Division of Economics
A.J. Palumbo School of Business Administration

Duquesne University

Pittsburgh, Pennsylvania

CAN FOREIGN INVESTMENT IN U.S. TREASURY BONDS EXPLAIN THE MUNICIPAL BOND PUZZLE?

Patrick Manchester

Submitted to the Economics Faculty

in partial fulfillment of the requirements for the degree of

Bachelors of Science in Business Administration

December 2006

Faculty Advisor Signature Page

Gustav Lundberg, Ph.D.
Date

Professor of Quantitative Sciences
CAN FOREIGN INVESTMENT IN U.S. TREASURY BONDS EXPLAIN THE MUNICIPAL BOND PUZZLE?

Patrick Manchester, BSBA

Duquesne University, 2006

Financial economic theory posits that the yield disparities between various securities are a function of the differing characteristics between the securities themselves and the markets in which investors trade them. In particular, theory indicates that the spread between the yields of Treasury and municipal bond issues is principally a function of the differing tax treatment of these two types of securities, all else equal. Theory thus dictates that the spread between these two yields should be directly proportional to the tax levied on Treasury bond yields, and to which municipal bond yields are exempt. However, analyses of actual bond yield data have indicated that in fact, the ratio of municipal and Treasury bond yields is systematically greater than what would be predicted by theory. This phenomenon, known as the municipal bond puzzle, has been the subject of various research efforts, which have primarily assumed that the puzzle occurs due to fluctuations in municipal bond yields accompanied by relative constancy in Treasury bond yields through time. In this research, I take a different approach to investigating the municipal bond puzzle by analyzing the manner in which foreign purchases of U.S. Treasury bonds affect the yields on these instruments relative to municipal bond yields. I hypothesize that due to the growing U.S. trade deficit, foreign purchases of U.S. Treasury bonds have comprised an increasingly larger share of all Treasury bond purchases, and that these actions by foreign investors, who are not subject to U.S. income taxes, decrease the yields on Treasury bonds, thus causing their relationship with municipal bond yields to deviate from standard theory.


In this analysis, I use a multivariate panel data econometric model to test the effect of foreign purchases of U.S. Treasury bonds on the spread between Treasury and municipal bond yields, while taking into account other factors that are theoretically involved in determining this relationship. I find that, ceteris paribus, foreign purchases of U.S. Treasury bonds have a small magnitude, but highly significant affect on the relationship between the yields of U.S. Treasury and municipal bonds. The results suggest that foreign investment in U.S. Treasury securities plays a role in the ability of municipal governments to finance their debt burdens through the issuance of municipal bonds.
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Introduction

Traditional financial economic theory suggests that the marginal investor in bonds will decide between investments in taxable or tax-exempt bonds on the basis of the tax rate on the yields of taxable bonds, ceteris paribus. As such, we would expect the association between the prices and yields of taxable and tax-exempt bonds to reflect the graphical relationship depicted in Figure 1, where P is the price of the bond, Y is the yield on the bond, Q is the quantity of bonds, and S and D are the supply and demand schedules for bonds, respectively.

Figure 1. Graphical Representation of the Relative Prices and Yields on Taxable and Tax-Exempt Bonds

[image: image1]
The figure illustrates that, all else equal, the tax rate imposed on the yields of taxable bonds results in a decrease in demand for these bonds and an increase in demand for tax-exempt bonds so that the prices of tax-exempt bonds are systematically higher than those of taxable bonds, while the yields on tax-exempt bonds are systematically lower than those on taxable bonds. Moreover, we would expect that the differences between the yields of the two bonds would be a perfect linear function of the prevailing tax rate on the yields of taxable bonds. Thus we conclude the following relationship:
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where Ye is the yield on tax-exempt bonds, Yt is the before-tax yield on taxable bonds, and τ is the prevailing statutory tax rate.


Observation of the actual spread between the yields on taxable and tax-exempt bonds, however, indicates that this relationship does not hold, especially over the longer term. In fact, the implicit marginal tax rate between the yields of U.S. Treasury bonds and municipal bonds is higher than what equation (1) predicts. Scholars refer to this phenomenon as the municipal bond puzzle, which I illustrate in Figures 2 through 4.

Figure 2. Chart of the Relative Yields on General Obligation AAA Municipal Bonds and U.S. Treasury Bonds for Terms to Maturity of 1-30 Years
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Source: Bloomberg Financial (November 2, 2006)
Figure 3. Chart of the Relative Yields on General Obligation AA Municipal Bonds and U.S. Treasury Bonds for Terms to Maturity of 1-30 Years
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Figure 4. Chart of the Relative Yields on General Obligation A Municipal Bonds and U.S. Treasury Bonds for Terms to Maturity of 1-30 Years
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From these figures, we see that as the term to maturity of Treasury and municipal bonds increases, the yields on municipal bonds become closer in value to the yields on Treasury bonds, which results in a situation where the ratio of the tax-exempt to taxable bond is greater than one minus the prevailing statutory tax rate. We can rearrange equation (1) to determine the marginal tax rate implied by the actual relationship between the yields on Treasury and municipal bonds using the following expression.
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Using the data presented in Figures 2 through 4, I calculate the implicit marginal tax rate based on equation (2) in Table 1.

