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ABSTRACT
Municipal bonds are customarily regarded as illiquid, long-only securities. As a result of
a limited secondary market and the dearth of a deep futures market on underlying municipal
securities, dealers and bond investors have encountered roadblocks when attempting to hedge
municipal credit exposure. Historically, yields on municipal bonds and United States treasuries
were intertwined. Traditional trade strategies rely in some fashion on shorting spot or future
treasury rates to hedge municipal exposure. After the unprecedented bankruptcy filing from the
City of Detroit on July 18th, 2013, the highly correlative relationship between municipals and
treasuries seemingly decoupled. The Detroit Bankruptcy filing, along with the adverse actions
taken by the Federal Reserve regarding “tapering”1, and U.S. government shutdown, all
contributed to a volatile environment for the U.S. bond market during the second half of 2013.
Amidst this overwhelming volatility, the municipal bond market was turned upside down causing
systematic hedging models and strategies to collapse. Municipal ETFs, which cover the broad
scope of the municipal market, experienced an average annualized return of -10.23% for the
analyzed time period.2 Outflows in the third quarter of 2013 amounted to $32 billion, which
exceeded outflows of any entire year on record dating back to 1992.3 Owners of municipal debt
have rebalanced and repositioned portfolios in an effort to prevent further losses in the bear
market. However, with the drop in correlation between municipals and treasuries, traditional bond
management strategies (e.g. shorting treasuries and treasury futures) have been rendered virtually
inept, forcing investors to pursue other means to suitably hedge their municipal holdings. An
analysis of the data for the prior year shows that a widening of municipal yield spreads to those of
1

“Tapering” is a term that emerged on May 22, 2013 when U.S. Federal Reserve Chairman Ben Bernanke
stated in testimony before Congress that that Fed may taper - or reduce - the size of the bond-buying program
known as quantitative easing (QE).
2
Analyzed time period ranges from May 31st, 2013 – December 31st, 2013
3

Lisa Lambert, “Analysis: Little Respite Seen for U.S. Municipal Bonds in 2014,” Reuters (December
2013), http://www.reuters.com/article/2013/12/15/us-usa-municipals-outlook-analysisidUSBRE9BE06R20131215 (accessed January 28, 2014).
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treasuries and other fixed-income instruments has ultimately eliminated the effectiveness of
single-asset interest rate volatility hedging. Following this former trade strategy resulted in losses
across the board on both municipal inventory, as well as the treasury hedge. Dealers and investors
alike were scrambling during the hectic period to prevent municipal portfolios from repeatedly
hemorrhaging money.
The objective of this paper is to study, test and measure effectiveness of traditional and
unconventional municipal bond hedge strategies over an allotted six-month period, and to
determine which asset class, if any, offers the highest potential outlook. Remarkably, there has
been no major study on municipal cross hedging published since 1985, which pre-dates the
market disrupting events of 2013. This paper will review the quantitative analysis of four singleasset hedge portfolios: treasury, corporates, agencies, and futures. These portfolios were
constructed using methodologies set forth by Frank Fabozzi’s publication “Bond Portfolio
Management”, as well as optimization analytics from Bloomberg. All of the portfolios aim to
counterbalance the change in cash flows from the initial long municipal portfolio. Test statistics
that are incorporated into the analysis were derived from Finnerty and Grant’s publication titled
“Testing Hedge Effectiveness”. The three main tests examined in this paper are described in
greater detail in Chapter 4. All of these tests were incorporated into the analysis through rigorous
simulation experiments and Bloomberg back-testing tasks, to arrive at statistics that could be
evaluated in a distinct manner. After a thorough investigation into the ideal municipal hedge, the
actual results proved inconclusive as the hedge portfolios returned contradictory statistics. Lastly,
any discoveries or findings from this thesis may serve as a foundation for further research into
developing functional municipal hedging techniques involving multi-asset approaches.
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Chapter 1
Municipal Market Historical Overview

Municipal bonds are issued by a variety of government entities to raise capital for
funding community and infrastructure projects. These debt securities are categorized into two
major types: General Obligation Bonds and Revenue Bonds. The first classification (General
Obligations or GOs) are instruments issued by state and local municipalities that are backed by
“full faith and credit”4 of the issuer. Tax revenues, such as income, corporate, property and sales
taxes, are pledged as security on behalf of the issuer to ensure full repayment to creditors. The
second classification (Revenue Bonds) differs in that they secure funding from revenues
generated through correspondent financing projects. This bond type includes entities involved in
water and sewer, highway toll, hospital, etc… Due to limitations of taxing authorities to raise
adequate funding from tax payers, revenue bonds come with constrictive covenants to help
protect the bondholder.5
Who owns Municipal Bonds?
Buyers of municipal bonds are lending cash to the issuer in exchange for semi-annual
payments of tax-exempt interest, and eventual redemption reimbursement at maturity. According
to the Securities & Exchange Commission (SEC), retail investors own roughly two-thirds or $1.8

4

“Full Faith and Credit” is a term or clause used to depict the guarantee or promise by a government entity
to back the interest and principal of the issued debt. Government institutions have the ability to raise
unlimited streams of capital through its tax source pool.
5
Frank Fabozzi, Bond Portfolio Management (New Hope, PA: Frank J. Fabozzi Associates, 1996), 55.
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trillion of the municipal market.6 Bond investors typically possess a more risk-averse profile as
compared to equity investors, and seek to preserve a stable stream of income through collection
of interest and principal payments, rather than accumulate wealth.
Municipal Bond Characteristics:

Figure 1. Tax-Exempt Yield Characteristics

Investors who hold municipal bonds are exposed to several downside risks: interest rate,
credit, liquidity, and spread. Interest rate risk, or duration risk, deals primarily with the price
sensitivity of fixed-income instruments to changes in market interest rates. As a result, in a rising
rate environment, municipal bondholders are at risk of experiencing downgrades in the values of
their fixed-income portfolios. Bonds possess an inverse relationship between value and changes
in interest rate as yields increase on an asset its intrinsic value declines. It should be noted that
risk-minimizing strategies that are normally used by investors and portfolio managers, are
discussed in greater detail in Chapter 3 of this paper.
The investment community has customarily viewed credit risk for municipal bonds as the
least significant of the main risk factors. Municipal bonds have a history of timely repayment of
interest and principal to creditors, especially when compared to its fellow fixed-income

6

“SEC Recommends Improvements to Help Investors in Municipal Securities Market,” (July 2012),
https://www.sec.gov/News/PressRelease/Detail/PressRelease/1365171483570#.Uzjh86PD9UY (accessed
January 24, 2014).
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counterparts. Default rates for issuers of municipal debt are drastically lower than most other
bonds of similar design in the fixed-income asset class. General consensus argues that next to
United States Treasury bonds, which are guaranteed by the “full faith” of the U.S. government,
municipal bonds are the least risky category within the investable universe of bonds. In a study
conducted by Fitch Ratings in 2003, the agency found that not only were overall municipal
default rates low (cumulative default rate of 1.5% from 1979-1986), but also the average recovery
rate of 67% for municipals proved to be significantly larger than the 40% long-term average
recovery rate for corporate bonds.7 Recovery rates can be thought of as the percentage of face
value recuperated from a defaulted issue, with higher recovery rates being preferable. Below is a
table from Moody’s Investor Service revealing a side-by-side comparison of cumulative default
rates over the prior decade for municipal and corporate bonds.

Figure 2. Credit Default Comparison

7

David Litvack, “Fitch: U.S. Municipal Defaults More Frequent After Recessions Peak,” (June 2003),
http://www.businesswire.com/news/home/20030623005586/en/Fitch-U.S.-Municipal-Defaults-FrequentRecessions-Peak#.Uzjk8KPD9UY (accessed January 24, 2014).
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With the exception of Jefferson County in Alabama, no major U.S. city, state, or school
district with investment grade credit quality8 had reneged on their debt service payments during
the financial crisis of 2007-2009.9 New York City came close in 1975, when Mayor Abraham D.
Beame announced the default in a statement to the public; however, the city’s unions forfeited
union retirement funds to alleviate the city’s debt service burdens and ward off bankruptcy.10 Up
until the summer of 2013, credit worthiness of municipal issues was not of upmost importance to
investors, especially compared to the myriad of other dangers threatening portfolio performance.
The advent of major municipal entities filing for bankruptcy, then again, has introduced an added
wrinkle to the municipal space that market participants now have to contend with.
Additionally, the municipal market is synonymous with long-only, illiquid instruments
exhibiting a restricted ability to hedge total exposure. Entirely protecting a municipal bond
investment would theoretically require shorting municipal credit, which historically investors
have been inhibited from doing directly. The inability to short the underlying asset poses many
problems for traders and investors in the municipal space. Unlike equity investors who merely
offset underlying stock by shorting securities within the equity asset class, holders of municipal
securities must explore other ways to hedge their investments through unconventional methods.
Consequently, an illiquid market creates the necessity to cross hedge among other instruments
and asset classes.
Lastly, the deterioration of municipal bond values is attributable to two major factors: an
escalating rate environment (interest rate risk), or widening spreads between the bond’s yield and
the benchmark rate (spread risk). The use of duration matching municipal credit exposure with
8
9

Investment Grade is at least BBB for S&P and at least Baa for Moody’s.

Michael Johnston, “The Safety of Municipal Bonds,” (August 2011),
http://www.municipalbonds.com/education/read/72/the-safety-of-municipal-bonds (accessed January 24,
2014).
10 Ralph Blumenthal, “Recalling New York at the Brink of Bankruptcy,” The New York Times (December
2002), http://www.nytimes.com/2002/12/05/nyregion/recalling-new-york-at-the-brink-of-bankruptcy.html
(accessed January 22, 2014).
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highly liquid treasuries can mitigate the first risk by immunizing the portfolio to variability in
interest rates. For example, as established market rates surge, the values of municipals will
weaken, while short positions in Treasuries and Treasury futures will appreciate in value to offset
a great deal of the losses incurred. Managing the spread risk of municipal instruments is entirely
more challenging. Currently, market participants are perplexed by the conundrum presented by
the aforementioned spread risk inherently found with municipal bonds. The deviation in spreads
between the municipal and Treasury bond yields can be explained by the unique risks presented
in the municipal environment (e.g. Detroit and Puerto Rico). Incessant revisions to tax laws and
increasing danger of credit defaults have direct impacts on municipal markets, but transmit little
to no effect on treasuries. As such, short positions in treasuries do not capture the idiosyncratic
risks presented in the municipal market. According to several articles in the Bond Buyer, a key
municipal industry news source, a dependable process for fending off the risk of inflating spreads
has yet to materialize, primarily because hedging duration risk fails to account for a transfer in
spreads, i.e. muni yields rise while Treasury yields fall relative to benchmarks.11 Functional
systematic methods for dealing with spread risk are an integral step toward developing an
efficient municipal hedge.
A note-worthy function of municipal bonds is the federal and state tax exemption from
interest income earned. As a result of the tax benefits, interest on municipal bonds is usually
lower than interest on taxable fixed-income securities of similar makeup and structure. However,
municipal securities offering a lower yield than its corresponding taxable equivalent may result in
a higher after-tax yield in comparison. For instance, Figure 1 illustrates two comparable bonds
with similar characteristics, but differing tax status. Assuming an investor falls in the 35% tax
bracket, a taxable bond must yield 7.69% to match the taxable-equivalent yield of a municipal
11

Dan Seymour, “Hedging Munis: It Ain’t Easy,” Bond Buyer (July 2010),
http://www.bondbuyer.com/issues/119_389/babs_muni_portfolio-1015124-1.html (accessed January 22
2014).
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bond initially yielding 5% to avoid arbitrage scenarios. With the numerous adverse events
occurring over the past year, yields have been driven to record highs not seen since the Great
Recession. Bond investors searching for buy opportunities could potentially earn phenomenal
taxable-equivalent returns relative to other taxable fixed-income instruments. Equation 1 below
denotes the formula for calculating a taxable equivalent yield for a municipal security.

