower after-tax returns. Since in equilibrium the 

tax-exempt yield is equal to the taxable yield less taxes, 

an increase in the marginal tax rate will cause the tax-

exempt yield will fall. On the other hand, tax cuts would 

actually cost municipalities more in the form of higher 

interest rates since there is a smaller tax benefit from 

investing in tax-exempt securities. 

The true relationship between taxable and tax-exempt 

yields also has important implications for the optimal 

capital structure of a firm. Under the Miller hypothesis, 

firms will be willing to pay higher yields caused by higher 

marginal tax rates. The reason firms would be willing to 

pay more is because they would get a larger tax deduction 

for the higher interest expense. Their real after-tax cost 

of capital would remain unchanged. 
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Under the discounted tax-exempt model, levered 

corporations would actually benefit from higher marginal tax 

rates. The higher the tax rate, the larger the interest 

deduction. However, since the before-tax nominal yield is 

constant, the actual real after-tax cost of borrowing would 

decrease. This could make previously unprofitable projects 

desirable. 

As can be seen, it is important to understand the 

behavior of tax-exempt and taxable interest rates. The 

following section proposes how to test this relationship and 

to answer the questions posed above. Namely, which interest 

rate is the given or exogenous variable and which yield is 

the dependent or endogenous variable. 
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CHAPTER IV 

DATA AND METHODOLOGY 

The Miller and discounted tax-exempt hypotheses of the 

relationship between tax-exempt and taxable yields discussed 

in the previous chapters suggest that there should be a 

long-run equilibrium relationship between the two yields. 

In its simplest form, this long-run equilibrium relationship 

between taxable and tax-exempt interest rates can be stated 

as 

r,,=R,,/(l-T'), (4.1) 

under the Miller hypothesis, with the taxable yield as the 

dependent variable, or as 

R,,=:r,,(l-T'), (4.2) 

under the discounted tax-exempt hypothesis, with the tax-

exempt yield as the dependent variable. Equations (4.1) and 

(4.2) are simply equations (2.4) and (3.2) with R̂ t 

substituted for ro-

Both models predict that there is a long-run 

equilibrium relationship between taxable and tax-exempt 

interest rates. Equation (4.1) states that the taxable 

yield is dependent on the tax-exempt yield, as Miller 
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predicts, and the marginal tax rate. The discounted tax-

exempt model predicts that the tax-exempt yield is the 

dependent variable and that the taxable rate of interest and 

the marginal tax rate are the independent variables, as 

stated in equation (4.2). Since these two models have 

opposite conclusions about which yield is exogenous and 

which is endogenous, one could determine which model best 

describes the relationship between taxable and tax-exempt 

yields by establishing the exogenous/endogenous nature of 

the two yields. 

Depending on the time series properties of taxable and 

tax-exempt yields, different methodologies can be used to 

determine the nature of the long-run equilibrium 

relationship between taxable and tax-exempt interest rates 

and the exogenous/endogenous nature of these yields. The 

basic time series property determining what type of 

methodology to use is stationarity. The following section 

describes the data to be used in this study. The next 

section describes the methodologies to test for 

stationarity. Once the stationarity properties of the data 

are determined, different methodologies for testing the 

long-run equilibrium relationship between taxable and tax-

exempt interest rates and the endogenous/exogenous nature of 

the yields are presented. By establishing which yield is 

endogenous and which is exogenous, we can determine which 

yield 'causes' the other to change. This in turn would 
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confirm either the Miller model or the discounted tax-exempt 

hypothesis. It is also possible that both yields are 

exogenous (indicating independence of each other) or 

endogenous (indicating two-way causality). 

Data 

The data used in this paper will follow the examples of 

several other studies. Since both the Miller and discounted 

tax-exempt hypotheses attempt to explain the relationship 

between taxable yields, r̂ x, and tax-exempt yields, R^^, 

market determined measures of both yields are needed. 

Campbell (1980), Trzcinka (1982, 1986), Kidwell and Koch 

(1983), Buser and Hess (1986), and others have used Salomon 

Brothers' Analytical Record of Yields and Yield Spreads as 

the source for the tax-exempt yields on newly-issued prime 

grade municipal bonds for various maturities. Some of the 

studies use Salomon Brothers' yields on prime grade 

corporate debt (Trzcinka, 1982) as the comparable taxable 

yield, while others (Trzcinka, 1986, Kidwell and Koch, and 

Buser and Hess) use the yields on U.S. Treasury securities. 

This study will use the same prime grade municipal data 

for the tax-exempt yield, R^^, and the yield on Treasury and 

corporate securities of the same maturity for r̂ x, the pre

tax equivalent taxable yield." (All variable definitions 

^* It is possible that the bonds used in computing 
these yields are not sold at par. Any difference between 
the price paid and the par value may be subject to « ^ ^ a 
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are listed in Table 4.1.) The yields used will be the 

monthly average yields for 1, 5, 10, and 20 year maturity 

securities covering the period January 1950 to December 1992 

for the municipal and Treasury yields and September 1970 to 

December 1992 for the corporate yields. 

Table 4.1 
Variable Definitions 

Variable 

Rat 

R'at 

rtx 

r' 
•^ t x 

T' 

Definition 

The tax-exempt yield, measured as 
the yield on new tax-exempt bonds. 

The "grossed-up" tax-exempt yield, 
defined as R^^./(1-x') . 

The taxable yield, measured as the 
yield on new Treasury or 
corporate securities. 

The taxable yield on an after-tax 
basis, defined as rtx(l~T' ) . 

The marginal tax rate, measured as 
the highest corporate, highest 
personal, or weighted personal tax 
rate. 

The Miller hypothesis implies that the tax-exempt 

interest rate is exogenously determined and the taxable 

yield is adjusted for taxes such that each yield is 

equivalent on an after-tax basis. The discounted tax-exempt 

different tax rate for any capital gains or losses. 
However, in the long-run, any capital gains and losses 
should offset. Since this paper is examining the long-run 
relationship between taxable and tax-exempt yields, any 
deviations from par should be inconsequential. 
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hypothesis states that the taxable yield is exogenously 

determined and the tax-exempt yield is discounted for taxes. 

It would therefore be useful to define these variables after 

they have been adjusted for taxes. Let 

R'at=Rat/(l-T'), (4.3) 

such that R'̂ t is the tax-exempt yield "grossed up" by the 

marginal tax rate and 

r',,=r,,(l-T'), (4.4) 

where r'̂ x is the taxable nominal yield on an after-tax 

basis. If Rat and rtx are stationary and R'̂ t and r'tx are 

stationary, then R'̂ t and r'tx will have the Scune stochastic 

properties as R̂ t and rtx, respectively. Since these 

adjusted yields have the same stochastic properties as the 

non-adjusted yields, the use of the adjusted yields should 

not materially affect the examination of the long-run 

equilibrium relationship between taxable and tax-exempt 

yields. 

The empirical evidence in Chapter II is conflicting as 

to who is the marginal investor in tax-exempt securities, 

and therefore what the appropriate marginal tax rate is in 

examining the equilibrium relationship between taxable and 

55 



tax-exempt yields.'' Since it is not known if the corporate 

tax rate is the correct marginal tax rate, which is 

consistent with the Miller model and as suggested by Fama 

(1977), Campbell (1980), and others, or if the personal tax 

rate is the appropriate marginal tax rate, as proposed by 

Kidwell, Koch, and Stock (1987) and others, three estimates 

of the marginal tax rate, T', will be used. As Miller 

(1977) originally suggested, the corporate tax rate is the 

marginal tax rate used to keep taxable and tax-exempt yields 

in equilibrium. Therefore the first measure of the marginal 

tax rate is the highest corporate tax rate. 

The last two measures are estimates of the marginal 

personal tax rate. The first of these two measures is 

simply the highest personal tax rate. Hein, Koch, and 

MacDonald (1992) use this measure. Peek and Wilcox (1986) 

offer an alternative measure of the marginal personal tax 

rate. They use a "weighted average of the marginal income 

tax rates in the federal personal income tax schedule."" 

'̂  Some researchers have suggested that in addition to 
federal taxes, state income taxes should also be considered 
Many of those that have ignored the effect of state income 
taxes have concluded that their impact would not 
significantly affect their findings. Since most of the 
previous research has not considered taxes at the state 
level, they will not be considered here. 

" p. 31. 
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Testing For Stationarity 

The time series characteristic that determines the 

appropriate empirical methods to use in testing the long-run 

equilibrium relationship between taxable and tax-exempt 

interest rates is stationarity. Depending on the 

stationarity characteristics of the data, one of two courses 

will be taken to determine the exogenous/endogenous nature 

of the relationship between taxable and tax-exempt yields. 

A common test for stationarity is that developed by Fuller 

(1976) and Dickey and Fuller (1979), referred to as a unit 

root test known as the Dickey-Fuller (DF) test. Assume 

there is an AR(1) process for a series j, 

Jt=PJt-i+iJt, (4.5) 

where jt is an observation of the series j at time period t, 

jt_i is the previous observation of j, P is the coefficient 

that measures the impact of jt_i on jt and Ut is the 

disturbance term. The relationship can also be stated as 

Ajt=rjt-i+vt, (4.6) 

0 

where Ajt is the change in j from time period t-1 to t, V is 

the coefficient that measures the affect of jt_i on AJt, and 

Vt is the error term. One can test for stationarity by 

testing whether or not the coefficient V in equation (4.6) 
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is significantly different from zero. This is done by 

examining the t-ratio of the coefficient T. The null 

hypothesis is that r=0 (which is equivalent to Ho:P=l) while 

the alternative is that the coefficient T is negative. If 

the null hypothesis is rejected, the series follows a random 

walk (i.e., non-stationary). This means that the level of 

the series in the current period is our best estimate of the 

level of the series in the next period. 

Engle and Granger (1991) point out that the t-ratio on 

the coefficient F from equation (4.6) is the most common 

form of the Dickey-Fuller test. However, the t-ratio does 

not come from a standard student-t distribution. Rather, 

the distribution is skewed to the left and called the 

Dickey-Fuller distribution. If the null hypothesis that the 

coefficient T is zero is rejected, we can conclude that the 

series is stationary. On the other hand, if we fail to 

reject the null hypothesis, we cannot reject non-

stationarity. This can be loosely interpreted as 

determining if the time series data is "flat" when plotted 

against time or whether it has a trend of some sort. 

A problem when using equation (4.6) to test for 

stationarity is that the residuals are often not white 

noise. If the residuals are not white noise, the 

autoregressive model is misspecified and the coefficient F 

in equation (4.6) will not be efficient (Kmenta, 1971). The 

misspecification is due to omitted explanatory variables, 
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namely, excluded past values of j. Consequently, our 

estimate of the impact of past values of j on the change in 

j will not be the best estimate. One suggestion to correct 

for this problem is to add enough Ajt.i terms to "whiten" the 

residuals, such as 

A Jt̂ rjt.i+ELiOiA jt.i+vt, (4.7) 

where 0̂  is the coefficient on the lagged values of Aj, as 

suggested by Dickey and Fuller (1979) and Said and Dickey 

(1984). However, the number of Ajt_i terms to add in 

equation (4.7) is not specified. It has been suggest by 

Engle and Yoo (1987), Atkins (1989), Engle and Granger 

(1991), and others, to use a standard model selection 

procedure. One such method is described by Schwert (1987). 

Schwert suggests that the number of lags should be a 

function of how often the data are sampled (annually, 

monthly, etc.) and the number of observations. Schwert's 

rule for monthly data is. 

Number of lags=Int (12 (N/lOO)'̂ '*) , (4.8) 

where Int indicates that the result is rounded to the 

nearest integer and N is the number of observations.'^ 

'̂  Given that monthly data are being examined, a 
minimum of 12 lags will be used. However, if the Schwert 
rule suggests a greater number of lags, this larger number 
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Testing for stationarity by using equation (4.7) is 

called the augmented Dickey-Fuller test. The t-statistic on 

jt_i has the same asymptotic Dickey-Fuller distribution and 

does not depend on the number of lagged jt_iS.'° The 

interpretation of the test statistic is the same as 

described above. 

The actual stationarity tests to be conducted as needed 

are: 

AR,t,t=rxRat,t-i+l̂ LieiARat,t-i+Vi,tr (4.9) 

AR'at,t=r2R'at,t-i+Sl=i6iAR'at,t-i+V2,t. (4.10) 

Artx,t=r3rtx,t-i+5̂ i=i0iArtx,t-i+V3,tr (4.11) 

Ar' tx,t=r4r • tx,t-i+SLi0iAr' tx,t-i+V4,t. (4.12) 

The stationarity characteristics of the data will 

determine which tests to use for examining the 

exogenous/endogenous nature of the relationship between 

taxable and tax-exempt yields. These tests will help 

determine which yield is dependent on the other, if they are 

of lags will be used. 

'̂  The Dickey-Fuller and augmented Dickey-Fuller 
distributions are different for small sample sizes but these 
differences are "qualitatively negligible" for sample sizes 
greater than 200 (Engle and Yoo, 1987). 
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both dependent on each other, or if taxable and tax-exempt 

yields are independent of each other. The following 

sections describe the methodologies to be used to answer 

these questions depending if the data are found to be 

stationary or non-stationary. 

Tests For Stationary Data 

Ordinary Least Squares Regression 

The use of ordinary least squares regression requires 

that equations (4.1) and (4.2) be restated as linear 

equations such as 

rtx,t=ai+PaRat,t+€i,t/ (4.13) 

and 

Rat,t=a2+P2rtx,t+€2,t/ (4.14) 

respectively, where rtx,t is the observed taxable yield at 

time period t, Rat,t is the observed tax-exempt yield for the 

same period, a is the intercept term, and p is the slope 

parameter. Under the Miller hypothesis, in equation (4.13) 

the intercept, tti, should not be significantly different 

from zero and the slope parameter, Pi, should be equal to 

1/(1-T'). €i should be normally distributed with a mean of 

zero and constant variance. Disequilibrium from the model 
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in any period t would be reflected in a non-zero error term. 

Equation (4.13) is also structured such that the taxable 

rate of interest is the dependent variable and the tax-

exempt yield is the independent variable. Equation (4.14) 

states the opposite is true, the tax-exempt yield is the 

endogenous variable and the taxable yield is the exogenous 

variable. Under the discounted tax-exempt model, aj should 

not be significantly different from zero, P2 should equal 

(1-T') and €3 has the same distributional properties as €1. 

Ordinary least squares assumes that equations (4.13) 

and (4.14) meet certain conditions in order for our 

estimates of a and p to be the best estimates, namely: (1) 

the relationship between the independent and dependent 

variables is linear; (2) the independent variable is 

non-stochastic; (3) the error terms are normally 

distributed; (4) the error terms have an expected value of 

zero; (5) the variance of the error terms is homoskedastic; 

and (6) the error terms are not correlated with one another. 

In addition, the intercept and slope coefficients are 

assumed to be constant (Kmenta, 1971). If the previous 

assumptions hold, then the estimates of a and p are said to 

be BLUE (Best Linear Unbiased Estimators). Assumptions 3, 

4, 5, and 6 imply the variables must be covariance 

stationary. 

If equations (4.13) and (4.14) are correctly specified 

and the taxable and tax-exempt yields are stationary, 
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ordinary least squares regression can be used to test the 

relationship between the yields. However, one obvious 

problem is that the slope coefficients will change with 

changes in the marginal tax rate and thus be non-constant 

over extended periods of time. It is know a priori that all 

three measures of the marginal tax rate have not been 

constant over the observation period. One potential 

solution is to use the yield variables after they have been 

adjusted for taxes. These adjusted variables capture not 

only changes in taxable and tax-exempt yields, but also 

changes in the marginal tax rate. This will allow us to 

avoid the problem of non-constant slope coefficients and 

will allow the use of OLS. Equations (4.13) and (4.14) can 

now be estimated substituting in R'̂ t and r'tx ^or R̂ t and rtxf 

respectively, such that 

rtx,t=a3+P3R'at,t+€3,t/ (4.15) 

and 

Rat,t=a4+P4r'tx,t+€4,t. (4.16) 

As in equations (4.13) and (4.14), the intercept terms, a^ 

and a4, should not be significantly different from zero and 

the error terms, €3 and €4, should be normally distributed 

with a mean of zero and constant variance. The 
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interpretation of the slope parameters is slightly 

different. Changes in R'̂ t and r'tx not only reflect changes 

in the respective yields but also changes in the marginal 

tax rate. Since the exogenous variable is now adjusted for 

taxes, the slope parameters in equations (4.15) and (4.16), 

P3 and P4 respectively, should be constant and equal to 

unity. ̂' In other words, the taxable yield should be equal 

to the "grossed up" tax-exempt yield, as in the Miller 

framework, and the tax-exempt yield should equal the taxable 

yield on an after-tax basis, as stated in the discounted 

tax-exempt hypothesis. Equation (4.15) is a test of the 

Miller hypothesis in that the taxable yield, rtx, is a 

function of both the tax-exempt yield and the marginal tax 

rate. The discounted tax-exempt hypothesis is tested in 

equation (4.16), which states that the tax-exempt yield is a 

function of the taxable yield and the marginal tax rate. 

Neter, Wasserman, and Kutner (1989) point out that 

another major limitation when using ordinary least squares 

regression is that it does not provide adequate information 

about the cause-and-effeet relationship among the variables. 