Table 1. Implicit Marginal Tax Rates based on the Actual Relationship between Treasury and Municipal Bond Yields

	Term to Maturity
	AAA Implied Tax
	AA Implied Tax
	A Implied Tax

	1-Year
	30.24%
	27.39%
	24.14%

	2-Year
	25.32%
	22.29%
	18.61%

	3-Year
	24.63%
	21.59%
	17.68%

	4-Year
	23.16%
	20.07%
	15.88%

	5-Year
	23.25%
	20.39%
	15.55%

	7-Year
	22.19%
	19.78%
	14.32%

	10-Year
	18.86%
	16.03%
	11.25%

	15-Year
	16.93%
	14.64%
	10.28%

	20-Year
	14.92%
	11.80%
	7.63%

	25-Year
	13.18%
	8.98%
	6.45%

	30-Year
	12.05%
	7.58%
	5.46%


Source: Bloomberg Financial (November 2, 2006)


Given that the highest-bracket marginal income tax rates were 35% for individuals and corporations at the time that I collected these data, it is clear that even for bonds with shorter terms to maturity, the marginal tax rate implied by the actual relationship between Treasury and municipal bond yields significantly underestimates the statutory tax rates. Moreover, as the term to maturity increases, the actual yield relationship between Treasury and municipal bonds implies marginal tax rates that are a small fraction of the statutory tax rates, especially as their default risk ratings decrease.


In this paper, I will analyze the municipal bond puzzle from a perspective different from prior research, which has primarily emphasized how factors affecting municipal yields create this anomalous relationship. I will assess the manner in which foreign purchases of U.S. Treasury bonds decrease the yields on taxable bonds, and the extent to which these purchases contribute to an explanation of the municipal bond puzzle. I hypothesize that, ceteris paribus, as foreign purchases of U.S. Treasury bonds increase this will result in an increase in the equilibrium price of U.S. Treasury bonds and a decrease in their equilibrium yield, with no net effect on the prices or yields of municipal bonds. Thus, foreign purchases of U.S. Treasury bonds would, ceteris paribus, drive down the yields of these bonds relative to municipal bonds, which would result in a yield relationship that deviates from standard theory.
Literature Review

One vein of the literature investigating the relationship between taxable and tax-exempt bond issues focuses on the implicit marginal tax rate that defines this relationship. Analyzing the topic from the standpoint of corporate leverage, Miller (1977) has suggested that gains that accrue to firms from leveraging activity are a function of the corporate tax, personal income taxes on income from bonds, and personal income taxes from income on common stock. His analysis addresses the conventional wisdom that debt financing is more attractive to firms due to the fact that debt interest payments are deductible from corporate taxation. Miller concludes, however, that this advantage is not as great as it seems because, as the income tax on common stock decreases relative to the income tax on bonds, the before-tax return on bonds must be high enough to induce investors to purchase bonds, all else equal. Moreover, Miller argues along a similar vein that if the personal income tax on bonds is greater than zero, firms only realize a gain from corporate leverage as long as the corporate tax rates exceeds the marginal tax rate on bonds. As such, he concludes that in a world with progressive income taxes and a constant corporate tax rate, firms will issue bonds to the point where the marginal personal income tax rate on these bonds is equal to the corporate tax rate. Thus, the tax rate facing the marginal bond holder will satisfy the condition illustrated in equation (1), where, according to the Miller hypothesis, the tax rate τ is equal to the corporate tax rate.
Expanding on this research, Trzcinka (1982) tests the Miller hypothesis against the institutional demand theory of tax-exempt yield determination, which posits that the equilibrium marginal tax rate in the market for bonds is primarily a function of the demand for tax-exempt bonds. Given that at the time, regulatory policy induced heavy investment in tax-exempt securities by commercial banks, the institutional demand theory suggests that the marginal tax rate on bonds is thus a function of the degree of commercial bank participation in the tax-exempt bond market. In comparing the two theories, Trzcinka employs a model of the following form:
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where λ is a random intercept term that measures the default risk differential between tax-exempt and taxable bonds. In estimating this model, Trzcinka concludes that the Miller hypothesis accurately reflects the marginal tax rate facing bond investors. Moreover, his results suggest that analyses disregarding time-varying risk premiums tend to systematically underestimate the implicit marginal tax rate facing bond investors.


