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Abstract 
 

My research examines the relationship between state liabilities, with a focus 
specifically on unfunded pension liabilities, and state borrowing costs.  This study is 
also important for examining the market discipline hypothesis, which states that 
sovereign bonds’ default risk premium can be used to discipline irresponsible 
sovereign borrowers.  My study provides some hope that financial markets are 
providing discipline to states that incur unfunded pension liabilities.  Investors 
consistently price in these unfunded liabilities in risk spreads, and in my regressions, 
pricing in unfunded pension liabilities even appears to be more consistent than pricing 
in debt.  The results in this study suggest that, at least during non-crisis times, 
investors are treating unfunded liabilities as they would any other state debt.   
However, my qualitative research of both unfunded pension liabilities and deficits 
suggest that there are reasons for caution as well.  My analysis finds that only at a 
time when both these fiscal issues become dire do state governments feel the need to 
respond to these liability issues.  The nonlinearity of the credit supply curve may not 
provide enough incentive to curb these borrowers in the pre-crisis phase and may 
provide a disciplining effect only during a crisis.  If high unfunded pension liability or 
deficit states are forced to deal with their problems during a crisis, this may lead to 
massive pension benefit and expenditure cuts that could severely hurt the citizens in 
these states.  
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Chapter 1. Introduction 

Whether the market can provide effective controls for profligate sovereign 

borrowing has been an area of much debate.  Curbing excessive borrowing becomes 

especially important for sovereign borrowers because, unlike an individual bankruptcy 

that is usually caused by a negative net worth and has laid out legal procedures, a 

sovereign default and its procedures are not as clearly identifiable or straightforward.  A 

sovereign borrower may, in fact, be unable to pay its debt or it may have the ability to 

repay but simply decide not to pay.  Legal enforcement is difficult because most of a 

sovereign country’s assets are within the country itself and cannot be relied on in the 

event of default procedures. (Panizza et al., 2009, p. 653) 

The market discipline hypothesis is an oft-cited mechanism of preventing 

potential sovereign debt repudiation.  The hypothesis states that sovereign borrowers face 

a nonlinear supply curve that curbs wasteful sovereign borrowing.  As sovereign 

governments increase their levels of debt, the cost of borrowing increases at an increasing 

rate.  As explained by Eaton and Gersovitz (1981), sovereign borrowers face this 

nonlinear supply curve due to credit rationing on the part of lenders.1  According to the 

market discipline hypothesis, the market itself can discipline sovereign borrowers and 

prevent sovereign defaults. 

However, just by looking at recent history, the market discipline hypothesis does 

not appear to hold true.  One of the more striking examples of a lack of market discipline 

is the current sovereign debt crisis.  As seen in Figure 1.1, after years of stability, markets  

 

 
                                                 
1 This is discussed in greater detail in Section 3.2. 
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makers fail to undergo the necessary policy measures to combat these fiscal problems.  

California, the state with one of the largest total and structural deficits, addressed one-

third of its almost $20 billion shortfall in fiscal 2011 with one-time or temporary fixes. 

(Murray, 2011)  

These growing fiscal concerns raise the question of whether markets can 

effectively discipline US state governments.  Besides structural and cyclical deficits, 

unfunded pension liabilities are crucial for the analysis of states’ risk of default.  Due to 

the 2008 crisis, these unfunded liabilities have dramatically increased.  Furthermore, 

these are off-balance sheet liabilities and, as discussed in Chapter 2, they are difficult to 

calculate and most likely underestimated by states.  Economists’ evaluations of the total 

magnitude of these liabilities range from $1.4 to $3.0 trillion.  In many states, the 

unfunded pension liability exceeds the state’s bonded debt.  The magnitude of states’ 

total liabilities raises concern for a potential crisis on the state level.   

Although many studies have analyzed the effect of state debt on borrowing costs, 

few have included unfunded pension liabilities in the analysis.  The inclusion of this new 

important variable as well as the opportunity to analyze the effects of the financial crisis 

on borrowing costs allows my study to add to previous literature.  The central issue 

examined is whether investors factor unfunded pension liabilities into state bonds’ default 

risk premiums, and, if they do, whether investors factor in these liabilities and bonded 

debt equally.  I find that the ratio of unfunded pension liabilities to Gross State Product 

(GSP) does have a significant effect on state bond yield spreads of 11.2 basis points with 

an increase of one within standard deviation of the mean.  I also find that an increase of 

one within standard deviation of debt to GSP is found to leads to an increase of only 4.2 
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basis points in yield spreads.  This estimate, however, may be biased downwards as a 

result of simultaneity problems.  In spite of these problems, the null hypothesis that these 

two estimates are equal cannot be rejected.  A subsequent question in my study is 

whether the financial crisis caused a structural break in the effect of the parameters on 

yield spreads.  I find suggestive evidence that although there does not appear to be a 

structural break across all parameters, the effect of unfunded pension liabilities on 

spreads appears to have decreased during the crisis.  Lastly, my study analyzes whether 

markets can effectively discipline over-indebted state borrowers through a nonlinear 

supply curve.  My study fails to find evidence of a nonlinear supply curve.  Furthermore, 

through a qualitative analysis of both unfunded pension liabilities and state deficits before 

and during the financial crisis, my findings suggest that the market only disciplines 

profligate borrowers during periods of crisis. 

The paper is divided into seven chapters.  Chapter 2 explains the debate 

concerning the size of the unfunded pension liabilities with a specific focus on the 

discount rate issue.  Chapter 3 provides a theoretical framework for understanding 

interest rates and credit rationing and describes previous empirical studies that analyze 

the credit supply curve.  Chapter 4 outlines the study’s empirical strategy and important 

specification issues.  Chapter 5 summarizes the data, and Chapter 6 discusses the results.  

Chapter 7 then concludes and suggests policy implications. 

Chapter 2. Unfunded Pension Liabilities: How Big are They and is This a Problem? 

Within the past three years, a significant amount of research has been dedicated to 

calculating the magnitude of unfunded pension liabilities at the state level as well as 

analyzing the potential impact that these liabilities will have in the future.  Although 
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these articles do not provide the theoretical or empirical analysis for how unfunded 

pension liabilities affect yield spreads, they are crucial for understanding the nature of 

these liabilities and the fiscal significance of analyzing the effect that these liabilities 

have on state operations. 

2.1 Calculating Public Pension Liabilities 

State public pensions, unlike pay-as-you-go systems such as Social Security, work 

on a funded system, in which current assets should equal discounted future liabilities.  In 

other words, the contributions that active workers make today are invested and then used 

to pay for the future benefits of these active workers.  The unfunded liability, therefore, is 

the discounted future liability minus current assets.2   

The controversial part of the calculation is calculating the discounted future 

liabilities, specifically regarding the correct discount rate.  Like any future liability, 

pension liabilities must be discounted to their present value using a chosen discount rate.  

The Government Accounting Standards Board (GASP) ruling 25 mandates that states use 

their expected rate of return as the discount rate, which, depending on the state, is 

between 7.0% and 8.5%. According to the Pew Center for the States, the calculation as of 

2009 for total unfunded pension liabilities across states using states’ various discount 

rates is $660 billion.  

Most economists believe that states do not use a low enough interest rate.  Many 

argue that the liabilities of the public pension system need to be discounted using a 

discount rate that accounts for the risk associated with those liabilities.  Brown and 

Wilcox (2009) explain that since the pension obligations are protected in most state 

                                                 
2 Many states use asset-smoothing techniques, in which they average out the pension fund assets over five 
or ten years.  Using this asset calculation, the unfunded liability is the discounted future liabilities minus the 
smoothed assets. 
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constitutions, these obligations are  “enforceable contractual relationships,” and therefore, 

they advocate the Treasury rate as the discount rate.  In addition, they suggest the use of 

interest-rate swap contracts or a combination of swap contracts and Treasury rates, since 

interest-rate swap contracts have little credit risk.  Novy-Marx and Rauh (2010) maintain 

that the risk of pension liabilities is at least as low as the risk of state General Obligation 

(GO) bonds. Brown and Wilcox (2009) agree.  In fact, they argue that the risk may 

actually be zero, due to the constitutional, statutory, and common laws that guarantee 

these cash flows.  Novy-Marx and Rauh (2010) re-calculate the pension liability numbers 

given in each state’s Comprehensive Annual Financial Report by first using the “taxable 

muni-rate,” the yields of zero-coupon state GO bonds of comparable maturity adjusted 

for the fact that pensions are not tax-exempt, and second using the riskless rate, 

specifically Treasury yields.  Using the former method of calculation, unfunded pension 

liabilities total $1.4 trillion and using the latter method $2.6 trillion. Biggs (2010) 

calculates the total unfunded liabilities as well by pricing a put-option for how much 

taxpayers are willing to pay now to prevent a potentially larger future payment.  Using 

this model, the total unfunded pension liabilities are $3.0 trillion. 