Taxable Equivalent Yield 

TaxExempt Yield
(1  M arginal Tax Bracket)

Equation 1. Taxable Equivalent Yield Formula

Recent Municipal Environment:
On July 18th, 2013, Detroit, with a population of 700,000 according to the 2012 United
States Census Bureau, became the first major U.S. city to file for Chapter 9 bankruptcy.12 This
stunning revelation shook the confidence of municipal investors across the market and stimulated
on an enormous wave of bond fund outflows. Investors withdrew $1.23 billion out of U.S.
municipal bond funds for the week following Detroit’s bankruptcy filing, according to an article
published by Reuters.13 In the events leading up to the insolvency notice, several adverse actions
by the Federal Reserve regarding tapering of the quantitative easing program contributed to
amplified concerns of a rising interest rate environment. These activities had already begun to
rattle the market and drove investors to relinquish their holdings in bond funds for nine
consecutive weeks prior to the bankruptcy filing.14 Furthermore, the weeks following the Detroit

12

U.S. Bureau of the Census. Detroit City, Michigan. ONLINE. 2012. Census Bureau. Available:
http://quickfacts.census.gov/qfd/states/26/2622000.html
13
“U.S. municipal bond funds report ninth week of outflows,” Reuters (July 2013),
http://www.reuters.com/article/2013/07/25/lipper-muni-funds-idUSL1N0FV2BA20130725 (accessed January
28, 2014).
14
Ibid.
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meltdown left investors shaken and apprehensive about the future outlook of the municipal
market. Outflows in the third quarter of 2013 amounted to $32 billion, which exceeded outflows
of any entire year dating back to 1992, when companies started tracking fund flows.15 Also,
subsequent news regarding fears of a potential downgrade of Puerto Rico credit quality
augmented municipal yields and further widened spreads to treasuries. Largely due to its triple
tax exemption (Federal, State and Local), Puerto Rico bonds are among the most widely coveting
and held securities in municipal portfolios, with 77% of funds having some stake in Puerto Rican
debt.16
Together, all of these negative news events pushed yields on municipal securities to
levels not witnessed since the financial crisis. Figure 3 below illustrates escalating interest rates
over the tumultuous time period, while Figure 4 tracks relative yield ratios for municipals and
treasuries compared to the long-term historical average. Note that throughout the analyzed period,
municipal yields traded at percentages to treasuries above the red line signifying the mean relative
ratio. This distinction parallels the observed drop off in correlation between municipals and
treasuries. As time progressed, relative yield ratios remained elevated and deviated from the
historical mean ratio of 96% (Muni:Treasury). Although relative yield ratios are typically used as
means to assess value between the two assets, this prolonged meandering above the mean paved
the way of disaster for municipals. Essentially, historically high relative yield ratios correspond
with a weakening of the municipal market and a simultaneous strengthening in the treasury
market. The persistent mismatch of trend performance between the two asset classes is a direct
result of municipal spread risk, which compromises the overall hedge effectiveness for this
particular pairing. Also, in an article released in December by Reuters, portfolio managers and

15
16

Lisa Lambert, “Analysis: Little Respite Seen for U.S. Municipal Bonds in 2014,”

Chad Farrington, “Trouble in Paradise: Q&A about Puerto Rico Bonds,” Columbia Management (January
2014), http://blog.columbiamanagement.com/trouble-in-paradise-qa-about-puerto-rico-bonds (accessed
January 14, 2014).
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traders of municipal bonds concluded that the overall size of the municipal market underwent a
third consecutive yearly contraction. This troublesome trend is anticipated to persist in the
future, with interest rate, credit, and spread risks dissuading prospective investors.17 Waning
interest in these debt securities may continue to cause problems for investors seeking to hedge
exposure to the municipal market during a looming liquidity drought (e.g. non-existent bid side).
Ultimately, these developments and other factors prevented many traditional means of hedging
municipal credit inventory from protecting against eroding bond values.

17

Lisa Lambert, “Analysis: Little Respite Seen for U.S. Municipal Bonds in 2014.”
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Figure 3. Interest Rate Tracking Chart18

Figure 4. Relative Yield Ratio Graph19

18
19

Graph compiled using historical data from Bloomberg on municipal and treasury benchmark rates
Graph compiled using historical data from Bloomberg on municipal and treasury benchmark rates
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Chapter 2
Literature Review
Historical Defaults:
Moody’s Investor Service released a report detailing a comparative analysis between tenyear cumulative default rates of municipal and corporate bonds for the prior decade.20 The exhibit
depicts the historically low default rate for municipals (.09%) compared to its fixed-income
cousin with nearly an 11% spread between all-rated default probabilities. Additionally, Fitch
conducted a study in 1999 on municipal bond default rates by evaluating municipal issues ranging
from 1979-1986, and found a cumulative default rate of 1.49% for intermediate term municipal
bonds.21 Though multiple studies were presented prior to the financial crisis of 2007, not much
had been written about municipal defaults in the wake of the Great Recession. A recent study
from 2012 by Noah Joseph Zurad reinforced the notion of a strong credit quality in municipal
market over the years following the credit crunch. The analysis concluded that there was an
indication of a slow recovery in the municipal market, allowing issuers to adapt to the new
environment and ultimately avoid an increase in future defaults.22
Traditional Bond Portfolio Trading Strategies:
Fixed-income holders are exposed to multiple investment risks that can generate adverse
effects on the portfolio’s performance. Primary risks associated with bond portfolio positions
develop from interest rate vacillation, weakening credit profiles, and a dearth of liquidity in the
respective bond market. Under active portfolio strategies, it is essential to specify the factors that
20
21
22

See Figure 2.
Litvack, “Fitch: U.S. Municipal Defaults ore Frequent After Recessions Peak.”

Zurad, Noah Joseph, Miles, James A, Schreyer Honors College. 2012. The misunderstood municipal
market: Why predictions for mass municipal defaults are incorrect. Ph.D. diss., Pennsylvania State
University.
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influence expected bond performance over the course of an investment horizon. For instance, a
portfolio’s sensitivity to fluctuation in interest rates can be determined by calculating the
weighted average duration of bonds within the portfolio.23 Frank Fabozzi’s book, “Bond Portfolio
Management”, documents traditional active bond trading strategies used to mitigate portfolio
risks. Fabozzi produces three strategies for active portfolio management, two of which are
referenced for this thesis. The first approach is managing volatile shifts in benchmark rates by
capitalizing on future expectations for interest rate movements.24 A portfolio manager would
accomplish this strategy by altering the portfolio’s duration according to the expected forecast of
future interest rates. Portfolio duration would be augmented if interest rates were to fall and vice
versa. Furthermore, assuring a specified return over a given investment horizon, regardless of
interest rate swings, is a key for many bond investors and portfolio managers. Classical
immunization techniques insulate a portfolio from adverse interest rate movements and secure the
bulk of portfolio value at a future target date.25 Proper immunization requires offsetting the
interest rate risk of the initial bond portfolio by altering its duration to equal that of the hedged
portfolio’s duration. Under the assumptions of Fabozzi, this analysis will model its portfolios
through a periodic immunization rebalance to ensure that duration matching is consistent through
the six-month time interval. Transaction costs amount as the rebalance frequency is increased,
and thus investors face a trade-off between maintaining portfolio duration from deviating too far
from targets, and incurring excessive transaction expenses.26
Lastly, Fabozzi writes about strategies that seek to exploit the future shape of the yield
curve. Yield curve strategies involve assembling a portfolio with varying maturities across the
maturity spectrum. The three predominant yield curve strategies are bullet, barbell, and ladder
23
24
25
26

Fabozzi, Bond Portfolio Management, 283.
Ibid., 320.
Ibid., 351.
Ibid., 359.

12
strategies.27 Of these options, only the latter two were applied to theoretical portfolio construction
and evaluation analysis in this paper.
Cross Hedging with Futures:
By selling a futures contract, a portfolio’s duration declines as its exposure to rate
changes is diminished. This in turn can be utilized to control a portfolio’s sensitivity to interest
rate fluctuation. A preponderance of money managers have shifted from trading spot values in
treasuries, to utilizing treasury interest rate futures. Benefits to entering interest rate futures over
spot transactions include: reduced transaction costs, greater leverage, and deeper short markets in
futures compared to the cash markets. Shorting treasury or sovereign debt futures have essentially
become the standard for bond portfolio managers to hedge interest rate risk as it is a proven and
inexpensive means to lower duration. Typically bonds, like municipals, being hedged do not
contain identical characteristics to the underlying asset of a futures contract. The use of a futures
contract to hedge a differing asset is known as a cross hedge. Accordingly, municipal bonds lack
significant open interest in underlying municipal futures contracts, and therefore justify the need
for cross hedging with other asset platforms. In determining which futures contract is most
appropriate for hedging purposes, a high degree of correlation between the underlying asset and
the futures asset must be observed. For instance, Fabozzi illustrates an example with cross
hedging a long-term corporate bond portfolio with long-term Treasury bond futures. This tactic is
performed to capture the higher correlation of corporate bond rates with Treasury bond rates.
Because these two assets held an imperfect correlation measure, a complete offset of risk and
value changes was unlikely to be achieved. After a 20 basis point change in yields, the underlying
corporate portfolio devalued by -$200,000, while the implemented treasury futures hedge
experienced a simultaneous gain of $196,044. Although this cross hedge strategy failed to