As discussed previously, one of the weaknesses of prior 

" Trzcinka (1982) tested the relationship in equation 
(4.15) for the period 1970-1979 and found evidence that was 
consistent with a varying intercept and constant slope 
parameter. Trzcinka claimed to be testing the Miller 
hypothesis. However, he defined the tax-exempt yield as the 
dependent variable when Miller states that the tax-exempt 
yield is exogenous. It is not clear that these results will 
hold over a longer period of time with changing marginal tax 
rates or with the taxable yield as the dependent variable. 
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empirical research is that it has failed to establish which 

yield 'causes' the other to change. The results from 

ordinary least squares regressions do not allow any 

conclusions regarding the exogenous/endogenous nature of the 

relationship between taxable and tax-exempt yields. Given 

that the purpose of this dissertation is to extend the 

current body of research and to establish the cause-and-

ef feet relationship between taxable and tax-exempt yields, 

an alternative methodology for stationary data is presented 

that will allow conclusions regarding which yield is 

exogenous and which is endogenous. 

Vector Autoregression 

Granger (1969) provides a method for determining the 

temporal causality of two economic variables. By using a 

distributed lag model, it can be determined if changes in 

one variable "causes" (temporally leads) changes in the 

other variable. Given the variables defined above, we can 

examine whether a change in the tax-exempt yield causes the 

taxable yield to change or whether the inverse is true. 

Assuming no inflation or risk premiums, the model can be 

stated as 

Rat,t=SLoKi,hRat,t-h+2:LoA.i,ir'tx,t-i+Pi,tf (4.17A) 

r • tx,t=J^ toK2,hRat,t-h+^ to^2,ir ' tx,t-i+/J2,t. (4 . 1 7 B ) 

65 



where E indicates summation^", the K and X coefficients are 

the slope coefficients of the lagged values of R̂ t and r'tx, 

respectively, and the ^ coefficients are the error terms. 

If equations (4.17A) and (4.17B) are estimated separately, 

any correlation between ^̂ t̂ and 2̂,t will be ignored. This 

can lead to parameter estimates that are biased and 

inconsistent. By simultaneously estimating equations 

(4.17A) and (4.17B) in a vector autoregression (VAR) 

framework, developed by Sims (1980), any autocorrelation of 

the error terms between the equations can be accounted for. 

By explicitly taking into account this autocorrelation 

between equations, parameter estimates will be BLUE 

(Liitkepohl, 1991). Another advantage of simultaneously 

estimating the equations in a VAR framework is that no 

explicit assumptions must be made regarding the 

exogenous/endogenous nature of the variables (Pindyck and 

Rubinfeld, 1991). 

If the null hypothesis, Ho=Xî i=A.i,2= =^i,h=0, can be 

rejected, then changes in the after-tax taxable yield 

precede changes in the tax-exempt yield and are said to 

"cause" these changes. Thus, the tax-exempt yield is the 

endogenous variable and the taxable yield is the exogenous 

variable. On the other hand, if HO=K2,I=K2,2= =̂ 2,1=0 is 

rejected, then changes in the tax-exempt yield temporally 

2° In a VAR framework, the number of summed lags is 
usually, be but not necessarily, equal for all variables 
(Pindyck and Rubinfeld, 1991). 
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leads changes in the after-tax taxable yield. Thus, the 

tax-exempt yield is the independent variable and the taxable 

yield is the dependent variable. If both hypotheses are 

rejected there is two-way temporal causation, also known as 

a feedback relationship. In this case both yields are 

considered endogenous. If neither hypothesis is rejected, 

it can be concluded that taxable and tax-exempt yields are 

independent of each other. 

Equations (4.17A) and (4.17B) define the relationship 

between taxable and tax-exempt yields on an after-tax basis. 

An alternative way of testing causal relationship between 

taxable and tax-exempt yields is to define the yields on a 

pre-tax equivalent basis. Let 

R ' at,t~^h=oK3,hR' at,t-h''"^i=0^3,i^tx,t-i'*'/^3,tf (4 . 1 8 A ) 

rtx,t=J^toK4,hR'at,t-h+5^LoA.4,irtx,t-i+^4,t/ ( 4 . 1 8 B ) 

where the variable definitions are the same as above. The 

interpretation of the model is essentially the Scune. If 

Ho:A,3,i=A.3,2= =^3,i=0 can be rejected then the taxable yield 

temporally leads changes in the pre-tax equivalent tax-

exempt yield. Thus, the taxable yield is the independent 

variable and the tax-exempt yield is the dependent variable. 

If HO:K4,I=K4,2= =K4,h=0 is rejected, the inverse is true. 

Again, rejection of both hypotheses indicates dual causation 
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while failure to reject either hypotheses indicates 

independence. 

Tests For Non-Stationary Data 

Cointegration 

Both the Miller hypothesis and the discounted tax-

exempt hypothesis suggest that there should be a long-run 

equilibrium relationship between taxable yields and tax-

exempt yields. The use of cointegration can help explain 

the nature of this long-run relationship. Engle and Granger 

(1987) have developed and applied the theory of 

cointegration to allow the investigation of the long-run 

equilibrium relationship between variables.^^ One 

requirement for the application of cointegration is that the 

variables must be non-stationary. Engle and Granger (1987) 

have found that both short-term and long-term interest 

rates, measured as one month treasury bill yields and 20 

year treasury bond yields, respectively, to be non-

stationary. The basic idea behind cointegration is that in 

the short-run, "certain pairs of economic variables,"^^ such 

as taxable and tax-exempt yields, may drift apart from 

^̂  Cointegration alone cannot determine which yield is 
exogenous and which is endogenous. However, if 
cointegration is established, an error correction model can 
be used to examine the exogenous/endogenous nature of the 
two yields. 

" Granger (1991, p. 66) 
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equilibrium, although economic forces will force them back 

toward equilibrium in the long-run. 

As stated previously, a requirement of cointegration is 

that the variables be non-stationary. A covariance 

stationary time series is one that has a constant mean and 

constant covariance for any pair of observations that are 

the same distance apart. It is often the case that time 

series data are not stationary and that differencing must be 

required to induce stationarity. 

This leads to the concept of integration, defined by 

Engle and Granger (1987) as "a series with no deterministic 

component which has a stationary, invertible, ARMA 

representation after differencing d times."^^ A series, say 

Xt, that is integrated of order d is denoted as Xt~I(d). 

Accordingly, where d=0, the series Xt is stationary. If Xt 

must be differenced once to become stationary, d=l, and the 

series is integrated of order 1, Xt~I(l). 

If two time series, say Xt and yt are integrated of the 

same order, it is generally true that linear combinations of 

Xt and yt will integrated of the same order. If Xt"'I(d), 

yt"'I(d), and Wt=Xt-Byt, then it is generally true that Wt is 

integrated of order d and is also non-stationary. However, 

if there is some linear combination of Xt and yt, where 

Zt=Xt-Ayt, such that Zt''I(0) (assuming Xt and yt are 1(1)) and 

is thus stationary, and Zt has zero mean, then Xt and yt are 

" p. 83. 
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said to be cointegrated with A, where A is defined as the 

cointegrating parameter (Engle and Granger, 1987; Granger, 

1991) . 

The intuition behind this cointegrated relationship is 

that although Xt and yt may be nonstationary and change 

through time, the equilibrium error, Zt, will be stationary 

over time with mean zero. If Xt and yt are not 

cointegrated, then Zt would wander widely and rarely cross 

zero, suggesting no long-run equilibrium. 

To test for cointegration between taxable and tax-

exempt yields, several steps must be followed. If Rat and 

r'tx are integrated of the same order, the following 

relationships can be examined. Let 

Zi,t=R'at-Airtx, (4.19A) 

and 

Z2,t=rtx-A2R'at. (4.19B) 

where z is the disequilibrium and A is the cointegrating 

vector. For Rat and r'tx/ the long-run equilibrium 

relationship can be as 

z =R -A,r'v , (4.20A) 
23,t ^at "3-^ tx/ V ' 
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or 

Z4,t=r'tx-A4R,t. (4.20B) 

Equations (4.19A) and (4.19B) represent the Miller model, 

since they examine the tax-exempt yield and the taxable 

yield on an after-tax basis. According to the Miller 

hypothesis, Aj and A2 should be equal to unity, since R'̂ t and 

rtx should be equal. Thus, R'at= (1)̂ tx"""z or rtx=( l)R'at+z. The 

discounted tax-exempt hypothesis is represented in equations 

(4.20A) and (4.20B). Under the discounted tax-exempt model, 

A3 and A4 should also be equal to unity, since R̂ t and r'tx 

should be equal. Thus, Rat=( 1) r'tx+z or r' tx=( l)Rat+z . Since 

it is hypothesized that the A coefficients are equal to one, 

it is possible to estimate the residuals, z. The residuals 

represent any disequilibrium from the long-run relationship 

between taxable and tax-exempt interest rates. In order for 

the yields to cointegrated, z must be integrated of order d-

1 where d is the order that the taxable and tax-exempt 

yields are integrated. The augmented Dickey-Fuller test, 

described previously, is used to test this. If the 

residuals are found to be I(d-l), it can be concluded that 

R̂ t and r'tx and/or R'̂ t and rtx are cointegrated. 

If taxable and tax-exempt yields are not found to be 

cointegrated, it is possible that they are related to a 

third variable (or more). In the settings presented in 
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Chapter III, it could be the inflation premium, the risk 

premium, or both. The process to determine if they two 

yields are cointegrated through the inflation or risk 

premiums is similar to the method described above. 

As mentioned previously, one limitation of 

cointegration is that it cannot answer the question as to 

which yield is exogenous and which is endogenous. However, 

once cointegration is established, error correction models 

can be specified to test the endogenous/exogenous nature of 

the two yields. 

Error Correction 

If Xt and Yt are cointegrated such that Zt=Xt-Ayt, then 

the relationship can also be expressed in an error 

correction model. Engle and Granger (1991) show this error 

correction model to be 

Axt=mi+pi,iZt_i+El=oAXi.i+EtoAyh-i+6i,t/ (4.21) 

Ayt=ni2+P2,iZt-i+̂ toAXi.i+EtoAyh-i+62,t/ (4.22) 

where (6x/6 ) "is a bivariate white noise, Zt=Xt-Ayt, and 

further at least one of pi,i, P2,i is non-zero."'* Engle and 

Granger point out that cointegration is a necessary 

condition for the error correction equations (4.21) and 

2* p. 7. 
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(4.22) to hold. Equations (4.21) and (4.22) indicate that 

contemporaneous changes in x and y are related to Zt_i, last 

period's disequilibrium", and past changes in x and y. 

In a bivariate cointegrated system, there must exist a 

temporal causal ordering in at least one direction. As 

stated above, either p̂  ̂  or p2,i must be significantly 

different from zero. This indicates that a temporal causal 

ordering in at least one direction exists. If both p^^ and 

P2,i are significantly different from zero, two-way temporal 

causation is indicated. 

An error correction representation of the Miller 

hypothesis and the discounted tax-exempt hypothesis can be 

expressed as 

AR',t=in3+P3,iZi,t-i+Si=oAR'at,i-i+Î LoArtx,h-i+63,t/ (4.23A) 

Artx=in4+p4,iZi,t.i+II=oAR'at,i-i+̂ toArtx,h-i+64,f (4.23B) 

and 

ARat=m5+p5,iZ2,t-i+̂ LoARat,i-i+StoAr'tx,h-i+65,t/ (4.24A) 

Ar • tx=m6+p6,iZ2,t-i+5:i=oARat,i-i+5̂ h=oAr' tx,h.i+66,t/ (4 .24B) 

" In this representation, only the previous period's 
disequilibrium is in the model. However, any set of lags of 
z can be used in the model. 
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repectively. The significance of the p coefficients 

estimate the effect of the previous periods residual on the 

current period's change in interest rates and provides 

evidence into the causal nature of taxable and tax-exempt 

yields. If the p coefficients are statistically different 

from zero, the variables are said to be error-correcting. 

If either of the p coefficients are significantly different 

from zero, there is evidence of temporal causation in at 

least one direction and the variables are said to be error-

correcting. If both of the p coefficients are significant, 

two-way temporal causality is indicated and again the 

variables are said to be error-correcting. The concept of 

temporal causality in an error correction framework is 

different than that in a Granger causality framework. 

Although both methods investigate temporal causality. 

Granger causality concentrates on the significance of the 

lagged changes in the (stationary) variables, while error 

correction focuses on the significance of the error 

correction term, Zt_i. 

If the error correction models find that changes in the 

taxable and tax-exempt yields are not found to be caused by 

each other, this would be inconsistent with the proposed 

long-run equilibrium relationships suggested by both Miller 

and the discounted tax-exempt hypothesis. It could be 

concluded that taxable and tax-exempt yields are independent 

and have no long-run relationship or there are other 
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variables affecting the relationship between taxable and 

tax-exempt interest rates, such as inflation or risk 

premiums. 

Conclusion 

This chapter has examined different possible ways to 

test the endogenous/exogenous nature of taxable and tax-

exempt yields. The purpose of this paper is to examine the 

cause and effect relationship between taxable and tax-exempt 

yields and the factors that cause the yield ratio to change 

over time. Previous research has not addressed the causal 

nature of taxable and tax-exempt interest rates. The data 

and methodology presented will allow this issue to be 

addressed. This research should be able to answer the 

question as to which yield "causes" the other to adjust, or 

if there is two-way temporal causation. The answer to this 

question will help resolve whether the Miller model or the 

discounted tax-exempt hypothesis best describes the 

relationship between taxable and tax-exempt interest rates. 

Figure 4.1 provides a visual description of the steps 

of the methodology proposed above. The first step, as 

described above, is to test the data for stationarity. If 

the data are stationary, then ordinary least squares can be 

used to examine the relationship between taxable and tax-

exempt interest rates. When testing the Miller hypothesis 
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Regression 
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nature of yields 
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Tax-Exempt Model 
with Vector Auto 

Regression 

End 

Figure 4 . 1 
Flow Chart of Methodology 

Examine Miller 
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with ordinary least squares, the taxable yield is first 

adjusted by the corporate tax rate, as specified in the 

model. The discounted tax-exempt model is examined next. 

When testing the discounted tax-exempt hypothesis, the 

tax-exempt yield must be adjusted by the appropriate tax 

rate. Since it is not known which tax rate is the 

appropriate rate, this step must be repeated for each tax 

rate. If the taxable and tax-exempt yields are found to be 

related as described by Miller or the discounted tax-exempt 

hypotheses, the causal nature of the yields is examined with 

vector autoregression. First the Miller hypothesis is 

examined and then the discounted tax-exempt hypothesis in a 

vector autoregression setting. After the results of the 

vector autoregression are finished, the analysis is 

complete. 

If the data are not stationary but integrated of the 

same order, then cointegration can be used to examine the 

relationship between taxable and tax-exempt yields. The 

Miller model will be examined first. This requires that the 

taxable yield be adjusted by the corporate tax rate. The 

discounted tax-exempt model is then exeunined. This requires 

the tax-exempt model to be "grossed-up" by the appropriate 

tax rate. Since it is not known which tax rate is the 

appropriate rate, this must be repeated for all of the tax 

rate measures. If there is evidence of cointegration, the 

causal nature of the yields is examined with error 
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correction representations. After both models have been 

tested using cointegration, error correction representations 

will be used to examine the casual relationship between 

taxable and tax-exempt yields. Those yield pairs 

cointegrated in the Miller setting will be examined in an 

error correction representation first, and then those 

cointegrated under the discounted tax-exempt model will be 

examined. After the examination of the cause and effect 

relationship between taxable and tax-exempt yields is 

finished, the analysis is complete. 
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CHAPTER V 

EMPIRICAL RESULTS 

Both the Miller and discounted tax-exempt hypotheses of 

the relationship between taxable and tax-exempt yields 

discussed previously suggest that there should be a long-run 

equilibrium relationship between these two yields. However, 

the two theories have opposite conclusions about how this 

long-run equilibrium is maintained. The Miller hypothesis 

suggests that taxable yields will do the adjusting, while 

the discounted tax-exempt hypothesis comes to the opposite 

conclusion, that tax-exempt yields will do the adjusting. 

This chapter provides empirical evidence from testing 

the above hypotheses. In the first section, the 

stationarity properties of the data are examined. Having 

established the stationarity of key variables, the second 

section examines the existence of a long-run equilibrium 

relationship between taxable and tax-exempt interest rates 

using cointegration tests. After determining the existence 

of such a long-run relationship, the third section 

investigates the direction of causation. The final section 

summarizes the results. 

Stationarity Tests 

As discussed in the previous chapter, the stationarity 

characteristics of the data will determine the appropriate 
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type of methodology used to test the long-run equilibrium 

relationship between taxable and tax-exempt interest rates. 

If the data are stationary, ordinary least squares 

regression and vector autoregression can be used. On the 

other hand, if the data are non-stationary, cointegration 

and error correction methodologies are appropriate. 