Although Brown and Wilcox (2009), Novy-Marx and Rauh (2010), and Biggs 

(2010) strongly argue for a lower discount rate, Lav and McNichol (2011), from a non-

economic public policy perspective, do not believe that these discount rates need to be 

changed.  Arguing in favor of GASP standards, they claim that that the discount rate of 

around 8% is a correct assumption since 8% is the long-run trend for pension funds’ 

returns, and the volatility seen in the recent years does not affect the long-run consistency 

of these returns.  However, Biggs (2010), to counter this type of argument, uses a Monte 
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Carlo simulation of asset returns based on state assumptions, and, due to the fact that an 

8% return necessitates riskier investments, he finds that over the next 65 years there is a 

40% probability that current assets will cover accrued benefits. 

2.2 The Future of Public Pension Liabilities 

 Although there is a range of opinions regarding the gravity of the state pension 

system’s unfunded liabilities, the economists in the debate generally acknowledge some 

level of unsustainability of the system.  Rauh (2009) uses various investment return 

assumptions, specifically 6%, 8%, and 10%, and finds that the assets would be depleted 

by 2021, 2025, and 2030, respectively.  Using the customary 8% expected return, he 

finds that in order to not exhaust the existing assets, states would need to contribute $100 

million annually to cover the existing unfunded liabilities in addition to the necessary 

contributions for new liabilities.  Novy-Marx and Rauh (2011a) look at various possible 

policy changes, such as increases in the retirement age, reduction or elimination of cost of 

living adjustments, and buyout rates of early retirement.  They find that even the most 

extreme adjustments, many of which are politically unfeasible, do not dramatically 

decrease the unfunded liabilities.  

Munnell, Aubry, and Quinby (2010) have a more sanguine view of the situation 

than Rauh (2009) and Novy-Marx and Rauh (2011a), although they point to the dramatic 

difference between states.  On average, states and municipalities spend 3.8% of their 

budget on public pension contributions, which, if liabilities amortized over a 30-year 

period, will need to increase to only 5.0% using an 8% discount rate and to 9.1% using a 

5% discount rate.  However, for three states that consistently do not pay their full Annual 

Required Contribution (ARC) and have low funded ratios, Munnell, Aubry, and Quinby 
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(2010) find that the budget percent would need to rise to 8% and 12.5%, using an 8% and 

5% discount rate, respectively.  Their analysis implies that the unfunded public pension 

problem may just be specific to certain states.  On the policy side of the debate, Iris J. 

Lav and Elizabeth McNichol (2011), as mentioned above, argue that the discount rates 

used in these studies are too low, which exaggerates the funding issue.   

These authors provide a spectrum of arguments in the debate over whether we 

should be concerned about the unfunded state pension liabilities.  A contentious point that 

runs throughout these articles is, once again, the appropriate discount rate, which is 

central to the determination as to whether these liabilities are a fiscal problem.  To add to 

the existing literature, my study will utilize a different method of testing the significance 

of these unfunded pension liabilities.  Instead of looking directly at the magnitude of the 

liabilities, I analyze how bond yields are affected by these liabilities to see whether these 

liabilities are increasing state borrowing costs.  This study uses the unfunded pension 

liabilities numbers given by the states with the understanding that these numbers are most 

likely an underestimation of their true value. 

Chapter 3. The Credit Supply Curve: Theoretical Framework and Empirical Studies 

This chapter provides the theoretical framework underlying my empirical analysis of 

the state credit supply curve and summarizes previous studies in this area.   This section 

first explains the general nature of the credit supply curve for states and how default risk 

is factored into bond yields.  This theoretical framework is largely based on Goldstein 

and Woglom (1991).  The second section discusses credit rationing and its implications 

for credit supply, with a specific focus on the sovereign credit supply curve.  The third 
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section gives a brief literature review of previous studies that examine the credit supply 

curve with a focus on the studies that analyze unfunded pension liabilities.  

3.1 The Credit Supply Curve and Bond Yields: Theoretical Framework 

The credit supply curve is the supply of funds that investors lend to state 

governments.  State borrowing is generally assumed to be a small part of the entire credit 

market, and so states act as price takers, which means that they take the expected, risk-

adjusted yield to maturity as given.  Nevertheless, there is great variation between states’ 

promised yields to maturity.  States are not price-takers regarding the promised yield 

because any increase in debt levels increases the state’s probability of default, and so 

there is a spread of the promised yield over the expected, risk-adjusted yield. 

The yield to maturity of a bond is the borrowing cost for the bond issuer.  For the 

case of a bond with default risk, the yield to maturity is called the promised yield because 

of the possibility that the return is not realized.  Excluding other complication (to be 

discussed below), the promised yield of a bond with default risk for a given maturity can 

be decomposed into the expected yield to maturity and the compensation for the 

probability and consequences of default.  In this simple form, the expected yield is equal 

to the expected yield of a riskless bond.3  The expected yield of the riskless bond, since 

there is no risk, equals the riskless yield to maturity.  Therefore, a simply relationship 

between the yield of a riskless bond and the promised yield of a bond with default risk 

can be written as:  

1 1 1  

                                                 
3 In reality, the expected yield of a bond with risk does not equal the expected yield of a riskless bond 
because investors need to be compensated for the fact that they are taking on risk.  This would make the 
expected yield higher than the expected yield of a riskless bond.   Preferential tax treatment also makes 
these two expected yields different. 
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where  is the riskless yield to maturity,  is the compensation for the probability of 

default (the default spread), and  is the probability of default. This equation shows that 

the difference between the promised yield to maturity, which is , and the riskless 

yield to maturity, , depends entirely on the probability of default.  Rewriting the above 

equation, the default spread is defined as: 

1
	 1 	 

In the above equations, it is assumed that the bondholder will either get full repayment or 

no repayment.  This is usually not the case since the consequences of default can differ 

greatly, but the basic analysis remains the same. 

Another complication to the above equations is that investors need to be 

compensated for taking on more risk.  While the default spread in the above equations 

only compensates for the expected loss of a bond, the default spread, in reality, also 

compensates for the increased riskiness of the investor’s overall portfolio due to the 

possibility of the bond’s default.  This compensation is necessary due to the investor’s 

risk aversion.  If given the choice between two assets that have the same expected return 

but different levels of default risk, investors prefer the less risky asset.  In my study, all 

these components of the bond yield spread – compensations for the probability of default, 

for the consequences of default, and for increased risk – are combined together to form 

the default spread.  I focus in this study on debt, and liabilities more generally, as 

important determinants of the default spread.   

The last complication to the above two equations is the preferential tax treatment 

of in-state bonds.  In many states, there is no state tax for in-state bonds but there is an 

income tax for out-of-state bonds.  This preferential treatment lowers the yield to 
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maturity for state bonds, and for most years, allows for AAA state bond yields to be 

below Treasury yields.  Tax issues are not directly addressed in my study, but the effect 

of different taxes is relatively small.  Furthermore, as explained in Section 4.2, my 

regression strategy in large part accounts for tax differences. 

3.2 Credit Rationing and Nonlinearity 

Credit rationing is an important theory underlying the relationship between 

liabilities and interest rates.  Credit rationing is when lenders limit the supply of credit 

even if the borrower is willing to pay a higher interest rate.  Both Stiglitz and Weiss 

(1981) and Eaton and Gersovitz (1981) are seminal works that model the credit supply 

curve.  Stiglitz and Weiss examine the effect of higher interest rates on a lender’s 

expected return.  Due to the adverse selection effect (a higher interest rate attracts riskier 

borrowers) and the incentive effect (the incentive of borrowers to invest in riskier 

projects with higher expected returns), Stiglitz and Weiss conclude that the lender’s 

expected return does not increase as fast as the interest rate and that after a certain interest 

rate the lender’s expected return starts to decrease.  Eaton and Gersovitz look specifically 

at sovereign countries that have the possibility of repudiating their debt, but are prevented 

by the likelihood of future exclusion from markets.  Over a certain debt level, lender 

countries refuse to lend any more to a borrowing country because beyond that debt level, 

the benefit from repudiating the debt outweighs the cost of exclusion from future markets 

for the borrower countries.   

Both of these studies show that the credit supply curve can be backward bending 

when current borrowing affects the likelihood of default.  At a certain promised interest 

rate, investors would refuse to lend anymore to the borrower, no matter how high the 
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interest rate, and instead, investors would require a lower debt level to offset the riskiness 

of such a high interest rate.  Up to that point of credit rationing, as Bayoumi et. al (1995) 

explain, interest rates rise with increasing debt levels at an increasing rate, causing the 

credit supply curve to be nonlinear.  

The market discipline hypothesis is related to the theory of credit rationing.  As 

mentioned above, this hypothesis states that due to the nonlinear supply curve, credit 

markets will naturally discipline profligate borrowers.  Borrowers will be incentivized to 

not undergo wasteful borrowing and markets, at a certain point, will no longer lend to 

spendthrift borrowers.  Both credit rationing and the market discipline hypothesis are 

analyzed in my study.  However, as mentioned before as well, the market discipline 

hypothesis is called into question due to the market’s recent inability to discipline 

sovereign borrowers.  A nonlinear supply curve that becomes increasingly steep with 

higher debt levels may be able to discipline borrowers, but if the market abruptly 

withdraws credit, the market may not be able to discipline state borrowers very 

effectively. 