27

Ibid., 326.
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produce a perfect 1-to-1 hedge, it managed to offset 98.02% of the underlying portfolio’s losses.28
The offset value qualifies as an effective hedge under test requirements used in this thesis, which
are described in the “Hedging Tests” section. Also, consideration for asset liquidity is always a
necessity for market participants, thus investors may require to extend a cross hedge along a
variety of contracts to compensate for liquidity shortages.
Municipal holders can determine whether to enter into certain hedge positions based on
the anticipated measure of hedge effectiveness and the residual hedging risk. If a hedge is
believed to remove 90% of the risk from the initial position, the remaining 10% is classified as
the residual risk. As the residual risk increases, the variability that can be experienced throughout
the lifetime of the hedge also increases. Furthermore, Fabozzi mentions the significance of
properly timing the life of the hedge. Alternate holding periods for a particular hedge strategy can
result in noticeable disparity in effectiveness measures. A hedged position held for six months
may be 90% effective, where a similar hedge liquidated after only one month might prove an
ineffective 20%.29 This case arises when the underlying position and the prospective cross hedge
are either highly correlative assets in the longer-term or retain a strong relationship in the shorterterm.
Hedge Ratio:
The following topic covers the method to determine the proper hedge ratio to optimally
mitigate portfolio risk. Solving for the hedge ratio informs the long-party of the ideal amount of
short futures contracts needed for a cross hedge. For example, a hedge ratio of 1.5 dictates that for
every $1.00 face value of the initial asset, $1.50 of face value is required for the cross hedge
derivative to eliminate the maximal risk. Equation 2 indicates the formula used to arrive at an
optimal hedge ratio:

28
29

Ibid., 392.
Ibid., 383.
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Hedge Ratio  

BPVunhedged
BPV with futures

 Yield Beta

Equation 2. Optimal Hedge Ratio

The dollar duration of a futures position (BPV or Basis Point Value) is calculated by
multiplying the duration of the derivative by its underlying par amount (e.g. duration of 3 with a
par amount of $100,000 leads to a dollar duration of .03 x $100,000 = $3000). Likewise, current
dollar duration of the initial unhedged portfolio, can be determined from the product of the
current duration and current portfolio value, all divided by 200. After collecting this data, the
ratio of duration figures is multiplied against the corresponding yield beta to arrive at the
appropriate short hedge position.30 Yield beta is a regression that has variables comprising the
return on the hedged item and the yield on the futures contract. A derived yield beta of 1.1
communicates to the investor that yields on the underlying asset will fluctuate 10% more than
those on the futures hedge.
Finally, Fabozzi argues that daily alterations to the hedge ratio through time can prove
inadvisable and that the best approach is to maintain the original hedge ratio throughout its
investment cycle.31 Yield betas are inclined to be resistant to new information that is released on a
daily basis. Accordingly, this thesis has elected to incorporate weekly data points for performance
evaluations of the prescribed hedge portfolios over the analyzed six-month period.
Hedging Tests:
Investors have long been concerned with reducing the numerous investment risks
inherent to their bond portfolios. Trade strategies for fixed-income positions have been developed
to hedge the two principal factor risks: interest rate risk and credit-default risk. In their

30
31

Ibid., 393.
Ibid., 394.
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dissertation titled “Testing Hedge Effectiveness”, authors John D. Finnerty and Dwight Grant
illustrate three methods of detailing hedging effectiveness with derivative instruments and crosshedge asset positions. The three tests include: the Dollar-Offset Method, the VariabilityReduction Method, and the Regression Test.32
The first test reviews the changes in the market value of the hedged item with its hedge
asset. If the hedged asset’s value change perfectly offsets the change in value of the hedged item,
the Dollar-Offset Method will return a perfect ratio of 1.00. According to the SFAS 133
guideline, the standard for measuring an effective hedge under the Dollar-Offset Method should
reveal a ratio between 0.8 and 1.25.33 Some methods have certain benefits, while others have
setbacks compared to their testing counterparts. In the case of the Dollar-Offset test, the main
drawback arises with small changes in the value of the underlying assets. Finnerty and Grant
detail how basis risk between an asset and its derivative can lead to large swings in valuation that
delivers an ineffective Dollar-Offset ratio of 0.36, whereas the coefficient of determination or RSquared from the respective regression test was a highly effective 0.98.34 The Dollar-Offset
statistic is a solid preliminary gauge of the fundamental quality of the combined hedge position.
Other test evaluations should be taken into consideration before concluding which hedge strategy
is most appropriate.
The Variability-Reduction Test is closely related to the Regression Method. The primary
contrast between the two is the assumption that the risk-minimizing derivative position, or hedge
ratio, is opposite the underlying asset for the Variability-Reduction model. In order to achieve a
perfect one-to-one hedge, the per-period change in the value of the hedge asset must exactly
offset the change in the value of the hedged item. This test eliminates the shortcomings found
32

Finnerty, John D. and Dwight Grant. 2003. Testing hedge effectiveness under SFAS 133. The CPA
Journal 73, no. 4: 40-47, http://search.proquest.com/docview/212277407?accountid=13158.
33
SFAS 133, or FASB 133, is an accounting guideline issued in June 1998 by the Financial Accounting
Standards Board (FASB) requires all derivatives be recorded at fair value as an asset or liability.
34
Finnerty and Grant, Testing Hedge Effectiveness Under SFAS 133, 4.
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with the Dollar-Offset method by comparing the variability of the market values of the combined
hedged portfolio position, to the variability of the cash flows of the hedged item on its own.
Moreover, emphasis is placed on greater deviations over smaller ones and uses the squared
changes in value to measure ineffectiveness (mean-squared deviations). The VariabilityReduction method accounts for the variance terms originating from both the underlying portfolio
and the combined hedge, which is a better gauge for consistency of risk mitigation. The standard
subjective measure for an effective hedge using the Variability-Reduction model is deemed to be
an 80% decrease in variance for the combined hedge portfolio over the unhedged position.35
Finally, the most frequently utilized test in finance for retrospective measurement of
hedge effectiveness is the Regression Method. Variables for this method include an estimated
intercept term (alpha), a slope coefficient (beta) and an error term. After regressing the change in
value of the hedged position with the change in the value of the underlying asset, the Regression
Test produces an interpretative measure for determining the true effectiveness of the hedge,
known as the adjusted R-Squared. Ideal hedge characteristics arise from using the regression’s
beta as the variance-minimizing hedge ratio, and result in a combined change in value of zero
between all assets.36 Ultimately, Finnerty and Grant argue that a Regression Method should
deliver a standard measure of at least 80% for the adjusted R-Squared qualify as an effective
hedge.
Overall, information and studies regarding municipal bond hedging are limited in scope,
while the weakening valuation reports for the municipal market have attracted immense attention
from investors. Amidst all the recent volatility, one would believe that more would be published
on the issue. To the dismay of many, only one major study since 1985 has been conducted

35

Robert C. Lipe, “Current Accounting Projects,” (presentation at the 1996 Twenty-Fourth Annual National
Conference on Current SED Developments, Washington, DC, January 11, 1995).
36
Louis H. Ederington, “The Hedging Performance of the New Futures Markets,” Journal of Finance
(March 1979): 160-165.
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focusing on municipal cross hedging.37 The purpose of this thesis is to not only inform the readers
of potential pitfalls that may arise from following traditional municipal hedge strategies, but also
serve as a foundation for further research into deriving a functioning systematic process for
eliminating portfolio risk.

37

Oyedotun, Jaiye. "The Effectiveness of Hedging Fixed Income Securities with Stock Index Futures: The
Municipal Bond Case (Cross Hedging).” PhD diss., The University of Iowa, 1985. In PROQUESTMS
Dissertations & Theses @ CIC Institutions; ProQuest Dissertations & Theses A&I,
http://search.proquest.com/docview/303394113?accountid=13158.
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Chapter 3
Traditional Bond Investing Strategies

Exposure to the inherent risks tied to municipal securities can jeopardize the overall
performance of an investor’s portfolio. As discussed in Chapter 1, primary risks associated with
bond portfolio positions are: interest rate movement, default possibilities, and a dearth of liquidity
producing a disparity in spread levels to general benchmarks.
Classic fixed-income portfolio methods manage interest rate risk through the use of
portfolio immunization. Safeguarding the value of a fixed-income asset against unpredictable
fluctuations in interest rates is of paramount importance for risk-averse bond investors.
Conventional immunization techniques insulate a portfolio from undesirable interest rate
movements and secure a portfolio’s value at a future target date.38 The first step toward
immunization involves solving for the portfolio’s sensitivity to swings in market rates. Applying
the concepts from traditional bond investing, one can determine the interest rate sensitivity by
calculating the weighted-average duration of bonds within the portfolio.39 Entirely neutralizing
initial interest rate risk entails modifying the hedged portfolio’s duration to match the original
portfolio’s weighted-average duration. Under the direction of Fabozzi’s methods, this paper will
model its portfolios through a periodic immunization rebalance to ensure that duration matching
is consistent through the six-month time horizon.
Besides monitoring duration exposure, other typical bond investing strategies attempt to
benefit from predicted shifts in the term structure of interests rates. Yield curve strategies set out
38
39

Fabozzi, Bond Portfolio Management, 351.
Ibid., 283.
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to manufacture varied portfolio maturities with different weightings across a breadth of
maturities. The two chief yield curve strategies analyzed to structure theoretical portfolios were
ladder and barbell maturity construction. A ladder strategy allocates the weights of the portfolio
equally for each and every maturity so as to collect interest and principal payments on a
consistent yearly basis and allow for potential reinvestment opportunities. One advantage to the
ladder is that it offers diversification through exposure to all parts of the yield curve (short end,
belly, long end).40 Conversely, a downside to implementing a ladder strategy is the incurrence of
higher transaction expenses from the numerous trades that must be executed. Similar in some
aspects to the ladder, a barbell approach synchronously distributes portfolio weights across the
maturity spectrum to achieve some level of diversification assistance. Funding however, is
concentrated in extreme maturities to obtain higher risk-adjusted returns and protect against
losses from a steepening of the short and long-end of the yield curve. Added convexity measures,
obtained from the longer-term maturities, serve as a buffer against adverse changes in market
rates. To uphold the configuration of the barbell, the portfolio must be actively managed by
rolling over income received from maturing bonds into analogous short-term instruments.
Uncertainty surrounds these yield curve strategies as the eventual performance is dependent on
the severity of the future slope change of the benchmark curve. All of these established fixedincome techniques were taken into consideration when crafting the underlying long portfolio and
its corresponding short hedge portfolios.

40

Structure of the Yield curve is broken up into the short-end, belly and the long-end. The short-end
encompasses maturities in the one to five-year category, belly contains five to ten year maturities, and the
long-end contains maturities above 10 years.
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Chapter 4
Theoretical Portfolio Designs

The theoretical municipal bond portfolio analyzed, consisted of ninety of the most widely
held securities in the market. CUSIPs41 for these securities were derived from the SPMUNUST
Index, a municipal bond index that attempts to track the market through various means of
diversification. Selected positions comprising the hypothetical portfolio displayed a 97%
correlation to the primary municipal bond index42 and thus, acted as an appropriate proxy for
municipal bond performance over the prospective investment horizon. For simplicity sake, the
municipal portfolio being analyzed has been equally weighted across all ninety investment-grade
assets (bond ladder strategy) to diversify exposure to the municipal yield curve. A complete
breakdown of the municipal portfolio is included in “Appendix A” and a brief overview of the
portfolio assumptions can be found in Figure 5.