The most common tests for stationarity are the Dickey-

Fuller (1979) unit root test and the augmented Dickey-Fuller 

unit root test proposed by Said and Dickey (1984). The 

Dickey-Fuller test assumes a pure AR(1) process with no 

intercept. As described in Chapter IV, given an AR(1) 

series j, 

Jt=PJt-i+Ut, (5.1) 

where jt is an observation of the series j at time period t, 

jt_i is the previous observation of j, P is the coefficient 

that measures the impact of jt_i on jt and Ut is the 

disturbance term, one can reject that the series Jt is non-

stationary if equation (5.1) contains a unit root. In other 

words, one can conclude that the series is stationary if we 

can reject the null hypothesis that P=l. Equation (5.1) is 

generally transformed by subtracting jt-i from both sides 

resulting in 

AJt=(P-l)Jt-i+Vt/ (5.2) 

80 



which can also be stated as 

Ajt=rjt.i+Vt, (5.3) 

where AJt is the change in j from time period t-1 to t, T is 

the coefficient that measures the affect of jt_i on Ajt, and 

Vt is the error term. One can test for stationarity by 

testing whether or not the coefficient T is significantly 

different from zero (which is equivalent to testing if P is 

significantly different from one). This is done by 

examining the t-ratio of the coefficient F from an ordinary 

least squares regression. If the null hypothesis that r=0 

is rejected, one can conclude that the series follows a 

random walk and the data are non-stationary. As Dickey and 

Fuller point out, the t-ratio on T from equation (5.3) does 

not come from a standard student-t distribution but rather 

from the Dickey-Fuller distribution. 

A problem when using the Dickey-Fuller test is that the 

residuals are often not white noise. If the residuals are 

not white noise, the autoregressive model is misspecified 

and the coefficient T in equation (5.3) will not be 

efficient (Kmenta, 1971). The misspecification is due to 

omitted explanatory variables, namely, excluded past values 

of Jt" Consequently, our estimate of the impact of past 

values of jt on the change in jt will not be the best 
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estimate. One suggestion to correct for this problem is to 

add enough Ajt_i terms to "whiten" the residuals, such as 

AJt=rjt.i+ELi0iAJt_i+Vt, (5.4) 

where 0i is the coefficient on the lagged values of AJt, as 

suggested by Dickey and Fuller (1979) and Said and Dickey 

(1984). This version of the unit root test is known as the 

augmented Dickey-Fuller unit root test. 

One problem with the augmented Dickey-Fuller test is 

that the number of Ajt_i terms to add in equation (5.4) is 

not specified. Schwert (1987) points out that if enough 

lags are not used the unit root test results may be 

spurious. Schwert suggests that the number of lags should 

be a function of how often the data are sampled (annually, 

monthly, etc.) and the number of observations. Schwert's 

rule for monthly data is. 

Number of lags=Int( 12 (N/100)'̂ '») , (5.5) 

where Int indicates that the result is rounded to the 

nearest integer and N is the number of observations. 

Applying this rule suggests 18 lags for the Treasury and 

municipal yields and 15 lags for the corporate yields. 26 

2* There are 516 monthly observations for the Treasury 
and municipal yields and 268 monthly observations for the 
corporate yields. 
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In order to reject the null hypothesis that a series is 

non-stationary with the augmented Dickey-Fuller unit root 

test, the t-ratio on the slope parameter, T, in equation 

(5.4) must be negative and greater in absolute value than 

the 5% Dickey-Fuller critical value of -1.95 for sample 

sizes greater than 25. 

Tests on Levels 

Augmented Dickey-Fuller tests are performed on all 

interest rate measures, which include Treasury and prime 

grade municipal yields for 1, 5, 10, and 20 years, and 

medium-term (5 year) and long-term (20 year) corporate 

yields. Monthly observations of Treasury and municipal 

yields from January 1950 through December 1992 are shown in 

Figures 5.1 and 5.2, respectively. Figure 5.3 shows monthly 

observations from September 1970 through December 1992 for 

the corporate yields. The figures show that all of the 

interest rates for all maturities change dramatically over 

time and tend to move together. 

In order to reject the null hypothesis that a series is 

non-stationary, the t-ratio on the slope parameter, T, must 

be negative and greater in absolute value than the 5% 

Dickey-Fuller critical value of -1.95. Table 5.1 shows that 
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Table 5.1 
Augmented Dickey-Fuller Unit Root Test 
on Levels: Unadjusted Interest Rates 

Ajt=rjt.,+ELieiAjt.i+vt 

Yield Jt r ADF statistic^ 

1 Year Treasury 

5 Year Treasury 

10 Year Treasury 

20 Year Treasury 

1 Year Municipal 

S Year Municipal 

10 Year Municipal 

20 Year Municipal 

Medium-Term 
(5 Year) Corporate 

TOl^ 

TOS 

TlO 

T20 

MOl 

MOS 

MIO 

M20 

MCP 

-0.003119 

-0.000832 

-0.000218 

0.000021 

-0.002399 

-0.000712 

-0.000116 

0.000009 

-0.001236 

-0.877 

-0.334 

-0.098 

0.012 

-0.665 

-0.190 

-0.046 

0.004 

-0.404 

Long-Term LCP -0.000659 -0.249 
(20 Year) Corporate 

^5% Dickey-Fuller critical value = -1.95 

^ Only the variable abbreviation will be listed in all 
subsequent tables. The convention used is that the letter 
will indicate if the yield is a Treasury yield (T) or a 
municipal yield (M). The number following indicates the 
maturity. Medium-term and long-term corporate yields are 
denoted MCP and LCP, respectively. 
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one cannot reject the null hypothesis that the yields are 

non-stationary for all maturities. 

Stationarity tests are also performed on the "tax-

adjusted" interest rates. Figure 5.4 plots the monthly 

observations of the different estimates of marginal tax 

rates measures from January 1950 through December 1992. 

These measures include the highest marginal individual tax 

rate, the highest marginal head of household tax rate, the 

Peek-Wilcox marginal tax rate, and the highest marginal 

corporate tax rate. Given that tax rates change over time, 

as illustrated in Figure 5.4, it is assumed that the tax 

rate used in any analysis is the correct rate and the 

methodology is conducted. Under the Miller hypothesis, the 

taxable yields should be adjusted as 

r'tx=rt,(l-T'), (5.6) 

where r'tx Is the taxable yield on an after-tax basis, rt, is 

the taxable yield, and x' is the marginal tax rate. Miller 

hypothesizes that the only relevant marginal tax rate is the 

corporate tax rate. Therefore, stationarity tests are 

performed on the taxable yields computed on an after-tax 

basis using the corporate tax rate. Table 5.2 presents 
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Table 5.2 
Augmented Dickey-Fuller Unit Root Test 

on Levels: Taxable Yields on a 
After-Tax (Corporate) Basis 

Ajt=rjt-i+ELieiAjt.i+vt 

ADF statistic^ 

TOl' 

TOS' 

TlO' 

T20' 

MCP' 

LCP' 

-0.003185 

-0.000583 

0.000167 

0.000462 

-0.000839 

-0.000101 

-0.901 

-0.231 

0.071 

0.247 

-0.263 

-0.037 

indicates that the yield has been adjusted for taxes. 

5% Dickey-Fuller critical value = -1.95 
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the results.27 AS in the case of the unadjusted yields, the 

evidence suggests the null hypothesis of non-stationary 

cannot be rejected for the tax-adjusted yields. The 

discounted tax-exempt hypothesis states it is the tax-exempt 

yield that should be adjusted for taxes, such that 

R',t=Rat/(l-T'), (5.7) 

where R'̂ t is the "grossed-up" tax-exempt yield, R̂ t is the 

tax-exempt yield, and x' is the marginal tax rate. Under 

this hypothesis, the corporate tax rate plays no special 

role. Therefore, the appropriate tax rate may be the 

corporate tax rate or a personal tax rate. Stationarity 

tests are performed on the tax-exempt yields adjusted for 

the different tax rate measures. 

Tables 5.3, 5.4, 5.5, and 5.6 provide the results for 

the augmented Dickey-Fuller unit root tests for the yields 

adjusted by the corporate, individual, head of household, 

and Peek-Wilcox tax rate measures, respectively. As in the 

case of the Miller adjustments, the evidence suggests the 

null hypothesis that the "grossed-up" yields are 

27 A " ' " indicates that the yield has been adjusted 
for taxes, as described in equations (5.6) and (5.7). 
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Table 5.3 
Augmented Dickey-Fuller Unit Root Test 
on Levels: Tax-Exempt Yields Adjusted 

by the Corporate Tax Rate 

Ajt=rjt.i+ELi0iAjt.i+vt 

ADF statistic^ 

MOl' 

MOS' 

MIO' 

M20' 

- 0 . 0 0 2 5 1 7 

- 0 . 0 0 1 2 1 5 

- 0 . 0 0 0 6 3 4 

- 0 . 0 0 0 5 4 7 

- 0 . 6 8 1 

- 0 . 3 4 0 

- 0 . 2 4 4 

- 0 . 2 3 4 

' indicates that the yield has been adjusted for taxes 

^ 5% Dickey-Fuller critical value = -1.95 
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Table 5.4 
Augmented Dickey-Fuller Unit Root Test 
on Levels: Tax-Exempt Yields Adjusted 
by the Highest Individual Tax Rate 

AJt^rjt.i+EtiOiAJt.i+Vt 

ADF statistic-

MOl' 

MOS' 

MIO' 

M20' 

- 0 . 0 0 4 0 7 4 

- 0 . 0 0 2 7 3 1 

- 0 . 0 0 2 3 1 5 

- 0 . 0 0 2 2 7 7 

- 0 . 9 5 6 

- 0 . 7 5 3 

- 0 . 7 4 4 

- 0 . 7 8 5 

' indicates that the yield has been adjusted for taxes 

^ 5% Dickey-Fuller critical value = -1.95 
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Table 5.5 
Augmented Dickey-Fuller Unit Root Test 
on Levels: Tax-Exempt Yields Adjusted 

by the Highest Head of Household 
Tax Rate 

Ajt=rjt.i+EtieiAjt.i+vt 

ADF statistic^ 

MOl' 

MOS' 

MIO' 

M20' 

- 0 . 0 0 4 5 5 4 

- 0 . 0 0 3 2 7 7 

- 0 . 0 0 2 9 5 1 

- 0 . 0 0 2 9 2 7 

- 1 . 0 2 3 

- 0 . 8 7 5 

- 0 . 8 9 0 

- 0 . 9 4 4 

' indicates that the yield has been adjusted for taxes. 

^5% Dickey-Fuller critical value = -1.95 
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Table 5.6 
Augmented Dickey-Fuller Unit Root Test 
on Levels: Tax-Exempt Yields Adjusted 

by the Peek-Wilcox Tax Rate 

Ajt=rjt-i+5;LieiAjt.i+vt 

ADF statistic-

MOl' 

MOS' 

MIO' 

M20' 

- 0 . 0 0 2 7 1 5 

- 0 . 0 0 1 2 1 4 

- 0 . 0 0 0 5 4 2 

- 0 . 0 0 0 3 6 2 

- 0 . 7 4 0 

- 0 . 3 3 0 

- 0 . 2 1 5 

- 0 . 1 6 0 

' indicates that the yield has been adjusted for taxes 

^ 5% Dickey-Fuller critical value = -1.95 
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non-stationary cannot be rejected at the 5% significance 

level.'" 

Tests on First Differences 

Since the evidence provided cannot reject that the data 

are non-stationary, the appropriate methodology for 

examining the long-run equilibrium relationship between 

taxable and tax-exempt interest rates would appear to be 

cointegration. However, a prerequisite for cointegration is 

that the data be integrated of the same order. Therefore, a 

stationarity test of the first differences of the yield 

variables is conducted to see if the interest rates are 

integrated of the first order. If the first differences in 

the yields are stationary, then one can proceed to test for 

cointegration. 

The results of the augmented Dickey-Fuller tests are 

shown in Tables 5.7 through 5.12 for both unadjusted and 

tax-adjusted interest rates. For all yields, the t-ratios 

are negative and larger (in absolute value) than the 5% 

Dickey-Fuller test statistic of -1.95. Thus, the null 

hypothesis that the differences are non-stationary can be 

2® As shown in equation (5.4) , the augmented Dickey-
Fuller unit root tests conducted contain no intercept. In 
addition to the results shown here, unit root tests 
containing an intercept, an intercept and linear trend, and 
an intercept and centered linear trend were also conducted. 
The results from all of these tests failed to reject the 
null hypothesis of non-stationarity at the 5% level. 
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Table 5.7 
Augmented Dickey-Fuller Unit Root Test on 

Difference: Unadjusted Interest Rates 

AJt-AJt.i=rAJt.i+EUei(AJt.i-AJt.i)+Vt 

ADF statistic 

TOl 

TOS 

TlO 

T20 

MOl 

MOS 

MIO 

M20 

MCP 

LCP 

-0.991282 

-1.007476 

-1.061762 

-0.911399 

-1.053607 

-1.475322 

-1.077395 

-1.008816 

-0.913521 

-0.967013 

-4.883* 

-5.099* 

-5.233* 

-5.117* 

-5.111* 

-5.322* 

-5.303* 

-5.279* 

-3.801* 

-4.083* 

* 5% Dickey-Fuller critical value = -1.95 
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Table 5.8 
Augmented Dickey-Fuller Unit Root Test 

on Difference: Taxable Yield on a 
After-Tax (Corporate) Basis 

AJt-AJt-i=rAJt_i+ELi0i(AJt.i-AJt.i)+Vt 

ADF statistic 

T O l ' 

TOS' 

T l O ' 

T 2 0 ' 

MCP' 

LCP' 

- 0 . 9 3 3 6 5 0 

- 0 . 9 9 4 0 9 8 

- 1 . 0 7 8 6 3 4 

- 0 . 9 6 4 5 0 6 

- 0 . 9 4 1 0 8 6 

- 0 . 9 8 5 1 0 6 

- 4 . 7 3 5 * 

- 5 . 1 6 4 * 

- 5 . 3 2 4 * 

- 5 . 5 4 6 * 

- 3 . 9 5 4 * 

- 4 . 3 2 6 * 

• indicates that the yield has been adjusted for taxes. 

* 5% Dickey-Fuller critical value = -1.95 
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Table 5.9 
Augmented Dickey-Fuller Unit Root Test 

on Difference: Tax-Exempt Yields 
Adjusted by the Corporate 

Tax Rate 

Ajt-Ajt.i=rAjt.i+ELiei(Ajt.i-Ajt.i)+vt 

ADF statistic 

MOl' 

MOS' 

MIO' 

M20' 

- 1 . 1 3 6 0 9 4 

- 1 . 4 0 1 3 3 5 

- 1 . 0 6 7 6 0 6 

- 0 . 9 8 1 1 5 2 

- 5 . 3 7 9 * 

- 5 . 3 1 5 * 

- 5 . 1 6 1 * 

- 5 . 0 0 2 * 

' indicates that the yield has been adjusted for taxes 

* 5% Dickey-Fuller critical value = -1.95 
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Table 5.10 
Augmented Dickey-Fuller Unit Root Test 

on Difference: Tax-Exempt Yields 
Adjusted by the Highest 

Individual Tax Rate 

AJt-AJt-i=rAJt_i+ELi0i(AJt.i-AJt_i)+Vt 

ADF statistic 

MOl' 

MOS' 

MIO' 

M20' 

- 1 . 1 5 2 3 6 1 

- 1 . 2 4 4 0 5 2 

- 1 . 1 2 8 1 9 8 

- 1 . 0 5 6 4 3 8 

- 5 . 9 6 4 * 

- 5 . 7 4 2 * 

- 5 . 5 7 6 * 

- 5 . 4 4 4 * 

' indicates that the yield has been adjusted for taxes 

* 5% Dickey-Fuller critical value = -1.95 
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Table 5.11 
Augmented Dickey-Fuller Unit Root Test 

on Difference: Tax-Exempt Yields 
Adjusted by the Highest Head 

of Household Tax Rate 

AJt-AJt-i=rAJt.i+ELi0i(AJt-i-AJt_x)+Vt 

ADF statistic 

MOl' 

MOS' 

MIO' 

M20' 

- 1 . 2 2 7 3 5 8 

- 1 . 2 5 1 1 9 8 

- 1 . 1 4 2 4 4 7 

- 1 . 0 3 8 3 3 8 

- 6 . 3 7 0 * 

- 5 . 8 5 2 * 

- 5 . 5 3 1 * 

- 5 . 2 1 6 * 

' indicates that the yield has been adjusted for taxes 

* 5% Dickey-Fuller critical value = -1.95 
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Table 5.12 
Augmented Dickey-Fuller Unit Root Test 

on Difference: Tax-Exempt Yields 
Adjusted by the Peek-Wilcox 

Tax Rate 

AJt-AJt-i=rAJt.i+ELi0i(AJt-i-AJt_i)+Vt 

ADF statistic 

MOl' 

MOS' 

MIO' 

M20' 

- 1 . 0 0 8 7 4 7 

- 1 . 3 2 3 5 5 3 

- 0 . 9 9 0 5 8 3 

- 0 . 9 4 9 3 8 1 

- 5 . 0 7 2 * 

- 5 . 2 3 1 * 

- 5 . 2 8 3 * 

- 5 . 3 9 5 * 

' indicates that the yield has been adjusted for taxes 

* 5% Dickey-Fuller critical value = -1.95 
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rejected." The results indicate that there is strong 

evidence that all of the interest rates measures (unadjusted 

and adjusted for taxes) are non-stationary and integrated of 

the first order, i.e., -1(1).^o Since all of the data are 

integrated of the same order, one can test to see if the 

data are cointegrated. The following section describes the 

cointegration tests and their results. 

Cointegration Tests 

Since the evidence provided in the previous section 

indicates that all of the interest rate measures are non-

stationary and that the first differences of all of the 

yield measures are stationary, we conclude that the interest 

rates are integrated of the first order, or 1(1). Given 

this condition, the cointegration tests of Engle and Granger 

(1987) can be applied to investigate the long-run 

2' The results of the augmented Dickey-Fuller tests 
using an intercept, intercept and linear trend, and 
intercept and centered linear trend yield the same 
conclusions. 