3.3 Effect of Fiscal Characteristics on State Bond Yields: Empirical Studies 

 Drawing from the theoretical studies of Stiglitz and Weiss (1981) and Eaton and 

Gersovitz (1981), many empirical studies analyze the fiscal determinants of state bond 

yields.  To assess the role of fiscal discipline in the newly formed European Union, a 

group of studies in the 1990’s and early 2000’s analyze fiscal discipline in US states as a 

comparative case.  These studies (Goldstein and Woglom 1991; Eichengreen and 

Bayoumi 1994; Bayoumi et. al. 1995; Poterba and Reuben 1999; Poterba and Reuben 

2001; Lowry and Alt 2001) examine the effect of deficits, debt levels, fiscal institutions, 
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and other state characteristics on the yield of state GO bonds.  All these studies find that 

debt levels and fiscal institutions, such as debt restriction laws, deficit restriction laws, 

and other fiscal constraints, have the expected effect on bond yields, although there has 

not been support for a strong deficit effect on bond yields.   

A couple studies in the past few years have looked at the effect of unfunded 

pension liabilities on state bond yields, although this literature is relatively small.  Novy-

Marx and Rauh (2011b) perform a case study that looks specifically at the last quarter of 

2008 when the asset value of pension funds dropped dramatically, severely increasing the 

unfunded ratios. They find that for every 10% loss in pension fund assets there was a 7 

basis point increase in bond yields for AA rated states and a 15 basis point increase for 

states rated AA- or below.  In a panel study, Munnell et. al. (2011) analyze the effect of 

various state managerial, financial, economic, and debt-related characteristics on bond 

yields between 2005 and 2009.  They include in this analysis is the percent of the ARC 

payment paid by the state, and find that the percent paid has a significant downward 

effect on bond yields.  However, the effect is small, with a one standard deviation 

increase in ARC payment corresponding a 3 basis point decrease in bond yields. 

 My study builds off this small body of research.  Instead of an event study as in 

Novy-Marx and Rauh (2011b), my study uses panel data.  My study also spans a longer 

time frame than Munnell et. al., extending back to 1997.  In contrast to Munnell et. al. as 

well, this study tests the effect of the unfunded pension liabilities itself rather than ARC 

payment.  Also, as described in Chapter 5, my study uses state bond yield indexes rather 

than the bond issuances themselves in order to have a more comparable yield data set.  
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Chapter 4. Empirical Strategy 

 We turn now to the empirical model of this study. This chapter delineates first the 

basic empirical strategy underlying my study and then explains the specification issues of 

the model, specifically endogeneity and nonlinearity. 

4.1 The Basic Empirical Model 

The aim of this study is to estimate the credit supply curve with a particular focus 

on the effect that unfunded pension liabilities have on credit supply. The following is the 

basic regression for this study: 

	 	 ∗ 	 	 ∗ 	 	 ∗ 	 	 ∗ 		 	 		

The dependent variable, , is the spread of the state bond yield over the Treasury yield, 

the assumed risk-less rate, for a given state and year.  This spread will capture the default 

spread since, as explained in Chapter 3, excluding the issue of taxes, any spread over the 

risk-free rate is due to default risk.  The variable  is the measurement of 

individual states’ unfunded pension liabilities divided by GSP.  As state liabilities, these 

unfunded pension liabilities increase a state’s probability of default and therefore, should 

increase the state’s default spread.   is state debt divided by GSP and clearly 

affects the default spread, although the complications of this relationship are discussed 

below in Section 4.2.   is the unemployment rate and controls for business cycle 

variation in the supply curve.  The last variable, , is a dummy variable for fiscal 

institutions that affect states’ default risk as well, such as limitations to states’ debt or 

deficits. 
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4.2 Specification Issues 

 A major specification issue in the above regression is the endogeneity between the 

debt variable and the yield.  This endogeneity occurs because it is difficult to separate the 

supply of credit from the demand for credit.  The demand for credit, that is, state’s 

demand for funds, has the opposite relationship between debt levels and yields from the 

supply of credit.  States will demand more credit if there is a lower yield while investors 

will supply more credit with a higher yield.  Therefore, the above regression will be 

endogenous so that the debt variable in the equation is correlated with the error term. 

Most regressions in this study use state fixed-effects to partially account for this 

simultaneity.  State fixed-effects control for state-specific characteristics that are hard to 

capture quantitatively.  These state-specific characteristics can lead to shifts in the supply 

curve instead of movements along the supply curve.  To estimate the supply curve, the 

regressions in this study must try to capture the variation due to the movements along the 

supply curve and shifts in the demand curve.  Any variation due to shifts in the supply 

curve would estimate the demand for credit instead of the supply of credit.  

Not controlling for state characteristics leads to a downward bias in the debt 

variable estimates.   If a state characteristic causes investors to be more willing to supply 

credit at a lower yield, the lower yield will incentivize the state to increase their debt 

levels.  For example, the state of Delaware, due to its small size, does not have very 

developed municipal governments, which means that the state has a much larger taxing 

power, given its population and income, than the typical state.  This state characteristic 

allows Delaware to have a higher debt to GSP ratio than the average state for any given 

yield, and therefore, this characteristic leads to a rightward shift in Delaware’s supply 
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curve.4  It is important to note as well that fixed effects also capture different tax-

treatments between states.  As long as states maintain the same tax-treatment, fixed 

effects effectively account for the tax-treatment complication described in Section 3.1.  

Although fixed-effects solve to some degree the issue of an endogenous debt 

variable, fixed effects do not completely resolve the problem of bias.  Fixed-effects 

account for shifts in the supply curve between states, but not the shifts that happen over 

time.  In other words, fixed effects do not ameliorate the problem of time-series 

simultaneity.  For example, political factors that vary over time, such as the state of 

California’s fiscal gridlock during the past few years, may cause supply curve shifts that 

are not captured by state dummy variables.   

To address time-series endogeneity, this study uses instrumental variables.  These 

instruments must affect the demand for state borrowing but not the supply, which is 

extremely difficult since most variables affect both the supply and the demand for credit.  

The instrumental variables used in this study are the residuals of the linear trend of each 

state’s general fund revenues, general fund expenditures, total expenditures, and general 

fund deficits.  The logic behind these instruments is that these temporary deviations from 

these linear trends will lead to shifts in the demand curve.  Unfortunately, as explained in 

Section 6.2, there is not enough correlation between these variables and the debt variable 

to make them valid instruments. 

The last specification issue is nonlinearity.  As explained in Section 3.2, the credit 

supply curve is nonlinear due to the rationing of credit.  To account for nonlinearity my 

study uses squared terms for both the debt and unfunded pension liability variables. 

 
                                                 
4 Example taken from Goldstein and Woglom (1991). 



 17

4.3 Specifications in Previous Studies 

 Most of the studies mentioned in Section 3.3 that estimate the credit supply curve 

have had to grapple with the endogenous debt variable.  Goldstein and Woglom (1991) 

use state-fixed effects and also, to account for the time-series endogeneity, use 

demographic factors and lagged debt variables to instrument for debt.  Based on a study 

by Metcalf (1993) that regresses debt on yields, Capeci (1994), Eichengreen and 

Bayoumi (1994), and Bayoumi et. al. (1995) instrument with percent of population under 

18 and over 65, average number of people per household, and the level and growth of the 

population.  These two studies also use the severity of fiscal restrictions as an instrument, 

although, as Poterba and Reuben (1999) explain, this instrument is highly questionable 

due to the fiscal restrictions’ own effect on bond yields.  Overall, these instruments have 

had varying degrees of success, but in most cases, it seems possible that these instruments 

are affecting bond yields not only through their effect on debt. 

 Estimating the nonlinearity of the credit supply curve is another concern running 

through these studies.  Goldstein and Woglom (1991) use quadratic terms for the debt 

variable to account for the nonlinearity.  Eichengreen and Bayoumi (1994) and Bayoumi 

et al. (1995) use similar methods of accounting for nonlinearity through a divisor term 

that attempts to account for the backward bend in the curve.  As mentioned above, my 

study uses squared terms for both debt and unfunded liabilities to test for nonlinearity.  

Since there are no data points in the backward-bending section of the supply curve, the 

technique using a divisor-term seemed unnecessary. 
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Chapter 5. Data and Summary Statistics 

5.1 Data	 

 My study uses state GO bond yields to test the effect of state liabilities on yields.  

A general obligation bond is guaranteed by the full faith and credit of the state and retains 

the highest level of security among state bonds.  Revenue bonds, on the other hand, are 

guaranteed by a specific revenue source, such as an airport or toll road.  I use GO bonds 

because these bonds reflect the fiscal health of the state government, which is the point of 

focus in this study. 

 For bond yield data, my study uses Bloomberg’s 10-year state bond yield indexes.  