Fortune (1988) contests the view that personal income tax rates are irrelevant to the relationship between tax-exempt and taxable bonds as supported by Miller and Trzcinka. Fortune finds that, in contrast to the Miller hypothesis, the implicit marginal tax rate is not constant, and that with the exception of short-term bonds, the implicit tax rate falls well below the corporate tax rate. Moreover, Fortune concludes that movements in personal income tax rates are significantly positively associated with movements in the implicit marginal tax rate for long-term bonds, that only upper income tax rates matter, and that the passage of legislation affecting personal income tax rates has been associated with changes in the implicit marginal tax rate in the bond market.


In addition to investigation of the implicit tax rate that drives the relationship between taxable and tax-exempt bond yields, the literature also addresses the cause of the municipal bond puzzle. Green (1993) argues that the observed relationship between taxable and tax-exempt bond yields differs from the expected theoretical relationship due to the fact that investors at the margin may not favor tax-exempt bond yields over taxable yields if they maintain offsetting investment interest expense elsewhere in their portfolios. He further notes that, “these implicit benefits will increase with maturity, pulling down the taxable par yield curve at the long end where more of the present value of a bond is due to the coupon stream.”


Expanding on this idea, Liu, Wang, and Wu (2003) contend that Green’s model fails to account for the effects of default risk differentials on the yield spread between taxable and tax-exempt bonds. Liu et al. argue that the higher default risk associated with municipal bonds as compared to U.S. Treasury bonds induces risk-averse investors to increase their demand for Treasury bonds, thus decreasing the size of the yield spread between municipal and Treasury bonds. This is especially true over the longer term given that default risk tends to increase with the term to maturity of bonds. As such, Liu et al. contend that in failing to incorporate default risk, Green’s model tends to systematically estimate a downward biased implicit marginal tax rate. Moreover, the authors contend that the downward bias in the implicit marginal tax rate in Green’s model tends to get worse as the term to maturity of the bonds analyzed increases. The authors conclude that taking the differing default risk levels between Treasury and municipal bonds into account leads their model to estimate implicit marginal tax rates that more accurately describe the anomalous behavior of the taxable and tax-exempt yield spread.


However, the conclusion advanced by Liu et al. is not unanimous across the literature. In contrast, Chalmers (1998) asserts that the difference in default risk between municipal and Treasury bond issues cannot explain the municipal bond puzzle. To come to this conclusion, Chalmers analyzes the relationship between Treasury bond yields and the yields on pre-refunded bonds, which are municipal bonds that U.S. government bonds secure, and thus carry a default risk very similar to U.S. Treasury bonds. Chalmers finds that the yields on these essentially default-free municipal bond issues exhibit the same tendency to be too high relative to Treasury bonds, thus leading him to conclude that the differing default risks of municipal and Treasury bond issues cannot explain the anomalous relationship between the yields on these two types of securities.


Wang, Wu, and Zhang (2005) further expand the literature concerning the cause of the municipal bond puzzle by constructing a model that estimates the yield spread between municipal and Treasury bonds as a function of market liquidity, default risk, and personal income tax rates. The authors suggest that liquidity in the municipal bond market is generally much lower than the liquidity of Treasury bonds because of the infrequency of municipal bond trades relative to the trade volume of Treasuries, the lack of transparency in the municipal market in terms of basic information for trading activity, and the lack of information about the issuers of municipal bonds due to less-stringent regulatory disclosure requirements in the municipal bond market. Wang et al. find that liquidity is an important determinant of municipal bond yields, and that, “the sensitivity of municipal yields to market-wide liquidity increases monotonically with credit risk and maturity.”
 Moreover, the authors find that default risk and personal income taxes significantly affect the yields on municipal bonds. Wang et al. also find that their estimates of the implicit marginal tax rate are very close to the tax rate on the highest income tax bracket.


Finally, in explaining the municipal bond puzzle, Poterba (1986) asserts that the yield spread between municipal and Treasury bonds is due to expected future tax rates. He finds that both corporate and personal tax rates affect the yields on taxable and tax-exempt bonds to the extent that expected changes in tax policy lead to a narrowing of the yield spread between these two types of securities. Poterba suggests that expected future increases in taxation of municipal bond yields results in a decrease in demand for these securities, which causes the yields on these securities to be higher relative to Treasury yields than is posited by theory. Poterba also concludes that default risk is unlikely to explain the municipal bond puzzle in that the implied default probabilities of municipal bonds would have to be unreasonably large in order for risk to adequately explain the anomalous behavior of municipal yields. Finally, Poterba finds support for the segmentation of the municipal bond market in that while institutional investors tend to invest in short-term bond issues, individual investors tend to purchase longer-term bond issues.