30 To verify that the various interest rate series 
contain one and only one unit root, an additional unit root 
test, the Dickey-Pantula (1987) test is conducted on all of 
the (unadjusted and tax-adjusted) yields. The Dickey-
Pantula test is a sequential test that checks for three unit 
roots, then two unit roots, and finally a single unit root. 
Although not reported here, the results confirm that each 
yield series contains one and only one unit root. Mougoue 
(1992) also found little difference in the results of the 
augmented Dickey-Fuller and the Dickey-Pantula tests on 
daily interest rate data. 
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equilibrium relationship between taxable and tax-exempt 

interest rates. 

When applying cointegration tests, Engle and Granger 

argue that it is useful to estimate the cointegration 

relationship with ordinary least squares regression. For 

the unadjusted taxable and tax-exempt yields, the 

regressions take the form of 

rt,=ai+AiR,t+Zi,t/ (5.8A) 

and 

R^t=a2+A2rtx+Z2,t/ (5.8B) 

where A is the cointegrating vector and z is the residual or 

disequilibrium." Since the direction of causation between 

taxable and tax-exempt yields is not known a priori, the 

cointegration regressions are run with each yield as the 

dependent variable. One can reject the null hypothesis of 

non-cointegration if it is found that the residuals from 

either equation (5.8A) or (5.8B) are non-stationary. 

^̂  Engle and Granger (1991) point out that the 
cointegrating regressions should include an intercept unless 
there is an a priori theoretical reason for not including an 
intercept. Since nothing in the Miller or discounted tax-
exempt hypotheses prohibits an intercept, one is included 
here. 
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Table 5.13 shows the results of the cointegration 

regressions on the unadjusted interest rates. Implied in 

the slope parameters. A, are the marginal tax rates for 

eachof the maturities.^^ When the municipal yield is the 

dependent variable, the average implied marginal tax rate is 

equal to (1-A). If the taxable yield is the dependent 

variable, the average implied tax rate is 1/(1-A). The 

cointegration vectors indicate that the average implied 

marginal tax rate declines from approximately 40%-45% for 

one year securities to 15%-20% for twenty year securities. 

This is consistent with evidence found by Hendershott and 

Koch (1980), among others, that the implied marginal tax 

rate declines with maturity. The stationarity properties of 

the residuals from these regressions determine if two yield 

series are cointegrated. Engle and Granger suggest the use 

of the augmented Dickey-Fuller tests, described previously, 

to test the stationarity of the residuals. If one is able 

to reject that the residuals are non-stationary, the null 

hypothesis of non-cointegration is also rejected. The 

critical values for rejecting the null hypothesis of non-

cointegration are provided by Engle and Yoo (1987) 33 

2̂ Since the slope parameter is a constant, implied is 
an estimate of the marginal tax rate if taxes were constant 
over the entire sample period. 

^̂  Engle and Yoo (1987) compute critical values for the 
augmented Dickey-Fuller tests for a scunple size of 200 with 
four lags of the change in the residual, z. These critical 
values are listed in their Table 3. The 5% critical value 
is -3.25. Using the Schwert (1987) rule, 18 lags are used 
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T a b l e 5 .13 
C o i n t e g r a t i o n R e g r e s s i o n : 
Unad jus t ed I n t e r e s t R a t e s 

Yt=a+AXt+Zt 

Yt Xt a 

TOl 

MOl 

TOS 

MOS 

TlO 

MIO 

T20 

M20 

MCP 

MOS 

LCP 

M20 

MOl 

TOl 

MOS 

TOS 

MIO 

TlO 

M20 

T20 

MOS 

MCP 

M20 

LCP 

0.020291 

0.251302 

0.274855 

0.050293 

0.419617 

-0.070712 

0.364330 

-0.081943 

1.515388 

0.064792 

1.690663 

-0.898330 

1.679566 

0.550095 

1.480364 

0.638256 

1.327668 

0.715243 

1.215097 

0.789737 

1.380806 

0.598962 

1.142026 

0.815671 
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Table 5.14 shows the cointegration results of the 

unadjusted interest rates. The test statistics indicate 

that the null hypothesis of non-cointegration cannot be 

rejected. This evidence suggests there is not a long-run 

equilibrium relationship between unadjusted taxable and tax-

exempt yields. This evidence holds regardless of which 

variable is taken to be the dependent variable. 

At first glance, it may seem "unusual" not to find a 

long-run relationship between unadjusted taxable and tax-

exempt yields. It seems unlikely that the supply and demand 

of taxable securities has no long-run effect on the supply 

and demand of tax-exempt securities. However, on 

reflection, these results have great intuitive appeal. 

Unless investors suffer from some type of money illusion, 

they will be concerned with their after-tax yield, as 

pointed out by Darby (1975) and Feldstein (1976). Given 

that tax rates have changed dramatically over the last forty 

years, as illustrated in Figure 5.4, a change in one 

yieldmay simply reflect a change in the marginal tax rate 

and not the relative supply and demand for taxable and tax-

exempt securities. In other words, if taxes link the two 

for the Treasury/municipal yield pairs and 15 lags are used 
for the corporate/municipal yield pairs. Given the larger 
sample sizes used here (516 for the Treasury/municipal yield 
pairs and 268 for the corporate/municipal yield pairs) and 
the use of additional lags, one would expect to find the 
critical values to be reduced. 
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Table 5.14 
Cointegration Test Using Augmented 

Dickey-Fuller Unit Root Test: 
Unadjusted Interest Rates 

Z t = Y t - a - A X t + , Az t=rZt . i+ELi0 iAZt . i+Vt 

Yt Xt r ADF s t a t i s t i c -

TOl 

MOl 

TOS 

MOS 

TlO 

MIO 

T20 

M20 

MCP 

MOS 

LCP 

M20 

MOl 

TOl 

MOS 

TOS 

MIO 

TlO 

M20 

T20 

MOS 

MCP 

M20 

LCP 

-0.036007 

-0.037961 

-0.057046 

-0.060448 

-0.045273 

-0.047782 

-0.059530 

-0.063931 

-0.063189 

-0.044541 

-0.073663 

-0.073213 

-1.682 

-1.759 

-1.871 

-1.921 

-2.117 

-2.194 

-2.849 

-2.988 

-1.489 

-1.161 

-1.812 

-1.781 

5% Engle -Yoo c r i t i c a l v a l u e = - 3 . 2 5 
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markets, and these taxes are variable, an absence of a long-

run relationship between the unadjusted taxable and tax-

exempt markets is not surprising. 

Miller 

Both the Miller and discounted tax-exempt hypotheses 

use taxes to link the two markets. The Miller hypothesis 

states the taxable yield must be adjusted for taxes when 

examining the long-run relationship between the two yields. 

Therefore, the cointegration relationship is investigated 

between the tax-exempt yields and the taxable yields 

adjusted on an after-tax basis. Since the Miller hypothesis 

states the taxable yield will respond to changes in the tax-

exempt yield, the cointegration regression takes the form 

of, 

r'tx=a3+A3R,t+Z3,t, (5.9A) 

where r'tx is the taxable yield on an after-tax basis and R̂ t 

is the tax-exempt yield. Engle and Granger point out that 

the linear combination of two variables that results in 

cointegration may be found by running the regression in the 

opposite direction. Therefore, a second cointegration 

regression, 

Rat=a4+A4r'tx+Z4,t/ (5.9B) 
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is also examined. If the only link between the two markets 

is the marginal tax rate and the taxable and tax-exempt 

yields are both on an "after-tax" basis, the cointegrating 

vector. A, should approach unity. Since Miller hypothesized 

the only relevant marginal tax rate is the corporate tax 

rate, cointegration regressions are performed between the 

taxable yields computed on an after-tax basis using the 

corporate tax rate and the tax-exempt yields. 

Table 5.15 shows the estimates of the cointegration 

regressions under Miller. It is interesting to note that 

the estimates of the slope parameters are relatively close 

to one, especially for the shorter maturities. As mentioned 

above, the stationarity properties of the residuals provide 

evidence of cointegration. If the residuals are non-

stationary, the yields are cointegrated. 

Table 5.16 reports the results of the stationarity 

tests on the residuals. Although non-stationarity of the 

residuals cannot be rejected when the after-tax taxable 

yield, TOl', is the dependent variable, non-stationarity can 

be rejected at the 5% significance level when the one year 

tax-exempt yield, MOl, is the dependent variable. Thus one 

year after-tax treasury yields and municipal yields are 

cointegrated.^^ In addition, the evidence indicates that 

34 The yields are said to be cointegrated if there is 
evidence of cointegration using the residuals from either 
equation (5.9A) or (S.9B). 
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Table 5.15 
Cointegration Regression-Miller: 

Taxable Yields on an 
After-Tax (Corporate) Basis 

Yt=a+AXt+Zt 

Yt Xt a 

TOl' 

MOl 

TOS' 

MOS 

TlO' 

MIO 

T20' 

M20 

MCP' 

MOS 

LCP' 

M20 

MOl 

TOl' 

MOS 

TOS' 

MIO 

TlO' 

M20 

T20' 

MOS 

MCP' 

M20 

LCP' 

-0.226351 

0.352481 

-0.139913 

0.307182 

-0.068782 

0.307425 

-0.093772 

0.399174 

0.670509 

-0.188597 

0.944460 

-0.242172 

0.980259 

0.981611 

0.874761 

1.100373 

0.786870 

1.208236 

0.718054 

1.317300 

0.805845 

1.117229 

0.642525 

1.331270 

' indicates that the yield has been adjusted for taxes. 
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Table 5.16 
Cointegration Test of Miller Hypothesis 

Using Augmented Dickey-Fuller Unit 
Root Test: Taxable Yields on an 
After-Tax (Corporate) Basis 

Zt=Yt-a-AXt, Azt=rZt. i+Eti0iAZt. i+Vt 

Yt 

TOl' 

MOl 

TOS' 

MOS 

TlO' 

MIO 

T20' 

M20 

MCP' 

MOS 

LCP' 

M20 

Xt 

MOl 

TOl' 

MOS 

TOS' 

MIO 

TlO' 

M20 

T20' 

MOS 

MCP' 

M20 

LCP' 

r 

-0.115750 

-0.122030 

-0.151026 

-0.164554 

-0.074346 

-0.079610 

-0.058350 

-0.063955 

-0.194103 

-0.203123 

-0.054944 

-0.054149 

t-ratio 

-3.224 

-3.324* 

-3.294* 

-3.462* 

-3.040 

-3.190 

-3.043 

-3.244 

-2.946 

-2.873 

-2.019 

-1.993 

• indicates that the yield has been adjusted for taxes. 

* 5% Engle-Yoo c r i t i c a l va lue = -3 .25 
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five year after-tax treasury yields and municipal yields are 

cointegrated. However, there is no evidence (at traditional 

levels of significance) of cointegration for ten or twenty 

year after-tax treasury yields and municipal yields. In 

addition, there is no evidence of cointegration between the 

after-tax corporate yields and municipal yields for five or 

twenty year maturities. 

This evidence is only somewhat consistent with the 

Miller hypothesis since cointegration is not found for all 

maturities. As stated previously, if the link between 

taxable and tax-exempt yields is the corporate tax rate, one 

would expect the yields to be cointegrated for all 

maturities. Three possible explanations for the lack of 

cointegration for longer maturities are proposed. First, 

the relationship between taxable and tax-exempt yields as 

described by Miller may be incorrect for longer maturities. 

Second, the corporate tax rate may not be the applicable tax 

rate for all maturities, as hypothesized by Miller. 

Finally, there may be other factors that link the two 

markets, such as inflation or the risk premium, as described 

in Chapters III and IV. Whatever the reason is, the bulk of 

the evidence does not support the Miller model. 

Discounted Tax-Exempt Hypothesis 

As compared to the Miller hypothesis, the discounted 

tax-exempt hypothesis suggests the tax-exempt yield should 

be adjusted for taxes, as described above. Since the 
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discounted tax-exempt hypothesis states it is the tax-exempt 

yield that will respond to changes in the taxable yield, the 

cointegration regression takes the form, 

R' at=a6+A6rtx+Z6,t/ (5 . lOA) 

where R'̂ t is the tax-exempt yield "grossed up" for taxes 

and rtx is the taxable yield. As described above, the 

cointegration regression is also run in the opposite 

direction, such that, 

rtx=a5+A5R',t+Z5,t. (S.IOB) 

Since the discounted tax-exempt hypothesis does not 

state a priori what the applicable marginal tax rate is, 

several measures are used to adjust the tax-exempt yield. 

The first measure used is the corporate tax rate. Again, 

since both yields are on a "before-tax" basis, the slope 

coefficients should approximate unity. 

Corporate Taxes 

The results of the cointegrating regressions using the 

corporate tax rate to adjust the tax-exempt yield are given 

in Table 5.17. As in the previous case the slope 

coefficients are reasonably close to unity, especially for 

the shorter maturities. These results are consistent with 

the discounted tax-exempt hypotheses, as it predicts a 
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Table 5.17 
Cointegration Regression-Discounted 

Tax-Exempt: Tax-Exempt Yields 
Adjusted by the Corporate 

Tax Rate 

Yt=a+AXt+Zt 

t̂ Xt a A 

TOl 

MOl' 

TOS 

M05' 

TlO 

MIO' 

T20 

M20' 

MCP 

MOS' 

LCP 

M20' 

MOl' 

TOl 

MOS' 

TOS 

MIO

TIC 

M20' 

T20 

MOS' 

MCP 

M20' 

LCP 

-0.480284 

0.735366 

-0.226624 

0.571679 

-0.004464 

0.489147 

-0.008274 

0.592734 

1.311471 

-0.580607 

2.243274 

-2.129556 

0.988882 

0.968303 

0.867352 

1.103928 

0.768255 

1.226874 

0.695694 

1.348798 

0.793287 

1.144987 

0.593946 

1.513946 

' indicates that the yield has been adjusted for taxes. 
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one-to-one relationship between the yields when the tax-

exempt yield has been adjusted for taxes. 

Table 5.18 shows the results of the stationarity tests 

on the residuals of the cointegration regressions. There is 

evidence of cointegration at the 5% significance level for 

both one year and five year yields when the taxable yield is 

the Treasury yield. There is no evidence of cointegration 

for ten or twenty year maturities, nor is there any evidence 

of cointegration when the taxable yield is measured as the 

corporate yield. 

Again, there are several reasons for the lack of 

cointegration at the long-end of the market. The corporate 

tax rate may not be the applicable tax rate for all 

maturities. Also, the relationship between taxable and tax-

exempt yields as described by the discounted tax-exempt 

hypothesis may not be correct for all maturities. Finally, 

there may other factors that link the two markets. 

Personal Taxes 

The use of a different tax rate is addressed first. 

Kidwell and Koch (1983), Peek and Wilcox (1986), and others, 

have suggested that personal taxes may play a role in 

describing the relationship between taxable and tax-exempt 

yields. The first two measures of the marginal personal tax 

rate used to adjust the tax-exempt yield are the highest 

116 



Table 5.18 
Cointegration Test of Discounted Tax-Exempt 
Hypothesis Using Augmented Dickey-Fuller 

Unit Root Test: Tax-Exempt Yields 
Adjusted by the Corporate 

Tax Rate 

Zt=Yt-a-AXt, AZt=rZt.i+Eti0iAzt_i+Vt 

Yt 

TOl 

MOl' 

TOS 

MOS' 

TlO 

MIO' 

T20 

M20' 

MCP 

MOS' 

LCP 

M20' 

Xt 

MOl' 

TOl 

MOS' 

TOS 

MIO' 

TlO 

M20' 

T20 

MOS' 

MCP 

M20' 

LCP 

r 

-0.120976 

-0.132470 

-0.129084 

-0.144457 

-0.067980 

-0.075795 

-0.056400 

-0.064205 

-0.177287 

-0.192477 

-0.083368 

-0.079042 

t-ratio 

-3.318* 

-3.506* 

-3.176 

-3.389* 

-2.928 

-3.144 

-2.969 

-3.231 

-2.968 

-2.999 

-2.478 

-2.357 

• indicates that the yield has been adjusted for taxes. 

* 5% Engle-Yoo c r i t i c a l va lue = -3 .25 
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individual and highest head of household marginal tax 

rates. ̂^ 

Tables 5.19 and 5.20 present the results of the 

cointegration regressions and tests using the individual tax 

rate to adjust the tax-exempt yield. As stated previously, 

the discounted tax-exempt model suggests the slope 

parameters in Table 5.19 should approximate unity. As 

indicated in the table, most of the slope estimates are 

reasonably different from unity. There is no evidence of 

cointegration, at the 5% level, for any of the maturities 

when the individual tax rate is used to adjust the tax-

exempt yield, as shown in Table 5.20. 

The results are similar when the head of household tax 

rate is used to adjust the tax-exempt yield, as shown in 

Tables 5.21 and 5.22. The slope parameter estimates in 

Table 5.21 are not reasonably close to unity, as some are 

even negative. The results in Table 5.22 indicate no 

evidence of cointegration at the 5% significance level for 

any of the maturities. 