I use indexes instead of the active bond yield for both feasibility and comparability 

reasons.  Many state bond yields are not actively traded and so it is difficult to find yields 

for all states on the same day.  Furthermore, it is difficult to compare across different 

bond issuances because of the various characteristics, such as callability, insured status, 

and size of issuance, that differ between state bond issuances.  The indexes created by 

Bloomberg address both of these issues.  These indexes are calculated daily based on 

non-callable, uninsured bonds of the same tenor.  These yields are built using the option-

adjusted spread model and is based on pricing from the Municipal Securities Rulemaking 

Board, new issues calendars, and proprietary contributed prices.5  Bloomberg creates 

bond yield indexes for 19 states and so my study analyzes these 19 states.  The bond yield 

spreads used in this study are the difference between these indexes and the constant 

maturity Treasury rates, which the Treasury calculates using the daily yield curve.  

                                                 
5 Bloomberg was unable to give more information on the construction of these indexes.  Their 2012 release 
concerning the details the constructed municipal curves has not come out yet. 
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 Data for the unfunded pension liabilities was taken from the Pew Center for the 

States.  The Pew Center calculates these liabilities using information from states’ 

Comprehensive Annual Financial Reports (CAFRs) as well as the CAFRs of some 

pension plans.  The Center also uses actuarial valuations, which are documents that detail 

the current and future cost of the pension plans.  The Center’s unfunded pension 

liabilities calculations only include pension plans listed in the state CAFRs and exclude 

any pension plans in which the state does not have a financial interest.  In some cases, the 

state allows local governments to participate in their pension plan, and so in these cases, 

municipal and local employees’ pension plans are part of the state’s financial interests 

and are included in the calculation for states’ unfunded pension liabilities.  The Pew 

Center’s calculation is limited to only defined-benefit plans, in which participants are 

promised a defined benefit usually the rest of their lives, and cash balance plans, in which 

participants must give an annual contribution and are also guaranteed a set benefit, and 

does not account for defined-contribution plans, which are only a small minority of the 

total pension plans.  The Center does not recalculate the liabilities, but keeps the states’ 

chosen discount rates. Despite any drawbacks, the Pew Center’s calculation of the 

unfunded liabilities is very comprehensive and systematic in its approach. 

 The data for the debt variable is taken from Moody’s reports of states’ net tax-

supported debt.  Net tax-supported debt is any state debt “secured by state operating 

resources which could otherwise be used for state operations.” (Kimberly, 2010, p. 2)  

Both pension and debt data are taken from the states year-ends, which are usually June 
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30th of each year.6  June 30th unemployment figures are taken from the Bureau of Labor 

Statistics.   

The variable for fiscal constraints is a dummy variable for “no carryover 

restrictions,” hereafter referred to as NOCA laws.  NOCA laws, a term coined by Lowry 

and Alt (2001), restrict the ability of states to carry a general fund deficit into the next 

fiscal year by requiring next year’s projected revenues to pay for the previous year’s 

general fund deficit.  The laws generally mean that provisions and expenditures are 

nullified if they surpass the fiscal year’s revenues, although some NOCA law states, such 

as Georgia, do allow borrowing if the legislature increases taxes so that future revenues 

cover the additional expenditure within a given time period. (Alt and Lowry, 1994, p. 

817) Although these laws are rarely legally enforced, they act as signals to investors of 

states’ future actions.7  Other states have weaker anti-deficit laws, but the NOCA law 

states, as identified by Lowry and Alt as well as the Advisor Commission of 

Intergovernmental Relations, are the states with strongest anti-deficit laws.   

The last data, which consists of state revenues and expenditures, comes from the 

National Association of State Budget Officers (NASBO).  This organization releases 

annual expenditure reports that detail state spending areas and revenue sources.  My 

study uses the general fund expenditures, general fund revenues, and total expenditures 

given in these reports between 1997 and 2009.  It is important to note that the general 

fund revenues calculations only include taxes collected by the state for the general fund, 

and do not include any federal fund or state between-fund transfers, although states in 

                                                 
6 The only three states with different year-ends are Michigan, whose fiscal year ends on September 30th, 
New York, whose ends on March 31st, and Texas, whose ends on August 31st.   
7 Alt and Lowry (1994) show that NOCA laws lead to faster responses by state governments after an 
economic shock and Crain (2000) shows that NOCA laws increase expenditure volatility. 
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their CAFRs may differ in their categorizations.  This data set is not used in the main 

regression, but only in the IV regressions and the financial crisis analysis in Section 6.3. 

5.2 Summary Statistics 

 Table 5.1 presents the summary statistics for main data set.  Although state bond 

yields have default risk and Treasuries do not, GO bond yields are on average about 60 to 

80 basis points lower than Treasuries due to preferential in-state tax treatment.  Unfunded 

pension liabilities and net tax-supported debt are each divided by the state GSP to 

compare the liability numbers across states.  Unfunded pension liabilities are on average 

lower than debt as a percent of GSP, although unfunded pension liabilities have a greater 

variance.   

 Looking at the pre- and post-crisis periods in Table 5.2, we can see that these two 

different periods had very different characteristics.  As would be expected, the 

unemployment rate shot up and the variance between states did as well.  Bond yield 

spreads changed from being negative pre-crisis to being positive post-crisis.  This large  

change is presented in the graph in Figure 5.1.  During recessionary times, such as 2002 

and 2003, the spread narrows, but it is only in 2008 that the spread is positive. 
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Notes: The pre-crisis period is designated as June 30th, 1997 to June 30th, 2007 and the post-crisis period is designated as June 30th, 2008 and June 30th, 2009. 

 
 

Table 5.1: General Summary Statistics
Mean Median St. Dev. 25 percentile 75 percentile

GO Bond Yield* (%) 4.30 4.28 0.49 4.08 4.54
Treaury Yield* (%) 4.91 5.03 0.95 3.99 5.44
GO Bond Spread (%) -0.78 -0.61 0.53 -0.93 -0.24
Unfunded Pension Liabilities/GSP (%) 1.68 1.15 2.94 -0.36 3.37
Net Tax-Supported Debt/GSP (%) 3.22 2.46 1.95 1.91 4.10
NOCA 0.32 0.00 0.47 0.00 1.00
Unemployment (%) 5.22 4.90 1.69 4.30 5.90

Tables 5.2: Pre- and Post-Crisis Summary Statistics

Mean Median St. Dev. 25 percentile 75 percentile Mean Median St. Dev. 25 percentile 75 percentile
GO Bond Spread (%) -0.77 -0.84 0.39 -0.95 -0.52 0.24 0.18 0.29 0.10 0.29
Unfunded Pension Liabilities/GSP (%) 1.24 0.93 2.63 -0.51 2.83 4.07 3.62 3.38 1.15 6.90
Net Tax-Supported Debt/GSP (%) 3.16 2.32 1.95 1.85 4.02 3.57 2.87 1.97 2.26 4.41
Unemployment (%) 4.80 4.70 1.10 4.10 5.50 7.55 7.15 2.40 5.30 9.30

Pre-Crisis Post-Crisis
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The pension and debt numbers also show a drastic change between the two 

periods.  This change is especially noticeable for the unfunded pension liabilities number.  

The mean for unfunded pension liabilities jumps almost three percentages points whereas 

the mean for debt increases by less than a half a percentage point.  While in the pre-crisis 

period the average unfunded pension liabilities is about 1.5 percentage points lower than 

average debt level, in the post-crisis period the unfunded pension liabilities becomes 

higher than the debt by half a percentage point for the mean and three quarters a 

percentage point for the median.   

Figure 5.2 shows the average unfunded pension liabilities and the average debt 

level side by side.  Debt levels slowly rise between 1997 and 2009, but this seems less to 

do with the 2008 financial crisis and more to do with an increase in debt around 2004.  

Unfunded pension liabilities have also been increasing before the financial crisis, but at a 

much faster rate than debt levels.  This upward trend appears to have intensified with the 

financial crisis.  However, it is important to note, that increasing unfunded pension 

liabilities is not merely a result of the financial crisis.   

It is also useful to compare unfunded pension liability trends in states with low 

and high unfunded pension liabilities.  Figure 5.3 divides states into states with average 

unfunded liabilities less than the mean (“Low Unfunded Pension Liability States”) and 

states with average unfunded liabilities greater than the mean (“High Unfunded Pension 

Liability States”).  Although the both lines follow a similar trend, the high pension 

liability states trend is steeper, and by 2009, the difference between the two unfunded 

pension liability averages is almost six percentage points, up from less than two 

percentage points in 1997. 
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 Notes: Low unfunded pension liability states are states in the data set with an average unfunded pension 
liability of less than the mean average unfunded pension liability. High unfunded pension liability states’ 
average unfunded pension liabilities are above the mean. 
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Chapter 6. Discussion 

My study attempts to estimate the supply curve for state credit.  The main 

question I am posing is whether state liabilities are factored into the supply of state credit 

through GO bond yields.  My hypothesis is that state liabilities, both state unfunded 

pension liabilities and debt, will positively affect GO bond yields through the default risk 

premium.  My study analyzes the economic significance of the effect of these liabilities 

on bond yields and whether these two liabilities, unfunded pension liabilities and state 

debt, differ in their effect on yields.  Furthermore, I address the simultaneity issue of 

yields and debt through state fixed effects and later in Section 6.2, with instrumental 

variables.   In addition, I test whether the financial crisis increased the effect of the 

parameters on bond spreads and whether the credit supply curve is nonlinear.  Lastly, in 

Section 6.3, my study qualitatively assesses the financial crisis’ effect on various state 

indicators, such as debt, unfunded pension liabilities, revenues, expenditures, and deficits. 