41

CUSIPs are 9 digit security identifiers that distinguish individual fixed-income instruments and are the
equivalent to stock tickers for bonds.
42
The S&P National AMT-Free Municipal Bond Index TR is a broad, market value-weighted index
designed to measure the performance of the tax-exempt, investment-grade U.S. municipal bond market.
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Municipal Bond Port. Assumptions43
Initial Portfolio Value
Number of Assets
Modified Duration
Weighting across assets
Rebalance Frequency
Standard Dev. of Weekly Yield Chg.
Average Weekly Yield Chg.
Investment Holding Period
Weighted-Average Maturity
1 Year 95% Portfolio VaR
Portfolio Inception Date
Portfolio Liquidation Date

Inputs
$ 10,079,185.00
90
4.10
1/90
Once per year
0.186%
0.0055%
6 Months
5.09 Years
$610,968.44
May 31, 2013
December 31, 2013

Figure 5. Municipal Portfolio Assumptions

As a result of the abundant amount of volatility observed in the municipal market over
the past year, several theoretical portfolios were constructed to test traditional trade strategies set
forth by market traders and academics alike. Shielding portfolio value during this chaotic time
frame was of the utmost importance to holders of municipal debt. Yet, as the year progressed
many assets that traditionally held strong correlative relationships with municipals decoupled,
resulting in losses in not only municipal trade book values, but also concurrent losses on
attempted hedges. For instance, municipals and treasuries have historically displayed strong
relationships. This shared variability was the impetus to incorporate treasuries into short hedge
strategies. Figure 6 highlights the drop-off in yield correlation between municipals and treasuries
starting in 2012.

43

Historical data for yield change was extracted from the Municipal ten-year rate dating back to 2005.
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Figure 6: Historical Municipal/Treasury Yield Correlation44

At times throughout this period, the correlation between municipal bonds and treasuries
dipped to levels not seen since the U.S. financial crisis. Consequently, a deteriorating correlation
between these two assets widened spreads between municipals and treasuries and ultimately
rendered the hedge strategy inept. Multiple assets within the fixed-income world, however, did
experience a strengthening in correlation with municipal bonds over the previous year. Corporate
bonds, in particular, had a surge in correlation leading up to 2013, and maintained the steady
relationship with municipals throughout the frenetic period preceding the Detroit bankruptcy
filing. Figure 7 below offers the visual depiction of the correlation between municipal and
corporate bonds over a five-year time horizon.

44

Graph compiled using historical data from Bloomberg on municipal and treasury benchmark rates.
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Figure 7. Historical Municipal/Corporate Yield Correlation45

Based on these findings and the correlation results uncovered in Table 1, the hedge
portfolios analyzed to offset total risk of the theoretical municipal securities, were assembled
using Fabozzi’s writings on classical fixed-income portfolio management. The assets chosen for
hedging analysis were spot rate treasury bonds (2-30 year maturity), spot rate corporate bonds,
spot rate agency bonds, and global sovereign treasury futures. To ensure duration matching
throughout the length of the six-month hedge, each hedged portfolio underwent recurrent
rebalancing through the Bloomberg Portfolio Optimizer tool. It is important to note that all hedge
positions were actively traded and continually rolled over short positions to suit portfolio needs.
Periodic rebalancing of the portfolios may safeguard against extreme deviations in durations
throughout the investment cycle. Moreover, rebalance frequency was optimized in Bloomberg to
prevent transaction costs from mounting and diminishing the net effectiveness of the hedge.

45

Graph compiled using historical data from Bloomberg on municipal and treasury benchmark rates.

24
Table 1. Multi-Asset Municipal Correlation Table (Feb 2009-Feb 2014) 46
10-20 Year T-Bond Corporate Bonds
0.4268
0.5017
0.7758
0.8184
0.7238
0.6244
0.8554
0.4027

5 Year
1 Year
Post Detroit
1 Month

REIT
0.0847
0.6023
0.5239
0.4116

Agencies
SPY Index ETF EEM Index ETF S&P Equity Futures Crude Oil Futures Gold Futures Gold Spot
0.3589
-0.0462
-0.0647
0.0448
-0.1192
-0.0310
-0.0263
0.7232
0.3006
0.3615
-0.1183
-0.2466
-0.1945
-0.1628
0.6619
0.1799
-0.0656
0.1568
-0.3835
-0.2008
-0.1819
0.5314
0.1576
-0.0305
0.3595
-0.8359
0.7426
0.8028

The table above illustrates correlation measures for ten separate assets and highlights
those that display the strongest affinity to municipal bonds. Since this study concentrates on the
municipal market following the traumatic summer events, only assets highlighted before the
“Post-Detroit” category were selected to represent the hedge portfolios. Those assets (Treasuries,
Corporates, and Agencies), were anticipated to mirror the movements of municipal bonds through
the tumultuous six-month time period ending December 31st, 2013. Largely due to the imperfect
nature between the correlations of these security types, and the constraint of single-asset class
hedge portfolios, complete elimination of variance (Total Risk) was not expected.47 Rather, the
immunized portfolios on the following page were assembled to mitigate the factor risks of the
underlying security holdings.48 The three testing methods used in this analysis, work to capture
the respective deviations in assets and determine whether the original portfolio correlation was
sustained to merit a quality hedge statistic.

46
47
48

Table compiled using five-year historical price data from Bloomberg software.
Total risk is the sum of the portfolio’s factor and non-factor risks.

Factor risks for municipal bonds include Interest rate risk, Credit Risk, and Liquidity/Spread Risk (see
Chapter 1).
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Initial Immunizing Spot Portfolios (Bloomberg Generated)

Treasury Bond Port. Assumptions
Initial Portfolio Value
Number of Assets
Modified Duration
Weighting across assets
Rebalance Frequency
Standard Dev. of Weekly Yield Chg.
Average Weekly Yield Chg.
Investment Holding Period
Portfolio Inception Date
Portfolio Liquidation Date

Inputs
$6,728,829
3
6.31
Variable
Monthly
0.127%
.0033%
Six Months
May 31, 2013
December 31, 2013

Figure 8. Treasury Portfolio Assumptions

Corporate Bond Port. Assumptions
Initial Portfolio Value
Number of Assets
Modified Duration
Weighting across assets
Rebalance Frequency
Standard Dev. of Weekly Yield Chg.
Average Weekly Yield Chg.
Investment Holding Period
Portfolio Inception Date
Portfolio Liquidation Date

Inputs
$9,283,933
20
5.57
Variable
Monthly
0.099%
.0107%
Six Months
May 31, 2013
December 31, 2013

Figure 9. Corporate Portfolio Assumptions

Agency Bond Port. Assumptions
Initial Portfolio Value
Number of Assets
Modified Duration
Weighting across assets
Rebalance Frequency
Standard Dev. of Weekly Yield Chg.
Average Weekly Yield Chg.
Investment Holding Period
Portfolio Inception Date
Portfolio Liquidation Date
Figure 10. Agency Portfolio Assumptions

Inputs
$10,048,610
14
4.42
Variable
Monthly
0.127%
.0033%
Six Months
May 31, 2013
December 31, 2013
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Futures Portfolio:
Innate risks present in investor bond portfolios are commonly managed through the use
of fixed income futures contracts. These instruments may offer incentives to risk-averse fixed
income investors by mitigating inherent investment risks through the final proposed hedge
strategy. A short futures hedge transfers the price risk of owning a bond to the buyer of the
contract by fixing the transaction price at a future date. An “ideal” futures hedge is intended to
counterbalance losses incurred in the spot markets with an equivalent gain in futures value.49 The
dilemma is that no deep futures market exists for the municipal market, so a cross hedge tactic
must be manufactured, which confines the maximum potential of a short hedge. Utilizing hedge
ratios to derive the risk-minimizing position is an effective means to offset a cash exposure.
Accordingly, since the dollar duration of a portfolio (BPV) declines as a function of maturity, an
active trading strategy must implement a somewhat dynamic hedge ratio that is subject to changes
in market interest rates.50 Since the investment lifetime is relatively brief (six months), hedge
ratios for all short futures positions should remain stable and should only be reevaluated under
stressful market circumstances. In general, market participants rebalance hedge ratios after a
significant interest rate movement (i.e. 20-25 basis points).51
Proper use of futures contracts can prove one of the most effective means of shrinking or
targeting specific levels for portfolio duration. In this study for instance, the underlying municipal
portfolio exhibits an initial modified duration of 4.10, which informs holder that 410 basis points
of overall value is at risk for every 100 basis point swing in yields. To effectively counterweight
this interest rate sensitivity, several futures approaches could have been undertaken depending on
the expected course of the yield curve. First, a single-maturity futures overlay strategy delivers a
49

John W. Labuszewski, “Understanding Treasury Futures,” CME Group 15 (January 2013),
http://www.cmegroup.com/education/files/understanding-treasury-futures.pdf (accessed January 16, 2014).
50
John W. Labuszewski, 17.
51

Ibid.
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duration adjustment by filtering all the funding into a single maturity bond futures contracts.52
Parallel shifts that are uniformly distributed across the yield curve qualify this as a viable hedging
strategy, since all maturities will react identically. Nevertheless, changes in the slope of the term
structure of interest rates present challenges and an unwelcome source of incremental risk to the
portfolio. Though this futures overlay strategy is an effective duration check under parallel yield
curve shifts, it fails to respond appropriately to the impact to the underlying portfolio from a
steepening or flattening across different inputs to the benchmark curve.53
The second futures overlay strategy integrates multiple contracts with varying maturities
to achieve a higher amount of resistance to portfolio interest rate exposure. In comparison to the
first futures strategy, multi-maturity futures overlays better protect a portfolio against slope
changes to the yield curve by referencing numerous inputs along the benchmark curve.54 Stable
levels in interest rates, or parallel shifts, impact this strategy negatively and limit its effectiveness,
as the combination of maturities will respond similarly across the curve. Given the objective set
by the investor, and the expectation of the future direction of interest rates, deploying the
appropriate futures overlay can be determined to eliminate portfolio duration risk.
Reverting back to the case presented in this paper, interest rates were expected to increase
over the selected six-month time period and reshape the yield curve in some fashion. To better
replicate the situation in time before the hedge was enacted, the analysis remained ignorant of the
realized historical shape of the yield curve when arriving at a futures hedging strategy. At first,
both futures overlay strategies were implemented, since knowledge of the eventual yield curve
shape was unknown, due to the susceptible nature of interest rates to exogenous factors.
52