The final measure of personal taxes used is the Peek-

Wilcox (1986) tax rate. This tax rate is a weighted average 

of the personal marginal federal income tax rates. The 

results are quite different when this tax rate measure is 

3= The highest marginal tax rate for individuals and the 
head of household are different from 1950 through 1964. From 
1965 through 1992, these tax rates are identical. 
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Table 5.19 
Cointegration Regression-Discounted 

Tax-Exempt: Tax-Exempt Yields 
Adjusted by the Highest 

Individual Tax Rate 

Yt=a+AXt+Zt 

Yt Xt a A 

TOl 

MOl' 

TOS 

MOS' 

TlO 

MIO' 

T20 

M20' 

MCP 

MOS' 

LCP 

M20' 

MOl' 

TOl 

MOS' 

TOS 

MIO' 

TlO 

M20' 

T20 

MOS' 

MCP 

M20' 

LCP 

0.994650 

7.054663 

2.738106 

10.420770 

3.678773 

12.551436 

4.350837 

14.900391 

4.694079 

-0.015899 

6.137355 

1.772688 

0.418686 

0.766599 

0.260255 

0.536100 

0.180156 

0.449762 

0.126213 

0.390612 

0.332329 

1.488599 

0.206686 

1.596527 

indicates that the yield has been adjusted for taxes 
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Table 5.20 
Cointegration Test of Discounted Tax-Exempt 
Hypothesis Using Augmented Dickey-Fuller 

Unit Root Test: Tax-Exempt Yields 
Adjusted by the Highest 

Individual Tax Rate 

Zt=Yt-a-AXt, Azt=rzt.i+Eti0iAzt.i+Vt 

Yt 

TOl 

MOl' 

TOS 

MOS' 

TlO 

MIO' 

T20 

M20' 

MCP 

MOS' 

LCP 

M20' 

Xt 

MOl' 

TOl 

MOS' 

TOS 

MIO' 

TlO 

M20' 

T20 

MOS' 

MCP 

M20' 

LCP 

r 

-0.011847 

-0.032775 

-0.007123 

-0.024843 

-0.005767 

-0.021948 

-0.004675 

-0.022295 

-0.028454 

-0.029234 

-0.021999 

-0.018439 

t-ratio^ 

-1.425 

-2.191 

-1.238 

-1.834 

-1.159 

-1.880 

-1.159 

-2.044 

-1.600 

-1.356 

-1.519 

-1.190 

i n d i c a t e s t h a t t h e y i e l d has been a d j u s t e d f o r t a x e s 

* 5% Engle-Yoo c r i t i c a l v a l u e = - 3 . 2 5 
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1 

Table 5.21 
Cointegration Regression-Discounted 

Tax-Exempt: Tax-Exempt Yields 
Adjusted by the Highest 

Head of Household 
Tax Rate 

Yt=a+AXt+Zt 

Yt Xt a 

TOl 

MOl' 

TOS 

MOS' 

TlO 

MIO' 

T20 

M20' 

MCP 

MOS' 

LCP 

M20' 

MOl' 

TOl 

MOS' 

TOS 

MIO' 

TlO 

M20' 

T20 

MOS' 

MCP 

M20' 

LCP 

4.229772 

11.135210 

6.645315 

16.355081 

7.455797 

19.697161 

8.013525 

23.296404 

4.694079 

-0.015899 

6.137355 

1.772688 

0.120991 

0.337737 

-0.019629 

-0.077173 

-0.055647 

-0.289156 

-0.072277 

-0.474700 

0.332329 

1.488599 

0.206686 

1.596527 

indicates that the yield has been adjusted for taxes. 
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Table 5.22 
Cointegration Test of Discounted Tax-Exempt 
Hypothesis Using Augmented Dickey-Fuller 

Unit Root Test: Tax-Exempt Yields 
Adjusted by the Highest Head of 

Household Tax Rate 

Zt=Yt-a-AXt, Azt=rzt.i+ELieiAzt.i+Vt 

Yt 

TOl 

MOl' 

TOS 

MOS' 

TlO 

MIO' 

T20 

M20' 

MCP 

MOS' 

LCP 

M20' 

Xt 

MOl' 

TOl 

MOS' 

TOS 

MIO' 

TlO 

M20' 

T20 

MOS' 

MCP 

M20' 

LCP 

r 

-0.013289 

-0.027946 

-0.010645 

-0.021799 

-0.009941 

-0.019781 

-0.008591 

-0.020504 

-0.028454 

-0.029234 

-0.021999 

-0.018439 

t-ratio^ 

-1.942 

-2.117 

-1.787 

-1.877 

-1.699 

-1.921 

-1.661 

-2.087 

-1.600 

-1.356 

-1.519 

-1.190 

i n d i c a t e s t h a t t h e y i e l d has been a d j u s t e d for t a x e s 

* 5% Engle-Yoo c r i t i c a l v a l u e = - 3 . 2 5 
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used to adjust the tax-exempt yield, as shown in Tables 5.23 

and 5.24. 

All of the slope parameters are very near unity in 

Table 5.23, as hypothesized by the discounted tax-exempt 

model. Table 5.24 provides evidence of cointegration for 

most of the yield pairs. With the Treasury yield as the 

measure of the taxable yield, there is evidence of 

cointegration at the 1% significance level for both five and 

ten year maturities. Using the Treasury yield, there is 

also evidence of cointegration at the 5% significance level 

for twenty year maturities. If the corporate yield is used 

as the measure of the taxable yield, there is evidence of 

cointegration at the 5% significance level for twenty year 

yields. 

The evidence in Tables 5.18 and 5.24 strongly supports 

the discounted tax-exempt hypothesis, as there is evidence 

of cointegration for all maturities between the two tables. 

For one and five year maturities, cointegration is found 

when the corporate tax rate is used to "gross-up" the tax-

exempt yield. For five, ten, and twenty year maturities, 

there is evidence of cointegration when the Peek-Wilcox tax 

rate measure is used. The evidence in support of the Miller 

hypothesis is much weaker, finding cointegration only at one 

and five year maturities. 
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Table 5.23 
Cointegration Regression-Discounted 

Tax-Exempt: Tax-Exempt Yields 
Adjusted by the Peek-Wilcox 

Tax Rate 

Yt=a+AXt+Zt 

Yt Xt a 

TOl 

MOl' 

TOS 

MOS' 

TlO 

MIO' 

T20 

M20' 

MCP 

MOS' 

LCP 

M20' 

MOl' 

TOl 

MOS' 

TOS 

MIO' 

TlO 

M20' 

T20 

MOS' 

MCP 

M20' 

LCP 

0.143336 

0.074589 

0.419176 

-0.223369 

0.583172 

-0.416660 

0.587304 

-0.457721 

1.789085 

-1.094363 

2.364267 

-2.656233 

1.169818 

0.820933 

1.029394 

0.942421 

0.920248 

1.053084 

0.833893 

1.161577 

0.943044 

0.973884 

0.740466 

1.295208 

indicates that the yield has been adjusted for taxes. 
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Table 5.24 
Cointegration Test of Discounted Tax-Exempt 
Hypothesis Using Augmented Dickey-Fuller 

Unit Root Test: Tax-Exempt Yields 
Adjusted by the Peek-Wilcox 

Tax Rate 

Zt=Yt-a-AXt, AZt=rZt.i+ELi0iAzt.i+Vt 

Yt 

TOl 

MOl' 

TOS 

MOS' 

TlO 

MIO' 

T20 

M20' 

MCP 

MOS' 

LCP 

M20' 

Xt 

MOl' 

TOl 

MOS' 

TOS 

MIO' 

TlO 

M20' 

T20 

MOS' 

MCP 

M20' 

LCP 

r 

-0.086736 

-0.091898 

-0.170561 

-0.181471 

-0.111217 

-0.118284 

-0.102063 

-0.110021 

-0.150490 

-0.181789 

-0.215915 

-0.217741 

t-ratio 

-2.546 

-2.676 

-3.478* 

-3.598* 

-3.548* 

-3.697* 

-4.016** 

-4.220** 

-2.422 

-2.752 

-3.502* 

-3.588* 

' indicates that the y ie ld has been adjusted for taxes 

* • 1% Engle-Yoo critical value = -3.78 
* 5% Engle-Yoo critical value = -3.25 
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The results presented above are consistent with the 

market segmentation hypothesis. This hypothesis states 

thatmarket participants have distinct maturity preferences. 

Banks are considered to prefer short-term maturities, while 

individuals are the marginal investors for longer-term 

maturities. For one year securities, corporations appear to 

be the marginal participants since cointegration is found 

for one year securities when the corporate tax rate is used 

to adjust either the taxable yield (in the Miller framework) 

or the tax-exempt yield (in the discounted tax-exempt 

hypothesis). 

For longer maturities, ten and twenty years, 

individuals appear to be the marginal player since there is 

evidence of cointegration when the tax-exempt yield is 

adjusted using the Peek-Wilcox personal tax rate measure. 

Both corporations and individuals appear to be the marginal 

investors for five year maturities, given cointegration is 

found when five year yields are adjusted using either the 

corporate or Peek-Wilcox tax rates. In addition, there is 

no evidence of a long-run equilibrium relationship between 

taxable and tax-exempt yields when neither yield is adjusted 

for taxes. Nor is there evidence of cointegration when the 

highest head of household or individual marginal tax rates 

are used to "gross-up" the tax-exempt yield. 

The results above indicate that taxes play an important 

role in the relationship between taxable and tax-exempt 
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yields. No long-run relationship is found when neither 

yield is adjusted for taxes, but there is a long-run 

equilibrium relationship when either the taxable yield is 

adjusted, as suggested by Miller, or the tax-exempt yield is 

adjusted, as proposed in the discounted tax-exempt 

hypothesis. Although the evidence provided thus far 

indicates that certain taxable and tax-exempt yield pairs, 

after adjusting for taxes, are cointegrated, the issue of 

temporal causation has yet to be addressed. The answer to 

the question of temporal causation is a major objective of 

this dissertation. Given that there is evidence of 

cointegration, the causal nature of the yields can be 

explored in a error correction framework. This is addressed 

in the following section. 

Error Correction 

As mentioned previously, one limitation of 

cointegration is that it cannot answer the question as to 

which yield is causing the other to change. However, once 

cointegration is established, error correciton models can be 

examined to to test the cause and effect relationship 

between taxable and tax-exempt yields. 

Miller 

As discussed in the previous chapter, if Xt and yt are 

cointegrated such that Zt=Xt-Ayt, then the long-run 

equilibrium relationship can also be expressed in an error 
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correction framework. The evidence in the previous chapter 

presented some evidence of a long-run equilibrium 

relationship between taxable yields after being adjusted by 

the corporate tax rate and tax-exempt yields, as proposed by 

Miller. Recall that the cointegration regression 

representing the Miller model in the previous section took 

the form. 

r'tx=a3+A3R^t+Z3,t. (5.9A) 

For any cointegration regression, there are two 

corresponding error correction representations. The error 

correction representations of the Miller hypothesis can be 

expressed as 

Ar • tx=ini+PiZ3,t-i+SLoARat,i-i+5̂ 5=oAr' tx,h-i+6i,t/ (5.1 lA) 

and 

ARat=ni2+p2Z3,t-i+Ii=oARat,i-i+SUAr'tx,h-i+62,t/ (S.llB) 

where m is the intercept, Zt.i (also known as the error 

correction term) is the previous period's residual from the 

cointegration regression and 6 is the white noise residual. 

These error correction equations indicate that 

contemporaneous changes in tax-exempt yields and after-tax 
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taxable yields are related to last period's residual and 

past changes in the tax-exempt yields and after-tax taxable 

yields. 

If either of the p coefficients are significantly 

different from zero, there is evidence of temporal causation 

in at least one direction and the variables are said to be 

error-correcting. If both of the p coefficients are 

significant, two-way temporal causality is indicated and 

again the variables are said to be error-correcting. The 

concept of temporal causality in an error correction 

framework is different than that in a Granger causality 

framework. Although both methods investigate temporal 

causality. Granger causality concentrates on the 

significance of the lagged changes in the (stationary) 

variables, while error correction focuses on the 

significance of the error correction term, Zt_i. 

The significance of the p coefficients estimate the 

effect of the previous periods residual on the current 

period's change in interest rates and provides evidence into 

the causal nature of taxable and tax-exempt yields. The 

interpretation of the p coefficients is quite important. 

Given the error correction models presented in equations 

(S.llA) and (S.llB), we can hypothesize the signs of the p 

coefficients. 

Assume that the residuals, z, from equation (5.9A) are 

being examined. If the residuals are positive this 
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indicates that either r'tx is too high relative to R̂ t/ or R̂ t 

is too low relative to r'tx. Under the Miller hypothesis, 

r'tx should respond to changes in Zt.j, but not R̂ t" Thus, in 

the error correction models, p̂  should be negative and 

statistically significant, indicating the taxable yield is 

the endogenous yield. According to the Miller model, one 

would not expect pj to be significant. If pj is found to be 

positive and significant, it would indicate that the tax-

exempt yield is responding to changes in the taxable yield 

by adjusting to maintain equilibrium. If If both 

coefficients are statistically significant, two-way temporal 

causation is indicated.^^ 

As shown in equations (S.llA) and (S.llB), in addition 

to the residuals of the cointegration regressions, lagged 

values of the changes in both r'tx ^^^ ât ̂ ^® also included 

in the error correction models. One problem when using 

error correction representations is that there is little 

guidance as to the number of lags of the cointegrated 

variables to include. Too many lags increases the standard 

errors of the estimates, while too few lags may bias the 

estimates. In order to balance these potential problems, an 

objective lag screening process is used. 

In the first pass, the error correction term, along 

with 12 lags of the one period change in both the taxable 

*̂ The interpretation of the error correction 
parameters are the same if the residuals are negative. 
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and tax-exempt yields are included as dependent variables.^^ 

A stepwise regression is then used to eliminate the "non

significant" lags. To verify that the resulting model is 

the "best", Akaike's (1969) information criterion (AIC) 

statistic is computed for all the possible combinations of 

the remaining lags.^® In each case, the model with all of 

the remaining lags had the lowest AIC. These lags, along 

with the error correction term, are included as the 

dependent variables in the error correction models. 

When cointegration tests are applied to the Miller 

model in the previous section, cointegration is found for 

five year yields when the regression T05'=a+M05+z is 

examined.^' Two error correction representations, as 

^̂  In addition to these, 18 and 24 lags are also used. 
The results are consistent with those presented here. 

®̂ The method used here is one of many considered. 
Another method is to simply find the combination of the 24 
lags (12 for each of the taxable and tax-exempt yields) that 
provicles the lowest AIC. However, with 24 lags, the number 
of combinations is quite large. For example, if only 8 lags 
are significant, this results in 735,471 different possible 
combinations of the different lags. When 48 lags are 
examined (24 lags of each yield, assuming 8 significant 
lags) there are 377,348,994 possible combinations of lags. 
Given the limited computing resources available, some type 
of screening device, such as the stepwise method used here, 
is necessary. The method used here does not necessarily 
yield the most parsimonious model, as it may still over 
parameterize the model. However, this only biases the 
results against finding the error correction terms 
significant. 

" In addition, M01=a+T01'+z and M05=a+T05'+z were also 
found to be cointegrated. However, these regressions are 
not true tests of the Miller hypothesis, as they have the 
tax-exempt yield as the dependent variable. The results of 
the error correction representations for these cointegration 
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described in equations (S.llA) and (S.llB), are examined.'•^ 

The results are presented in Table 5.25. Of concern is the 

significance of the parameter estimates on the error 

correction term, Zt_i. 

As described above, under the Miller hypothesis, the 

parameter estimate on the error correction term in the top 

panel is expected to be negative and statistically 

significant, indicating that the taxable yield is adjusting. 

The estimate in the bottom panel should not be significantly 

different from zero, since the tax-exempt yield is not 

expected to adjust, but a significant positive coefficeint 

would indicate that the tax-exempt yield is adjusting to 

maintain equilibrium."^ 

The parameter estimate in the top panel of Table 5.25 

is not significantly different from zero, while the 

parameter estimate in the bottom panel is significant and 

positive. This indicates that changes in the taxable yield 

regressions are not inconsistent with the results presented 
here. Thus, they are restricted to an appendix. 

"° Error correction representations are explored for 
only those yields that were found to be cointegrated, since 
they are the ones with a long-run equilibrium relationship. 

"̂  For all of the error correction results, the top 
panel contains the estimate of the error correction 
parameter with the change in the taxable yield as the 
dependent variable, as described in equation (S.llA). The 
bottom panel contains the error correction parcuneter 
estimate with the change in the tax-exempt yield as the 
dependent variable, as described in equation (S.llB). 
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Table 5.25 
Error Correction Model of Cointegration 
Relationship of 5 Year Treasury (TOS) 

and Municipal (MOS) Yields: TOS 
on an After-Tax (Corporate) 

Basis 

z==TOS ' -a-AMOS, ATOS ' =m+pZt.i+ELoATOS ' i-i+ELoAMOS^.i+S 

Independent Parameter 
Variable Estimate t-ratio 

m 
Zt-l 
LagOlATOS' 
Lag02AT0S' 
Lag07AT05' 
LagllATOS' 
LagOlAMOS 
Lag03AM05 

0.006029 
0.039290 
0.085491 

-0.084634 
-0.107676 
0.096889 
0.046534 

-0.071123 

0.622 
1.315 
1.575 

-1.882 
-2.444* 
2.190* 
1.450 

-2.515* 

z=TOS ' -a-AMOS, AM05=m+pZt_i+ELoATOS ' i-i+ELoAMOS^.i+S 

Independent Parameter 
Variable Estimate t-ratio 

m 
Zt-l 

LagOlATOS' 
Lag02AT0S' 
Lag03AT0S' 
Lag07AT0S' 
Lag08AT0S' 
LagllATOS' 
LagOlAMOS 
Lag02AM0S 
Lag03AM05 
Lag08AM05 

0.006860 
0.219837 
0.630139 
0.231227 
0.157544 
-0.209935 
0.205687 
0.172748 

-0.424115 
-0.302204 
-0.200733 
-0.107114 

0.458 
4.393** 
6.643** 
2.451* 
1.592 

-3.057** 
2.257* 
2.522* 

-6.859** 
-4.655** 
-2.991** 
-1.624 

• indicates that the yield has been adjusted for taxes 

** 1% Student-t critical value =2.58 
* 5% Student-t critical value = 1.96 
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leads changes in the tax-exempt yield, which is the opposite 

conclusion that is suggested by the Miller model. 