6.1 A Simply Panel Data Estimation of the Credit Supply Curve 

Table 6.1 presents the basic regression results.  The regressions are divided into 

pairs, in which the first regression uses pooled data and the second uses state fixed 

effects.  The pooled regressions use both within-state and between-state variation while 

the fixed effect regressions use only within-state variation.  In other words, fixed effects 

control for the state-specific characteristics that affect the supply of credit and demand,  

and thereby partially address the simultaneity problem discussed in Section 4.2.  The F-

tests for state fixed effects in Table 6.1 show that the fixed effects are significant  

at the 1% level in all fixed effects regressions, which suggests that omitted state 

characteristics are important to include in the regression.   
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Table 6.1: GO Bond Spread and State Liabilities (Pooled Data and State Fixed Effects)

Dependent Variable: GO Bond Spread (1) (2) (3) (4) (5) (6) (7) (8)
(Pooled) (FE) (Pooled) (FE) (Pooled) (FE) (Pooled) (Pooled)

Unfunded Pension Liabilities/GSP   0.062  0.152  0.062  0.144  0.025  0.062  0.023  0.024
 (0.011)*** (0.015)*** (0.011)*** (0.016)*** (0.010)*** (0.017)***  (0.010)** (0.010)**

Net Tax-Supported Debt/GSP  0.000  0.069  0.016  0.104  0.012  0.005
(0.017) (0.061) (0.013) (0.052)** (0.014) (0.015)

Unemployment  0.185  0.174  0.187  0.184
(0.016)*** (0.019)*** (0.016)*** (0.016)***

NOCA -0.063 -0.298
(0.059) (0.138)**

[NOCA]*[Net Tax-Supported Debt/GSP]  0.104
(0.055)*

adjusted R2 0.117 0.286 0.113 0.287 0.431 0.479 0.431 0.438
F-Test for state fixed effects 4.21 4.29 2.22

(P=0.000)*** (P=0.000)*** (P=0.004)***
F-Test for non-fixed effects coefficients 55.02 78.10

(P=0.000)*** (P=0.000)***
7.53 1.14 0.20 0.22 0.39 0.97
(P=0.007)*** (P=0.287) (P=0.652) (P=0.642) (P=0.534) (P=0.326)

*significant at 10%; ** significant at 5%; ***signifcant at 1%

F-Test for equality of debt and unfunded pension 
liabilities

Notes: Fixed effects in this table include only state fixed effects. The F-test for significance of coefficents exclude any fixed effects.  The F-test for state fixed 
effects test for the significance of fixed effects.  The F-test for equality of debt and unfunded pension liabilities test for the equality of the debt and unfunded 
liablities coefficients.
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The regressions in Table 6.1 imply that unfunded pension liabilities have an 

economically important effect on yields.  For example, in all the regressions, the 

coefficient for unfunded pension liabilities is statistically significant at the 1% or 5% 

levels.  The estimate varies depending on the other variables in the equation, but the fixed 

effects regression with the most controls in column (6) has the lowest estimated 

coefficient among the fixed effects regressions.  This column shows that a percentage 

point increase in the ratio of unfunded pension liabilities to GSP leads to a 6.2 basis point 

(.062%) increase in the default risk premium.  Since I use fixed effects and are therefore 

analyzing the within-state variation, I also use the within standard deviation (1.81%) as a 

measurement unit, which shows that an increase of one within standard deviation leads to 

a yield increase of 11.2 basis points. 

The debt coefficient is insignificant in most regressions in Table 6.1.  The 

insignificance may be due to the simultaneity issue between the debt level of a state and 

the state’s bond yield.  As described in Chapter 4, although this study’s focus is on 

estimating the supply of credit, in a simple regression analysis it is difficult to separate 

the supply of credit from the demand for credit. The debt level and promised yield are 

simultaneously determined by the shifting supply and demand for credit, causing the debt 

level to affect and be affected by the promised bond yield.  Since a higher debt level leads 

to investors requiring higher yields and higher yields leads states to demand less funds, 

the estimated coefficients for debt in the Table 6.1 regressions may be biased downward. 

One method of addressing this endogeneity issue is to use fixed effects.  As 

mentioned in Chapter 4, fixed effects account for state-specific omitted variables that 

may affect the supply.  If not controlled for, state-specific characteristics that shift supply 
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upward (downward) will lead to a decrease (increase) in the level of debt, biasing the 

estimated coefficient downward.  If we use only within-state variation, the variation used 

in the regression will less likely be due to shifts in the supply curve and more likely be 

due to movement along the supply curve, since a large amount of supply shift variation is 

in the between-state variation. However, there are many other possible causes for supply 

shifts besides state-characteristics, and so I also use instrumental variables later to try to 

address this simultaneity issue.  Using fixed effects and including unemployment, column 

(6) in Table 6.1 has a significant debt coefficient, and yields increase by 10.4 basis points 

with a one-percentage point debt level increase.  This is equivalent to an increase of 4.5 

basis points with an increase of one within standard deviation (0.43%). The second row 

of F-statistics test for the significance of all the parameters and show that in every 

column with fixed effects the hypothesis that all coefficients are zero can be rejected.  

Columns (7) and (8) test the effect of fiscal constraints on bond yields, 

specifically the effect of NOCA laws.  These laws should act as a signal of fiscal 

responsibility to investors and should therefore lower bond yields.  In column (7), the 

NOCA coefficient does have a negative sign, but it is insignificant.  Column (8), which 

includes an interaction term between the debt and NOCA variables, has a significantly 

negative coefficient on the NOCA law variable and a weakly significant and positive 

interaction term.  Using the overall standard deviation as a measurement unit for this 

pooled regression, the practical implication of the NOCA coefficient is -9.5 basis points 

(-29.8 + 1.95*10.4).  These results imply that NOCA laws become less effective as a 

signal the greater the debt level.  However, these results need to be interpreted with 

caution since NOCA laws may in fact be endogenously determined, and therefore the 
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coefficients in columns (7) and (8) would be biased.  Because both NOCA laws and debt 

levels are determined by political preferences, there may be a correlation between NOCA 

laws and debt levels.8 

The last row of F-statistics in Table 6.1 tests for the equality of the debt and 

unfunded liabilities coefficients.  For all the fixed effects regressions, we cannot reject 

the null hypothesis that these coefficients are equal.  Even in the fixed effect regression in 

column (6), which has a significant debt variable, we still cannot reject the null 

hypothesis.  Because these are both obligations against future tax revenues, both variables 

should increase the probability of default by the same amount, which is in line with the 

results.  However, a possible argument is that the unfunded pension liabilities should 

increase the probability of default more than the debt variable, since the unfunded 

pension liabilities are “enforceable contractual relationships” and therefore, have stronger 

legal protections. (Brown and Wilcox, 2009, p. 539) 

Table 6.2 shows the same regressions as Table 6.1 except using both state and 

time fixed effects.  The variation left to estimate the unfunded pension liabilities and debt 

variables is the variation that differs from the state mean (state fixed effects) and differs 

from the year mean (time fixed effects).  The unfunded pension liabilities variable is 

significant in columns (2) and (3) at the 10% level, although the coefficient is much 

lower, implying a 3.2 basis point increase with a one standard deviation increase above 

the unfunded pension liabilities mean.  The pension liabilities coefficient becomes 

insignificant with the inclusion of unemployment in column (4), and debt is consistently 

                                                 
8 Other studies, such as Poterba and Reuben (1999), have tried to account for this endogeneity with limited 
success by controlling for political preference and eliminating the debt variable from the equation.  The 
studies that most successfully analyze the effects of fiscal restrictions on bond yields, Poterba and Reuben 
(2001) and Lowry and Alt (2001), focus on deficits and how fiscal restrictions mediate the market’s 
reaction to deficits.   
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insignificant.  These regressions suggest that Table 6.1 may not be robust.  However, 

column (1) of Table 6.2 also shows that the adjusted R2 for the equation with no variables 

and only time and state fixed effects is 0.953, indicating that a large part of the variation 

in yield spreads is explained by these fixed effects.  The large explanatory power of fixed 

effects makes it difficult to estimate the more relevant liabilities variables.  Therefore,  

using both state and time fixed effects may not be the best model for an analysis of the 

liabilities variables. 