Along these lines, the literature also focuses on the segmentation of the municipal bond market. In specific, segmentation theory suggests that the yields on municipal bonds vary across different terms to maturity depending on the primary investors in short-term and long-term municipal bond issues. For example, prior to the passage of the Tax Reform Act (TRA) of 1986, commercial banks were able to deduct interest expenses incurred in the purchase of tax-exempt bonds. As a result, commercial banks made up the majority of investors in short-term municipal bonds, as suggested by Poterba above. However, the passage of TRA eliminated the deductibility of interest payments associated with tax-exempt bond purchases, which has led some researchers to conclude that banks have since played a much smaller role in the determination of municipal bond yields. In comparing several theories of municipal bond yield determination, Hein, Koch, and MacDonald (1995) conclude that reductions in personal income tax rates have led to an increase in the tax-exempt to taxable ratio and that the reforms of the TRA have at least temporarily increased relative municipal yields. The authors assert that this provides support for the market segmentation theory in that it suggests that yields have increased in order to induce individual investors to enter the municipal bond market vacated by commercial banks. Moreover, Hein et al. note that while relative tax-exempt and taxable yields were primarily a function of both commercial bank and individual investment decisions prior to 1986, individual investors have played a much more dominant role in determining relative municipal yields since the passage of the TRA.


Similarly, Marlin (1994) suggests that the passage of the TRA has led commercial banks to exit the market for short-term municipal bonds, while it has induced tax-exempt institutional investors such as money market mutual funds to increase their demand for tax-exempt bonds, thus causing the tax-exempt to taxable yield ratio to decrease. Marlin also asserts that, “separate markets still exist for long- and short-term municipal bonds, and the yields in the two markets are still determined separately.”


Finally, Leonard (1998) tests several hypotheses to expand the market segmentation theory. He concludes that, 1) using more recent data, state tax differentials and bank-qualified status have supported tax-induced segmentation in the market for tax-exempt bonds, 2) the institution of the federal alternative minimum tax has increased the yields on bonds subject to this tax, thus further supporting segmentation of the market for tax-exempts, 3) tax-induced segmentation effects due to the alternative minimum tax, state tax differentials, and bank-qualified status are greater for tax-exempt bonds with shorter terms to maturity, and 4) tax-induced segmentation effects due to state tax differentials and bank-qualified status are smaller for bond issues sold by negotiation.

From this, Leonard derives several conclusions. First, he asserts that the institution of the federal alternative minimum tax and the exclusion of commercial bank interest expenses used in financing municipal bond purchases from tax deductibility, while increasing federal tax revenues, have increased the cost of borrowing for state and local governments. Second, he concludes that state policies that tax yields on out-of-state tax-exempt bond purchases provide an implicit subsidy to in-state municipal borrowers, who are not subject to taxation. Finally, Leonard notes that, “the smaller tax segmentation effects for negotiated issues…are consistent with the view that sales by negotiation allow for more thorough search by underwriters.”

Data


I obtained the data that I use for the taxable and tax-exempt bonds in this analysis from the Bloomberg Financial database. The taxable yield variable I use is the Bloomberg fair market curve Treasury bond yield index for Treasury issues with coupons of less than 6.75%. The tax-exempt yield variable I use is the Bloomberg fair market curve municipal bond yield index that incorporates the yields of a portfolio of general obligation municipal bond issues. I collected index values for both the Treasury and municipal bond yields across seven different terms to maturity of 1, 2, 5, 10, 15, 20, and 30 years. Moreover, I collected the municipal bond index values across seven different credit ratings based on the Bloomberg Composite Rating, which blends the Standard & Poor’s and Moody’s credit rating scales. The credit ratings of the seven different municipal bond indices that I use in this analysis are AAA, AA+, AA-, A+, A-, BBB+, and BBB- in order of highest to lowest credit rating. Using these Treasury and municipal bond yield index values, I calculate the ratio of the two yields for a given term to maturity as the municipal bond yield over the Treasury bond yield. The ratios of the yields of the AAA, AA-, and A- credit rating bonds span the timeframe from the second quarter of 1991 to the second quarter of 2006, while the ratios of the yields of the AA+ and A+ credit rating bonds span the timeframe from the second quarter of 1994 to the second quarter of 2006. Meanwhile, the ratios of the BBB+ and the BBB- ratios span the timeframes from the second quarter of 1992 to the fourth quarter of 2006 and the third quarter of 1996 to the fourth quarter of 2006, respectively.
Model


In estimating a model to determine the factors that affect the relationship between the taxable and tax-exempt yields facing the marginal investor, I incorporate several variables cited in the previously mentioned literature. First, following Miller (1977) and Trzcinka (1982), I include a measure of the marginal corporate income tax rate facing the marginal corporate investor in taxable and tax-exempt bonds. I design the average marginal corporate income tax rate variable included in the model to measure the tax rate facing the marginal corporate investor across all income brackets, with greater weight given to investors in the higher income bracket. I calculate the average marginal corporate income tax rate at time t as follows:
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where Rt represents gross corporate income tax receipts by the federal government at time t and πt represents total corporate profits at time t. The values of this variable remain constant along all cross-sections of the municipal and Treasury bond yields. In order to test the view of Fortune (1988), I incorporated the highest-bracket marginal personal income tax rate, but eliminated it from the model as its value and sign consistently deviated from the widely accepted theory of asset demand.