This evidence is inconsistent with the Miller 

hypothesis. Under the Miller model, the parameter estimate 

on the error correction term in the top panel should be 

positive, while the estimate in the bottom panel should not 

be different from zero. However, the estimate in the top 

panel is not significant, while the estimate in the bottom 

panel is significantly different from zero. This suggests 

that the taxable yield does not adjust to changes in the 

tax-exempt yield as suggested by Miller. Rather, it appears 

that the taxable yield adjusts to changes in the tax-exempt 

yield. Thus, the Miller model does not adequately describe 

the cause and effect relationship between taxable and tax-

exempt interest rates. 

Discounted Tax-Exempt Hypothesis 

Corporate Tax Rate 

While testing the discounted tax-exempt hypothesis, 

several pairs of taxable and "grossed-up" tax-exempt yields 

are found to be cointegrated. One and five year taxable and 

tax-exempt yields are found to be cointegrated when the tax-

exempt yield is adjusted by the corporate tax rate, while 

five, ten, and twenty year yields are cointegrated when the 

Peek-Wilcox tax rate measure is used to adjust the tax-

exempt yield. Under the discounted tax-exempt hypothesis. 
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the tax-exempt yield responds to changes in the taxable 

yield. The cointegration regression takes the form of, 

R'at=a6+A6rtx+Z6,t. (S.IOB) 

For this cointegration regression, the error correction 

representations can be expressed as, 

Artx=in3+p3Z6,t-i+El=oAR' at,i-i+ELoArtx,h-i+63,t/ (5.12A) 

and 

AR' at=m4+P4Z6,t-i+ELoAR • at,i-i+ELoArtx,h-i+64,t. (5.12B) 

The interpretation of these error correction models are 

the same as described above. If either of the p 

coefficients are significantly different from zero, there is 

evidence of temporal causation in at least one direction. 

If both of the p coefficients are significant, two-way 

temporal causality is indicated. However, the predicted 

signs of the p coefficients are different. Since the 

taxable yield is not expected to adjust under the discounted 

tax-exempt hypothesis, the estimates of P3 should not be 

different from zero. The estimates of P4 should be 

significant and negative since the tax-exempt yield is 

expected to be the endogenous yield. 
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One year yields are found to be cointegrated in the 

discounted tax-exempt setting in the form of T01=a+M01'+z 

when the tax-exempt interest rate is adjusted by the 

corporate tax rate.'*̂  The results of the error correction 

models for this regression are presented in Table 5.26. The 

parameter estimate on Zt_i in the bottom panel is of the 

hypothesized sign, as described by the discounted tax-exempt 

hypothesis, and significant at the 1% level. This indicates 

that the "grossed-up" tax-exempt is adjusting to changes in 

the taxable yield. However, the estimate in the top panel 

is also significant indicating that the taxable yield is 

also changing. This can be interpreted as there being two-

way causation. The parameter estimates suggest that a 

previous residual, Zt_i, of 1% would cause the taxable yield 

to fall by .130892% and the tax-exempt yield to fall by 

.223374%. These results are not so anomalous to indicate 

that this is not a stable system. These results lend some 

support to the discounted tax-exempt hypothesis. Changes in 

the tax-exempt yield are lead by changes in the taxable 

yield in the manner suggested by the discounted tax-exempt 

model. However, the model also predicts that changes in the 

taxable yield will not be lead by changes in the tax-exempt 

yield, while there is some evidence that this is true. 

"2 Cointegration is also found when the taxable yield 
is the dependent variable. However, since this is not a 
true test of the discounted tax-exempt hypothesis, the 
results of the these error correction models are left to an 
appendix. 
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Table 5.26 
Error Correction Model of Cointegration 
Relationship of 1 Year Treasury (TOl) 

and Municipal (MOl) Yields: MOl 
Adjusted by the Corporate 

Tax Rate 

z = M 0 1 ' - a - A T 0 1 , AT01=m+pZt_i+ELoAT01i_i+Ej^oAM01'h.i+6 

Independent 
Variable 

Parameter 
Estimate t-ratio 

m 
't-i 
LagOlATOl 
Lag02AT01 
Lag03AT01 
Lag04AT01 
Lag06AT01 
Lag07AT01 
Lag08AT01 
LagllATOl 
Lag02AM01' 
Lag04AM01' 

0 
-0 
0 

-0 
-0 
-0 
-0 
-0 
0 
0 
0 
0 

006765 
130892 
116001 
155991 
152456 
196240 
088184 
136779 
085196 
150214 
091594 
191015 

0 . 2 9 3 
- 3 . 4 2 4 * * 

2 . 5 0 8 * 
- 2 . 5 3 4 * 
- 3 . 2 6 2 * * 
- 3 . 2 3 9 * * 
- 2 . 0 0 6 * 
- 3 . 1 2 3 * * 

1 .925 
3 . 4 4 7 * * 
1 .552 
3 . 4 2 0 * * 

z = M 0 1 ' - a - A T 0 1 , AM01'=m+pZt_i+ELoAT01i.i+ELoAM01'h.i+6 

Independent 
Variable 

Parameter 
Estimate t-ratio 

m 
Zt-l 

LagOlATOl 
Lag07AT01 
LaglOATOl 
LagllATOl 
Lagl2AT01 
LagOlAMOl' 
Lag02AM01' 
Lag04AM01' 
LaglOAMOl' 

0.007993 
-0.223374 
0.403064 

-0.145894 
0.140968 
0.133945 

-0.065189 
-0.187581 
-0.084100 
0.089031 

-0.083211 

0.351 
-5.961** 
6.210** 

-3.427** 
2.423* 
2.922** 
-1.516 
-3.307** 
-2.141* 
2.200* 

-1.451 

• indicates that the yield has been adjusted for taxes 

** 1% Student-t critical value =2.58 
* 5% Student-t critical value =1.96 
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The results are very similar for the five year yields 

that are found to be cointegrated under the discounted tax-

exempt model. Five year Treasury and municipal yields are 

found to be cointegrated in the form of MOS'=a+TOS+z when 

the tax-exempt interest rate is adjusted by the corporate 

tax rate These results are presented in Table 5.27. Again, 

the parameter estimate on Zt_i in the bottom panel is also 

significant at the 1% level and of the hypothesized sign. 

This suggests that the tax-exempt yield is adjusting, as 

described above, by the discounted tax-exempt hypothesis. 

However, as with the one year yields, the top panel 

parameter estimate of Zt_i is also significant. This 

indicates that the taxable yield is also changing, which is 

not expected under the discounted tax-exempt hypothesis. 

Thus, the evidence for five year yields also lends some 

support to the discounted tax-exempt hypothesis. The tax-

exempt yield changes as predicted by the discounted tax-

exempt hypothesis. However the taxable yield is also 

changing, which is not predicted by the model. 

Peek-Wilcox Tax Rate 

When the Peek-Wilcox tax rate is used to adjust the 

tax-exempt yield, five year taxable and tax-exempt yields 

are found to be cointegrated in the form of MOS'=a+T05+z. 

These results are shown in Table 5.28. The parameter 

estimate on Zt_i in the bottom panel is significant at the 1% 

level and negative as hypothesized above. This indicates 
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Table 5.27 
Error Correction Model of Cointegration 
Relationship of 5 Year Treasury (TOS) 

and Municipal (MOS) Yields: MOS 
Adjusted by the Corporate 

Tax Rate 

z=M05 ' - a -ATOS, AT0S=m+pZt_i+ELoAT05i_i+EtoAM05 ' h_i+6 

Independent 
Variable 

m 
Zt-l 
Lag02AT0S 
Lag07AT05 
LagllATOS 
LagOlAMOS' 
Lag03AM0S' 

Parameter 
Estimate 

0.009726 
-0.065906 
-0.107061 
-0.097362 
0.099308 
0.076435 

-0.078219 

t-ratio 

0.561 
-2.739** 
-2.395* 
-2.229* 
2.265* 
2.825** 

-2.776** 

z=M05 ' - a -ATOS, AMOS ' =m+pZt.i+El=oAT05i_i+Eh-oAM0S ' ^.i+S 

Independent Parameter 
Variable Estimate t-ratio 

m 
Zt-l 
LagOlATOS 
Lag02AT0S 
Lag07AT05 
LagllATOS 
LagOlAMOS' 
Lag02AM0S' 
Lag03AM05' 

0.012872 
-0.213006 
0.590115 
0.170247 

-0.186644 
0.158913 

-0.369434 
-0.217276 
-0.115207 

0.489 
-5.261** 
6.554** 
1.864 

-2.813** 
2.383* 

-6.235** 
-3.859** 
-2.549* 

' indicates that the yield has been adjusted for taxes 

** 1% Student-t critical value =2.58 
* 5% Student-t critical value =1.96 
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Table 5.28 
Error Correction Model of Cointegration 
Relationship 5 Year Treasury (TOS) and 
Municipal (MOS) Yields: MOS Adjusted 

by the Peek-Wilcox Tax Rate 

z=M05 ' - a -ATOS, AT05=m+pZt.i+ELoAT0Si_i+EtoAM0S ' h_i+6 

I n d e p e n d e n t P a r a m e t e r 
V a r i a b l e E s t i m a t e t - r a t i o 

m 0 . 0 0 7 9 6 1 0 . 4 6 0 
Zt 1 - 0 . 0 9 0 8 3 9 - 2 . 6 5 5 * * 
L02AT0S - 0 . 1 7 4 0 5 3 - 2 . 9 8 0 * * 
L07AT05 - 0 . 0 9 6 8 3 5 - 2 . 2 2 1 * 
LllATOS 0 . 0 9 5 1 6 5 2 . 1 7 0 * 
LOIAMOS' 0 . 1 2 4 8 3 8 3 . 3 7 5 * * 
L02AM0S' 0 . 0 7 2 0 6 7 1 .660 
L03AM0S' - 0 . 0 9 0 0 8 9 - 2 . 3 9 4 * 

z=MOS ' - a -ATOS, AMOS ' =m+pZt.i+El=oAT0Si_i+EtoAM0S ' h_i+6 

Independent Parameter 
Variable Estimate t-ratio 

m 
Zt-l 

LOIATOS 
L02AT0S 
L07AT0S 
LllATOS 
L12AT0S 
LOIAMOS' 
L02AM0S' 
L03AM05' 

0.007607 
0.258917 
0.463139 
0.170703 
0.144114 
0.129271 
0.011694 
0.363228 
0.214955 
0.103515 

0.367 
-5.549** 
6.319** 
2.340* 
-2.760** 
2.447* 
-0.219 
-6.018** 
-3.839** 
-2.280* 

• indicates that the yield has been adjusted for taxes. 

** 1% Student-t critical value =2.58 
* 5% Student-t critical value =1.96 
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that the taxable yield is changing, as predicted by the 

model. As in the cases when the corporate tax rate was used 

to adjust the tax-exempt yield, the top panel parameter 

estimate of Zt_i is also significant. This suggests that the 

tax-exempt yield is also changing, which is not predicted by 

the model. Thus, this evidence also lends some support to 

the discounted tax-exempt hypothesis. The tax-exempt yield 

changes as predicted, however the taxable yield also 

changes, which is not predicted by the model. 

The evidence for ten and twenty year maturity yields 

strongly supports the discounted tax-exempt hypothesis. Ten 

year taxable and tax-exempt yields are found to be 

cointegrated in the form of MlO'=a+TlO+z when the tax-exempt 

yield is adjusted by the Peek-Wilcox tax rate measure. The 

results are presented in Table 5.29. The parameter estimate 

in the bottom panel is of the hypothesized sign and 

significant at the 1% level, indicating that the "grossed-

up" tax-exempt yield is the endogenous yield. It is 

changing as predicted by the discounted tax-exempt 

hypothesis. Unlike the results presented above, the 

parameter estimate on the residual in the bottom panel is 

not significantly different from zero. This suggests that 

the taxable yield is not the yield that is changing, but 

rather it is the tax-exempt yield that adjusts, as predicted 

by the discounted tax-exempt hypothesis. Thus, the evidence 
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Table 5.29 
Error Correction Model of Cointegration 
Relationship of 10 Year Treasury (TlO) 

and Municipal (MIO) Yields: MIO 
Adjusted by the Peek-Wilcox 

Tax Rate 

z=MlO • - a - A T l O , AT10=m+pZt.i+EtoATlOi.i+EUAMIO ' h_i+6 

Independent 
Variable 

m 
Zt-l 
Lag04AT10 
LagllATlO 
LagOlAMlO' 
Lag03AMlO' 

Parameter 
Estimate 

0.007754 
-0.016613 
0.080604 
0.127011 
0.076909 

-0.120728 

t-ratio 

0.498 
-0.628 
1.802 
2.873** 
2.042* 

-3.193** 

z=MlO ' - a - A T l O , AMIO ' =m+pZt.i+ELoATlOi_i+EUAMIO ' h_i+6 

Independent Parameter 
Variable Estimate t-ratio 

m 
Zt-l 
LagOlATlO 
Lag07ATlO 
LagllATlO 
LagOlAMlO' 
Lag03AMlO' 
LagOSAMlO' 
Lag09AMlO' 

0.008979 
-0.148897 
0.213015 

-0.110913 
0.147766 

-0.131651 
-0.124648 
0.126203 
0.085274 

0.517 
-4.825** 
3.147** 

-2.251* 
2.988** 

-2.319* 
-2.980** 
3.007** 
2.033* 

' indicates that the yield has been adjusted for taxes. 
** 1% Student-t critical value =2.58 
* 5% Student-t critical value =1.96 
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supports the discounted tax-exempt hypothesis over the 

Miller hypothesis. 

For twenty year yields, taxable and tax-exempt yields 

are cointegrated when the tax-exempt yield is adjusted by 

the Peek-Wilcox tax rate. Cointegration is found when the 

taxable yield is measured as either the twenty year Treasury 

or corporate yield. The results when the Treasury yield is 

used are presented in Table 5.30. The parameter estimate of 

Zt_i in the bottom panel is significant at the 1% level and 

negative as hypothesized above. This indicates that the 

tax-exempt yield is changing as suggested by the discounted 

tax-exempt model. In addition, the parameter estimate in 

the top panel is not different from zero, suggesting that 

the taxable yield is not the yield that is changing. This 

is also consistent with the discounted tax-exempt model. 

The results are identical when the corporate yield is 

used as the measure of the taxable interest rate. These 

results are presented in Table 5.31. As in all of the cases 

under the discounted tax-exempt hypothesis, the parameter 

estimate in the lower panel is negative and significant at 

the 1% level. As described previously, this indicates that 

the tax-exempt yield is changing as predicted by the 

discounted tax-exempt hypothesis. Also, the parameter 

estimate in the upper panel is not significantly different 

from zero. This supports the hypothesis that the tax-exempt 

yield is the endogenous yield and the taxable yield is the 
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Table 5.30 
Error Correction Model of Cointegration 
Relationship of 20 Year Treasury (T20) 

and Municipal (M20) Yields: M20 
Adjusted by the Peek-Wilcox 

Tax Rate 

z = M 2 0 ' - a - A T 2 0 , AT20=m+pZt.a+E^oAT20i_i+ELoAM20'h_i+6 

Independent 
Variable 

m 
Zt-l 
Lag01AT20 
LagllAT20 
Lag03AM20' 
Lag04AM20' 
Lag09AM20' 

Parameter 
Estimate 

0.007302 
-0.021564 
0.128886 
0.147530 

-0.130396 
0.059029 
0.046415 

t-ratio 

0.574 
-1.103 
2.916** 
3.398** 

-4.293** 
1.904 
1.521 

z = M 2 0 ' - a - A T 2 0 , AM20'=m+pZt_i+ELoAT20i.i+EtoAM20'h.i+6 

Independent Parameter 
Variable Estimate t-ratio 

m 
Zt-l 
Lag01AT20 
Lag03AT20 
Lag06AT20 
LagllAT20 
Lag01AM20' 
Lag04AM20' 
Lag05AM20' 
Lag09AM20' 
LaglOAM20' 

0.006534 
-0.125723 
0.339330 

-0.209443 
0.115297 
0.164857 

-0.242595 
0.128344 
0.095027 
0.074725 
0.085025 

0.374 
-4.527** 
4.000** 

-3.444** 
1.859 
2.741** 

-4.137** 
2.987** 
2.223* 
1.739 
2.007* 

• indicates that the yield has been adjusted for taxes 

** 1% Student-t critical value =2.58 
* 5% Student-t critical value =1.96 
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Table 5.31 
Error Correction Model of Cointegration 
Relationship of 20 Year Corporate (LCP) 

and Municipal (M20) Yields: M20 
Adjusted by the Peek-Wilcox 

Tax Rate 

z=M20'-a-ALCP, ALCP=m+pZt_i+El=oALCPi_i+ELoAM20'h_i+6 

Independent Parameter 
Variable Estimate t-ratio 

m 
Zt-l 
Lag04ALCP 
LagllALCP 
Lag01AM20' 
Lag03AM20' 
Lag04AM20' 
Lag05AM20' 

0.001237 
0.023892 

-0.238915 
0.159234 
0.095429 

-0.114442 
0.204228 
0.080260 

0.049 
0.527 

-2.646** 
2.709** 
1.991* 

-2.373* 
2.912** 
1.632 

z=M20 ' -a-ALCP, AM20 ' =m+pZt.i+El=oALCPi_iH-EtoAM20 ' .̂1+6 

Independent Parameter 
Variable Estimate t-ratio 

m -0.000892 -0.028 
z, , -0.187820 -3.312** 
La'g06ALCP 0.106591 1.399 
Lag09ALCP 0.139411 1.852 
LagllALCP 0.170182 2.288* 
Lag03AM20' -0.149503 -2.471* 
Lag04AM20' 0.106668 1.776 
Lag05AM20' 0.087691 1.459 

' indicates that the yield has been adjusted for taxes 

** 1% Student-t critical value =2.58 
* 5% Student-t critical value = 1.96 

145 



exogenous yield, as described in the discounted tax-exempt 

hypothesis. 