Table 6.3 tests the effect of the financial crisis on state bond spreads and whether 

the financial crisis has changed the effect of the liabilities variables on spreads.  The first 

two regressions divide the data into two sub-groups.  Column (1) uses data from 1997 to 

2007 year-ends and column (2) uses data from 2008 to 2009 year-ends.  Since the year-

end for most states is June 30th, the end of the data set in column (1) is June 30th, 2007 

and the beginning of column (2)’s data set is July 1st, 2007, corresponding well with the 

onset of the financial crisis.9  Column (1) in Table 6.3 shows results very similar to the  

results in column (3) with the full data set (column (6) in Table 6.1), except here the debt 

coefficient is, once again, insignificant.  Column (2) has no significant coefficients and  

                                                 
9 This cutoff date is around the time of the bankruptcy of the two hedge funds managed by Bear Stearns 
(July 31st, 2007). 

Table 6.2: GO Bond Yields and State Liabilities (State and Time Fixed Effects)

Dependent Variable: GO Bond Spread (1) (2) (3) (4)
(FE) (FE) (FE) (FE)

Unfunded Pension Liabilities/GSP  0.011  0.011  0.010
(0.006)* (0.006)* (0.006)

Net Tax-Supported Debt/GSP  0.005  0.002
(0.017) (0.016) 

Unemployment  0.033 
(0.011)*** 

adjusted R2 0.953 0.954  0.954 0.955
*significant at 10%; ** significant at 5%; ***signifcant at 1%
Notes: Fixed effects in this table includes both time and state fixed effects
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Table 6.3: The Effect of the Financial Crisis

Dependent Variable: GO Bond Spread (1) (2) (3) (4) (5) (6) (7)
1997-2007 2008-2009 1997-2009

Unfunded Pension Liabilities/GSP  0.041  0.035  0.062  0.040  0.050  0.040  0.050
(0.018)*** (0.058) (0.017)***  (0.015)*** (0.0161)*** (0.015)*** (0.0162)***

Net Tax-Supported Debt/GSP  0.062  0.127  0.104  0.069  0.067  0.070  0.065
(0.052) (0.256) (0.052)** (0.047) (0.047) (0.048) (0.047)

Unemployment  0.181  0.031  0.174  0.104  0.107  0.103  0.108
(0.029)*** (0.030)  (0.019)*** (0.020)*** (0.020)*** (0.020)*** (0.020)***

Post-2007 dummy  0.582  0.707  0.605  0.671
(0.083)*** (0.102)*** (0.141)*** (0.144)***

[Post-2007 dummy]*[Unfunded Pension Liablities/GSP] -0.040 -0.042
(0.019)** (0.020)**

[Post-2007 dummy]*[Net Tax-Supported Debt/GSP] -0.006  0.012
(0.032) (0.032)

Observations  208  38  246  246  246  246  246
adjusted R2 0.213 0.410 0.479  0.571 0.578 0.570 0.576
Chow test without post-2007 dummy 3.55

(P=0.000)***
Chow test with post-2007 dummy 1.30

(P=0.171)
F-Test for coefficients 23.22 1.61 78.10 83.64 68.76 66.63 57.09

(P=0.000)*** (P=0.226) (P=0.000)*** (P=0.000)*** (P=0.000)*** (P=0.000)*** (P=0.000)***
F-test for equality of debt and unfunded liabilities variables 0.28

(P=0.598)

Notes: Regressions in this table use state fixed effects.  The first Chow test tests if the estimates are equal in columns (1), (2) and (3).  The second Chow tests if the 
estimates are equal in columns (1), (2), and (4).  The first F-statistic tests for the significance of the coefficients in the regression and the second F-statistics tests the 
equivalence of the debt and unfunded pension liabilities variables in column (3).
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the F-test for the coefficients is insignificant, although this is not too surprising 

considering that there are only 38 observations and the within-state variation is severely 

limited.  The first Chow test in Table 6.3 tests whether the estimates in columns (1) and 

(2) are equal to the estimates in column (3) in order to test for a structural break in the 

data between the pre- and post- financial crisis.  The null hypothesis can be rejected at the 

1% level.  However, it is difficult to conclude much about the post-financial crisis period 

since the estimates in column (2) are all insignificant.   

Columns (4) through (7) use a post-2007 dummy with the same cutoff date as 

columns (1) and (2) to test the effect of the financial crisis.  The post-2007 dummy is 

significant in all three columns, which corresponds with the jump in state yield spreads in 

2007 from negative to positive.  Columns (5), (6), and (7) test whether the increased risk 

aversion during the financial crisis led to investors reassessing the effect of liabilities on 

the states’ default risk.  The expectation is that these interaction terms will be either 

positive or zero, which would means that, in the former case, investors believe that in this 

crisis period these liabilities have a greater effect on the states’ default risk or, as in the 

latter case, that these liabilities continue to have the same effect on risk as before the 

crisis.   

Column (5) shows the interaction term between the post-2007 dummy and the 

unfunded liabilities variable to be significant, but it is significant in the wrong direction.  

On the other hand, in column (6), the interaction term between the post-2007 dummy and 

the debt variable is insignificant.  As expected, the column (6) results imply that investors 

believe debt to have the same effect on states’ creditworthiness before and after the crisis.  

The results in column (5) may indicate that in a more uncertain future, investors worry 
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more about debt than unfunded pension liabilities.  This may be because states have 

mechanisms of reducing their unfunded pension liabilities, such as increasing 

contributions rates, decreasing cost-of-living adjustments, raising the retirement age, 

limiting eligibility of deferred retirement option, etc.  Many states in 2010 and 2011 have 

already undergone many of these policy options. (Snell, 2012) In column (7), the debt 

interaction variable continues to be insignificant and the unfunded pension liabilities 

variable remains significant and negative.  The debt interaction variable in column (7), 

although still insignificant, has switched signs and now is positive, suggesting that if 

there is any effect of the financial crisis on the debt variable, it may be in the upward 

direction.  

Interestingly, the null hypothesis for the Chow test cannot be rejected if we use 

column (4) as the restricted regression instead of column (3).  This result is consistent 

with the financial crisis raising risk premiums, but not affecting the other parameters on 

yield spreads.  The F-test of the hypothesis that the debt and unfunded liabilities variables 

in column (4) are equal cannot be rejected.  This is consistent with the results in Table 6.1 

and suggests, once again, that the hypothesis that the respective effects of debt and 

unfunded pension liabilities on yields spreads are the same cannot be rejected.  However, 

the pension liability interaction term in column (7) suggests that this might not be true 

during a crisis. 

Table 6.4 reports tests for nonlinearity in the credit supply curve by using squared 

terms for both the unfunded pension liability and debt variables in the regression.  The 

squared term for the pension liability variable is never significant.  On the other hand, the 

squared term for the debt variable is weakly significant, but is negative, implying that the 
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effect that debt has on yield spreads may decrease at higher levels of debt.  This suggests 

that investors become less concerned with debt at higher levels, possibly due to an  

understanding that states will lower their debt levels when debt becomes too high.  While 

it is only weakly significant, coefficient implies that as the debt to GSP ratio increases by 

one standard deviation (0.43% percentage points) borrowing costs decrease by 2.1 

(2*0.43*2.4) basis points, which holds little economic significance. 

It is not too surprising that there is no evidence of a backward bending supply 

curve in these results because it is extremely rare for the equilibrium to be in the 

nonlinear portion of the supply curve.  In the unlikely event that the equilibrium point is 

in the nonlinear portion, it is usually due to a supply shift, which is not the variation 

needed to estimate the supply curve.  Nevertheless, the results in Table 6.4 suggest that, 

contrary to the market discipline hypothesis, the credit supply curve may not provide the 

incentive to limit excessive borrowing. 

 

Table 6.4: Testing for a Nonlinear Supply Curve

Dependent Variable: GO Bond Spread (1) (2) (3) (4)
Unfunded Pension Liabilities/GSP  0.062  0.077  0.065  0.080

(0.017)***  (0.020)*** (0.017)*** (0.020)***
Net Tax-Supported Debt/GSP  0.104  0.110  0.309  0.315

(0.052)** (0.052)** (0.118)*** (0.118)***
Unemployment  0.174  0.179  0.166  0.171

(0.019)*** (0.019)*** (0.019)*** (0.020)***
[Unfunded Pension Liabilities/GSP]2 -0.003 -0.003

(0.002) (0.003)
[Net Tax-Supported Debt/GSP]2 -0.024 -0.024

(0.013)* (0.013)*

Adjusted R2 0.479 0.480  0.485  0.487
F-Test for state fixed effects 2.22 2.18 2.36 2.27

(P=0.004)*** (P=0.005)*** (P=0.002)*** (P=0.003)***
F-Test for non-fixed effects coefficients 78.10 50.07 72.86 50.98

(P=0.000)*** (P=0.000)*** (P= 0.000)*** (P=0.000)***
*significant at 10%; ** significant at 5%; ***signifcant at 1%
Notes: The F-test for significance of coefficents exclude any fixed effects.  The F-test for state fixed effects test for the
significance of fixed effects.  The F-test for equality of debt and unfunded pension liabilities test for the equality of the 
debt and unfunded liablities coefficients.