Single Maturity Overlay Strategy offers of duration adjustment through funding entirely in one single
maturity contract, e.g. either 10-Year T-Note futures or 30-Year T-Bond futures.
53
“A Simple Treasury Furtures Duration Adjustment,” CME Group (2013),
http://www.cmegroup.com/trading/interest-rates/files/Treasury_Duration_Strategy_Paper.pdf (accessed
January 18, 2014).
54
Ibid., 6.
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Subsequently, an analysis involving the calculation of the futures contract hedge ratios was
completed for each overlay strategy using Equation 2. For the single maturity futures overlay
method, the hedge ratio instructed the owner of the portfolio to engage in a short ten-year treasury
position of 12.32 contracts at origination. Duration levels of the ten-year futures contract
oscillated at first and continued to dwindle throughout the investment cycle, thus requiring hedge
ratio adjustments and futures roll-overs.55 Finally, Table 2 outlines the multi-maturity futures
positions on May 31st, 2013 and reveals the optimal number of contracts for each security. The
Bloomberg software referenced in this case automatically implemented a periodic rebalancing of
the multi-maturity futures positions based on constraints placed to minimize transaction costs.
Table 2. Multi-Maturity Futures Overlay (May 31, 2013)56

Security
CNU3
BTSU3
IKU3
WNU3
FBU3
JBM3
USU3

Name
CAN 10YR BOND FUT Sep13
Short Euro-BTP Fu Sep13
Euro-BTP Future Sep13
US ULTRA BOND(CBT Sep13
SWISS FED BND FUT Sep13
JPN 10Y BOND(OSE) Jun13
US LONG BOND(CBT) Sep13
Total Contracts

Trade
Sell
Sell
Sell
Sell
Sell
Sell
Sell

Quantity
-1
-1
-1
-5
-5
-1
-12
-26

Opt. Weight(%)
4%
4%
4%
19%
19%
4%
46%

The volatile and unprecedented events that occurred over the selected six-month time
frame, created the necessity to develop methods to cope with multi-faceted risk profile found in
municipal bonds. As stated before, “naked” positions in municipals during this time period
resulted in losses of colossal proportion. Municipal ETF’s collectively earned an average
annualized return of -10.32% over the investment period. The initial portfolios herein described,
were analyzed with the intention of diminishing the risk exposures inherent with long positions in
municipal securities.
55
56

Hedge ratios were recalculated automatically through the Bloomberg Portfolio Optimizer Tool.

Hedge ratios and securities were determined using the Bloomberg Portfolio Optimizer tool for the dates
ranging from May 31st, 2013 – December 31st 2013.
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Chapter 5
Trade Simulations and Hedge Tests

During this experiment, each hedge portfolio was analyzed through theoretical
simulations and then compared with back-tested actual outcomes. Assumptions surrounding the
simulated values are derived from the Random Walk Theory of asset prices. Final calculations for
the simulated results are run through a Geometric Brownian Motion (GBM), where the initial
mean (  ) is multiplied by the product of the stochastic variable Z, with standard deviation of the
value (  ).57 The simulated changes in portfolio values over the investment horizon are
determined through randomly generated yield changes for the respective portfolios. Over the sixmonth window (May 31st – December 31st 2013), changes in weekly municipal yields were
replicated using ten-year historical data on the municipal market data curve. The average weekly
change in rates, along with the standard deviation of weekly change in municipal yields, were
integrated into the GBM equation to deliver an educated estimation for the per-period variation in
municipal market yields. Continuing with the municipal bond example, valuation of the unhedged
portfolio is governed by the aforementioned yield change. Using a duration approximation and
convexity adjustment, the set model calculated hypothetical changes in portfolio values for the
investment time frame. Also, periodic rebalancing of all the fixed-income portfolios was
performed to ensure a steadier duration match throughout the life of the simulation. An example
of the simulated model for a treasury barbell hedge portfolio is included in Figure 11 below.
Equation 3, also serves as a reference for obtaining a weekly yield conversion used to calculate
57

In Excel 2010, the randomly generated variable is determined by using the NORMSINV(rand()) function.
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simulated portfolio value changes. Comparable approaches were undertaken to simulate the
weekly changes to the treasury, corporate and agency bond portfolios. For all the hedge
evaluation tests, an averaging was executed on 5000 scenarios to exclude outliers and account for
potential “shocks” to the macro-economy.

Simulated Yield Change   weekly yield change  Z x   weekly yield change
Equation 3. Simulated Weekly Yield Change

Theoretical Simulated Values
*Duration and Convex Approximation

Port Value
Mu n i

Week 1
Week 2
Week 3
Week 4
Week 5
Week 6
Week 7
Week 8
Week 9
Week 10
Week 11
Week 12
Week 13
Week 14
Week 15
Week 16
Week 17
Week 18
Week 19
Week 20
Week 21
Week 22
Week 23
Week 24
Week 25
Week 26

Muni Portfolio 2 Yr Tre a su ry C u m u l a ti ve Su m 3 0 Yr Tre a su ry C u m u l a ti ve Su m D o l l a r R a ti o Avg 5 0 0 0 Me
Si m
an
u l Sq
a ti o
un
a sre d Te st R e g re ssi o n Te st fo r Va ri a b l i l ty R e d u cti o n
$ (158,261.98) $
60,996.37
76,457.62
0.87
-2.593170553
0.0421

Tre a su ry

Yield Change
-0.022%
-0.023%
0.111%
-0.102%
0.088%
0.029%
-0.140%
0.064%
0.134%
0.034%
0.082%
-0.008%
-0.061%
0.067%
0.026%
0.002%
0.010%
0.053%
-0.013%
0.094%
0.027%
-0.135%
-0.078%
0.072%
0.050%
-0.131%

Yield Change
0.113%
0.051%
-0.025%
0.044%
-0.040%
-0.047%
0.111%
0.147%
0.175%
-0.175%
0.092%
-0.078%
-0.007%
0.132%
-0.254%
-0.223%
-0.041%
0.100%
0.038%
-0.019%
-0.022%
0.214%
-0.024%
0.067%
0.109%
-0.136%

Muni Value
10,081.99
10,229.32
(50,222.72)
46,505.29
(39,759.18)
(13,333.66)
63,726.18
(28,875.90)
(60,277.97)
(15,602.95)
(37,025.80)
3,698.10
27,592.95
(30,445.09)
(11,918.46)
(718.27)
(4,565.33)
(23,831.00)
5,756.05
(42,383.04)
(12,315.25)
61,382.15
35,331.30
(32,607.05)
(22,613.44)
59,684.60

Short 2 Year Treasury
18,671.95
8,427.73
(4,059.22)
7,246.28
(6,577.97)
(7,761.47)
18,264.97
24,207.88
28,933.54
(29,024.83)
15,237.68
(12,984.96)
(1,235.84)
21,756.55
(42,108.84)
(37,004.49)
(6,768.69)
16,557.91
6,350.39
(3,078.99)
(3,655.53)
35,282.29
(4,013.27)
11,089.84
18,026.02
(22,602.77)

Short 30 year Treasury
Total Hedged Position
31,504.24
60,258.18
14,323.48
32,980.54
(6,959.64)
(61,241.57)
12,325.80
66,077.37
(11,297.93)
(57,635.07)
(13,341.61)
(34,436.74)
30,826.51
112,817.67
40,683.27
36,015.25
48,460.11
17,115.68
(50,627.58)
(95,255.36)
25,772.74
3,984.63
(22,401.55)
(31,688.41)
(2,114.71)
24,242.40
36,627.89
27,939.35
(74,102.96)
(128,130.26)
(64,896.69)
(102,619.46)
(11,627.05)
(22,961.08)
27,979.46
20,706.37
10,808.73
22,915.17
(5,275.41)
(50,737.44)
(6,265.74)
(22,236.52)
58,822.72
155,487.16
(6,880.64)
24,437.39
18,812.45
(2,704.76)
30,428.41
25,840.99
(39,253.13)
(2,171.30)

(Y)^2
101,646,594.62
104,639,023.81
2,522,321,207.31
2,162,742,139.82
1,580,792,159.25
177,786,528.27
4,061,026,555.85
833,817,341.23
3,633,434,122.38
243,452,036.32
1,370,909,583.23
13,675,975.62
761,370,845.67
926,903,788.98
142,049,573.61
515,913.18
20,842,268.52
567,916,344.34
33,132,115.68
1,796,322,219.35
151,665,323.74
3,767,768,512.19
1,248,300,790.37
1,063,220,002.50
511,367,666.37
3,562,251,103.93

(X+Y)^2
3631047832
1087715938
3750530439
4366218219
3321801470
1185888862
12727826164
1297098513
292946614.3
9073582838
15877244.9
1004155240
587694010.9
780607037
16417363022
10530752571
527211086.8
428753746.2
525104863.9
2574287991
494462648.3
24176257218
597185960
7315742.035
667756641.8
4714554.062

Figure 11. Simulated Treasury Portfolio Values58

Simulated Dollar Offset Method:
After values for portfolios were generated, effectiveness measurements of the short hedge
positions commenced. Following the guidelines set forth by Finnerty and Grant, this study

58

Data compiled using historical data from Bloomberg on municipal and treasury prices and yields.
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adopted three tests to gauge effectiveness of the municipal hedges. For this thesis, notation for
test variables will match those designated by Finnerty and Grant in their publication.
To reiterate from Chapter 2, the Dollar Offset Method calculates the ratio between the
changes in the market value of the underlying asset and the hedge asset. The objective is to
achieve a ratio that approaches 1.00 to offset the maximal amount value fluctuation using the
prescribed hedge. Consistent with guidelines like SFAS 133, a ratio between 0.80 and 1.25 is
categorized as an effective hedge under the Dollar-Offset Method.59 Equation 4 is the written
n

formula for the Dollar Offset Ratio, where

X
i 1

i

is the cumulative sum of the periodic changes

n

in the value of the hedged position and

 Y is the same for the underlying hedged item.
i 1

i

n

n

i 1

i 1

Dollar Offset Ratio  ( X i /  Yi )
Equation 4. Dollar Offset Method Formula

Considering all these elements, an excel analysis ran a simulation macro 5,000 times and
computed the mean of these iterations to predict the most plausible outcome for the ratio.
Introducing 5000 different scenarios is believed to capture the potential of shocks in the macro
environment by eliminating outliers in the data. Table 2 lists the simulated Dollar Offset ratio
results. These outcomes provide future expectations about the performance of different hedge
portfolios and aid in differentiating the most appropriate hedge for the underlying collection of
municipal securities. As anticipated by most investors over the summer of 2013, the results in
Figure 12 estimated government debt to be the best prospective cross hedge. Treasuries and
59

Finnerty and Grant, 5.