Since the results are the same when either the Treasury 

or corporate yield is used as the measure of the taxable 

yield, this suggests that the risk-premium is probably not 

responsible for these error correction results. Had the 

results been different for Treasury and corporate yields, it 

would have suggested that the risk-premium may be the factor 

that is causing the yields to adjust. This is because 

corporate and municipal yields have default risk, while 

Treasury securities are considered to be free of default 

risk. Had the results been different when the Treasury and 

corporate yields were used as the taxable yield, one 

explanation could have been the differences in risk. Since 

the results are the same, the differences in risk do not 

appear to be affecting the results found here. 

The evidence presented for ten and twenty year 

maturities strongly supports the discounted tax-exempt 

hypothesis over the Miller hypothesis. For both ten and 

twenty year maturities, it is found that the tax-exempt 

yield is the yield that changes. This is predicted by the 

discounted tax-exempt hypothesis, but not by Miller. And 

for each of these maturities, the taxable yield is found to 

be the exogenous yield. Again, this is consistent with the 

discounted tax-exempt hypothesis, but not consistent with 

the Miller hypothesis. Temporal causation appears to only 
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run in one direction, with changes in the taxable yield 

temporally leading changes in the tax-exempt yield, as 

described by the discounted tax-exempt model. In addition, 

personal taxes affect the relationship between taxable and 

tax-exempt yields, which is inconsistent with the Miller 

hypothesis. 

Conclusions 

This chapter has examined the long-run equilibrium 

relationship between taxable and tax-exempt interest rates. 

It is first determined that all of the interest rate 

measures, including the "grossed-up" tax-exempt and after

tax taxable yields, for 1, 5, 10, and 20 year maturities, 

are all non-stationary and integrated of order 1. Once 

these conditions are met, the relationship between taxable 

and tax-exempt yields of the same maturity are examined in a 

cointegration framework. 

Cointegration allows one to investigate if there is a 

long-run equilibrium relationship between two (or more) non-

stationary variables, in this case taxable and tax-exempt 

interest rates. Taxable and tax-exempt yields of the same 

maturity are not found to be cointegrated when neither yield 

is adjusted for taxes. Nor are they found to be 

cointegrated when adjusted for the highest marginal 

individual or head of household tax rate. 
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When the Miller hypothesis is examined, which suggests 

that changes in the tax-exempt yield will lead changes in 

the taxable yield, one year Treasury and municipal yields 

are found to be cointegrated when the Treasury yield is 

adjusted by the corporate tax rate. Five year Treasury and 

municipal yields are also found to be cointegrated when the 

Treasury yield is adjusted by the corporate tax rate. After 

adjusting the taxable yield by the corporate tax rate, there 

is no evidence that taxable yields and tax-exempt yields are 

cointegrated for ten and twenty year maturities. Thus, 

there is limited support for the Miller hypothesis. 

Under the discounted tax-exempt hypothesis setting, 

cointegration is found at all maturities. Unlike the Miller 

hypothesis, corporate taxes play no special role. According 

to the discounted tax-exempt hypothesis, the applicable 

marginal tax rate may be the corporate or personal tax rate. 

Therefore, both corporate and personal taxes are used in 

examining the discounted tax-exempt hypothesis. One year 

Treasury and municipal yields are found to be cointegrated 

when the tax-exempt yield is adjusted by the corporate tax 

rate, but not when any of the personal tax rates are used. 

Five year Treasury and municipal yields are found to be 

cointegrated when the tax-exempt yield is adjusted by either 

the corporate or Peek-Wilcox tax rates. For longer 

maturities, ten and twenty years, cointegration is only 
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found when the tax-exempt yield is adjusted by the Peek-

Wilcox tax rate measure. 

This evidence is consistent with the market-

segmentation hypothesis. At the short-end of the market, 

corporations appear to be the marginal investor, since the 

cointegration is found under both Miller and the discounted 

tax-exempt hypothesis when the appropriate yield is adjusted 

by the corporate tax rate. For long maturities, individuals 

seem to be driving the equilibrium between the taxable and 

tax-exempt markets, because cointegration is only found when 

the tax-exempt yield is adjusted by the Peek-Wilcox tax 

rate. In between, at five year maturities, both 

corporations and individuals appear to be marginal market 

participants, as cointegration is found when the appropriate 

yield is adjusted by either the corporate or Peek-Wilcox tax 

rates. 

Once it has been established that certain taxable and 

tax-exempt yields are cointegrated when adjusted for 

temporal changes in taxes, the causal nature of the 

relationship between the yields can be examined. Error 

correction models are used for this purpose. The previous 

period's residual, calculated from the cointegration 

regression, is examined to see if it has explanatory power 

for changes in the taxable and tax-exempt yields. The 

significance of the error correction term reveals which 

yield is exogenous and which is endogenous. The Miller 
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hypothesis would predict that the taxable yield is the 

endogenous yield, while the discounted tax-exempt hypothesis 

theorizes that the tax-exempt yield is the endogenous yield. 

The results of the error correction models are 

inconsistent with the Miller hypothesis. The Miller model 

suggests that changes in the tax-exempt yield will cause the 

taxable yield to change, while causation does not travel in 

the opposite direction. In the Miller setting, the error 

correction model suggests that the taxable yield does not 

adjust to maintain equilibrium, while the tax-exempt yield 

is always found to be the yield that is changing. This 

suggests that causation is traveling in the opposite 

direction that Miller hypothesized. 

The evidence strongly supports the discounted tax-

exempt hypothesis over the Miller hypothesis. The 

discounted tax-exempt hypothesis proposes changes in the 

taxable yield will cause the tax-exempt yield to change, but 

not vice-versa. Personal taxes, as well as the corporate 

tax rate, are found to affect the long-run relationship 

between taxable and tax-exempt yields. For every maturity, 

the parameter estimates suggest the "grossed-up" tax-exempt 

yield adjusts and is lead by changes in the taxable yield. 

For one and five year maturities, there is some evidence 

that changes in the tax-exempt yield lead changes in the 

taxable yield, which is not predicted by the discounted tax-

exempt hypothesis. For ten and twenty year maturities, the 
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taxable yield does not adjust. This is consistent with the 

discounted tax-hypothesis. In addition, for twenty year 

maturities, the results are the same if Treasury or 

corporate yields are used as the taxable yield. This 

suggests that the risk premium is not dramatically affecting 

the long-run relationship between taxable and tax-exempt 

yields. Thus, the discounted tax-exempt hypothesis does a 

much better job than the Miller hypothesis in explaining the 

relationship between taxable and tax-exempt yields. 
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CHAPTER VI 

SUMMARY AND CONCLUSIONS 

The purpose of this dissertation is to examine the 

relationship between taxable and tax-exempt interest rates 

between 1950 and 1992. This study differs from previous 

research in that it directly tests the cause and effect 

relationship between taxable and tax-exempt yields. It has 

not only found that taxable and tax-exempt yields, after 

adjusting for taxes, are related through time, but the 

direction of cause and effect is found to be opposite of 

that proposed previously by Miller (1977). 

Miller outlined a partial equilibrium relationship 

between taxable and tax-exempt interest rates that predicts 

that a change in tax-exempt yields will affect taxable 

yields, but a change in the taxable yield will not affect 

the tax-exempt yield. In this framework, the tax-exempt 

yield is taken as given from outside factors. Changes in 

the tax-exempt yield will lead changes in the taxable yield. 

The basis of the relationship is that investors are 

concerned with their after-tax real rate of return, and 

therefore only the taxable yield will change when the tax-

exempt yield changes, but not vice-versa. 

Prior studies that have examined aspects of the Miller 

hypothesis have not directly tested which yield (taxable or 

tax-exempt) causes the other yield to adjust. Rather, they 
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have concentrated on whether the marginal tax rate implied 

in the tax-exempt/taxable yield ratio is equal to the 

corporate tax rate. From previous research, it is 

impossible to distinguish whether it is a change in the 

taxable yield, tax-exempt yield, or both, that is 

responsible for the changes in the yield ratio. Miller's 

framework would suggest that only changes in tax rates and 

tax-exempt yields should be associated with changes in the 

yield ratio. Previous studies have not examined which yield 

is causing the other to change. A major contribution of 

this dissertation is that it directly examines whether 

changes in the tax-exempt yield cause the taxable yield to 

change. 

In addition, an alternative to Miller's hypothesis, the 

discounted tax-exempt hypothesis, which seems to be given 

credence by "street professionals," is developed. This 

alternative hypothesis states that the taxable yield and tax 

rate are given and changes in them will cause the tax-exempt 

yield to change. One possible explanation for this could be 

the relative size of the two markets. The market for 

Treasury securities is more than four times the size of the 

municipal security market. Given the difference in the size 

of the two markets, it is not unrealistic to view changes in 

the taxable Treasury yield as influencing changes in the 

tax-exempt municipal yield. Recent articles in The Wall 

street Journal and The Washington Post support this 
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argument. If the relationship between taxable rates of 

return and after-tax rates of return behaves in this manner. 

Miller's hypothesis is incorrect and the discounted tax-

exempt hypothesis is correct. 

This study utilizes Salomon Brothers' Analytical Record 

of Yields and Yield Spreads data for monthly Treasury and 

municipal yields from January 1950 to December 1992 and 

corporate yields from September 1970 through December 1992. 

Corporate and several personal tax tate measures are used in 

the analysis, including Peek and Wilcox's (1986). 

The behavior of the interest rates over time determines 

the appropriate methodology to use. Since the yields are 

found to change dramatically over the sample period, 

cointegration is used to examine the long-run relationship 

between taxable and tax-exempt interest rates. If two 

variables are cointegrated, it means that the variables 

cannot drift too far apart from each other over time. 

When the taxable and tax-exempt yields are not adjusted 

for taxes, there is no evidence that the two yields are 

related through time. This suggests that the unadjusted 

yields may wander apart from each other over time, with 

nothing apparently keeping them together. However, there is 

evidence that the yields are related when taxes are 

considered. 

One and five year Treasury and municipal yields are 

found to be cointegrated when the Treasury yield is adjusted 
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by the corporate tax rate. No evidence of cointegration is 

found for ten or twenty year maturities when the Treasury 

yield is adjusted by the corporate tax rate. This suggests, 

at least for one and five year maturity yields, that taxable 

and tax-exempt yields do not wander independently of each 

other through time when the taxable yield is adjusted by the 

corporate tax rate, as proposed by Miller. There is no 

evidence of cointegration for taxable and tax-exempt yields 

for ten and twenty year maturities when the taxable yield is 

adjusted by the corporate tax rate. This suggests that 

nothing keeps tax-exempt yields and taxable yields adjusted 

by the corporate tax rate from drifting apart from each 

other. 

The evidence is more supportive of the discounted tax-

exempt hypothesis. As the corporate tax rate plays no 

special role in this hypothesis, the effect of both 

corporate and personal taxes are examined. The different 

tax measures are used to "gross-up" the tax-exempt yield. 

When the corporate tax rate is used to adjust the tax-exempt 

yield, as described above, cointegration is found between 

Treasury and municipal yields for one and five year 

maturities. Cointegration is also found for five, ten, and 

twenty year maturities when the tax-exempt yield is adjusted 

by a personal tax rate measure. For the twenty year yields, 

cointegration is found when the taxable yield is measured as 

either the Treasury or corporate yield. This implies that 
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taxable and tax-exempt yields do not drift away from each 

other when the tax-exempt yield is adjusted for taxes. This 

is consistent with the discounted tax-exempt hypothesis, 

which state that personal or corporate taxes may link the 

two yields and keep them from wandering away from each 

other. 

Error correction models are used to examine whether 

changes in the taxable yield lead changes in the tax-exempt 

yield. When the cointegrated yields are examined in an 

error correction framework, the results are not supportive 

of the Miller hypothesis. The Miller model suggests that 

changes in the tax-exempt yield should lead changes in the 

taxable yield, but that changes in the taxable yield will 

not lead changes in the tax-exempt yield. The error 

correction representation of the Miller model finds the 

opposite is true, that changes in the taxable yield do lead 

changes in the tax-exempt yield. 

The error correction representations are much more 

supportive of the discounted tax-exempt hypothesis. The 

discounted tax-exempt hypothesis suggests that changes in 

the taxable yield will lead changes in the tax-exempt yield, 

but not vice-versa. For one and five year maturities, the 

evidence suggests that the "grossed-up" tax-exempt yield 

changes as predicted by the discounted tax-exempt model. 

However, there is some evidence that the taxable yield is 
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also adjusting, suggesting that changes in each yield 

affects the other. 

For ten and twenty year yields, the evidence is quite 

strong in support of the discounted tax-exempt hypothesis. 

The evidence suggests that changes in the taxable yield lead 

changes in the tax-exempt yield, but there is no evidence 

that the opposite is true. In addition, the results for 

twenty year yields are the same if the taxable yield is 

measured as the Treasury or corporate yield. This suggests 

that the risk premium is not the link between the taxable 

and tax-exempt yields. 

The majority of the evidence presented in this 

dissertation supports the discounted tax-exempt hypothesis 

over the Miller hypothesis. Miller suggested that the 

taxable yield, after being adjusted by the corporate tax 

rate, would change given a prior change in the tax-exempt 

yield. However, in every case, it is found that changes in 

the taxable yield lead changes in the tax-exempt yield, as 

described by the discounted tax-exempt hypothesis. Also, 

the personal tax rate, in addition to the corporate tax 

rate, is found to help explain how taxable and tax-exempt 

yields are related. In a limited number of cases, there is 

some evidence that changes in the tax-exempt yield lead 

changes in the taxable yield, but to a much smaller degree. 

This implies that changes in taxable and tax-exempt yields 

affects the other. Given the above evidence, the discounted 
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tax-exempt hypothesis appears to better describe the 

relationship between taxable and tax-exempt yields than the 

Miller hypothesis. 

Suqcrestions for Further Research 

The results contributed in this dissertation are 

encouraging for further research. One major extension would 

be to examine the change in the relationship between taxable 

and tax-exempt yields immediately before and after a change 

in tax rates. This type of research would lend more evidence 

as to whether the discounted tax-exempt hypothesis explains 

the long-run equilibrium relationship between taxable and 

tax-exempt interest rates. 

In addition, it would be useful to examine the 

relationship between taxable and tax-exempt yields before 

and after 1986 to explore the impact of the 1986 Tax Reform 

Act. The 1986 Act eliminated the interest deductibility 

provision for commercial banks investing in the municipal 

security market. Banks can no longer deduct interest on 

funds used to purchase municipal securities that generate 

tax-free income. As commercial banks have been known to be 

major buyers of short-term municipal securities prior to 

1986, it would be of interest to examine how the Act has 

affected the relationship between taxable and tax-exempt 

interest rates. 
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APPENDIX 

ADDITIONAL ERROR-CORRECTION MODELS 

In addition to the error-correction models previously 

presented in this dissertation, additional models are also 

examined. Specifically, error-correction models are also 

examined for the yield pairs that are cointegrated, but the 

cointegration regression is run in the "reverse" direction. 

For example, under the Miller model, it is hypothesized that 

the tax-exempt yield is the independent variable and the 

taxable yield is the dependent variable. The results from 

these cointegration regressions and corresponding error 

correction models are presented in the main text. 

However, when the cointegration regression is run in 

the "reverse" direction, with the taxable yield as the 

independent variable and the tax-exempt yield as the 

dependent variable, there are two cases (one year and five 

year yields) where the yields are cointegrated. Although 

these regressions do not specify the causal relationship 

between taxable and tax-exempt yields as Miller 

hypothesized, they are examined here for completeness. 

These cointegration regressions thus take the form, 

R^t=a4+A4r'tx+Z4,t/ (A.l) 
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where R̂ t̂ is the tax-exempt yield and r'tx is the taxable 

yield adjusted for taxes. Under the Miller setting, 

M01=a+AT01'+z and M05=a+AT05'+z were each found to be 

cointegrated. If the residuals from equation (A.l) are 

being examined and are positive, this indicates that either 

R̂ t is higher than expected in equilibrium and should fall 

in the next period, or r'tx is lower than expected and 

should rise in the following period. Thus, in the error 

correction models, 

Ar' tx=nii+PiZi,t-i+ELoARat,i-i+EtoAr' tx,h-i+6i,t/ (A. 2A) 

and 

ARat=m2+P2Z2,t-i+ELoARat,i-i+EtoAr'tx,h-i+62,t/ (A.2B) 

Pi should be positive under the Miller hypothesis and pa 

should not be different from zero. 