I also include a variable to test the theory of Wang, Wu, and Zhang (2005) that the comparatively low liquidity of the market for tax-exempt bonds relative to taxable bonds results in a yield differential between the two types of instruments that deviates from the standard theory. In order to test these effects, I use a variable that measures the holdings of tax-exempt bonds by brokers and dealers at a given point in time. I hypothesize that as the quantity of tax-exempt municipal bonds held by brokers and dealers increases this signals a decrease in the overall liquidity of the municipal bond market given that brokers and dealers, among other investors, are less likely to want to hold a large quantity of municipal bonds. I contend that this decrease in liquidity would subsequently lead to a decrease in the demand for tax-exempt bonds relative to taxable bonds, thus leading to an increase in their relative yields. I use a first difference in calculating this variable in order to make the variable stationary.


I also include a variable to measure the effect of default risk on the relative yields between taxable and tax-exempt bonds in order to assess the competing theories of Chalmers (1998), who asserts that the comparatively lower default risk ratings of some tax-exempt municipal bonds cannot explain the anomalous relationship between the yields of taxable and tax-exempt bonds, and Liu, Wang, and Wu (2003), who contend that default risk plays an important role in defining this relationship. In order to test the effects of default risk on the relationship between taxable and tax-exempt bond yields, I calculate a scaled default risk rating based on the Bloomberg composite credit rating according to the schedule defined in Table 2:

Table 2. Schedule of Scaled Bloomberg Composite Credit Ratings

	Value
	Rating
	Value
	Rating

	1
	AAA
	6
	A

	2
	AA+
	7
	A-

	3
	AA
	8
	BBB+

	4
	AA-
	9
	BBB

	5
	A+
	10
	BBB-


Source: Bloomberg Financial

In addition to these variables, I also include a variable in the model that tests the association between the ratio of tax-exempt to taxable bonds and the issues of securities by the U.S. Treasury in order to examine the effect of the supply of U.S. Treasury securities on the relationship between taxable and tax-exempt bond yields. I hypothesize that as the supply of U.S. Treasury bonds increases, this decreases the price of these bond issues while increasing their yields. Consequently, I expect the supply increase in U.S. Treasury securities to be associated with a decrease in the yield ratio. To analyze this issue, I include a variable in the model that incorporates the net issues of marketable U.S. Treasury securities other than non-marketable savings bonds.

Finally, I expand on the literature by incorporating a variable that measures investment by foreign bond-holders in taxable U.S. Treasury bonds. I thus include a variable in the model that measures the growth rate of foreign gross investment in Treasury bonds. I use a growth rate in order to eliminate non-stationarity in the variable.


I estimate the following model: 
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Where:

	Yit
	The ratio of the tax-exempt bond yield to the taxable bond yield of the ith term to maturity at time t

	τit
	The average marginal corporate income tax rate facing the marginal investor in taxable and tax-exempt bonds of the ith term to maturity at time t

	Lit
	The difference in the holdings of tax-exempt bonds by brokers and dealers in billions of dollars from time t-1 to time t

	Fit
	The growth rate of gross foreign purchases of taxable bonds in billions of dollars by foreign investors from time t-1 to time t

	Sit
	The net issues of marketable U.S. Treasury securities other than savings bonds in billions of dollars at time t

	Rit
	The scaled Bloomberg composite credit rating of the ith tax-exempt bond at time t

	Yi,t-1
	The ratio of the tax-exempt bond yield to the taxable bond yield of the ith term to maturity at time t-1



I estimate this model using panel data analysis where the cross-section i represents the seven aforementioned terms to maturity of the taxable and tax-exempt bonds. To correct for a first-order moving average error term in the model, I use a two-stage least squares regression where:
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I also apply cross-section weights to the model in order to correct for potential heteroskedasticity.
Results

The results of a two-stage least-squares regression on the model defined in equation (5) appear in Table 3
.

Table 3. Estimated Econometric Model
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	Coefficient
	Estimate
	Standard Error
	P-value

	α
	0.192415
	0.024126
	0.0000

	β1 (Avg. Marginal Corporate Tax)
	-0.001017
	0.000650
	0.1176

	β2 (Holdings by Brokers & Dealers)
	3.85E-06
	3.77E-07
	0.0000

	β3 (Growth in Foreign Purchases)
	5.76E-08
	5.62E-09
	0.0000

	β4 (Net issues of Treasury securities)
	-2.52E-08
	2.02E-08
	0.2128

	β5 (Scaled Credit Rating)
	0.003405
	0.000548
	0.0000

	β6 (Yield Ratio lagged one period)
	0.765864
	0.029733
	0.0000

	
	
	
	