 35

6.2 Addressing the Simultaneity Issue in Time-Series Variation 

Tables 6.5 and 6.6 use instrumental variables to address the endogenous 

relationship between yield spreads and debt in time series variation.  Although fixed 

effects control for shifts in the supply curve between states, it does not address the 

problem of supply curve shifts over time.  The four instruments I use are the residuals of 

the linear trends of each state’s general fund expenditures, total expenditures, general 

fund revenues, and general fund deficits each divided by the GSP.  The rationale of using 

these instruments is that unexpected deficits are liable to lead to shifts in the demand 

curve, which is the necessary variation to estimate the supply curve.  Table 6.5 shows the 

first stages of the two-stage least squares model and Table 6.6 shows the corresponding 

second stages.  Columns (1a) in Table 6.5 and (1b) in Table 6.6 instrument debt with the 

de-trended general fund expenditures as a percent of GSP, columns (2a) and (2b) use the 

de-trended total expenditures as a percent of GSP, columns (3a) and (3b) use the de-

trended general fund revenues trend each as a percent of GSP, and columns (4a) and (4b) 

use the de-trended deficit as a percent of GSP.  Columns (5a), (5b), (6a), and (6b) use 

combinations of these instruments, and column (7), as a comparison, is the same as Table 

6.1’s column (6). 

Unfortunately, as seen in Tables 6.5 and 6.6, there may not be a strong enough 

correlation between these expenditures and revenues residuals and debt levels. Only the 

expenditures variables are significant at the 10% level in the first-stage regression, but 

these estimates have the wrong sign.  The instrumented debt variable is significant in 

none of these regressions.  These fluctuations in revenues and expenditures must not have 

a strong influence on states’ demand for debt.  
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Table 6.5: Expenditure and Reveunue Time Trend Residuals, first stage (IV)

IV Dependent Variable: GO Bond Spread (1a) (2a) (3a) (4a) (5a) (6a)
Unfunded Pension Liabilities/GSP  0.138  0.137 0.137  0.137  0.137 0.135

(0.019)*** (0.019)*** (0.019)*** (0.019)*** (0.019)*** (0.019)***
Unemployment -0.024 -0.017 -0.026 -0.024 -0.023 -0.016

(0.024) (0.025) (0.024)  (0.024)  (0.024) (0.024)
Residuals of general fund expenditures time trend -0.203 -0.215

(0.119)*   (0.121)*
Residuals of total expenditures time trend -0.091 -0.092

(0.053)* (0.054)*
Residuals of general fund revenues time trend  0.008  0.024  0.014

(0.054) (0.055) (0.055)
Residuals of general fund deficits time trend -0.047

(0.053)

Adjusted R2 0.229 0.227 0.219  0.221 0.229 0.229
partial F-test for significance of multiple instruments 1.53 1.48

(P=0.218) (P=0.229)
*significant at 10%; **significant at 5%; ***signifcant at 1%

Table 6.6: Expenditure and Reveunue Time Trend Residuals, second stage (IV)

IV Dependent Variable: GO Bond Spread (1b) (2b) (3b) (4b) (5b) (6b) (7)
Unfunded Pension Liabilities/GSP  0.011  0.055  0.478  0.087  0.021  0.061  0.062 

(0.066) (0.065) (0.718) (0.123) (0.063) (0.065) (0.017)***  
Net Tax-Supported Debt/GSP (instrumented)  0.475  0.147 -2.933    -0.077  0.401  0.108  0.104 

(0.466) (0.465) (5.228) (0.888) (0.451) (0.460) (0.052)**
Unemployment  0.183  0.174  0.094  0.168  0.181  0.173  0.174

(0.023)*** (0.022)*** (0.137) (0.030)*** (0.022)*** (0.023)*** (0.019)***

Adjusted R2 0.472 0.470 0.470  0.470 0.471 0.469 0.479
*significant at 10%; **significant at 5%; ***signifcant at 1%
Notes: These two table show in pairs the first stage and second stage estimates for six two-stage least squares regressions.  The four instrumental variable in this
table are the time trend residuals of general fund expenditures, total expenditures, general fund revenues, and general fund deficits, each divided by GSP.  
Columns (1a) and (1b) use the first of these instruments, columns (2a) and (2b) use the second instrument, columns (3a) and (3b) use the third, columns (4a) and 
(4b) use the fourth, columns (5a) and (5b) use the first and the third, and columns (6a) and (6b) use the second and the third.  Fixed effects in this table include 
only state fixed effects. 
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6.3 The Effect of the Financial Crisis on State Indicators 

This last portion of my analysis examines whether the financial crisis had 

different effects on states that had higher or lower pre-crisis default-risk premiums.  This 

section looks at a qualitative analysis of the change in various state indicators pre- and 

mid- crisis, which leads to some interesting differences.  As in Section 6.1, the pre-crisis 

date is taken as June 30th, 2007 and the mid-crisis date is the final year in the data set, 

June 30th, 2009.  As seen in Table 6.7, the states are divided into four quartiles with four 

or five states in each.  The quartiles rank from lowest pre-crisis default-risk premium (or 

spread) in the first quartile to highest pre-crisis default-risk premium in the fourth 

quartile.  As in Section 6.1 as well, I use within standard deviations to give a sense of the 

magnitude of these changes, since a regular sample deviation would be misleading due to 

the different means across states. 

 With only a quick look at the spreads column, it becomes clear that states in these 

quartiles were affected differently by the financial crisis.  In all the quartiles, spreads 

increased by a little less than two standard deviations, except for the fourth quartile, the 

worst pre-crisis states.  This quartile increased by more than 2.5 standard deviations and 

almost a full standard deviation above the first quartile.  In other words, while the 

differences between the first three quartiles do not exceed 10 basis points, the difference 

between the third and fourth quartile is almost 30 basis points.  

 Although the change in spreads increases from the first to the fourth quartile, the 

change in debt decreases.  The first quartile is the only quartile that increases its debt  

levels, the second quartile decreases its debt level slightly, and the third and fourth 

quartiles decrease their debt levels by about a half standard deviation.  Because the  
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Table 6.7: Effect of the Financial Crisis on State Indicators

1st Quartile** 0.95 4.96 0.20 2.90 -1,743 -0.07 0.80 -0.35 -0.28
2nd Quartile 1.05 4.96 -0.08 1.77 -2,422 0.14 0.46 -0.35 -0.49
3rd Quartile 1.09 4.48 -0.26 1.58 -2,001 0.01 0.87 -0.36 -0.37
4th Quartile 1.37 4.90 -0.19 1.59 -2,117 0.39 1.32 -0.27 -0.66
Minimum 0.82 3.40 -0.83 0.02 -3,381 -0.58 -1.81 -0.72 -1.63
Maximum 2.34 6.70 0.58 8.44 -548 1.40 1.79 -0.11 -0.05

Times series standard deviation 0.53 1.55 0.43 1.81 2,395 0.34 0.78 0.50 0.51

∆ GF
expenditures*

∆ Total
expenditures*

∆ GF
surplus*

* These variables are all as a percent of GSP                                                                                                                                                                                                                  
**The unfunded pension liability for the 1st Quartile is relatively large due to Ohio, which saw the largest increase in unfunded pension liabilities out of all the states 
analyzed (8.44%).  Excluding Ohio, the 1st Quartile would have an unfunded pension liabilities increase of 1.51%.  

∆ GF
revenues*

∆ Spread ∆ Unemployment  ∆ Debt* ∆ Unfunded
pension liabilities*

∆ Per capita 
real GSP 

Quartile

Table 6.8: Annual Required Contributions (ARC) in 2007 and 2009

State 2007 2009 Change
California 84.33% 82% -2.33%
Connecticut 98.80% 96% -2.80%
Florida 108.29% 108% -0.29%
Georgia 100% 100% 0.00%
Illinois 40.30% 71% 30.70%
Maryland 81.38% 84% 2.62%
Massachusetts 98.10% 66% -32.10%
Michigan 79.72% 100% 20.28%
Minnesota 80.47% 78% -2.47%
New Jersey 57.08% 36% -21.08%
New York 100% 100% 0.00%
North Carolina 99.95% 100% 0.05%
Ohio 89.99% 94% 4.01%
Pennsylvania 38.77% 31% -7.77%
South Carolina 100.12% 100% -0.12%
Texas 86.08% 99% 12.92%
Virginia 85.96% 82% -3.96%
Washington 51.14% 73% 21.86%
Wisconsin 100% 100% 0.00%
Average 83.18% 84.21% 1.03%

Percent Paid
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standard deviation.  There can be two possible reasons for this: states have decreased the 

percentage of their ARC contribution that they paid or the asset value of the pension 

funds has declined.  Looking at Table 6.8, it appears that several states had large shifts 

upward or downward, but on average, the ARC payment remained the same.  A stable, on 

average, ARC payment suggests that the dramatic increase in unfunded pension liabilities 

across all states was mainly due to a drop in asset value. 