32
agencies provided the strongest preliminary Dollar Offset result of all the simulated portfolios. In
practice, the actual course of these short strategies manufactured entirely different payoffs and
produced inconclusive results.60

Simulated Dollar Offset
Ratio61

Periodic Rebalancing

Treasury Portfolio

1.160

Corporate Portfolio

0.590

Agency Portfolio

0.845

Futures Portfolio

0.631

Figure 12. Simulated Dollar Offset Method Results

Simulated Variance Reduction Test:
Under this hedge effectiveness test, changes in value for the underlying asset target
completely neutralize changes in hedge asset’s value ( X i  Yi = 0). Unlike the previous method
above, the Variance Reduction Test (VR) adjusts for variability between the values of the
combined hedged position and those of the hedged item alone. Measuring the mean-squared
deviation from zero eliminates certain error terms that are not captured in the Dollar Offset
Method. For instance, positions in certain hedge portfolios that offer identical payoffs throughout
the life of the hedge will skew certain effectiveness measurements. In this case, variability around
the mean would simply be 1.00 since the variance is homothetic in every period. By instituting a

60
61

See Chapter 6
Simulated 5000 outcomes in Excel.
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mean-squared deviation approach, the Variance Reduction Method better reflects the lack of
offset in the averages.62 Again, when considering hedge strategies with two assets, the standard
measure for an effective hedge using the Variability-Reduction model is 80%.63

n

Variabilit y Reduction  1 

(X
i 1

i

 Yi ) 2

n

Y
i 1

2

i

Equation 5. Variability Reduction Method Formula

Outside of the treasury portfolio, none of the simulated VR outcomes (Figure 13)
satisfied the 80% variance reduction threshold. Consequently, no decisive conclusion could be
drawn over the expected quality of the latter three fixed-income hedges.

Simulated VR Test

Periodic Rebalancing

Treasury Portfolio

0.829

Corporate Portfolio

0.564

Agency Portfolio

0.682

Futures Portfolio

0.763

Figure 13. Simulated Variability Reduction Method Results

Simulated Regression Variability Reduction Test:
Lastly, calculating an adjusted R 2 through a regression analysis offers the magnitude of
risk that is minimized in percentage form. The Regression Variability Reduction Test runs a
62
63

Finnerty and Grant, 7.
Robert C. Lipe, “Current Accounting Projects”.
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regression with the underlying asset’s value change acting as the dependent variable ( X i ) and the
hedge asset’s value change as the independent variable ( Yi ). The alpha term produced from this
regression, proposes important detail about the characteristics of the selected hedge. An
appropriate interpretation of the intercept term (  ) is the amount per week that the change in
value of the underlying asset differed from its corresponding hedge’s value. A higher alpha
measure is inconsistent with Finnerty and Grant’s idea of what constitutes a perfect hedge
( X i  Yi = 0). Overall, after all the parameters are set, a successful regression analysis should
produce an adjusted R 2 value greater than 0.80, confirming an 80% reduction in realized
volatility through the combined hedge position.64 Equation 6 is provided as a reference for the
formula used to calculate the regression statistic:

n

Regression Variance Reduction  1 

 (  X
i 1

n

Y
i 1

i

 Yi ) 2

2

i

Equation 6. Regression Test Formula

Whereas the Dollar Offset Method is more concerned with the sum totals of the value
changes at the end of the hedge lifetime, the Regression Test concentrates more on the correlation
of asset value movement per period. Significant deviations between the simulated per-period
value changes of the initial portfolio and its hedge, were attributable to the greater variability
experienced by municipal yields on a weekly basis over yields of the other fixed-income
portfolios (  muni yield   hedge yield ). Overall, these circumstances contributed to poor regression

64

Finnerty and Grant, 8.

35
results, which produced no conclusive evidence and failed to satisfy necessary circumstances for
a functioning prospective hedge.

Simulated Regression Test

Periodic Rebalancing

Treasury Portfolio

0.182

Corporate Portfolio

0.423

Agency Portfolio

0.310

Futures Portfolio

0.214

Figure 14. Simulated Regression Method Results

Although generating 5000 random iterations of portfolio scenarios was an essential tool
to gauge expectations prior to researching the actual back-tested results, certain issues arose
throughout the examination, indicating potential limitations within the process. Chiefly among
them was the use of historical yield characteristics to predict the future direction of interest rates
on bonds. Frequently, traders and investors may seek the implied volatility measures found in the
options market to receive a better gauge of prospective variability of an asset. The opinion of
experts and those who trade daily, on what realized volatility will amount to in the future, is
incredibly beneficial during striking news events that are bound to have an immense impact on
the respective market. For example, in the month leading up to the Detroit bankruptcy, news
articles disclosed information warning of an impending insolvency coming from the 18th largest
city in the United States.65 Immediately following the news release, yields soared with the

65

Bernie Woodall and Steve Neavling, “Detroit Bankruptcy Possible, City Says It Will Stop Paying Some
Debts To Bondholders,” Reuters (June 2013), http://www.huffingtonpost.com/2013/06/14/detroitbankruptcy-city-debt-paying-bondholders_n_3442367.html (accessed January 19, 2014).
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municipal ten-year maturity increasing by 46 basis points over the span of a week.66 Under these
types of circumstances, traders begin to divulge their beliefs about the intrinsic valuation and
direction of the market through the implied volatility of option prices listed on exchanges. With
municipal bonds however, the options market is thinly traded and implied volatilities are virtually
non-existent. Therefore, because of the limitation of a negligible options market, the most
accurate volatility predictor is absent and introduces complications in trying to assess a correct
volatility measure. The retrospective approach of simulating yield changes based on historical
volatility fails to account for extreme occurrences, such as Detroit or Federal Reserve “taper”
discussions. Ultimately, running 5000 iterations of random outcomes can offer an abundance of
information, yet must not be misconstrued to be perfectly accurate because of the constraint
placed on historical volatility inputs.

66

From 6/14/13 to 6/25/13, ten-year municipal bond yields rose 46 basis points from 2.44% to 2.99%.
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Chapter 6
Actual Hedge Results

Portfolio Optimizer:
After taking into account the results from the simulated tests performed in Chapter 5,
adjustments were made using the Bloomberg Portfolio Optimizer tool. This function in the
Bloomberg software searched the requested universe of securities to provide optimal weightings
and rebalance frequencies of hedge portfolios that displayed the greatest reduction in total risk
(  Portfolio ). Certain constraints were placed such as, minimizing transaction costs, setting duration
bounds, short-only positions, and minimizing portfolio turnover. Then, once the constraints were
satisfied, Bloomberg generated an enhanced version of the original simulated portfolios. Using
this new assortment of hedge portfolios, a back test was conducted with the Bloomberg Analytics
task for the six-month investment time frame to measure the actual results.
Following the completion of each Bloomberg back test, analysis was prepared for the
three hedge assessments. A side-by-side comparison showing the discrepancy between simulated
expectations and tangible actual results was performed. Hedge effectiveness evaluations over the
allotted time period for the optimized portfolios are displayed in Figure 15.
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Hedge Portfolio Results

Hedge Effectiveness Tests
Dollar Offset Ratio

Variance Reduction

Regression Test

Treasury Portfolio

(0.653)

44.70%

0.1160

Corporate Portfolio

0.639

36.99%

0.2923

Agency Portfolio

0.759

62.78%

0.0801

Futures Portfolio

0.344

23.55%

0.1681

Figure 15. Actual Hedge Portfolio Results

Contrary to initial expectations, the separate evaluation metrics delivered conflicting
results between all portfolios, thus revealing no single dominant hedge strategy. For instance, by
choosing the Dollar Offset Method as the valuation metric, the Agency portfolio would be
preferred (0.759 > 0.639 > -.653). Electing to use the Regression test yields a diametric viewpoint
with the agency portfolio falling well below the effectiveness reading of the corporate bond
portfolio (0.2923 > 0.0801).
The inconsistencies resulting from these tests suggest several possibilities. First,
portfolios with a higher regression output, but weaker Dollar Offset ratios can be interpreted as
being quality short-term hedges. This hypothesis comes from the concept that regression analysis
captures the deviations in the weekly changes of portfolio values in the adjusted R 2 . Higher
regression measurements can signify a pronounced duration matching ability from the hedge
portfolio over brief time intervals. As the time periods extended, the relation of interest rate
sensitivities between the underlying and hedge portfolios began to unravel. With the corporate
portfolio, the six-month adjusted R 2 value was 0.292, while certain discrete periods saw values
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rally as high as 0.827. Undoubtedly, the higher explanation in variance during the ephemeral
period is a direct result of strong correlation in the modified durations of the two portfolios. The
subsequent relaxing of this relationship exposed the corporate portfolio to different variations in
price sensitivities than those experienced by the municipal portfolio. During the life of the
selected hedge, the corporate portfolio’s duration remained an average of 63 basis points above
the underlying duration value. Hence, as the months progressed, the similarity in per-period value
swings grew further apart, until reaching a point where the corporate portfolio was incurring four
times the losses of the underlying portfolio for an equivalent shift in interest rates.67 These
increasing deviations were detected in the calculation for the Dollar Offset method, which is why
a substandard ratio was observed (0.639).

Figure 16. Weekly Value Changes for Municipal and Corporate Portfolios68

67
68

Refer to second circle in Figure 16.
Graph compiled using data from Bloomberg on market values of the two portfolios.
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Secondly, the contradicting data further substantiates the notion that there currently exists
no perfect single-asset hedge of municipal bonds outside of the municipal credits themselves
(Munis long-only). Although none of the selected hedge portfolios impeccably reconciled the
municipal exposure according to the chosen effectiveness tests, some positive elements emerged
as a result of owning the hedge portfolios. One significant by-product was the contribution to the
reduction in total risk levels of the hedge portfolios. Municipal securities combined with the
varied hedges realized lower levels of volatility (total risk) in comparison to the unhedged
portfolio. An examination of portfolio risks and their relation to the initial portfolio can be seen in
Figure 17.

Figure 17. Portfolio Risk Assessment69

Across the board, aggregate risk levels were suppressed on average by 16.54%, or a mean
reduction of 34 basis points. Two of the most predominant factor risks associated with municipal
bond portfolios were graphed in the breakdown. Of the two factor risks, yield curve (interest rate
risk), experienced the most significant decline among the collective hedge portfolios. Much of
69

Graph compiled using portfolio risk data from the Bloomberg Optimizer Function.
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this abatement can be deduced from the applied barbell strategies constructed using Fabozzi’s
instruction. Exposures to the longer end of the curve added a convexity component to the hedge
portfolios that successfully protected against the adverse shifts in the yield curve over the sixmonths. Throughout the analyzed period, the treasury yield curve steepened slightly with the bulk
of the slope increase coming from the back-end of the curve.70 Higher portfolio convexity
measures resulting from longer-term maturity exposure, helped serve as a buffer against the
devaluation effects of the rising rate environment. Additionally, since the short-end of the curve
remained flat, the first half of the barbell holdings incurred little to no fluctuation in worth.

Figure 18. Yield Curve Graph71

Figure 19 offers a visual depiction of the modified duration level of the treasury hedge
portfolio through the investment time frame. A perfectly immunized combined portfolio would
70
71

Refer to Figure 18.
Graph compiled using historical benchmark data from Bloomberg.
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have a modified duration value of zero. In this case, as in most of the other hedge portfolios, the
duration measures hovered around the desired immunization level. This consistent proximity to
the ideal interest rate sensitivity value contributed to the ability of the hedges to offset the
exposure to market yield shifts (net combined duration of zero).