	R-squared
	0.785723
	F-statistic
	155.3413

	Adjusted R-squared
	0.785197
	P-value (F-statistic)
	0.000000

	S.E. of Regression
	0.056277
	Durbin-Watson stat.
	1.962963


Discussion


The parameter estimates for the control variables I include in the model largely agree with standard economic theory. The estimate for β1, the average marginal corporate income tax rate, suggests that, ceteris paribus, a one-percentage point increase in the average marginal tax rate facing the marginal corporate investor in taxable and tax-exempt bonds is associated with approximately a 0.00102 unit decrease in the ratio of the tax-exempt to the taxable bond yield, and visa versa. From a theoretical perspective this makes intuitive sense in that we would normally expect an increase in the statutory tax rate facing the marginal investor in bonds to result in an increase in the demand for tax-exempt bonds, such as municipal bonds, accompanied by a decrease in the demand for taxable bonds, such as U.S. Treasury bonds, as the tax advantage of investing in municipal bonds becomes more pronounced. The result of these shifts in demand is an increase in the equilibrium price of tax-exempt bonds and a decrease in their equilibrium yields, accompanied by a decrease in the equilibrium price of taxable bonds and an increase in their equilibrium yields. As a result of the changes in the yields, the ratio of the tax-exempt to the taxable bond would decrease, thus resulting in a negative relationship between the yields and the statutory corporate income tax rate, ceteris paribus. 

The model estimation results also suggest that the average marginal corporate tax rate is barely insignificant at the 10 percent level. Although this contradicts the significance that I initially hypothesized this relationship to have, it makes sense given the changes in the municipal bond market brought on by tax regime shifts in recent decades. As asserted by Poterba (1986), and Hein, Koch, and MacDonald (1995) above, the Tax Reform Act of 1986 brought about changes in the types of investors performing transactions in municipal bonds. The relative insignificance of the average marginal corporate tax rate in the model could reflect the changing nature of the municipal bond market in that it suggests that the corporate tax rate is no longer one of the primary determinants of the relationship between taxable and tax-exempt bond yields. As Marlin (1994) implies, the increasing influence of mutual funds and money market mutual funds may contribute to a decrease in the significance of the corporate income tax rate given that these institutions are largely not subject to corporate income taxes in the same manner as other institutions such as commercial banks.

The estimate for β2, the first difference in the holdings of municipal securities by brokers and dealers also makes intuitive sense from a theoretical standpoint. The parameter estimate indicates that, ceteris paribus, a $1 billion increase in the difference of the holdings of municipal bonds from time t-1 to time t is associated with a 
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 unit increase in the ratio of the tax-exempt to taxable bond yield, and visa versa. This makes sense theoretically as we would normally expect an increase in the difference of the holdings of municipal securities by brokers and dealers over a given period of time to suggest that the liquidity of the market for municipal securities is declining, especially given that brokers and dealers, among other members of the investment community, are less likely to hold securities for long periods of time if they are able to sell them to eager investors. Consequently, we would expect the demand for tax-exempt bonds relative to other bonds to decrease, while the demand for comparatively more liquid taxable bonds increases. As a result, we expect the equilibrium price of tax-exempt bonds to decrease and their equilibrium yield to increase, accompanied by an increase in the equilibrium price of taxable bonds and a decrease in their equilibrium yields. Taken together, these two effects would increase the ratio of the tax-exempt to the taxable bond yield. Thus an increase in the holdings of municipal securities by brokers and dealers over a given period of time is associated with an increase in the yield ratio, ceteris paribus. Moreover, I also find this variable to be highly significant at the 1% level although the magnitude of the association between the liquidity variable and the yield ratio is small. This affirms the hypothesis of Wang, Wu, and Zhang (2005) that the difference in the liquidity of the taxable and tax-exempt bond markets contributes to the anomalous relative behavior of taxable and tax-exempt bond yields.

The estimate for β3, the growth rate in foreign gross purchases of U.S. Treasury securities in billions of dollars, indicates that, ceteris paribus, a 1% increase in foreign investment in taxable bonds is associated with a 
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 unit increase in the ratio of the tax-exempt to the taxable bond yield, and visa versa. Again, this estimate makes sense from a theoretical standpoint, in that we would expect an increase in foreign purchases of U.S. Treasury bonds to increase the demand for these bonds, thus causing their equilibrium price to increase and their equilibrium yield to decrease. Meanwhile, this effect would have no influence on municipal bonds given that it is not in the best interest of tax-exempt foreign investors to purchase comparatively similar bonds with lower average yields, especially since foreign investors would be unlikely to understand enough about municipal governments in order to make wise investments in these comparatively isolated securities. As a result of these effects, we would expect the yield ratio to increase along with increases in the growth rate in foreign investment in U.S. Treasury bonds, ceteris paribus. I also find that the growth rate in gross foreign purchases is highly significant in the model at the 1% level. I thus conclude that foreign purchases of U.S. Treasury bonds do indeed contribute to the anomalous relationship between taxable and tax-exempt bond yields.