 Returning to the puzzle of high risk premium states decreasing their debt during 

crisis times, the expenditures, revenues, and surplus changes give some hints as to how 

these states compensate for their lack of access to credit markets.  The first quartile is the 

only quartile that has a decrease in general fund expenditures, and the second and third 

quartiles have an increase in general fund expenditures by less than a half a standard 

deviation.  The fourth quartile, on the other hand, increases its general fund expenditures 

by over a full standard deviation, which is almost three times as large as the change for 

the quartile with the second largest increase.  The general fund deficit for the fourth 

quartile is the largest as well.  Total expenditures increase by over 1.5 standard deviations 

for the fourth quartile while for the other quartiles the increase is either around one 

standard deviation or less. 

 To understand the situation in which riskier states decrease their debt but increase 

their expenditure and deficits, I believe that it may be helpful to examine more closely 

two “bad” states, California and Illinois.  Looking closely at their CAFRs, it is clear that 

California and Illinois used several alternative forms of borrowing.  In 2009, California’s 

general fund has a large increase in liabilities to other California state funds. (State of 

California Comprehensive Annual Financial Report For the Fiscal Year Ended June 30, 
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2008, p. 160; State of California Comprehensive Annual Financial Report For the Fiscal 

Year Ended June 30, 2009, p. 160) Illinois borrowed from its own funds as well and had 

a dramatic increase in accounts payable, or delay of payment to vendors.  Illinois also 

included in its general fund part of the American Recovery and Reconstruction Act 

(ARRA) funds. Comprehensive Annual Financial Report, Fiscal Year Ended June 30, 

2008, p. 146-147; Comprehensive Annual Financial Report, Fiscal Year Ended June 30, 

2009, p. 152-153) The NASBO calculation of general fund revenues, as described in the 

Data section in Chapter 5, clearly separates out all federal funds from state funds, 

meaning the 2009 Illinois general fund deficit calculated in this study is larger than 

Illinois’s calculation. 

 If California and Illinois can tell us anything about riskier states as a whole, we 

can possibly conclude that risky states, lacking access to credit markets, were forced to 

undergo one-time solutions that pushed their problems into the future.  Both increases in 

delayed vendor payment and in liabilities to the government’s own funds did not provide 

any permanent solution for these states, but only delayed the payment to the near future.   

As mentioned in the Introduction, both states pre-crisis had already had structural deficits 

that left little flexibility for additional deficits during the crisis.  ARRA funds very 

possibly helped mitigate the size of these states’ deficits and helped decrease states’ 

demand for credit by allowing these states to not borrow in the market at a high price.  

Yet, despite this help, states facing the largest problems pre-crisis were compelled to 

resort to “pushing-the-can-down-the-road” policies.   

 If states push their deficit problems of today into the following period, then they 

will have to actually deal with these problems in later periods.  In these later periods, 
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theses states’ economic conditions may or may not have improved, and for states with 

structural deficits, the fiscal situation will only be worse.  Once in this situation, the only 

options that these states have is to either raise taxes or drastically cut spending, as 

California managed to do in their 2012-2013 state budget. (Brown Jr., 2012, p. 2)  

Although, in the long run, this is precisely what California must do to address the state’s 

cyclical and structural deficits, in the short-run, this may cause much harm to the state as 

a whole. 

Chapter 7. Conclusion 

 My study provides some hope that financial markets are providing discipline to 

states that incur unfunded pension liabilities.  Investors consistently price in these 

unfunded liabilities in risk spreads, and in my regressions, pricing of unfunded pension 

liabilities appears to be more consistent than pricing of debt.  The results suggest that, at 

least during non-crisis times, investors are treating unfunded liabilities as they would any 

other state debt.   However, assuming the market accurately calculates the unfunded 

pension liabilities with a lower discount rate than the discount rate in state calculations, 

the true effect that unfunded pension liabilities have on spreads may be lower than my 

estimates. 

 Despite the finding that the market does price state liabilities into state bond yield 

spreads, there are reasons for caution as well.  As seen in Figures 5.2, debt, on average, 

has increased around half a percentage point since 1997, while unfunded liabilities have 

had a consistent upward trend that has only sky-rocketed during the financial crisis.  

Investors may be pricing in these liabilities, but the unfunded pension liability trend is 

clearly unsustainable.  We may be able to rationalize the latest uptick in unfunded 
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liabilities during the financial crisis as a result of market fluctuations as opposed to state 

government irresponsibility, but, by that same logic, unfunded pension liabilities should 

have decreased during boom years, which was largely not the case.  The upward trend is 

even more troubling if we take into account the large variance between states.  Although 

most states have seen their unfunded pension liabilities increase since 2000, states with 

higher unfunded pension liabilities, as shown in Figure 5.3, are increasing their unfunded 

pension liabilities at a faster rate.  These states have both higher unfunded liabilities and 

higher growing unfunded liabilities, and they will need to take a different course of action 

soon. 

Furthermore, instead of becoming more sensitive to these liabilities during the 

crisis, the results suggest that investors are becoming less sensitive to the liabilities.  As 

explained in Chapter 6, this could potentially be due to investors understanding that 

during crisis times, states will reduce the unfunded liabilities.  Although the 2010-2011 

data that could to show this decrease was not available for verification at the time of this 

study, recent government reports on state legislation, as explained in Chapter 6, do 

describe states’ actions to dramatically decrease these liabilities.  Investors may be aware 

that these liabilities are getting too high, but also know that states are aware as well and 

intend to act on the issue. Yet, why do states need a crisis to address the problem of rising 

pension liabilities?  

This question brings us back to the structural deficit issue in California and 

Illinois.  Like unfunded pension liabilities in many states, California and Illinois’s 

structural deficits increased during boom years and then their deficit problems were 

exacerbated during the downturn when they were obligated to run an even higher deficit.  
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Both high deficit states and high unfunded pension liability states appear to have been 

compelled by the crisis to face their long-term problems.  Only at a time when both these 

fiscal issues became dire do state governments appear to feel the need to respond. 

If problem states only correct themselves when they encounter a crisis, this may 

point to some flaws in the market discipline hypothesis.  Investors do price in liabilities, 

but this might not serve to meaningfully discipline profligate borrowers until a crisis 

occurs.  The nonlinearity of the credit supply curve may not provide enough incentive to 

curb these borrowers in the pre-crisis phase.10  The market may provide a disciplining 

effect only during a crisis, when the supply curve shifts and states end up facing a much 

steeper supply curve, or even a restriction in credit.  However, it is during these crises 

that states should be allowed to accrue more debt.  If high unfunded pension liability or 

deficit states are forced to deal with their problems during a crisis, this may lead to 

massive pension benefit and expenditure cuts that could severely hurt the citizens in these 

states during a time of financial distress. It would be far better if states were induced to 

deal with the structural imbalances before a crisis so that the needed adjustments are 

smaller and do not occur at a time of general economic distress. 

It may be that the discipline from the market has to improve in order to make 

states keep their fiscal conditions in shape.  There should be better preventative measures 

to avoid continual increases in unfunded pension liabilities and large structural deficits 

during boom years.  Furthermore, states should have greater accountability for pension 

funding shortfalls through greater transparency.  The Public Employee Pension 

Transparency Act, a bill currently in Congress, attempts to make unfunded pension 

                                                 
10 Correspondingly, my nonlinearity test with squared terms did not find a supply curve that had an 
increasing slope, and although this may be due to specification problems, this may suggest that the supply 
curve is not obviously nonlinear. 
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liabilities more transparent to the public.  This bill requires states to file an annual report 

with Treasury Department that presents the state’s unfunded pension liabilities and 

funding status using the fair market value of the pension fund’s assets and using both the 

current discount rate as well as the Treasuries discount rate to calculate the liabilities.  

This bill would also require a 20-year projection for annual contribution and would ban 

federal bailouts of any state liabilities.  If a state did not comply, the state would no 

longer be eligible for federal tax-exempt bonds.   

This Act addresses crucial transparency issues with unfunded pension liabilities 

and incentivizes states to not overpromise benefits or underfund their pension funds.  The 

bill also tries to prevent a moral hazard problem, in which states rely on the federal 

government to bail out state pension systems.  Eliminating explicit and implicit federal 

guarantees would make market discipline more effective.  The elimination of guarantees 

would cause lenders to become more sensitive to debt, deficits, and unfunded pension 

liabilities.  However, in order to provide a credible alternative to a federal bailout, states 

should also be given a clear, well-defined procedure for bankruptcy.  If investors know 

that their bond investments can be subject to bankruptcy proceedings, they will likely be 

more concerned about state liabilities, causing the credit supply curve to become steeper 

even during non-crisis times.  By causing pain for both creditors and states through a 

more sensitive supply curve, the possibility of bankruptcy would provide a strong 

incentive for both parties to deal with both unfunded pension and debt problems before 

these problems become severe.  A financial crisis may correct long-term problems, but if 

states could be incentivized to deal with their liability issues through a more gradual 

process, the correction would be much less painful. 
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