Figure 19. Net Portfolio Modified Duration Through Time72

Unlike the first factor risk, spread risk remained stagnant through the six months across
the wide-ranging hedge portfolios.73 Unique events, such as the Detroit bankruptcy and Puerto
Rico credit concerns, impacted relative shifts in benchmark rates of municipal bonds. Due to
many of these idiosyncratic events, municipal interest rates followed a separate path than any
other fixed-income instrument’s yield curve. The degree that municipals experienced ‘cuts’ to its
benchmark (rise in yields) nearly always exceeded the amount that treasury, corporate and agency
bond yields rose with their respective benchmark curves. A sample from the first three months of
72
73

Graph compiled using data from the analyzed portfolios in Bloomberg.
Refer to Figure 17 Trendline.
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data indicates the vast difference in the magnitude of shifts between the different interest rate
markets. Beginning on May 31st and ending September 30th, the 30-year municipal increased an
incredible 105 basis points, while the 30-year treasury only weakened 40 basis points over the
same elapsed time. This unaccounted for 65 basis point gap is the direct result of innate spread
risk expressed by municipal bonds. Based on the results of these artificial portfolios, spread risk
continues to be an inherent aspect of municipals that is near impossible to eliminate without
structured and intricate multi-asset approaches.
Interestingly, a noticeable disparity between the adjusted R 2 values was discovered
during the regression testing phase of the analysis. With July 18th, 2013 serving as the
demarcation point, portfolio R 2 values exhibited substantial declines in the post-Detroit
bankruptcy era in relation to the pre-Detroit period.74 This phenomenon remains consistent with
what market participants have been experiencing themselves with municipal bonds over the time
period in question.

Hedge Portfolios

R-Squared
Pre-Detroit

Treasury Portfolio

0.5348

0.0006

Corporate Portfolio

0.7580

0.0533

Agency Portfolio

0.8423

0.0215

Futures Portfolio

0.8160

0.3512

Figure 20. Portfolio R-Squared Comparison

74

Post-Detroit

Refer to Figure 19.
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To reiterate, the back-tested results described above offered no absolute resolutions for
an optimal single-asset fixed-income hedge. Contradictions and inconsistencies with outputs were
most likely due to the unprecedented market conditions--unique news events and widening spread
risk, thus rendering the analysis inconclusive. It is important to stipulate that the portfolios
reviewed in the analysis were restricted to a single asset class within the fixed-income universe.
Further study involving the use of multi-asset portfolios and loosening of certain predetermined
constraints (e.g. portfolio turnover and transaction expense), may accomplish more desirable
outcomes for a hedge.
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Chapter 7
Conclusion

In hindsight, there was no magic bullet to resolve the municipal funds crisis of 2013. As
demonstrated through this paper, during the six-month time period beginning May 31st to
December 31st, actively trading fixed-income instruments to mitigate volatile swings in municipal
inventory failed to achieve a favorable result. A variety of hedge strategies were simulated and
tested using methods prescribed by Frank Fabozzi, John Finnerty and Dwight Grant, but all
proved inconclusive. Nonetheless, as observed in this paper, certain lessons and takeaways may
be drawn from the analysis herein contained to assist with continued studies on the topic.
1) Detroit Has Reshaped the Landscape:
Detroit’s inability to meet its debt service payments sparked a wave of anxiety across the
fixed-income, municipal investment community. Although consensus from market participants
concluded that Detroit was an isolated credit incident, unwelcome precedents emerged in the
wake of the bankruptcy filing, which blemished the reputation of the municipal industry. The
proposed action of treating General Obligation debt, which is backed by “full, faith and credit” of
a municipal issuer, as unsecured paper may possess deep ramifications for the municipal space.
Eliminating the responsibility on the part of the municipal entity to ensure full liability
repayment, would shake bond markets and dissuade prospective investors, thus critically
siphoning demand for municipal securities. Additionally, the speculation surrounding the Puerto
Rico debt restructuring, further demonstrates that Detroit may not have been an isolated event. In
total, investors withdrew $63.5 billion from municipal bond funds, the largest drop since tracking
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began in 1992.75 The impact from lower demand would put additional pressure on interest rates,
as an overabundance of supply would cause issuers to compensate investors by offering even
more attractive yield levels. Prices may continue to plummet and perpetuate the observed trend of
a receding municipal market.76 Limited growth and waning interest in these debt securities will
remain problematic for investors seeking to hedge municipal exposure.
2) Traditional Hedge Strategies Are Ineffective For Municipals:
Shorting fixed-income instruments, in an attempt to moderate municipal bond portfolios,
have been the long-standing convention for traders and investors alike. Bond portfolio managers
have resorted to models that compartmentalize the risk features of municipal bonds. Most
pointedly, investors delve into the deep treasury markets to cover anticipated interest rate risk and
credit risk. These two asset classes, historically, demonstrate the proper characteristics of what
defines an appropriate hedge with a deep-rooted relationship. Even with a routinely high
correlation and the application of duration matching, no treasury hedging strategy satisfied the
initial conditions required by the hedge effectiveness tests. Corporate bonds, agency bonds, and
treasury futures followed suit by also failing to meet the test conditions set forth by Finnerty and
Grant. Ultimately, the unique developments that beleaguered the municipal market over the
summer, as well as other factors, prevented traditional means of hedging municipal credits from
successfully protecting against eroding portfolio values.
3) Total Risk Reduction Potential:
Despite the realized results, one upside of the analysis demonstrated that cross-hedging
single asset fixed-income platforms did indeed contribute to an overall decline in portfolio total
75

Eliot Brown and Al Yoon, “Silverstein Seeks New Debt Deal for WTC Complex,” Wall Street Journal,
January 28, 2014,
http://online.wsj.com/news/articles/SB10001424052702303277704579348923643155470?mg=reno64wsj&url=http%3A%2F%2Fonline.wsj.com%2Farticle%2FSB10001424052702303277704579348923643155
470.html (accessed January 24, 2014).
76
Lisa Lambert, “Little Respite Seen for U.S. Municipal Bonds in 2014”.
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risk. Aggregate risk levels for all hedge portfolios were diminished by an average of 34 basis
points, with the standard deviation of returns falling by a mean of 16.54%. The primary factor
risks studied were the yield curve risk and spread risk. Of the two, yield curve risk sustained the
most dramatic impact of the controlled factor risks, and the most significant decline among the
combined hedge portfolios. Longer-term maturity exposure bolstered portfolio convexity and
aided in serving as a buffer against decaying bond values resulting from rising interest rates.
Moreover, the flattening of the short-end of the curve limited the duration risk component of the
first-end of the barbell, and therefore preserved the worth of these assets. Principles, such as
barbell portfolio allocation, presented by classical fixed-income management remain effective in
reducing risk exposure in municipals to some extent: albeit, they still fell below effective variance
reduction thresholds.
4) Spread Risk Remains an Obstacle:
Spread risk continues to be the biggest hurdle for risk-averse municipal investors to
overcome. Traditional hedge approaches for bonds target interest rate sensitivity and credit
default possibilities, yet explicitly overlook the challenges presented by wavering spreads to
relative benchmarks. While total risk, as a whole, dropped moderately, the optimal hedge
portfolios experienced, on average, a net increase of 2.04% in spread risk. Once again, news
events unique to the municipal market, such as the Detroit bankruptcy and Puerto Rico credit
restructuring, were responsible for differing shifts in relative benchmark yield curves. Currently,
no single-asset hedge exists to successfully counteract the effect of widening spread margins; but
sophisticated multi-asset portfolio approaches may merit further investigation. The main
drawback from creating a structured, multi-asset hedge is the elevated transaction expenses that
the investor incurs from executing numerous trades.
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5) Forecasting Volatility Limitations:
Forecasting the course of a proposed hedge was completed through iterative “Random
Walk” simulations. Though simulating 5000 random portfolio outcomes was a vital forecasting
tool, certain complications that surfaced during the testing phase exposed shortcomings in the
process. The primary concern involved the integration of historical yield data into the analysis to
predict the expected direction of interest rates. Implied volatility from exchange-traded options
delivers a more accurate gauge on future expectations for the market rate variability. The major
quandary faced with municipals is the fact that no viable options or futures market exists within
the municipal space; hence, no implied volatility measured can be readily acquired. In periods of
instability (i.e. Detroit Bankruptcy), modeling simulation outputs based on historical data will fail
to entirely capture the essence of a sporadic market environment. As a result of the absence of a
crucial volatility predictor, the forecasted portfolio values attained through the simulation process
may contain some discrepancy with the volatility inputs. The error term for the volatility inputs is
immeasurable since there is no implied volatility measure to compare to the historical data’s
statistic. Ultimately, a wealth of information can be gathered from running 5000 random variable
iterations: yet the output terms must not be misinterpreted to be absolute because of forecasting
constraints on volatility.
6) Further Study:
All of the above takeaways can be implemented into further analysis on the topic of
municipal bond hedging. As stated earlier, no major study on municipal cross hedging has been
undertaken since the Oyedotum research in 1985, which pre-dates the market disrupting events of
2013. The focus of this thesis was to study, test and measure effectiveness of traditional and
unconventional municipal bond hedge strategies over the six-month investment cycle (May 31st,
2013-December 31st,2013), and to determine which asset class, if any, would offer the optimal
outcome. Quantitative analysis of four single-asset hedge portfolios: treasuries, corporates,
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agencies, and futures, was performed following methodologies set forth by Frank Fabozzi’s
publication “Bond Portfolio Management”, as well as consulting Bloomberg Portfolio
Optimizers. Three hedge evaluation techniques conducted in the analysis were derived from
Finnerty and Grant’s publication titled “Testing Hedge Effectiveness”. To conclude, the postDetroit world has created unique and unprecedented challenges to the municipal funds industry
and discoveries from this thesis may serve as a foundation for further research into developing
functional municipal hedging techniques.
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Appendix A
Complete Theoretical Portfolio Breakdowns
Figure 21. Municipal Portfolio (May 31st, 2013)
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Figure 2277. Treasury Portfolio (May 31st, 2013)
Detail
Wg t
Treasury Portfolio
Go ve rn m e n t D e b t
T 0 ⅝ 11/30/17
T 1 ⅛ 04/30/20
T 1 ⅜ 01/31/20