Next, the estimate for β4, the net issues of U.S. Treasury securities other than non-marketable savings bonds, indicates that, ceteris paribus, a $1 billion increase in issues of Treasury securities is associated with a 
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unit decrease in the ratio of tax-exempt to taxable bond yields, and visa versa. Theoretically, this relationship once again makes sense in that we would expect an increase in the supply of Treasury securities by the U.S. Treasury to result in a decrease in the equilibrium price of U.S. Treasury bonds and an increase in their equilibrium yields. Meanwhile, this effect would have no impact on the supply or demand of municipal bonds, ceteris paribus. Consequently, an increase in the supply of U.S. Treasury securities is associated with a decrease in the yield ratio of tax-exempt to taxable bond yields, ceteris paribus. I find, however, that this effect is insignificant even at the 10% level. The results thus suggest that while issues of Treasury securities by the U.S. government impact the yields and prices of U.S. Treasury bonds, this impact is not deep enough over the period I analyze to result in a significant change in the relationship between the taxable and tax-exempt bond yields.

Finally, I find that the estimate for β5, the scaled credit rating of the ith municipal bond at time t, indicates that, ceteris paribus, a one-category downgrade in credit rating is associated with a 0.00341 unit increase in the ratio of the tax-exempt to the taxable bond yield, and visa versa. Intuitively, this makes sense, as we would normally expect an increase in the default potential of a given municipal bond to cause a decrease in the demand for these bonds accompanied by an increase in demand for comparatively safer U.S. Treasury bonds. As such, we expect the equilibrium price of municipal bonds to decrease while their equilibrium yield increases, and the equilibrium price of U.S. Treasury bonds to increase, while their equilibrium yield decreases. Consequently, I find that a one-category downgrade in a municipal bond issue’s credit rating is associated with an increase in the yield ratio, ceteris paribus. I also find that the default risk variable is highly significant at the 1% level, thus lending credence to the hypothesis of Liu, Wang, and Wu (2003) that default risk is a major determinant of the anomalous relationship between the yields of taxable and tax-exempt bonds.

I also find that the estimate for β6, the yield ratio lagged one period, is highly significant, which is a testament to the moving average error in the model. This term, along with the constant term, however, have little economic meaning in the context of the model, and so are not theoretically decisive in explaining changes in the yield ratio dependent variable.
Conclusion


In this analysis, I used a multivariate panel data econometric model to determine the effect of foreign purchases of U.S. Treasury bonds on the anomalous relationship between tax-exempt and taxable bond yields, known as the municipal bond puzzle. I hypothesized that as the generally higher yields on taxable U.S. Treasury bonds attract a greater quantity of investment in these bonds by tax-exempt foreign investors, this will lead to a decrease in the equilibrium yield on U.S. Treasury bonds relative to tax-exempt municipal bonds, thus causing the relationship between taxable and tax-exempt bond yields to deviate from standard theory. The results above affirm this hypothesis in that they suggest that foreign purchases of U.S. Treasury bonds have a small but highly significant impact on the ratio of the tax-exempt to taxable bond yield, all else equal. This analysis thus suggests another possible explanation for the municipal bond puzzle.


The results also affirm several of the hypotheses advanced by earlier studies of the causes of the municipal bond puzzle. First, it adds further evidence to the hypothesis of Wang, Wu, and Zhang (2005) that liquidity plays a significant role in the determination of the relative yields on taxable and tax-exempt bonds. It also provides evidence in favor of the hypothesis of Liu, Wang, and Wu (2003) that default risk plays a role in the relative yields of taxable and tax-exempt bonds. Finally, the effect of the average marginal corporate income tax rate relative to the yield ratio that I include in the model lends credence to the ideas of Poterba (1986) and Hein, Koch, and MacDonald (1995), who suggest that the role of the corporate income tax rate on the relationship between taxable and tax-exempt bond yields has slightly diminished in light of the tax regime shift brought about by the Tax Reform Act of 1986. Moreover, the relative insignificance of the average marginal corporate income tax rate in the model provides some evidence in favor of the contention of Marlin (1994) that tax-exempt institutional investors such as mutual funds and money market mutual funds are playing an increasingly larger role in the determination of the relative yields of taxable and tax-exempt bond issues.