The results of the error correction representation of 

M01=a+T01'+z are presented in Table A.l. Of concern is the 

significance of the parameter estimates on the error 

correction term, Zt.i. The parameter estimate on the error 

correction term in the top panel is significant at the 1% 

level, but of the opposite sign hypothesized above. This 

suggests that the taxable yield is changing, but in the 
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Table A.1 
Error Correction Model of Cointegration 
Relationship of 1 Year Treasury (TOl) 

and Municipal (MOl) Yields: TOl 
on an After-Tax (Corporate) 

Basis 

z=M01-a-AT01', AT01'=m+pZt_i+Et 

Independent 
Variable 

m 
Zt-l 
LagOlATOl' 
Lag02AT01' 
Lag07AT01' 
Lag08AT01' 
LagllATOl' 
Lag03AM01 

z=M01'-a-AT01, AMO] 

Independent 
Variable 

m 
Zt-l 
LagOlATOl' 
Lag07AT01' 
LaglOATOl' 
LagllATOl' 
Lagl2AT01' 
LagOlAMOl 
Lag02AM01 
Lag04AM01 
LaglOAMOl 

Parameter 
Estimate 

0.003914 
-0.088109 
0.127330 

-0.080094 
-0.127018 
0.113251 
0.112357 

-0.142258 

L'=m+pZt.i+El= 

Parameter 
Estimate 

0.005248 
-0.213780 
0.402347 

-0.148226 
0.149173 
0.117646 

-0.066168 
-0.204625 
-0.073380 
0.083099 

-0.091325 

,oAT01'i.i+ELoAM01,.,+6 

t-ratio 

0.308 
-2.340* 
2.750** 
-1.826 
-2.919** 
2.577* 
2.598** 

-3.482** 

,oAT01i.i+EUAM01'h_i+6 

t-ratio 

0.432 
-5.830** 
6.331** 

-3.555** 
2.613** 
2.605** 
-1.567 
-3.621** 
-1.864 
2.054* 
-1.589 

• indicates that the yield has been adjusted for taxes 

** 1% Student-t critical value = 2.58 
* 5% Student-t critical value = 1.96 
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opposite direction predicted by the Miller model. In 

addition, the estimate in the bottom panel is also 

significant at the 1% level. This indicates that the tax-

exempt yield is also changing, which is not predicted by the 

Miller model. Thus, the results suggest that there is two 

way temporal causation, which is not consistent with the 

Miller model. 

The error correction models for M05=a+AT05'+z are also 

examined. These results are presented in Table A.2 As in 

the previous case, the parameter estimate in the top panel 

is significant, but of the opposite sign that is 

hypothesized. This suggests that the taxable yield is 

changing, but in the opposite direction predicted by the 

Miller hypothesis. The parameter estimate in the bottom 

panel is also significant, indicating that the tax-exempt 

yield is also changing. Again, this suggests that there is 

two-way temporal causation which is inconsistent with the 

Miller hypothesis. 

The evidence in Tables A.l and A.2 does not support the 

Miller hypothesis. Under the Miller model, the parameter 

estimate on the error correction term in the top panel 

should be positive, while the estimate in the bottom panel 

should not be different from zero. However, in both cases, 

the estimate in the top panel is significant and of the 

opposite sign that is hypothesized by the Miller model, 

while the estimate in the bottom panel is significantly 
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Table A.2 
Error Correction Model of Cointegration 
Relationship of 5 Year Treasury (TOS) 

and Municipal (MOS) Yields: TOS 
on an After-Tax (Corporate) 

Basis 

z=M0S-a-AT05 ' , ATOS ' =m+pZt.i+ELoAT05 ' i.^+EtoAMOS^.^+S 

I n d e p e n d e n t P a r a m e t e r 
V a r i a b l e E s t i m a t e t - r a t i o 

m 
Zt-l 
Lag02AT05' 
Lag07AT05' 
LagllATOS' 
LagOlAMOS 
Lag02AM0S 
Lag03AM05 

0.006412 
-0.065756 
-0.140690 
-0.111049 
0.095086 
0.096557 
0.051757 

-0.054566 

0.662 
-2.602** 
-2.469* 
-2.525* 
2.152* 
3.335** 
1.539 

-1.801 

z=M05 ' - a -ATOS, AMOS '=m+pZt.i+EtoAT05i_i+EUAM05 'h.i+6 

Independent Parameter 
Variable Estimate t-ratio 

m 0.007433 0.498 
Zt 1 -0.210635 -4.681** 
LagOlATOS' 0.613397 6.453** 
Lag02AT05' 0.220142 2.335* 
Lag03AT0S' 0.148179 1.499 
Lag07AT05' -0.208953 -3.052** 
Lag08AT05' 0.202772 2.231* 
LagllATOS' 0.174169 2.550* 
LagOlAMOS -0.409632 -6.574** 
Lag02AM05 -0.290611 -4.460** 
Lag03AM05 -0.192166 -2.862** 
Lag08AM05 -0.104132 -1.582 

• indicates that the yield has been adjusted for taxes. 

** 1% Student-t critical value = 2.58 
* 5% Student-t critical value = 1.96 
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different from zero, which also is not consistent with 

Miller. Recall that the residuals used in the error 

correction models came from the "reverse" regressions. 

However, these results are consistent with those found when 

the cointegration regressions run in the manner specified by 

the Miller hypothesis. 

Under the discounted tax-exempt hypothesis, the taxable 

yield is viewed as the independent variable, while the tax-

exempt yield is the dependent variable. Cointegration was 

also found at all maturities when the relationship was 

examined in the opposite direction, such that, 

rtx=a5+A5R',t+Z5,t/ (A. 3) 

where rtx is the taxable yield and R'̂ t is the "grossed-up" 

tax-exempt yield. The error correction models thus take the 

form, 

Artx=m3+p3Z2,t-i+̂ LoARat'i-i+̂ toArtx,h-i+63,t/ (A.4A) 

and 

AR\t=ni4+P4Z2,t-i+̂ LoAR'at,i-i+̂ h=oArtx,h-i+64,f (A.4B) 

If either of the p coefficients are significantly 

different from zero, there is evidence of temporal causation 
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in at least one direction. If both of the p coefficients 

are significant, two-way temporal causality is indicated. 

However, since the taxable yield is not expected to adjust 

under the discounted tax-exempt hypothesis, the estimates of 

P3 in the top panels should not be different from zero. The 

estimates of p4 in the bottom panels should be significant 

and positive since the tax-exempt yield is expected to 

respond to changes in the taxable yield. 

The results of the error correction representation of 

T01=a+AM01'+z are presented in Table A.3. The parameter 

estimate in the lower panel is significant and positive, as 

hypothesized by the discounted tax-exempt hypothesis. 

However, the parameter estimate in the top panel is also 

positive and significant, indicating that the tax-exempt 

yield is also changing. This suggests two-way temporal 

causation, which is not described by the discounted tax-

exempt hypothesis. 

The results of the error correction representation for 

T05=a+AM01'+z, presented in Table A.4, are very similar. 

The estimate in bottom panel is of the hypothesized sign and 

significant at the 1% level. This indicates that the 

taxable yield is changing as predicted by the discounted 

tax-exempt hypothesis. The estimate in the top panel is 

also significant. This indicates that the tax-exempt yield 

is also changing. These results suggest that both yields 

are changing at the same time. Although the taxable yield 
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Table A.3 
Error Correction Model of Cointegration 
Relationship of 1 Year Treasury (TOl) 

and Municipal (MOl) Yields: MOl 
Adjusted by the Corporate 

Tax Rate 

z = T 0 1 - a - A M 0 1 ' , AT01=m+pZt.i+ELoAT01i_i+EtoAM01'h.i+6 

Independent 
Variable 

Parameter 
Estimate t-ratio 

m 
Zt-l 
LagOlATOl 
Lag02AT01 
Lag03AT01 
Lag04AT01 
Lag06AT01 
Lag07AT01 
Lag08AT01 
LagllATOl 
Laq04AM01' 

0.005928 
0.099493 
0.124581 

-0.088121 
-0.127388 
-0.184108 
-0.076762 
-0.141821 
0.093559 
0.148803 
0.176495 

0.256 
2.656** 
2.672** 

-1.997* 
-2.868** 
-3.037** 
-1.765 
-3.227** 
2.116* 
3.402** 
3.173** 

z = T 0 1 - a - A M 0 1 ' , AM01'=m+pZt.i+EtoAT01i_i+EtoAM01'h_i+6 

Independent 
Variable 

Parameter 
Estimate t-ratio 

m 
Zt-l , 

LagOlATOl 
Lag07AT01 
LaglOATOl 
LagllATOl 
Lagl2AT01 
LagOlAMOl' 
Lag02AM01' 
Lag04AM01' 
LaglOAMOl' 

0.006811 
0.206323 
0.413482 
0.149713 
0.142541 
0.132179 
0.068632 
0.196691 
0.088206 
0.085126 
0.087300 

0.298 
5.586** 
6.353** 

-3.502** 
2.440* 
2.872** 
-1.590 
-3.464** 
-2.235* 
2.092* 
-1.517 

• indicates that the yield has been adjusted for taxes. 

** 1% Student-t critical value = 2.58 
* 5% Student-t critical value = 1.96 
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Table A.4 
Error Correction Model of Cointegration 
Relationship of 5 Year Treasury (TOS) 

and Municipal (MOS) Yields: MOS 
Adjusted by the Peek-Wilcox 

Tax Rate 

z=T05-a-AM05 ' , ATOS=m+pZt_i+El=oAT05i_i+EtoAMOS ' ^.i+S 

Independent Parameter 
Variable Estimate t-ratio 

m 
Zt-l 
L02AT0S 
L07AT05 
LllATOS 
LOIAMOS' 
L02AM05' 
L03AM0S' 

0.007836 
0.075763 

-0.169822 
-0.097312 
0.094630 
0.120458 
0.069050 

-0.091089 

0.452 
2.307* 

-2.904** 
-2.228* 
2.154* 
3.260** 
1.590 

-2.417* 

z=T05-a-AM0S ' , AMOS ' =m+pZt.i+EUATOSi.i+ELoAMOS ' h.i+6 

Independent Parameter 
Variable Estimate t-ratio 

m 
Zt-l 

LOIATOS 
L02AT05 
L07AT05 
LllATOS 
LOIAMOS 
L02AM0S 
L03AM0S 

0.006967 
0.239041 
0.470955 
0.176260 
0.146285 
0.126088 
0.373413 
0.222646 
0.108194 

0.336 
5.362** 
6.455** 
2.418* 

-2.802** 
2.402* 

-6.224** 
-3.997** 
-2.394* 

• indicates that the yield has been adjusted for taxes 

** 1% Student-t critical value =2.58 
* 5% Student-t critical value = 1.96 
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changes as outlined in the discounted tax-exempt model, it 

does not explain the change in the tax-exempt yield. 

Tables A. 5 presents the results for ten year yields 

from the cointegration regression TlO=a+AM10'+z. These 

results are more consistent with the discounted tax-exempt 

hypothesis. The estimate in the bottom panel is significant 

and of the hypothesized sign, while the estimate in the top 

panel is not different from zero. This suggests that the 

"grossed-up" tax-exempt yield is adjusting to changes in the 

taxable yield, but not vice versa, as hypothesized by the 

discounted tax-exempt model. 

The results from the error correction representations 

of the cointegration regressions for twenty year yields, 

T20=a+AM20'+z and LCP=a+AM20'+z, are presented in Tables A.6 

and A. 7. As predicted by the discounted tax-exempt 

hypothesis, the parameter estimates in both tables on Zt_i 

are of the hypothesized sign and significant at the 1% 

level. The parameter estimates in the lower panels are not 

different from zero. This indicates that the tax-exempt 

yield is changing and the tax-exempt yield is not changing, 

as suggested by the discounted tax-exempt model. 

Although the residuals used in Tables A.3 through A.7 

come from the "reverse" cointegration regressions, the 

evidence is consistent with that found when the regressions 

are run with the taxable yield as the independent variable 

and the "grossed-up" tax-exempt yield as the dependent 
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Table A.5 
Error Correction Model of Cointegration 
Relationship of 10 Year Treasury (TlO) 

and Municipal (MIO) Yields: MIO 
Adjusted by the Peek-Wilcox 

Tax Rate 

z=TlO-a-AM10' , ATlO=m+pZt_i+Et 

I n d e p e n d e n t 
V a r i a b l e 

m 
Z t - l 
Lag04ATlO 
LagllATlO 
LagOlAMlO' 
Lag03AM10' 

z=T10-a-AMlO' , AMIO 

I n d e p e n d e n t 
V a r i a b l e 

m 
Z t - l 
LagOlATlO 
Lag07ATlO 
LagllATlO 
Lag03AMlO' 
LagOSAMlO' 
Lag09AMlO' 

P a r a m e t e r 
E s t i m a t e 

0 .007706 
0 .008885 
0.081877 
0.127189 
0.076412 

- 0 . 1 2 0 4 8 1 

'=m+pZt_i+Ei, 

P a r a m e t e r 
E s t i m a t e 

0 .008172 
0 .169135 
0.108837 

-0 .118992 
0.140890 

- 0 . 1 2 5 1 3 5 
0 .120895 
0.084897 

oAT10i_i+EtoAMlO'h_i+6 

t - r a t i o 

0 .495 
0.314 
1.829 
2 . 8 7 5 * * 
2 .029* 

- 3 . 1 8 5 * * 

,oAT10i.i+EUAMlO'h.i+6 

t - r a t i o 

0.467 
5 .228** 
2 . 1 6 1 * 

- 2 . 4 0 2 * 
2 .832** 

- 2 . 9 6 9 * * 
2 .862** 
2 .009* 

indicates that the yield has been adjusted for taxes. 

** 1% Student-t critical value =2.58 
* 5% Student-t critical value = 1.96 
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Table A.6 
Error Correction Model of Cointegration 
Relationship of 20 Year Treasury (T20) 

and Municipal (M20) Yields: M20 
Adjusted by the Peek-Wilcox 

Tax Rate 

z=T20-a-AM20' , AT20=m+pZt_i+ELoAT20i.i+EtoAM20'h_i+6 

I n d e p e n d e n t P a r a m e t e r 
V a r i a b l e E s t i m a t e t - r a t i o 

m 
Zt-l 
Lag01AT20 
LagllAT20 
Lag03AM20' 
Lag04AM20' 
Lag09AM20' 

0.007225 
0.018147 
0.130693 
0.146861 

-0.130128 
0.059379 
0.045699 

0.568 
0.786 
2.953** 
3.381** 

-4.280** 
1.913 
1.498 

z=T20-a-AM20' , AM20'=m+pZt_i+EtoAT20i_i+EtoAM20'h.i+6 

Independent Parameter 
Variable Estimate t-ratio 

m 0.006188 0.354 
Zt1 0.138190 4.209** 
Lag01AT20 0.346428 4.073** 
Lag03AT20 -0.208251 -3.413** 
Lag06AT20 0.114916 1.847 
LagllAT20 0.163017 2.703** 
Lag01AM20' -0.247759 -4.217** 
Lag04AM20' 0.128311 2.978** 
Lag05AM20' 0.094476 2.205* 
Lag09AM20' 0.072555 1.684 
LaglOAM20' 0.082731 1.949 

' indicates that the yield has been adjusted for taxes 

** 1% Student-t critical value =2.58 
* 5% Student-t critical value =1.96 
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Table A.7 
Error Correction Model of Cointegration 
Relationship of 20 Year Corporate (LCP) 

and Municipal (M20) Yields: M20 
Adjusted by the Peek-Wilcox 

Tax Rate 

z=LCP-a-AM20 ' , ALCP=m+pZt_i+El=oALCPi_i+EtoAM20 ' h_i+6 

Independent 
Variable 

Parameter 
Estimate t-ratio 

m 
Zt-l 
Lag04ALCP 
LagllALCP 
Lag01AM20' 
Lag03AM20' 
Lag04AM20' 
Lag05AM20' 

0.001462 
-0.057152 
-0.233639 
0.160728 
0.095145 

-0.111424 
0.203455 
0.080481 

0.057 
-0.949 
-2.592** 
2.737** 
1.989 

-2.307* 
2.907** 
1.639 

z=LCP-a-AM20 ' , AM20 '=m+pZt.i+E^=oALCPi_i+EUAM20 'h.i+6 

Independent 
Variable 

Parameter 
Estimate t-ratio 

m 
•t-i 
Lag06ALCP 
Lag09ALCP 
LagllALCP 
Lag03AM20' 
Lag04AM20' 

-0.001276 
0.224455 
0.111683 
0.143478 
0.175003 
-0.148225 
0.099461 

-0.039 
2.950** 
1.459 
1.895 
2.346** 

-2.427** 
1.646 

indicates that the yield has been adjusted for taxes 

* 1% Student-t critical value =2.58 
5% Student-t critical value =1.96 
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variable. There is no support for the Miller hypothesis 

with these reverse regressions. Neither the taxable or tax-

exempt yield behaves as the Miller model predicts. On the 

other hand, in every case, the tax-exempt yield changes as 

described by the discounted tax-exempt yield. In addition, 

when ten and twenty year tax-exempt yields are adjusted by 

the Peek-Wilcox tax rate measure, the taxable yield behaves 

as predicted by the discounted tax-exempt. In only two 

cases (one year tax-exempt yield adjusted by the corporate 

tax rate and five year tax-exempt yield adjusted by the 

Peek-Wilcox tax rate) does the taxable yield also change, 

which is not predicted by the discounted tax-exempt 

hypothesis. 
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