100.00
-63.92
0.01
1.54
-65.47

Po s

Eff Mty (Yrs) YTW YTM Mo d D u r OAD

0.57
6.50
4.34
6.75
6.51

745.00
162,666.00
-6,728,829.00

1.26
1.45
0.92
1.52
1.46

2.20
1.45
0.92
1.52
1.46

0.01
6.31
4.42
6.61
6.32

C TD

2.85 2.85
6.43 -4.15
4.46 0.00
6.74 0.11
6.44 -4.26

OAC

-1.825
0.456
0.222
0.496
0.457

OAS

86.72
0.69
1.87
0.23
0.68

Cpn

BB C o m p

4.112
1.381
0.625
1.125
1.375

AA+
AAA
AAA
AAA
AAA

Figure 23. Corporate Portfolio (May 31st, 2013)
Detail
Wg t
C o rp o ra te D e b t
AAPL 3.85 05/04/43
BHP 7 ¼ 08/15/18
BNSF 4.45 03/15/43
BRK 1.9 01/31/17
BRK 2.2 08/15/16
CAT 3.803 08/15/42
CNOOC 5 ⅞ 03/10/35
CNOOC 6.4 05/15/37
DE 3.9 06/09/42
GD 2 ¼ 11/15/22
GE 4 ⅛ 10/09/42
HPQ 6 09/15/41
ITW 3.9 09/01/42
LMT 4.07 12/15/42
MET 6 ¾ 06/01/16
MRK 3.6 09/15/42
MSFT 3 ½ 11/15/42
RTN 2 ½ 12/15/22
UPS 2.45 10/01/22
UTX 4 ½ 06/01/42

-95.34
1.37
-51.82
-0.46
-0.06
-10.40
-4.32
-0.86
-0.19
-0.74
-2.75
-1.15
0.31
-2.95
-1.73
-0.32
-1.62
-4.72
-3.15
-6.72
-3.05

Po s

-9,283,933.00
152,632.00
-4,713,575.00
-47,844.00
-6,093.00
-1,021,103.00
-479,470.00
-76,282.00
-15,826.00
-78,809.00
-299,995.00
-123,175.00
31,202.00
-321,097.00
-191,862.00
-27,571.00
-182,912.00
-544,326.00
-334,541.00
-707,091.00
-296,195.00

Eff Mty (Yrs) YTW YTM Mo d D u r OAD

C TD

OAC

OAS

Cpn

5.70
18.04
0.96
16.97
3.54
3.10
17.71
13.11
13.72
17.54
8.66
17.40
13.84
17.67
16.92
2.70
18.21
18.61
8.54
8.49
16.80

-5.49
0.25
-0.50
-0.08
0.00
-0.33
-0.77
-0.11
-0.03
-0.13
-0.24
-0.20
0.04
-0.53
-0.30
-0.01
-0.30
-0.89
-0.27
-0.58
-0.52

-0.387
4.536
-2.598
4.117
0.146
0.114
4.375
2.385
2.660
4.298
0.831
4.259
2.944
4.344
4.132
0.092
4.548
4.711
0.820
0.808
4.035

90.65
118.62
91.56
142.82
54.96
32.65
120.67
215.65
207.17
109.03
94.85
129.69
303.60
117.34
155.89
66.33
105.27
98.73
102.41
80.15
122.50

5.363
3.850
7.250
4.450
1.900
2.200
3.803
5.875
6.400
3.900
2.250
4.125
6.000
3.900
4.070
6.750
3.600
3.500
2.500
2.450
4.500

A
AA+
BBB+

Eff Mty (Yrs) YTW YTM Mo d D u r OAD

C TD

OAC

OAS

Cpn

BB C o m p

2.49
-4.52
-2.25
0.19
-0.09
-0.02
0.00
-0.12
-0.10
0.00
-0.64
-0.93
-0.13
-0.24
0.03
-0.22

-2.040 50.15 1.832
0.510 37.23 3.215
0.836 65.57 0.000
2.874 99.25 5.410
0.177 17.02 1.000
0.015
4.30 1.375
0.003 14.84 3.625
0.002 16.55 4.000
0.365 36.67 4.500
0.007 10.70 4.875
0.486 42.66 5.250
2.894 88.71 5.500
0.326 32.66 5.375
0.254 30.83 5.375
3.100 111.88 0.000
6.797 110.66 4.625

8.25
29.91
1.05
29.78
3.51
3.20
29.20
21.77
23.79
28.86
9.30
29.35
28.13
29.25
29.53
2.84
29.28
29.30
9.54
9.17
28.99

1.95
4.33
1.04
4.52
1.23
0.88
4.32
4.77
4.77
4.19
2.96
4.39
5.88
4.28
4.65
1.14
4.19
4.14
3.05
2.78
4.28

4.02
4.33
4.84
4.52
1.23
0.88
4.32
4.77
4.77
4.19
2.96
4.39
5.88
4.28
4.65
1.14
4.19
4.14
3.05
2.78
4.28

5.57
17.05
1.15
16.18
3.52
3.08
16.76
12.75
13.33
16.63
8.40
16.53
13.48
16.75
16.10
2.69
17.19
17.52
8.28
8.23
16.00

BB C o m p

BBB+
AAAAA
A+
A+
A
A
AA
BBB+
A
BBB+
AA+
AA+
AA+
A

Figure 24. Agency Portfolio (May 31st, 2013)78
Detail
Wg t
Agency Portfolio
Go ve rn m e n t D e b t
AID 0 03/15/22
FFCB 5.41 04/17/36
FHLB 1 06/09/17
FHLB 1 ⅜ 05/28/14
FHLB 3 ⅝ 10/18/13
FHLB 4 09/06/13
FHLB 4 ½ 09/13/19
FHLB 4 ⅞ 12/13/13
FHLB 5 ¼ 12/11/20
FHLB 5 ½ 07/15/36
FHLB 5 ⅜ 05/15/19
FHLB 5 ⅜ 08/15/18
FNMAP 0 05/15/30
TVA 4 ⅝ 09/15/60

77

Po s

100.00 -10,048,610.00
-98.55
-24.83 -3,197,415.00
1.31
106,048.00
-2.16
-220,148.00
-1.73
-175,637.00
0.00
-66.00
-44.29 -4,457,809.00
-1.69
-147,288.00
-0.29
-28,234.00
-9.92
-813,217.00
-6.33
-494,129.00
-2.50
-210,130.00
-5.20
-438,145.00
0.14
27,560.00
-1.07
-102,603.00

-0.59
5.39
8.78
22.87
4.02
0.89
0.37
0.25
6.28
0.53
7.52
23.11
5.94
5.20
16.94
47.29

0.90
1.31
2.60
3.71
0.95
0.16
0.16
0.14
1.67
0.13
1.99
3.62
1.54
1.35
3.77
4.30

1.85
1.31
2.60
3.71
0.95
0.16
0.16
0.14
1.67
0.13
1.99
3.62
1.54
1.35
3.77
4.30

-0.30
4.42
8.68
14.14
3.92
0.99
0.38
0.26
5.52
0.52
6.26
14.10
5.21
4.58
16.64
19.71

2.49
4.54
8.95
14.64
3.94
0.99
0.38
0.27
5.60
0.52
6.38
14.61
5.28
4.63
17.55
20.29

AA
AA+
AA+
AA+
AA+

AA+
AA+
AA+
AA+
AA+
AA+

Treasury portfolio displays a modified duration value of 0.01, effectively immunizing the interest rate
exposure.
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Agency portfolio displays a modified duration value of -0.30, effectively immunizing the interest rate
exposure.
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Below is a breakdown of the cash flows received through interest and principal payments
over the life of the theoretical municipal portfolio:

Figure 25. Municipal Cash Flow Breakdown
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Appendix B
Portfolio Assets and Descriptions
Table 3 is a list of descriptions for the assets used through the course of the thesis analysis:

Table 3. Asset Descriptions

Descriptions
SPMUNUST Index:
The S&P National AMT-Free Municipal Bond Index TR is a broad, market value-weighted index
designed to measure the performance of the tax-exempt, investment-grade U.S. municipal bond
market.

Ten-Year Treasury Futures (TYH4 Comdty):
10-Year US Treasury Note - U.S. Treasury notes maturing at least 6 1/2 years, but not more than
10 years, from the first day of the delivery month. The invoice price equals the futures settlement
price times a conversion factor plus accrued interest. The conversion factor is the price of the
delivered note ($1 par value) to yield 6 percent.
*Value of a pt. is $1000 and contract size is $100,000

SPY US Equity:
SPDR S&P 500 ETF Trust is a unit investment trust incorporated in the United States. The Trust
consists of a portfolio representing all 500 stocks in the S&P 500 Index.

EEM US Equity:
iShares MSCI Emerging Markets ETF is an exchange-traded fund incorporated in the USA. The
ETF seeks results that correspond generally to the price and yield performance of the MSCI TR
Emerging Markets Index. The ETF will concentrate its investments in a particular industry or
geographic region to approximately the same extent the Index is so concentrated.

S&P 500 Futures (SPH4 Index):
This is an equity index futures contract with the S&P 500 serving as the underlying asset.
*Value of 1 pt. is $250 and contract size is equal to $250*S&P 500 Index Value

LQD US Equity:
iShares iBoxx $ Investment Grade Corporate Bond ETF is an exchange-traded fund incorporated
in the USA. The ETF seeks to track the investment results of an index composed of U.S. dollardenominated, investment-grade corporate bonds.
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IEF US Equity:
iShares 7-10 Year Treasury Bond ETF is an exchange-traded fund incorporated in the USA. The
ETF seeks to track the investment results of an index composed of U.S. Treasury bonds with
remaining maturities between seven and ten years.

XAU BGN:
Gold Spot price is quoted as U.S. Dollars per Troy Ounce.

Gold Futures (GC1 COMB Comdty):
*Contract Size is 100 troy oz.

SPDR Nuveen Barclays Capital Muni Bond (TFI):
SPDR Nuveen Barclays Municipal Bond ETF is an exchange-traded fund incorporated in the
USA. The Fund seeks to track the price and yield performance of the Barclays Municipal
Managed Money Index, which tracks municipal bond securities issued by state and local
municipalities whose interest is exempt from federal income tax and the federal alternative
minimum tax.

Market Vectors Long Municipal Index (MLN):
MLN focuses more on the long-term end of the bond spectrum, and is also ATM-free. There's
obviously more risk associated with the longer-term position, but the firm is well-diversified.

VNQ US Equity:
Vanguard REIT ETF is an exchange-traded fund incorporated in the USA. The Fund seeks to
track the performance of the MSCI REIT Index. The Fund invests in the stocks that make up the
Index, holding each stock in the same proportion as its weighting in the Index; the remaining
assets are allocated to cash investments.

MBB US Equity:
iShares MBS ETF is an exchange-traded fund incorporated in the USA. The ETF seeks to track
the investment results of an index composed of investment-grade mortgage-backed pass-through
securities issued and/or guaranteed by U.S. government agencies.

AGZ US Equity:
iShares Agency Bond ETF is an exchange-traded fund incorporated in the USA. The ETF seeks
to track the investment results of an index composed of agency securities that are publicly issued
by U.S. government agencies, and corporate and non-U.S. debt guaranteed by the U.S.
government.

Crude Oil Future:
Crude oil is the world's most actively traded commodity. Contract delivery point is Cushing,
Oklahoma, which is also accessible to the international spot markets via pipelines.
*Contract size is equal to 1,000 barrels.
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