The analysis also has several implications for the future of local public finance through the issues of municipal bonds. First, it suggests that as foreign investors continue to purchase U.S. Treasury securities, this is likely to further drive down the yields on these securities so that they are more directly comparable to the average yields on municipal bond issues, ceteris paribus. Consequently, foreign purchases of U.S. Treasury bonds are likely to make municipal bond issues relatively more attractive to the marginal domestic investor in taxable and tax-exempt bonds in that they will erode the yield premium on U.S. Treasury bonds that compensates for the fact that the yields on these bonds are subject to income taxation. Thus, the actions of foreign investors are incidentally making it easier for municipal governments to finance their activities through issues of municipal bonds as these bonds become relatively more attractive investments for domestic investors. This also indicates, however, that the actions of foreign investors are likely to reduce domestic investment in U.S. Treasury bonds as foreign purchases of these bonds make them relatively less attractive to the marginal domestic investor. In this sense, this analysis suggests that as long as current trends continue, foreign investors are likely to make up a continually larger share of the holders of federal bond issues, while domestic investors are likely to make up a continually larger share of the holders of municipal bond issues. In short, this analysis affirms the importance of foreign investment in U.S. securities and the significant role that this is likely to play in the financing of the federal, as well as state and local governments. It thus suggests that a major future sell-off of U.S. Treasury bonds by foreign investors will have significant ramifications on all levels of public finance in the United States.


This analysis also suggests several avenues for future research in examining the relationship between taxable and tax-exempt bond yields. First, due to limitations in the software that I used to perform this analysis, I was unable to use more advanced statistical techniques in examining the model in equation (5). Future research efforts could use a similar data set to the one I used in this analysis to examine the relationship between taxable and tax-exempt bond yields using a three-dimensional econometric model. By incorporating cross sections that measure both the term to maturity and credit rating of a given bond issue through time, a three-dimensional econometric model would increase the statistical robustness of the results of this study, and provide a more sophisticated analysis of the factors that affect the yield ratio of tax-exempt to taxable bond issues. 


Another possible avenue of future research on this topic is to investigate the manner in which fluctuations in foreign economic activity affect the relationship between taxable and tax-exempt bond yields. We would normally expect that movements in the business cycles of economies outside of the United States would affect the volume of purchases of U.S. Treasury bonds by foreign investors, in that it would potentially limit their purchasing power due to exchange rate fluctuations or adverse bond prices and yields in their home markets. In investigating these and other issues impacting the landscape of economies outside the United States, future research could draw attention not only to the factors that influence investment in the United States by foreign entities, but also determine the magnitude and significance of these influences on the ability of local governments to finance their debt burdens through municipal bond issues.
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Appendix (EViews Output)
	Dependent Variable: RATIO
	
	

	Method: Panel Two-Stage EGLS (Cross-section weights)

	Date: 11/29/06   Time: 15:51
	
	

	Sample (adjusted): 1992Q2 2006Q2
	

	Cross-sections included: 49
	
	

	Total panel (unbalanced) observations: 2451
	

	Linear estimation after one-step weighting matrix

	Instrument list: C AMCORPR DLBD GFGROSS RISK AMCORPR(-1)

	        DLBD(-1) GFGROSS(-1) AMCORPR(-2) DLBD(-2) GFGROSS(

	        -2) AMCORPR(-3) DLBD(-3) GFGROSS(-3) OTREAS OTREAS(

	        -1) OTREAS(-2) OTREAS(-3)
	

	
	
	
	
	

	
	
	
	
	

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	
	
	
	
	

	
	
	
	
	

	C
	0.192415
	0.024126
	7.975439
	0.0000

	AMCORPR
	-0.001017
	0.000650
	-1.565648
	0.1176

	DLBD
	3.85E-06
	3.77E-07
	10.21586
	0.0000

	GFGROSS
	5.76E-08
	5.62E-09
	10.25103
	0.0000

	OTREAS
	-2.52E-08
	2.02E-08
	-1.246207
	0.2128

	RISK
	0.003405
	0.000548
	6.218208
	0.0000

	RATIO(-1)
	0.765864
	0.029733
	25.75774
	0.0000

	
	
	
	
	

	
	
	
	
	

	
	Weighted Statistics
	
	

	
	
	
	
	

	
	
	
	
	

	R-squared
	0.785723
	    Mean dependent var
	1.001562

	Adjusted R-squared
	0.785197
	    S.D. dependent var
	0.310906

	S.E. of regression
	0.056277
	    Sum squared resid
	7.740478

	F-statistic
	155.3413
	    Durbin-Watson stat
	1.962963

	Prob(F-statistic)
	0.000000
	    Second-stage SSR
	26.15078

	Instrument rank
	18.00000
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	Unweighted Statistics
	
	

	
	
	
	
	

	
	
	
	
	

	R-squared
	0.780838
	    Mean dependent var
	0.864181

	Sum squared resid
	7.916932
	    Durbin-Watson stat
	1.891608

	
	
	
	
	

	
	
	
	
	


NOTE: The inverse relationship between the prices and yields of bonds results in values that increase upward on the left vertical axis of each of the graphs, and increase downward on the right vertical axis of each of the graphs.
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� Green (1993), p. 236


� Wang, Wu, and Zhang (2005), p. 35


� Marlin (1994), p. 390


� Leonard (1998), p. 46


� All of the model statistics I include in Table 3 are calculated according to the cross-section weights I apply to the model to correct for potential heteroskedasiticity.
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